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ADVERTISEMENT, 


XT  would  ill  become  me  to  difmifs  thefe  Volumes  from  my  hands  without  ackno\v= 
ledging  that,  from  many  of  the  mofl  valuable  difquifitions  which  they  contain,  I  car. 
claim  no  other  merit  than  that  of  having  ufliered  them  into  the  world. 

Those  who  have  read,  and  who  underftand,  the  articles  in  the  Encyclopaedia  Bri- 
tannica,  which  were  furnifhed  by  Profeflbr  Robifon  of  Edinburgh,  can  hardly  need  to 
be  informed,  that  to  the  fame  eminent  philofopher  I  am  indebted  for  the  valuable  ar- 
ticles Arch,  Astronomy,  Carpentry,  Centre,  Dynamics,  Electricity,  Impul- 
sion, Involution  and  Evolution  of  Curves,  Machinery,  Magnetism,  Mecha- 
nics, Percussion,  PiANo-For;'^,  Centre  of  Position,  Temperament  in  Mufic, 
Thunder,  ill«/?ai/ Trumpet,  Tschirnhaus,  and  Watchwork,  in  this  Supplement. 
Of  a  friend  and  co-adjutor,  whofe  reputation  is  fo  well  eflablilhed  as  Dr  Robifon's,  1 
am  proud  to  fay,  that,  while  I  looked  up  to  him,  during  the  progrefs  of  this  Work,  as 
to  my  mafter  in  mathematical  and  phyfical  fcience,  I  found  him  ever  ready  to  fupport, 
with  all  his  abihties,  thofe  great  principles  of  religion,  morality,  and  focial  order,  which 
I  felt  it  my  own  duty  to  maintain. 

To  Thomas  Thomfon;  M.  D.  of  Edinburgh,  a  man  of  like  principles,  I  am  indebted 
for  the  beautiful  articles  Chemistry,  Mineralogy,  and  Vegetable,  Animal,  and  Dyeing 
Substances  ;  of  vvhich  it  is  needlefs  for  me  to  fay  any  thing,  fince  the  Public  feeiiis  to 
be  fully  fatisfied  that  they  prove  their  author  eminently  qualified  to  teach. the  fcience 
of  Chemiftry. 

The  account  of  the  French  Revolution,  and  of  the  wars  which  it  has  occafioned, 
has  been  continued  in  this  Supplement  by  the  lame  Gentlemen  by  \vhom  that  account 
was  begun  in  the  Encyclopaedia  ;  and,  owing  to  the  caufe  affigned  in  the  article,  pro- 
bably with  the  fame  merits  and  the  fame  defedls. 

My  thanks  are  due  to  Dr  William  Wright  for  his  continued  kindnefs  in  communi- 
cating much  curious  botanical  information  :  and  to  Mr  Profeflbr  Playfair  of  the  uni- 
verfity  of  Edinburgh,  for  lending  his  afliftance,  occafionally,  in  the  mathematical  de- 
partment; and  for  writing  one  beautiful  article  in  that  fcience,  which  is  noticed  as  his 
in  the  order  of  the  alphabet. 

In  compiling  this  Supplement,  I  have  made  very  liberal  ufe  of  the  mofl:  refpedtable 
literary  and  fcientific  journals,  both  foreign  and  domeftic  ;  of  all  the  late  accounts  of 
travels  and  voyages  of  difcovery,  which  have  obtained,  or  feem  indeed  to  deferve,  the 
regard  of  the  Public  •,  of  different  and  oppofite  works  on  the  French  revolution,  and 
what,  are  emphatically  called  French  principles  ;  and  even  of  the  mod  approved  Dic- 
tionaries, fcientific  and  biographical.  From  no  Dictionary,  however,  have  1  taken, 
without  acknowledgment,  any  articles,  except  fuch  as  are  floating  everywhere  on  the' 
furface  of  fcience,  and  are  the  property,  therefore,  of  no  living  author. 
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After  all  my  labour  and  induftry,  which,  whatever  be  thought  of  my  other  merits, 
I  am  confcious  have  been  great,  no  man  can  be  more  fenfible  than  myfelf,  that  the 
Kncyclopsdia  Britannica,  even  with  the  addition  of  this  Supplement,  is  Hill  imperfed. 
It  would  continue  to  be  fo,  were  another  Supplement  added  to  this  by  the  molt  learn- 
ed and  liiborious  man  on  earth  ;  for  perfedion  feems  to  be  incompatible  with  the  nature 
of  works  conftrudled  on  fuch  a  plan,  and  embracing  fuch  a  variety  of  fubjeds. 

No  candid  reader  will  fuppofe  that,  by  exprefllng  myfelf  thus,  I  mean  to  cenfure 
the  plan  of  the  Encyclopaedia  Britannica  in  particular  ;  for,  to  the  general  excellence 
of  that  plan  I  have  elfewhere  borne  my  teftimony,  which  I  have  yet  feen  no  reafon  to 
retrad.  Exoerience  has  indeed  led  me  to  think,  that  it  is  fufceptible  of  fuch  improve- 
ments as  u  oidd  enable  the  principal  Editor  to  carry  the  work  nearer  to  perfedion,  even 
with  lefs  trouble  to  himfelf ;  but  the  purchafers  of  the  third  edition  and  this  Supple- 
ment need  not  regret  the  want  of  thofe  improvements,  for  they  are  fuch  as  few  would 
difcern,  who  have  not  paid  the  fame  attention  that  1  have  done  to  didionaries  of  arts, 
Iciences,  and  literature. 

Before  I  take  leave  of  the  reader,  I  mud  account  for  the  omiffion  of  one  or  two 
articles  (chiefly  biographical)  which  I  had  given  him  reafon  to  exped  in  thefe  vo- 
lumes. It  was  my  intention  at  firft  to  introduce  into  the  Supplement  articles  on 
every  fubjed  which  had  been  admitted  into  the  Encyclopccdia  itfelf ;  and  hence  in  the 
firft  fupplementary  volume  will  be  found  biographical  fketches  of  men  whofe  charac- 
ters, though  in  fome  refpeds  remarkable,  have  very  little  connedion  with  fcience, 
arts,  or  literature.  From  this  part  of  the  original  plan  I  was  foon  obliged  to  deviate. 
So  many  applications  were  made  to  me  to  infert  accounts  of  perfons  who,  whatever  may 
have  been  their  private  virtues,  were  never  heard  of  in  the  republic  of  letters,  that  I 
was  under  the  neceffity  of  excluding  from  the  fecond  volume  the  lives  of  all  fuch 
as  had  not  either  been  themfelves  eminent  in  literature,  or  in  fome  liberal  art  or  fcience, 
or  been  confpicuous  as  the  patrons  of  fcience,  arts,  and  literature,  in  others.  Hence 
the  omiffion  of  the  life  referred  to  from  Aubigne  in  the  flrft  volume,  and  of  one  or 
two  others  to  which  references  are  made  in  the  fame  way.  The  life  of  Mr  James  Hay 
Beattie  of  Aberdeen,  whofe  originality  of  genius,  ardent  love  of  virtue,  and  early  and 
extenfive  attainments  in  fcience  and  literature,  raife  him  almoft  to  the  eminence  of 
Barretier,  of  whom  we  have  fo  pathetic  an  account  from  the  pen  of  Johnfon,  I  omit- 
ted with  regret ;  but  I  thought  not  myfelf  authorized  to  publifli  what  his  father  had 
then  only  diftributed  among  a  kw  particular  friends.  Fo-r  the  omiffion  of  the  life  of 
Soame  Jenyns  1  can  make  no  apology:   it  was  the  confequence  of  forgetfulnefs. 

For  the  errors  of  thefe  two  volumes,  whether  typographical  or  of  a  nature  more  im- 
portant, 1  have  perhaps  no  occalion  to  folicit  greater  indulgence  than  will  be  volun- 
tarily extended  to  me  by  a  generous  Public.  Some  errors  I  have  correded  in  this  fe- 
cond impreffion,  and  fome  deficiencies  1  have  fupplied  ;  but  I  was  reftrained  by  thofe 
who  are  now  Proprietors  of  the  Work  from  making  any  addition  to  the  firft  volume, 
or  any  confiderable  alteration  in  the  tirft  part  of  the  fecond.  Hence  the  different  con- 
clufions  which  the  reader  will  obferve  in  the  articles  Galvanism  and  Torpedo,  re- 
fpeding  the  nature  of  the  Galvanic  power.  Of  thefe  articles,  the  former  was  furniflied 
by  a  friend,  whofe  name  I  am  not  at  liberty  to  publifh  ;  but  whofe  reafonings  appear- 
ed to  me  too  worthy  of  attention  to  be  either  omitted  or  abridged,  though  they  lead  to 
a  conclufion  which  fads  more  recently  afcertained  feem  to  fet  afide.  Thefe  fads  I  felt 
it  my  duty  to  ftate  to  the  public ;  and,  under  the  title  Torpedo,  I  have  been  enabled 
to  ftate  them  with  the  precilion  and  regularity  of  arrangement  which  charaderife  the 
writings  of  Dr  Thomfon. 
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X  quantity.  -  Newton,  in  his  Treatife  on  Fluxions, 
calls  thefe  by  the  name  Moments  ;  and  obfervee,  that 
they  are  proportional  to  the  velocity  or  rate  of  increafe 
of  the  flowing  or  variable  quantities  in  an  indefinitely 
fmall  time.  He  denotes  them  by  fubjoining  a  cypher  o 
to  the  flowing  quantity  whofe  moment  or  increment  it 
is;  thus,  xo  the  moment  of  .x.  In  the  dodtrine  of  In- 
crements,  by  Dr  Brooke  Taylor  and  Mr  Emerfon,  they 
are  denoted  by  points  below  the  variable  quantities  ; 
as  .V.  Some  have  alfo  denoted  them  by  accents  under- 
neath the  letter,  as  x  ;  but  it  is  now  more  ufual  to  e>c- 

prefs  them  by  accents  over  the  fame  letter,  as  x. 

Method  of  INCREMENTS,  a  branch  of  Analy- 
tics, in  which  a  calculus  is  fou^ided  on  the  properties  of 
the  fucceflive  values  of  variable  quantities,  and  their  dif- 
ferences or  increments. 

The  Inventor  of  the  ir.ethod  of  increments  was  the 
learned  Dr  Taylor,  who,  in  the  year  1715,  publiihed 
%  treatife  upon  it  ;  and  aftenvards  gave  fome  farther 
account  and  explication  of  it  in  the  Philof.  Tranf.  as 
applied  to  the  finding  of  the  funis  of  feries.  And  an- 
other ingenious  and  eafy  treatife  on  the  fame,  was  pub- 
blilhed  by  Mr  Emerfon,  iu  the  year  1763.  The  me- 
thod  is  nearly  allied  to  Newton's  Dodtrine  of  Fluxions, 
and  arifes  out  of  it.  Alfo  the  Diffeiential  method  of 
Mr  Stirling,  which  he  applies  to  the  fummatioa  and  in- 
terpolation of  fcries,  is  of  the  fame  nature  as  the  me- 
thud  of  increments,  but  not  fo  general  a!)d  extenfive. 

INDETERMINATE  Problem.  See  Algebra, 
Part  I.  Chap,  VI.  Encycl. 

Diophantus  was  the  firft  writer  on  indeterminate 
problems,  which,  after  the  publication  of  his  work  in 
1621  by  Bachet,  employed  mucii  of-tlie  time  of  the 
moft  celebrated  mathematicians  in  Europe.  Afterwards 
fuch  problems  were  neglefted  as  ufelefs,  till  the  public 
attention  was  again  drawn  to  them  by  Euler  and  I,a 
Grange.  The  example  of  fuch  tnen  was  followed  by 
Mr  John  Leflie,  a  very  eminent  and  felf-taught  mathe- 
matician ;  who,  in  the  fecond  volume  of  the  Tranlac- 
tions  of  the  Royal  Society  of  Edinburgh,  has  puhlifhed 
an  ingenious  paper  on  indeterminate  problems,  refol- 
ving  them  by  a  new  and  general  principle.  "  The  doc- 
trine of  indeterminate  equations  (lays  Mr  Leflie)  has 
been  fcldom  treated   in  a  form   equally  fyfteinatic  with 
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the  other  parts  of  algebra.  The  folutions  commonly  IndefermJ. 
given  are  devoid  of  uniformity,  and  often  require  a  va- 
riety of  aflumptions.  The  objcd  of  this  paper  is  to 
refolve  the  complicated  expreflions  which  we  obtain  in 
the  folotion  of  indeterminate  problems,  into  fimple 
equations,  and  to  do  fo,  without  framing  a  number  of 
aifumptions,  by  help  of  a  fingle  prinu-iple,  which,  though 
extremely  fimple,  admits  of  a  very  exter.live  applica- 
tion. 

"  Let  A  X  B  be  any  compound  quantity  equal  to 
another,  C  X  D,  and  let  m  be  any  rational  number  af- 
fumed  at  pleafure  ;  it  is  ma'iifeft'  that,  taking  eqtn'mul- 
tipks,  AXmB  =  CXmD.  If,  therefore,  we  fup- 
pofe  that  A  =  TO  D,  it  muil  follow  that  w  B  =  C,  of 

C 

B  =  —     Thus  two  equations  of  a  lower  dimenfion 
in 

are  obtained.  If  thefe  be  capable  of  farther  decompo- 
fition,  we  may  aflume  the  multiples  n  and />,  and  form 
four  equations  ftiU  more  fimple.  By  the  repeated  ap- 
plication of  this  principle,  au  higher  equation,  admitting 
of  divifors,  will  be  refolved  into.thofe  of  the  firfl;  order, 
the  number  of  which  will  be  o:ie  greater  than  that  of 
the  multiples  afiumcd," 

For  example,  refuming  the  problem  at  firft  given, 
viz.  to  find  two  rational  numbers,  the  difference  of  the 
fquares  of  which  fhall  be  a  given  number.  Let  the 
given  number  be  the  produft  of  a  and  b  ;  then  by  hy- 
pothefis,  *' — jr'  =  rti;  but  thefe  compound  quanti- 
ties admit  of  an  eafy  refolution,  for  x  -f-'_y  X  .\- y  =; 

aXl>.     If,    therefore,   we    fuppofe    x-\-y  =z  m  a,   we 

fliall  obtain  x  —y  =  —  ;  where  m  is  arbitrary,  and  if 
m 

rational,  »r  andjr  muft  alfo  be  rational.  Hence  the  re- 
folution of  thele  two  equations  gives  the  values  of  .\-  and 
y,  the  numbers  fought,  in  terms  of  m  ;   viz. 

m^  a  A-  b        J       m''  a  —  b 

2  in  2tn 

INDUCTION,  in  logic,  is  that  procefs  of  the  un- 
derilanding  by  which,  from  a  number  of  particular 
truths  perceived  by  fim[Je  apprehenlion,  and  diligently 
compared  together,  we  infer  another  truth,  which  is  al- 
ways general  and  fometimes  umverfal.  It  is  perhaps 
needlefs  to  obferve,  that  in  the  procefs  of  indudion  the 
truths  to  be  compared  mud  be  of  the  fame  kind,  or  re- 
late to  objefts  having  a  firailar  nature  ;  for  the  mereil 
A  tyro 
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Induafirn.  tyro  in  fcicncc  knows  that  phyfical   tiullia  cannot  be 
*~~*'~~^  compared  with    moral  truths,   nor  the   truths   of  pure 
mathc-matics  with  cither. 

That  the  method  ot"  induftion  is  a  juft  k)gic  lias  been 
fuOiciently  evinced  elfewhere  (fee  Logic,  Part  III. 
chap.  V.  and  Philosophy,  n°  73 — 78,  Enryc/.),  and 
is  now  indeed  irenerally  admitted.  It  is  even  admitted 
by  Britifli  phi)ofophers  to  be  the  only  method  of  rea- 
foniiig  by  wlilch  any  progrefs  can  be  made  in  the  payfi- 
cal  fcinces  ;  for  the  laws  of  Nature  can  be  difcovered 
only  by  accurate  experiments,  and  by  carefidly  noting 
the  agreements  and  the  differences,  however  minute, 
which  are  thus  found  among  the  phenomena  apparently 
fimilar.  It  is  not,  however,  commonly  faid  that  imluc- 
*  tion  is  the  method  of  reafoning  employed  by  the  mathe- 

maticians ;  and  the  writer  of  this  article  long  thought, 
with   others,   that   in   pure   geometry   the   reafoning  is 
^r\i\.\y  fyHo/ifiical.     Mature  rcfleftion,  however,  has  led 
•Appcnlixhim  to  doubt,  with  Dr  Reid*,!  the  truth  of  the  gene- 
to  Vul.  III. rally  received  opinion,  to  doubt  even  whether  by  cate- 
oi  Slatchi-'    gorical  fyUoglfms  any  thing  whatever  can  be  proved. 

°'^'ofm!n'      "^^  ''^"^  iJoIaters  of  Ariftotle  we  are  perfectly  aware 
ry  0/      .in.  ^.^^^  ^^.^  ^  .|j  ^pp^^^.  ^j^  extravagant  paradox  ;  but  to  the 

votaries  of  truth,  we  do  not  dtfpair  of  making  it  very 
evident,  that  for  fuch  doubts  there  is  fome  foihidation. 

We  are  led  into  this  difqulfition  to  counteraft,  in 
fome  degree,  what  we  think  the  pernicious  tendency  of 
the  philofophy  of  Kant,  which  attempts  have  been  late- 
ly made  to  introduce  into  this  country.  Of  this  philo- 
fophy we  fhall  endeavour  to  give  fomething  like  a  dif- 
tintl  view  in  the  proper  place.  It  is  fufficient  to  ob- 
ferve  here,  that  it  refts  upon  the  hypothefis,  that  "  we 
are  in  poircffion  of  certain  notions  a /r/oW,  which  are 
abfulutely  imhpemlent  of  all  experience,  although  the  ob- 
jeSs  of  experience  correfpond  with  thein  ;  and  which  are 
Jiftinguifhed  by  neceJTity  and  ftrift  mii'verfnlify ."  Tiiefe 
innate  and  univetfal  notions,  Kant  confiders  ar.  a  fet  of 
categories,  from  which  is  to  be  deduced  all  fuch  know- 
ledge as  deferves  the  name  of  fcience  ;  and  he  talks,  of 
courfe,  or  at  leaft  his  Englifli  tranflators  reprefent  him 
talking,  with  great  contempt,  of  induftive  reafoning, 
and  fubflituting  fyllogillic  demonftration  in  its  ftead. 

As  his  categories  are  not  familiar  to  our  readers,  we 
fhall,  in  this  place,  examine  fyllogifms  connefted  with 
I  the  categories  of  Ariftotle,  which  are  at  leaft  more  intel- 

ligible than  thofe  of  Kant,  and  which,  being  likewife 
general  notions,  muft,  in  argument,  be  managed  in  the 
fame  \v.-\y.  Now  the  fundamental  axiom  upon  which 
every  categorical  fyllogifm  refts,  is  the  well  known  pro- 
pofition,  which  affirms,  that  "  whatever  may  be  predica- 
ted of  a  whole  genus,  may  be  predicated  uf  eyexy  [pedes 
and  of  every  imliviJual  comprehended  under  that  ge- 
nus." This  is  indeed  an  undoubted  truth  ;  but  it  can- 
not conftitute  a  foundation  for  reafoning  from  thcgenus 
to  the  [pedes  or  the  individual ;  becaufe  we  cannot  pof- 
fibly  know  what  can  be  predicated  of  the  genus  till  we 
know  what  can  be  predicated  of  all  the  individuals  ran- 
ged under  it.  Indeed  it  is  only  by  afcertaining,  through 
the  medium  of  induilion,  what  can  be  predicated,  and 
what  not,  of  a  number  of  individuals,  that  we  come  to 
form  fuch  notions  as  thofe  of  genera  and  fpecies  ;  and 
therefore,  in  a  fyllogifm  ftriftly  categorical,  the  propo- 
fitions  which  conftitute  the  premiffis,  and  are  taken  for 
granted,  arc  thofe  alone  which  are  capable  of  proof; 
whilft  the  conclufion,  which  the  logician  pretends  to 
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demonftrate,  muft  be  evident  to  intuition  or  experience,  IhJufllou. 
otherwife  the  premifles  could  not  be  known  to  be  true,  — — \— «-• 
The  anaiylis  of  a  few  fyllogifms  will  make  this  apparent 
to  every  reader. 

Dr  Wallip,  who,  to  an  intimate  acquaintance  with 
the  Ariftotellan  logic,  added  much  mathematical  and 
phylical  knowledge,  gives  the  following  fyllogifm  as  a 
pcrfec;  example  of  this  mode  of  reafoning  in  the  firft 
figure,  to  which  it  is  known  that  all  the  other  figures 
may  be  reduced  :  — 

Omne  animal  eHfenfu  praditum. 
Socrates  eft  animal.      Ergo 
Socrates  eAfefifu  prieditus. 

Here  the  propofition  to  be  demon ftrated  is,  that  So- 
crates is  endowed  with  fenfe  ;  and  the  propofitions  af- 
fumed  as  felf  evident  truths,  upon  which  the  demonftra- 
tion is  to  be  built,  are,  that  "  every  animal  is  endowed 
with  fenfe  ;"  and  that  "  Socrates  is  an  animal."  But 
how  comes  the  demonftrator  to  know  that  "  every  ani- 
mal is  endowed  with  fenfe  ?"  To  this  queftion  we  are 
not  aware  of  any  anfwer  which  can  be  given,  except 
this,  that  mankind  have  agreed  to  call  every  being, 
which  they  perceive  to  be  endowed  with  fenfe,  an  ani- 
mal. Let  this  then  be  fuppofed  the  true  anfwer  :  The 
next  queftion  to  be  put  to  the  demonftrator  is.  How  he 
comes  to  know  that  Socrates  is  an  animal  ?  If  we  have 
anfwered  the  former  queftion  properly,  or,  in  other 
words,  if  it  be  eflential  to  this  genus  of  beings  to  be 
endowed  with  fenfe,  it  is  obvious  that  he  can  know  that 
Socrates  is  an  animal  only  by  perceiving  him  to  be  en^ 
doived  luith  fenfe ;  and  therefore,  in  this  fyllogifm,  the 
propofition  to  be  proved  is  the  very  firft  of  the  three  of 
which  the  truth  is  perceived  ;  and  it  is  perceived  intui- 
tively, and  not  inferred  from  others  by  a  procefs  of  rea- 
foning. 

Though  there  are  ten  categories  and  five  predicables, 
there  are  but  two  kinds  of  categorical  propofitions  ; 
viz.  Thofe  in  which  the  property  or  accident  is  predi- 
cated of  the  fuhftance  to  which  it  belongs,  and  thofe 
in  which  the  genus  is  predicated  of  the  [pedes  or  indivi- 
dual. Of  the  former  kind  is  the  propofition  pretended 
to  be  proved  by  the  fyllogifm  which  we  have  confider- 
ed  ;  of  the  latter,  is  that  which  is  proved  by  the  fol-- 
lowing  : 

Qnlcquld  fenfu  praeditum,  eft  animal. 
Socrates  eft  fenfu  prasditus.      Ergo 
Socrates  eft  animal. 

That  this  is  a  categorical  fyllogifm,  legitimate  in-. 
mode  and  figure,  will  be  denied  by  no  man  who  is  not 
an  abfolute  ftranger  to  the  very  firft  principles  of  the 
Ariftotellan  logic;  but  it  requires  little  attention  indeed 
to  perceive  that  it  proves  nothing.  The  impofition  of 
names  is  a  thing  fo  perfedly  arbitrary,  that  the  being, 
or  clafs  of  beings,  which  in  Latin  and  Engllfti  is  called 
animal,  is  with  equal  propriety  in  Greek  called  t^aii,  and 
in  Hebrew  u'Sa-  To  a  native  of  Greece,  therefore,  and 
to  an  ancient  Hebrew,  the  major  propofition  of  this 
fyllogifm  would  have  been  wholly  unintelligible  ;  but 
had  either  of  thofe  perfons  been  told  by  a  man  of  known 
veracity,  and  acquainted  with  the  Latin  tongue,  that 
every  thing  endowed  with  fenfe  was,  by  the  Romans, 
called  animal,  he  would  then  have  underftood  the  pro-, 
pofition,  admitted  its  truth  without  hefitation,  and  have 

henceforth. 
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trdiiaion.  henceforth  known  that  Socrates  and  Mofes,  and  every 
**~~v—  thing  ell'e  which  he  perceived  to  be  endowed  with  fenfe, 
■would  at  Rome  be  called  animal.  This  knowledge, 
however,  would  not  have  refted  upon  dcmonilrative  rca- 
foning  of  any  kind,  but  upon  the  credibility  of  his  in- 
former, and  the  intuitive  evidence  of  his  own  fenfcs. 

It  will  perhaps  be  faid,  that  the  two  fyllogifins  which 
we  have  examined  are  improper  examples,  becaufe  the 
truth  to  be  proved  by  the  former  is  felf  evident,  whilft 
that  which  is  meant  to  be  eftabliflied  by  the  latter  is 
merely  verbal,  and  therefore  aibitrary.  Bat  the  follow- 
ing is  liable  to  neither  of  thcfe  objeftions : 

yl!l  animals  are  mortal. 

Ainu  is  an  animal ;   therefore 

Man  is  mortal. 

Here  it  would  be  proper  to  a1<  the  deniouftrator, 
Upon  what  grounds  he  fo  confidently  pronounces  all 
animals  to  be  mortal  ?  The  propofition  is  fo  far  from 
exprefCng  a  felf-cvident  truth,  that,  previews  to  the  en- 
trance ot  fm  and  death  into  the  world,  the  iirft  man  had 
furely  no  conception  of  mortality.  He  acquired  the 
notion,  however,  by  experience,  when  he  law  the  ani- 
mals die  in  fucceflion  around  him  ;  and  when  he  obfer- 
Ted  that  no  animal  with  wliich  he  was  acquainted,  not 
even  his  own  fon,  efcaped  death,  he  would  conclude  that 
all  unimals,  without  exception,  are  mortal.  This  con- 
clufion,  however,  could  not  be  built  upon  fyllogiftic  rea- 
foning,  nor  yet  upon  intuition,  but  partly  upon  expe- 
rience and  partly  on  analogy.  As  far  as  his  experience 
went,  the  proof,  by  induclion,  of  the  mortalit)'  of  all 
animals  was  complete  ;  but  there  are  many  animals  in 
the  ocean,  and  perhaps  on  the  earth,  which  he  never 
faw,  and  of  whofe  mortality  therefore  he  could  affirm 
nothing  but  from  analogy,  i.  e.  from  concluding,  as  the 
conftitution  of  the  human  mind  compels  us  to  conclude, 
that  Nature  is  uniform  throughout  the  univerfe,  and 
that  fimilar  caufes,  whether  known  or  unknown,  will, 
in  hmilar  circumilances,  produce,  at  all  times,  fimilar  ef- 
*■  fefts.      It   is  to  be  obferved  of  this  fyllogifm,  as  of  the 

firft  which  we  have  confidered,  that  the  prcpufition, 
which  it  pretends  to  demonftrate,  is  one  of  thofe  truths 
known  by  experience,  from  which,  by  the  proctfs  of  in- 
duftion,  we  infer  the  major  of  the  prcniiflcs  to  be  true  ; 
and  that  therefore  the  reafoning,  if  reafoning  it  can  be 
called,  runs  in  a  circle. 

Yet  by  a  concatenation  of  fyllogifms  have  logicians 
pretended  that  a  long  feries  of  important  truths  may  be 
difcovercd  and  demonftrated  ;  and  even  Wallis  hirnlclf 
feems  to  think,  that  this  is  the  inftrument  by  which  the 
mathematicians  have  deduced,  from  a  few  poftulates,  ac- 
curate definitions,  and  undeniable  axioms,  all  the  truths 
of  their  demonftrative  fcience.  Let  us  try  the  truth  of 
this  opinion,  by  analyfing  fome  of  Euclid's  demonllra- 
tions. 

In  the  fhort  article  Principle  {Encycl.),  it  has  been 
ftiewn,  that  all  our_/'r// truths  zre particular,  and  that  it 
is  by  applying  to  them  the  rules  of  induftion  that  we 
form  general  truths  or  axioms— even  the  axioms  of  pure 
geometry.  As  this  fcience  treats  not  of  real  external 
things,  but  merely'of  ideas  or  conceptions,  the  creatures 
of  our  minds,  it  is  obvious,  that  its  definitions  may  be 
perfeftly  accurate,  the  induftion  by  which  its  axioms 
are  formed  complete,  and  therefore  the  axioms  them- 
felves  univerfal  propofitions.     The  ufe  of  thefe  axioms 


is  merely  to  fliorten  the  different  procefTes  of  gcometri-  Tnilm^ion. 
cal  realoning,  and  not,  as  has  fometimes  been  ablurdly  » 
fu]>pofed,  to  be  made  the  parents  or  cavfes  of  particular 
truths.  No  truth,  whether  general  or  partieulai,  can, 
in  any  fenfe  6i  the  word,  be  the  caufe  of  another  truth. 
If  it  were  not  true  that  all  individual  figures,  of  what- 
ever form,  comprehending  a  portion  of  (\uice  equal  to  a 
■  portion  comprehended  by  any  other  individual  figure, 
whether  of  the  fame  form  with  fome  of  them,  or  of  a 
form  different  from  them  all,  are  equal  to  one  another, 
it  would  not  be  true  that  "  things  in  general,  which  are 
equal  to  the  fame  thing,  or  that  magnitudes  which  co- 
incide, or  exactly  fill  the  lame  fpace,"  arc  refptftively 
equal  to  one  another  ;  and  tiieretore  the  firft  and  eight 
of  Euclid's  axioms  would  be  falfe.  So  far  are  thefe 
axioms,  or  general  truths,  from  being  the  parents  of  par- 
ticular truths,  that,  as  conceived  by  us,  they  may,  with 
greater  propriety,  be  termed  their  'iffspring.  They  are 
indeed  nothing  more  than  general  cxprellions,  compre- 
hending all  particular  truths  of  the  fan.e  kind.  When 
a  mathematical  propofition  therefore  is  enounced,  if  the 
terms,  of  whic'  it  is  ccmpofed,  or  the  figures,  of  which 
a  certain  relation  is  predicated,  can  be  brought  together 
and  immediately  compared,  no  .demon lliation  is  iiecef- 
fary  to  point  out  its  truth  or  falfchood.  It  is  indeed 
intuitively  perceived  to  be  either  compnhended  under, 
or  contrary  to  fome  known  uricm  of  the  fcience  ;  but 
it  has  the  evidence  of  truth  or  falfehood  in  itielf,  and 
not  in  confeqiicnce  of  that  axuin.  When  the  figures  or 
fyrabols  cannot  be  immediately  compared.  togetl:cr^  it  is 
then,  and  luily  then,  that  recourf  is  had  to  demo,  ilra- 
tion  ;  which  proceed;;  not  in  a  Itiirs  of  fyllugifnis,  but 
by  a  proccls  of  ideal  monfuration  or  induftion.  A  fi- 
gure or  fymbol  is  cone  ivcd,  which  may  be  C'mpared 
with  each  of  the  principal  figures  or  fymbolf,  or,  if  that 
cannot  be,  with  one  of  them,  and  then  another,  which 
may  be  compared  wiih  it,  till  through  a  feries  of  well 
knov/n  iiitci  mediate  rebU'  i.s,  a  con  ^^arifon  is  n  ade  be- 
tween the  terms  of  the  <  liginal  propofition,  of  which 
the  truth  or  falfehood  is  tiiru  perceived. 

Thus,  in  ti.e  47th  propofition  of  the  firft  book  of 
Euclid's  Elements,  the  author  propufes  to  demorjftrate 
the  equality  between  the  fquarc  of  the  hypoihenufe  of  a 
right  angled  triangle,  and  the  fum  of  the  fquares  defcri- 
bed  on  the  other  two  fides  ;  but  he  does  not  proceed  in 
the  way  of  categorical  fyllogifms,  by  laifing  his  demon- 
ftration  on  fome  univerfal  truth  relating  to  ihc  genus  of 
fquares.  On  the  contrary,  he  proceeds  to  meajure  the 
three  fquares,  of  which  he  has  athrmed  a  certain  rela- 
tion ;  but  as  they  cannot  be  immediately  compared  to- 
gether, he  dirc£tsthe  largeft  of  them  to  be  divided  into 
two  parallelograms,  according  to  a  rule  which  he  had 
formerly  alcertained  to  be  jull;  and  as  thefe  parallelo- 
grams can,  as  little  as  the  fquare  of  which  they  are  the 
conftituent  parts,  be  compared  with  the  fquares  of  the 
other  two  fides  of  the  triangle,  he  thinks  of  fome  inter- 
mediate figure  which  may  be  applied  as  a  common  mea- 
fure  to  the  fquares  and  the  parallelograms.  According- 
ly having  before  found  that  a  paraliclogram,  or  fquare, 
is  exaftly  double  of  a  triangle  ftandin^  on  the  iarne  bafe 
and  between  the  fame  parallels  with  it,  he  conflrufts 
triangles  upon  the  fame  bafe,  and  between  the  fame  pa- 
rallels with  his  parillelograms,  and  the  fquares  of  the 
fides  containing  the  right  angle  of  the  original  triangle  ; 
and  finding,  by  a  procefs  formerly  fhewn  to  be  juft,  that 
A  I  the 
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3° '"''•"•  the  tvianglfson  the  bafes  of  the  parallelograms  are  pre 
""""■  ciltl)  equal  to  the  triaiijj;Ics  on  the  bafes  of  the  Iqiiaies, 
he  perceives  at  once  tiiat  the  two  parallelngrains,  of 
which  the  largell  fqiiare  is  compoftd,  mull  be  equal  to 
the  fum  of  the  two  kik-r  fquarcs  ;  and  the  truth  of  the 
propoiilion  is  demonilrated. 

In  the  couri'e  of  this  demonftratlon,  there  Is  not  fo 
much  as  one  truth  infn-red  from  another  by  yji/Zc)^////;, 
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metry  to  be  neeefTary,  fo  that  the  contrary  of  any  one  irdufli.n. 
of  them  is  clearly  pcrcrivcd  to  be  impoflible  ;   whilil  ^— v—- ' 
ph)  lical  truths  are  all  contingent,   fo  tiiat   there  is  not 
one  of  them  of  which  the  dircft   contrary  may   not  ea- 
hly  be  conceived  ? 

That  there  is  not  one  phyfical  truth,  of  wiiich  the 
contrary  may  not  be  conceived,  is  not  perhaps  fo  cer- 
tain as  has  generally  been  imagined  ;  but  admitting  the 


but  all  are  perceived  in  ruccelllon  by  a  feries  ot   fimple  fatt  to  be  as  it  has  commonly  been  ftated,  the  apparent 

apprchenlions.      Euclid,   indeed,  after  finding  the  tii-  tiiflerencc  between  tills  clafs  of  truths  and  thofe  of  pure 

angle  conftrufted  on  the  bafe  of  one  of  the   parallclo-  geometry,  may  be  ealily  accounted  for,  without  fuppo- 

grains  to  be  equal  to  the  triangle  conllrufted  on  tlie  hng  that  the  former  reds   upon  a  kind  of  evidence  tu- 

bale  of  one   of  the  fquares,  introduces  an  axiom,  and  tally  different  from  that  which  fnpports  the  fabric  of 

fays,  "  but  the  doubles  of  equals  are  equal  to  one  an-  the  latter. 


other;  therefore  the  parallelogram  is  equal  to  the  fquare  " 
But  if  from  this  mode  of  expreffion  any  man  conceive 
the  axiom  or  univerfal  truth  to  be  the  caufe  of  the  truth 
more  particular,  or  fuppofe  that  the  laiter  could  not  Le 
apprehended  without  a  prii<ious  knowledge  of  the  for- 


The  objefts  of  pure  geometry,  as  we  have  already  ob- 
ferved,  are  the  creatures  of  our  own  minds,  winch  con- 
tain in  them  nothing  concealed  from  our  view.  As  the 
mathematician  treats  them  merely  as  meafurable  quan- 
tities, he  knows,  with  the  utmoll  preclfion,  upon  what 


mer,  he  is  a  ftranger  to  the   nature  of  evidence,  and  to     particular  properties  the  relation   affirmed  to  lubfill  be- 


the  proccfs  oi generalization,  by  which  axioms  are  form- 
ed. 

If  we  exarrine  the  problems  of  this  ancient  geometri- 
cian,  we  ihbll  hud  that  rhe  truth  of  them  is  proved  by 
the  very  fame  means  which  he  makes  ufe  of  to  point 
out  the  truth  of  his  tlieortms.     Thus,  the  firft  problem 


tween  any  two  or  more  of  them  muft  abfolutely  de- 
pend ;  and  he  cannot  poflibly  entertain  a  doubt  but  it 
will  be  found  to  have  place  among  all  quantities  liaving 
the  fame  properties,  becaufe  it  depends  upon  then,  ami 
upon  them  alone.  His  proccls  ot  induftion,  therefore, 
by  a  feries   of  ideal   meafurements,  is  always  complete. 


of  his  immortal  work  is,  "  to  defcribe  an  equilateral  trl-  and  exhaufts  the  fubjett  ;  but  in  phyfical  inquiries  the 

angle   on  a  given   finite  flraight   line  ;  and  not  only  is  cafe  is  widely  different.     The  fubjefls  which  employ 

this  to  be  done,  but   tlie  method  by  which  it   is  done  the  phyfical  inquirer  are  not  his  own  ideas,  and  their 

muft  be   fuck  as  can  he  (hewn   to  be  incontrovertibly  various  relations,  but  the  properties,  powers,  and  rela- 

juft.      The  fides  cf  a  triangle,  however,  cannot  be  ap-  tions  of  the  bodies  which  compofe  the  univerfe  ;  and  of 

plied  to  each  other  fo  as  to  be  immediately  compared  ;  thofe  bodies   he  knows  neither  the  fubllance.  Internal 


for  they  are  conceived  to  be  immoveable  among  them- 
felves.  A  common  mcafuie,  therefore,  or  fon'cthing 
equivalent  to  a  common  meafure,  mufl  be  found,  by 
which  the  triangle  inav  be  conftrufled,  and  the  equa- 
lity of  its  three  fides  afterwards  evinced  ;  and  this  equi- 
valent Euclid  finds  in  the    circle. 

By  contemplating  the  properties  of  the  circle,  it  was 
eafy  to  perceive  that  all  Its  raelii  muft  be  eciual  to  one 
another.  He  therefore  direfts  two  circles  to  be  defcri- 
bed   from  the  oppufite   extremities  of  the  given  finite 


ilrudture,  nor  all  the  qualities  :  fo  that  he  can  very  fel- 
dom  dncDver  with  certainty  upon  what  particular  pro- 
perty or  properties  the  phenomena  of  the  corporeal 
world,  or  the  relations  which  fubfift  among  different 
bodies,  depend.  He  expedfs.  Indeed,  with  confidence, 
not  inferior  to  that  with  which  he  admits  a  mathematical 
demonftration,  that  any  corporeal  phenomenon,  which 
he  has  obferved  in  certain  circumftances,  will  be  always 
obfervcd  In  circumftances  exadtly  fimilar  ;  but  the  mlf- 
fortune  is,  that  he  can  very  (eldom  be  afcertained  of  tills 


llralght  line,  fo  as  that  It  may  be  the  radius  of  each  of  fimilarity.  He  does  not  know  any  one  piece  of  matter 
them  ;  and  from  the  point  in  wliich  the  circles  interfeft  eis  it  is  in  itjelf ;  he  cannot  feparate  its  various  proper- 
one  another,  he  orders  lines  to  be  drawn  to  the  extreme  tits  ;  and  of  courfe  cannot  attribute  to  any  one  proper- 
points  of  the  given  line,  affirming  that  thefe  thrse  lines  ty  the  effecfs  or  apparent  effefts  which  proceed  exclu- 
conftitute  an  equilateral  triangle.  To  convince  his  read-  hvely  from  it.  Indeed,  the  properties  of  bodies  are  fo 
er  of  the  truth  of  this  affirmation,  he  has  only  to  put  clofely  interwoven,  that  by  human  means  they  cannot 
him  In  mind,  that  from  the  properties  of  the  circle,  the  be  completely  feparated  ;  and  hence  the  moft  cautious 
lines  which  he  has  drawn  muft  be  each  equal  to  the  gi-  inveftigator  is  apt  to  attribute  to  fome  one  or  two  pro- 
ven line,  and  of  courfe  all  the  three  equal  to  one  an-  pertles,  an  event  which  in  reality  refults  perhaps  from 
other;  and  this  mutual  equality  is  perceived  bv  fmiple  many.  (See  Philosophy  and' Physics,  Er.eycl.) 
apprehenfion,  and  not  inferred  by  fyllogiftlc  reafonlng.  This  the  geometrician  never  does.  He  knows  perfeftly 
Euclid,  indeed,  by  introducing  into  the  demonftration  that  the  relation  of  equality  which  fubfifts  between  the 
his  firft  axiom,  gives  to  it  the  form  of  a  fyllogifm  ;  but  three  angles  of  a  plain  triangle  and  two  right  angles, 
that  fyllogifm  proves  nothing  ;  for  if  the  equahty  of  depends  not  upon  the  fize  of  the  triangles,  the  matter 
the  three  fides  of  the  triangle  were  not  intuitively  per-  of  which  they  are  conceived  to  be  made,  the  particular 
ceived  in  their  pofition  and  the  properties  of  the  circle,  place  which  they  occupy  in  the  univerfe,  or  upon  any 
the  firft  axiom  would  itfelf  be  a  falfehood.  So  true  it  one  circumftance  whatever  befides  their  triangularity, 
as  that  categorical  fyllogifms  have  no  place  In  geometri-  and  the  angles  of  their  corrolets  being  exaftly  right 
cal  reafonlng  ;  which  is  as  ftriftly  experimental  and  in-  angles  ;  and  it  Is  upon  this  power  of  difcrlminatlon 
dudlive  as  the  reafoning  employed  in  the  various  branches  which  we  have  in  the  conceptions  of  pure  geometry, 
of  phyfics.  and  have  not  in  the  objefts  of  phyfics,  that  the  truth* 
But  if  this  be  fo,  how  come  the  troths  of  pure  gee  of  the  one  fcitnce  are  perceived  to  be  neceflary,  while 

thofe 
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Irrttia,    thofe  of  the  other  appear  to  be  continwent  ;   though 
loPanima.  j|,^.  rnodc  of  rieniqnibation  h  the  fame  in  both,   or  at 
"°"'      leait  equtiUy  removed  from  categorical  {yllnfriUns. 

INERTIA.  See  Dynamics  and  Impulsion  in 
this  SubU.ment. 

INFLAMMATION  has  been  fiifficiently  exj.lain. 
ed  in  the  Encydoptd'ui,  and  in  the  article  Chemistry 
in  this  Supplement  ;  but  it  cannot  he  improper,  in  this 
place,  to  i;ive  an  eccount  of  lome  remarkable 

Spontan^us  iNti-.iMM.i'rio^s,  which,  as  different  fiib- 
flances  are  liable  to  them,  have  been,  and  may  again 
be,  the  caufe  of  many  and  great  misfortnnes. 

The  fpoiitaneniis  inflammation  ofeflcntia!  oils,  and 
that  of  fome  fat  oils,  when  mixed  with  nitrous  acid,  are 
well  known  to  philofopheis  ;  fo  alfo  is  that  of  powder- 
ed charcoal  with  the  fame  acid  (lately  dil'covered  by  M. 
Proud),  and  thofe  of  phofphorus,  of  pyrophorus,  and 
cf  fulminating  gold.  Thefe  fubllances  are  generally  to 
be  found  only  jn  the  laboratories  of  chemifts,  who  are 
perleftly  well  acquainted  with  the  precautions  which  it 
is  necelTary  to  take  to  prevent  the  unhappy  accidents 
which  inay  be  occafioned  by  them. 

The  burning  of  a  ftore-houfe  of  fails,  which  hajipen- 
ed  at  Breft  in  the  year  1757,  was  caufed  by  the  fpon- 
taneous  inflammation  of  fome  oiled  cloths,  which,  after 
having  been  painted  on  one  fide,  and  dried  in  the  fun, 
were  tlowed  away  while  yet  warm  ;  as  was  (hewn  by 
»  See  Me-  fuhfequent  experiments*. 

vKirei  de  Vegetables  boiled  in  oil  or   fat,  and  le£t  to  them- 

VAuidemie    felves,   after  having  been   preffed,  inflame  in  the  open 

it  Farh,      gjr.     This  inflammation  always  takes  place  wl^en  the 

'  °'  vegetables  retain  a  certain  degree  of  humidity  ;   it  they 

are   firft  thoroughly  dried,  they  are   reduced  to  aflies, 

without  the  appearance  of  flame.     We  owe  the  obfer- 

I  «f5„,.„a/^,vation  of  thefe  fafts  to  MM.  Saladin  and  Carettef. 

Pbyfique,  The  heaps  of  linen  rags  which  are  thrown   together 

'7'4-  in   paper   manufaftories,  the    preparation   of  which    is 

haftened  by  means  of  fermentation,  often  take  fire,  if 

not  carefully  attended  to. 

The  fpontaneous  inflammation  of  hay  has  been  known 
for  many  centuries  ;  by  its  means  houfes,  barns.  Sec. 
liave  been  often  reduced  to  afhes.  Wlieii  the  hay  is 
laid  up  damp,  the  inflammation  often  hap>pcns  ;  for  the 
fermentation  is  then  very  great.  This  accident  very 
{eldoni  occurs  to  the  firfl  hay  (according  to  the  obfer- 
vation  of  M.  de  Bomare),  but  is  much  more  common 
to  the  fccond  ;  and  if,  through  inattention,  a  piece  of 
iron  fhould  be  left  in  a  ftalk  of  hay  in  fermentation,  the 
inflammation  of  that  italk  is  almoft  a  certain  confe- 
qiience.  Corn  heaped  up  has  alfo  fgrnetimes  produced 
inflammations  of  this  nature.  Vanieri,  in  his  Pr^dium 
Riylicum,  fays, 

J^<e  iicro  [gramina)  notuhm  fot'is  tnfolata  recondcns 
Jmpfudens,  fubilis  parlunt  incendia Jlammis. 

I>nng  alfo,  under  certain  circumftances,  inflames  fpon- 
taneoufly. 

In  a  paper,  publiflied  in  the  Repertory  of  Arts  and 
ManufaSories,  by  the  Rev.  William  Tooke,  F.  R.  S. 
&c.  we  have  the  following  remarkable  infl;ances  of  fpon- 
taneous inflammation.  "  A  perfon  of  the  name  of 
Riide,  an  apothecary  at  Bautzen,  harl  prepared  a  py- 
rophorus from  rye-bran  and  alum.  Not  Ipng  after  he 
had  made  the  difcoverj',  there  broke  out,  in  the  next 
tillage  of  Nauflitz,  a  great  fire,  which  did  much  mif. 
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chief,  and  was  faid  to  have  been  occafioned  by  the  treat-  Inflstrma- 
ing  of  a  fick  cow  in  the  covv-houfe.  Mr  Riide  knew,  """^ 
that  the  countrymen  were  ufed  to  lay  an  application  of  ' 
parched  rye-bran  to  their  cattle  for  curing  the  thick 
neck  ;  he  knew  alfo  that  alum  and  rye-bran,  by  a  pro- 
per procefs,  yielded  a  pyrophorus  ;  and  now  he  wiihed 
to  try  whether  parched  ryebian  alone  would  have  the 
fame  effe<S.  Accordingly,  he  roafted  a  quantity  of  rye- 
bran  by  the  fire,  till  it  had  acquired  the  colour  of  roaft- 
ed  coffee.  This  roafttd  bran  he  wrapped  up  in  a  linen 
cloth  ;  in  the  fpacc  of  a  few  minutes  there  arofe  a  flrong 
fmoke  through  the  cloth,  accompanied  by  a  fmell  of 
burning.  Not  long  afterwar.ts  the  rag  grew  as  black 
3S  tinder,  and  the  bran,  now  become  hot,  fell  through 
it  on  the  ground  in  little  balls.  Mr  Riide  repeated 
the  experiment  at  various  times,  and  always  with  the 
fame  refult.  Who  now  will  any  longer  doubt,  that  the 
frequency  of  fires  in  cow-houfes,  which  in  thofe  parts 
are  moftly  wooden  buildings,  may  not  be  occafioned  bv 
this  common  praftice,  of  binding  roafled  bran  about 
the  necks  of  the  cattle  ?  The  fire,  after  confuming 
the  cattle  anc  the  fhed,  communicates  itielf  to  the  ad- 
joining buildings  ;  great  damage  enfues  ;  and  the  ig- 
norant look  tor  the  caule  in  wilful  and  miJicious  firing, 
confequently  in  a  capital  crime." 

The  fame  author  informs  us,  that  in  the  fpring  of 
the  year  1780,  a  fire  was  difcovered  on  board  a  Ruffian 
frigate  lying  in  the  road  of  Cronftadt  ;  which,  if  it  had 
not  been  timely  extinguiflied,  would   have  endangered 
the  whole  fleet.     After  the  fevered  fcrutiny,  no  caufe 
of  the  fire  was  to  be  found  ;  and  the  matter  was  forced 
to  remain  without  explanation,  but  with  ftrong  furmifej 
of  fome  wicked  incendiary  being  at  the  bottom  of  it. 
In  the  month  of  Auguft,  in  the  fame  year,  a  fire  broke 
out  at  the  hemp-magazine  at  St  Peterfburgh,  by  which 
feveral  hundred  thoufand  poods*  of  hemp  and  flax  were*  ^  pood- 
confnmcd.      Th«  walls  of  the   magazine  were  of  brick,  cnnfifts  of 
the  floors  of  ftone,  and  the  rafters  and  covering  of  iron; 4^  pojinds 
it  ftands  alone  on   an  illand  in  the  Neva,  on  which,  as '^"^=:'.  °'' 3* 
well  as  on   board  the  flilps  lying  in  the  Neva,  no  fire  is      ^ 
permitted.      In  St  Peteriburgh,  in  the  fame  year,  a  fiie 
was  difcovered   in   the  vaulted  fhop   of  a  furrier.      In 
thefe  fhops,  which  are  ail  vaults,  neither  fire  nor  candle 
is  allowed,  and  the  doors  of  them   are  all  of  iron.      At 
length  the  probable  caufe  was  found  to  be,  that  the  fur. 
ricJ-,  the  evening  before  the  fire,  had  got  a  roll  of  new 
cere-cloth  (much  in  ufe  here  for  covering  tables,  coun- 
ters, &c.  being  eafily  wiped  and   kept  clean),  and  had 
left  it  in  his  vault,  where  it  was  found  almoll  conlumed. 

In  the  night  between  the  20th  and  2Iil  of  April 
1781,  a  fire  was  feen  on  board  the  frigate  Maria,  which 
lay  at  anchor,  with  feveral  other  lliips,  in  the  road  orT 
the  iflaiid  of  CrotiJlaJt  ;  the  fire  was,  however,  foon  e;;- 
tinguillied  ;  and,  by  the  feverefl  examination,  little  or 
nothing  could  be  extorted  eoiicerning  the  mamicr  in 
which  it  had  arifen.  The  garrilon  was  threatened  witli 
a  fcrutiny  that  fliould  coil  them  dear  ;  and  while  they 
were  in  this  cruel  Hate  of  fufpence,  an  order  came  front 
the  fovereign,  which  quieted  their  minds,  and  gave  rife 
to  fome  very  fatisfaftory  experiments. 

It  having  been  found,  upon  juridical  examination,  as 
well  as  private  inquiry,  that  in  the  Ihip's  cabin,  when 
the  fmokc  appeared,  there  lay  a  bundle  of  mattings 
ccHitaining  Rufiian  lamp-black  prepared  from  fir-foot,, 
moilleaed  with  hemp  oil  varnifh,  which  was  perceived. 

to 
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Ir.flamma-  to  have  ("parks  of  fire  in  it  at  the  time  of  the  extinaion, 
tion.      j],g  Ruflian  admiralty  gav^  orders  to  make  various  ex- 
'"     V  periments,   in  order  to  fee  whether  a  mixture  of  hemp- 

oil  varnilh  and  the  forementioiitd  Ruffian  black,  folded 
up  in  a  inat  and  bound  together,  would  kindle  of  itfelf. 
Thty  (hook  40  pounds  of  tir-wood  foot  into  a  tub, 
and  poured  about  35  pounds  of  hemp-oil  varniTn  upon 
it  ;  this  they  let  Hand  for  an  hour,  after  which  they 
poured  off  the  oil.  The  .remaining  mixture  they  now 
wrapped  up  in  a  mat,  and  the  bundle  was  laid  clofe  to 
the  cabin,  where  the  midfliipmen  had  their  birth.  To 
avoid  all  fufpicion  oPtreachcry,  two  officers  fealed  both 
the  mat  and  the  door  wi'h  their  own  feals,  and  ftation- 
ed  a  watch  of  four  fea-officers,  to  take  notice  of  all 
that  paflTcd  the  whole  night  through  ;  and  as  foon  as 
any  fmoke  (hould  appear,  immediately  to  give  informa- 
tion  to  the  commandant  of  t-he  port. 

The  experiment  was  made  the  26th  of  April,  about 
II  o'clock  A.  M.  in  prefence  of  all  the  officers  named 
in  the  commiflion.  Early  on  the  following  day,  about 
fix  o'clock  A.  M.  a  fmoke  appeared,  of  which  the  chief 
commandant  was  immediately  informed  by  an  officer  : 
he  came  with  all  poffible  fpeed,  and  through  a  fmall 
hole  in  the  door  faw  the  mat  fmoking.  Without  open- 
ing  the  door,  he  difpatched  a  meffenger  to  the  members 
of  the  commifiion  ;  but  as  the  fmoke  became  ftronger, 
and  fire  began  to  appear,  the  chief  commandant  found 
it  neceffary,  without  waiting  for  the  members  of  the 
commiffion,  to  break  the  feals  and  open  the  door.  No 
fooner  was  the  air  thus  admitted,  than  the  mat  began 
to  burn  with  greater  force,  and  prefently  it  burft  nito 
a  flame. 

The  Ruffian  admiralty,  being  now  fully  convinced 
of  the  feU'-enkindling  property  of  this  compofition, 
tranfmittcd  their  experiment  to  the  Imperial  Academy 
of  Sciences  ;  who  appointed  Mr  Georgi,  a  very  learned 
and  able  adjunft  of  the  academy,  to  make  farther  experi- 
ments on  the  fubjeft.  Previous  to  the  relation  of  thcfe 
experiments,  it  is  neceffiiry  to  obferve,  that  the  Ruffian 
fir-black  ^s  three  or  four  times  more  heavy,  thick,  and 
unftuous,  than  that  kind  of  painters  black  which  the 
Germans  call  k'ter.rahm.  The  former  is  gathered  at 
Ochta,  near  St  Peterfburgh,  at  Mofco,  at  Archangel, 
and  other  places,  in  little  wooden  huts,  from  refinous 
fir-wood,  and  the  unftuous  bark  of  birch,  by  means  of 
an  apparatus  uncommonly  fimple,  confiiling  of  pots 
without  bottoms  fet  one  upon  the  other  ;  and  is  fold 
very  cheap.  The  famous  fine  German  kien-rahm  is  cal- 
led in  Ruffia  Holland's  black.  In  what  follows,  when 
raw  oil  is  fpoken  of,  it  is  to  be  underftood  of  llnfeed- 
cil  or  hemp  oil  ;  but  moll  commonly  the  latter.  The 
varnifli  is  made  of  five  pounds  of  hemp-oil  boiled  with 
two  ounces  and  a  half  of  minium.  For  wrapping  up 
the  compofition,  Mr  Georgi  made  ufe  of  coarfe  hemp- 
linen,  and  always  fingle,  never  double.  The  impregna- 
tions  and  commixtures  were  made  in  a  large  wooden 
bowl,  in  which  they  ftood  open  till  they  were  wrapped 
up  in  linen. 

Three  pounds  of  Ruffian  fir-black  were  flowly  im- 
pregnated with  five  pounds  of  hemp-oil  varnifh  ;  and 
when  the  mixture  had  ilood  open  five  hours,  it  was 
bound  up  in  linen.  By  this  procefs  it  became  clotted  ; 
-  but  fome  of  the  black  remained  dry.  When  the  bundle 
had  lain  fixteen  hours  in  a  cheft,  it  was  obferved  to 
emit  a  very  naufeous,  and  rather  putrid,  fmell,  not  quite 


unlike  that  of  boiling  oil.  Some  parts  of  it  became  Tflllamrci. 
warm,  and  fteamed  much  ;  this  fteam  was  watery,  and  ^'^"• 
by  no  means  inflammable.  Eighteen  hours  after  the  ^~~* 
mixture  was  wrapped  up,  one  place  became  brown,  e- 
mitted  fmoke,  and  dircAly  afterwards  glowing  fire  ap- 
peared. The  fame  thing  happened  in  a  fecond  and  a 
third  place,  though  other  places  were  fcarcely  warm. 
The  fire  crept  {lowly  around,  and  gave  a  thick,  grey, 
ftinking  fmoke.  Mr  Georgi  took  the  bundle  out  of 
the  cheil,  and  laid  it  on  a  Rone  pavement  ;  when,  on 
bting  expofed  to  the  free  air,  there  arofe  a  flow  burn- 
ing flinrc,  a  fpan  high,  with  a  ftrong  body  of  fmoke. 
Not  long  afterwards  there  appeared,  here  and  there, 
feveral  chaps  or  clefts,  as  from  a  little  volcano,  the  va- 
pour ifluing  from  which  burft  into  flame.  On  his  break- 
ing the  lump,  it  burft  into  a  very  violent  flame,  full 
three  feet  high,  which  foon  grew  Icfs,  and  then  went 
out.  The  fmoking  and  glowing  fire  lailcd  for  the  fpace 
of  fix  hours  ;  and  afterwards  the  remainder  continued 
to  glow  without  fmoke  for  two  hours  longer.  The 
grey  earthy  afiies,  when  cold,  weighed  five  ounces  and 
a  half. 

In  another  experiment,  perfedtly  fimilar  to  the  fore- 
going, as  far  as  relates  to  the  compofition  and  quanti- 
ties, the  enkindling  did  not  enfue  till  41  hours  afterthe 
irnpregnation  :  the  heat  kept  increafing  for  tliree  hours, 
and  then  the  accenfion  followed.  It  is  worthy  of  re- 
mark-, that  thefe 'experiments  fucceeded  better  on  bright 
days  than  on  fuch  as  were  rainy  ;  and  the  accenfion  came 
on  more  rapidly. 

In  another  experiment,  three  pounds  of  Ruffian  fir- 
black  were  flowly  impregnated  with  three  pounds  of 
raw  hempoil  ;  and  the  accenfion  enfued  atier  nine  hours. 
Tliree  quarters  of  a  pound  of  German  rahm  were 
flowly  impregnated  with  a  pound  and  a  half  of  hemp, 
oil  varnifh.  The  mixture  remained  7c  hours  before  it 
became  hot  and  reeking  :  it  then  gradually  became  h  -  - 
ter,  and  emitted  a  ftrong  exhalation  ;  the  effluvia  were 
molft,  and  not  inflammable.  The  rea£lion  lafted  36 
hours  ;  during  which  the  heat  was  one  while  ftronger, 
and  then  weaker,  and  at  length  quite  ceafed. 

Stove  or  chimney  foot,  moftly  formed  from  birch- 
wood  fmoke,  was  mingled  with  the  above-mentioned 
fubftances,  and  tied  up  ;  the  compound  remained  cold" 
and  quiet. 

Ruffian  fir-black,  mixed  with  equal  parts  of  oil  of  tur- 
peutine,  and  bound  up,  exhibited  not  the  leaft  reaftion 
or  warmth. 

Birch  oil,  mixed  with  equal  parts  of  Ruffian  fir- 
black,  and  bound  up,  began  to  grow  warm  and  to  emit 
a  volatile  fmell  ;  but  the  warmth  foon  went  off  again. 

The  inftances  of  fpontaneous  infljmmation  hitherto 
mentioned  have  been  only  of  vegetable  fubftances  ;  but 
we  have  examples  of  the  fame  thing  in  the  animal  king, 
dom.  Pieces  of  woollen  cloth,  which  had  not  been 
fcoured,  'took  fire  in  a  warehoufe.  The  fame  thing  hap- 
pened to  fome  heaps  of  woollen  yarn  ;  and  fome  pieces; 
of  cloth  took  fire  in  the  road,  as  they  were  going  to  the 
fuller.  Thefe  inflammations  always  take  place  where 
the  matters  heaped  up  preferve  a  certain  degree  of  hu- 
midity, which  is  neceflary  to  excite  a  fermentation  ;  the 
heat  refulting  from  which,  by  drying  the  oil,  leads  them 
infenfibly  to  a  ftate  of  ignition  ;  and  the  quality  of  the 
oil,  being  more  or  lefs  deficcative,  veiy  much  contri- 
butes thereto. 

The 


mixed  with  butter  is  uferl  in  the  combing,  burnt  of  it- 
felf,  was  fworn  by  feveral  witnefles.  One  of  thcin  af- 
firmed that,  ten  years  before,  a  iimilar  lire  happened 
among  the  flocks  of  wool  at  a  clothier's,   who  had  put 


great  importance  that  theie  fails  fhoukl  be  univerfally 
known,  that  public  untllity  may  reap  from  them  every 
pofiible  advantage. 

INFORMED  Stars,  or  Informes  Sfell^e,  are 


them  into  a  calk,  where  they  were  rammed  hard,  for  their     fuch   ftars  as  have   not  been   reduced  into  any  conilclla- 


eafier  conveyance.  This  wool  burnt  from  within  out- 
wards, and  became  quite  a  coal  ;  it  was  very  certain 
that  neither  fire  nor  light  had  been  ufed  at  the  packing, 
confequently  the  above  fires  arofe  from  iimilar  caufes. 
In  like  manner,  very  credible  cloth- workers  have  certi- 
fied, that,  after  they  have  brought  wool  that  was  be- 
come wet,  and  packed  it  clofe   in  their  warehoufe,   this 


tion  ;  otherwife  called  Sporades. — There  was  a  great 
number  of  this  kind  left  by  the  ancient  afironomcrs  ; 
but  Hevelius,  and  fome  others  of  the  moderns,  have 
provided  for  the  greater  part  of  them,  by  making  new 
conllcllations. 

Sympathetic  INK  is  an  old  invention.     Among 
the  methods  by  which  Ovid   teaches  young  women  to 


wool  has  burnt  of  itfell  ;  and  very  ferioiis  confeqiDQices  deceive  their  guardians,  when  they  write  to  their  lovers, 
might  have -followed,  if  it  had  not  been  diicovered  in  he  mentions  that  of  writing  with  new  milk,  and  of  ma- 
time.                                                                                  "  king  the  writing  legible  by  coal-dull  or  foot. 

Nay,  there  are  in  (lances,  though  they  be  but  rare,  _.                     n    r  ir              >         7  -, 

of  human   bodies  being  confumed  by  fpontaneous  in-  ruta  quoque  eJlJalUtque  ocuh,,  e  lacle  ruentt 

flammation.     In  the  Philofophical  Tranfadions,  and  in  ^'"'''  =  ""''""'"  P"'""'"  '""S''  '"S"- 

the  Memoirs  of  the  Academies  of  Paris  and  Copenha-  It  is  obvious,  that  any  other  colourlefs  and  glutinous 

gen,  it  is  related  that   an  Italian  lady    (the  Countefs  juice,  which  will  hjld   fall  the  black  powder  llrewed 

Cornelia   Bandi)  was  entirely  reduced  to  allies,  except  over  it,  will  anfwer  the  purpofe  as  well  as  milk  ;  and 

her  legs  ;  that   an  Englilh  woman,  called  Grace  Pitt,  therefore  Pliny  recommends  the  milky  juice  of  certain 

was  almofl  entirely  coniumed  by  a  fpontaneous  iufiam-  plants  to  be  ufcd. 

mation  of  her  vifcera  ;   and,  laftly,  that  a  pricll  of  Ber-  There  are  feveral  metallic  folutions  perfectly  colour, 

gamo  was  confumed  in  the  fame  manner.      Tliefe  fpon-  \t{f,  or,  at  leall,  without  any  ilrong  tint,  which  being' 

■  taneous  inflammations  have  been  attributed  to  the  abufe  wrote  with,   the  letters  willnot  appear  until  the  paper 

of  fpirituous  liquors  ;   but  though  the  victims  of  intern-  be  wafhed  over  with  another  colourlefs  folution,  or  ex- 

perance  are   indeed  very   numerous,  thefe  certainly  do  pofed  to  the  vapour  of  it  ;  but  among  all  thefe  there  is 

not  belong  to  that  number.  none  which  excites  more  allonifhment,  or  from  wliich 

The  mineral  kingdom  alfo  often  aff"ords  infl;ances  of  naturalifls  can  draw  more  conclufions,  than  that  which 

fpontaneous  inflammation.     Pyrites  heaped  up,   if  wet-  confills  of  a  folution  of  lead  in  vegetable  acid,  and  which 

ted  and  expofed  to  the  air,  take  fire.     Pitcoal  alfo,  laid  by  the   vapour  of  arfetiical   liver  of  fulphur   becomes 

in  heaps,  under  certain   circumflances,  inflames  fpouta-  black,  even  at  a  confiderable  diRance.    This  ink,  which 

neoufly.     M.  Duhamel  has  defcribed  two  inflammations  may  be  ufed  by  conjurors,  proves  the  fubtlety  of  va- 

of  this  nature,   which   happened  in  the  magazines  of  pour,  and  the  porofity  of  bodies  ;   as  the  change  or  co- 

Brefl;,  in  the  years  1741  and  1757.      Cuttings  of  iron,  louring  takes  place  even  when  the  writing  is  placed  on 

which   had,  been    left   in   water,    and   were   afterwards  the  other  fide  of  a  thin  wall. 

expofed  to  the  open  air,  gave  fparks,  and  fet  fire  to  the  We  knew  before,  that  a  folution, of  lead,  treated  in 

neighbouring  bodies.      For  this  obfervation  we  are  ob-  this  manner,  would  anfwer  the  purpofe  of  a  fympathetic 

liged  to  M.  de  Charpeptier.  ink  (fee  that  article   Encycl.)  ;  but  we  did   not  know. 

The  caufes  of  thefe  phenomena  the  chemifl:  will  alfign-;  nor  do  we  yet  believe,  that  the  fulphuric  vapours  will' 

but  they  are  here  recorded  as  a  warning  to  tradefmen  aft  upon  the  writing  through  a  wall.      Such,  however, 

and  others.      It  is  evident,  from  the   fads  which   have  is  the  affirmation  of  ProfelTor  Beckmann,  who  o-ives  an 

been  related,  that  fpontaneous  inflammations  being  very  account  of  a  ilill  more  wonderful  ink  from  Peter  Borel. 

frequent,  and  their  caufes  very  various,   too  much  at-  This  author,  in  a  book  called  Hijloriarum  et  obferva- 

tention  and  vigiUnce  cannot  be  ufed  to  prevent  their  tionum  medico-phyjic.  cetilurU  quatuor,  printed  at  Paris, 

dreadful  effefts.     And  confequently  it  is  impofiible  to  firft  in  1653,  and  afterwards  in    1657,   R'^'^s  a  receipt 

be  too  careful  in  watching  over  public  magazines  and  for   making    this  ink,    which  he  calls  magnetic   -waters 

ftorehoufes,    particularly  thofe    belonging  to  the  ord-  which  a&  at  a  dijlance.     The  receipt  is  as  follows  : 

nance,  or  thofe  in  which  are  kept  hemp,  cordage,  lamp-  "  Let  quick  lime  be  quenched  in  common  water,  and, 

black,   pitch,   tar,  oiled  cloths,  &c.  which  fubfl;ances  while  quenching,  let  fome  orpiment  be  added  to  it  (this, 

ought  never  to  be  left  heaped  up,  particularly  if  they  however,  ought  to  be  done  by  placing  warm  aflies  un- 

have  any  moifture  in  them.    In  order  to  prevent  any  ac  der  it  for  a  whole  day),  and  let  the  liquor  be  filtered, 

and. 
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fciffamma-      The  woollen  fluff  prepared  at  Sevennes,  which  bears  cident  from  them,  it  would  be  proper  to  examine  them  InflaRima- 

cu.n.      the  name  of  Emperor's  iluft',   has  kindled  of  itlclf,  and  often,  to  take   notice  if  any  heat   is  to  be  oblerved   in       """ 

''^~'  burnt  to  a  coal.      It  is  not   unufual  for  this  to  happen  them,  and,  in  that  cafe,  to  apply  a  remedy  immediately. 

to  woollen  llulTs,  when  in  hot  fummers  they  arc  laid  in  Thefe  examinations  fliould  be  made  by  day,  it  not  be-  >, 

a  heap  in  a  room  but  little  aired.  ing  advifable  to  carry  a  light   into  the  magazines  ;  for 

In  June  1781,  the  fame  thing  happened  at  a  wool-  when  the  fermentation   is  lutflciently  advanced,  the  va- 

eomber's  in  a  manufafturing  town  in  Germany,  where  pours  which  are  difengaged  by  it  are  in  an   inflamma- 

a  heap  of  wool-combings,  piled  up  in  a  clofe  warehoufe  ble  llate,  and  the  approach  of  a  light  might,  by  their 

feldom  aired,   took   fire  of  itfelf.      This  wool  had  been  means,   fet  fire  to  the   fubllances  whence  they  proceed. 

by  little  and  little  brought   into  the  warehoufe  ;  and.  Ignorance  of  the  fore-mentioned   circumllances,  and  a 

for  want  of  room,    piled  up  very   high,   and   trodden  culpable  negligence  of  thofe  precautions  which  ought 

down,   that   naore   might   be   added   to  it.       That  this  to  be  taken,   have  often   caufed   more   misfortunes  and 

combed   wool,    to  whicli,    as   is  well   known,    rape-oil  lofs  than  the  moll  cortrivinsj  malice  :   it  is  therefore  of 
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^•l:-  and  preferred  in  a  glafs  bottle  well  corked.  Then  boil 
""<'"""  litharge  of  gold,  well  pounded,  for  half  an  hour  with  vi- 
negar, in  a'brafs  veflel,  and  filter  the  whole  through 
paper,  and  preferve  it  alfo  in  a  bottle  clofely  corked.  If 
j-Dii  write  any  thing  with  this  lall  water,  with  a  clean 
pen,  the  writing  will  be  invifible  when  dry  ;  but  if  it 
be  wadicd  over  with  the  firit  water  it  will  become  in- 
ftaiitly  black.  In  this,  iiowcver,  there  is  nothing  afto- 
nifning  ;  but  this  is  wonderful,  that  though  (beets  of 
paper  without  number,  and  even  a  board,  be  placed  be- 
tween the  invifible  writing  and  the  fecond  liquid,  it  will 
Jiave  the  fame  effeft,  and  turn  the  writing  black,  pene- 
trating t^e  wood  and  paper  without  leaving  any  traces 
i)f  its  aftion,  which  is  certainly  furprifing  ;  but  a  fetid 
fmcll.  occafinned  by  the  mutual  aftion  of  the  liquids, 
deters  many  from  making  the  experiment.  lam,  how- 
fvcr,  of  opinion,  that  I  could  improve  this  fecret  by  a 
more  refined  chemical  preparation,  fo  as  that  it  fliould 
perform  it?  cflFeft  through  a  wall.  This  fecret  (fays 
borel)  I  received,  in  exchange  for  others,  from  J.  Brof- 
foii,  a  learned  and  ingenious  apothecary  of  Montpe- 
lier." 

For  making  a  fympathetic  ink  of  the  fifth  clafs  men- 
tioned in  the  Encyclnpied'w,  the  following  procefs  by 
^f.  Meyer  may  be  worthy  of  the  reader's  notice.  It 
was  entered  upon  in  confequence  of  a  receipt  for  rofe- 
colo'jred  fympathetic  ink  fhewn  to  him  by  a  traveller. 
In  that  receipt  cobalt  was  the  principal  ingredient,  ami 
therefore  the  firft  objetf  was  to  procure  cobalt  ;  but  M. 
Meyer,  being  unwilling  to  ficrifice  pure  pieces  of  cobalt 
of  any  conhderable  fize,  made  choice  of  one,  which  was 
vlfiblv  mixed  with  bifmuth,  iron,  and  quartz.  He  endea- 
voured to  fe])arate  the  bifmuth  as  much  as  poffible,  and 
ah"o  the  arfenic,  if  it  Ihould  contain  any,  by  bringing  it 
flowly  to  a  red  iieat  ;  and  he  fncceeded  pretty  well,  as 
th;  bifmuth  flowed  from  it  in  abundance  ;-and  tlie  ar- 
fenic, the  quantity  of  which  was  fmall,  was  volatilifed  : 
many  globules  of  bifmuth  W'lW  adhered  to  it.  By  bring- 
ing it  repeatedly  to  a  red  heat,  and  then  quenching  it 
in  water,  it  was  reduced  to  fuch  a  (fate  as  to  be  cafily 
pulverifed.  Having  poured  nitrous  acid  upon  the  pow- 
der, he  obtained  by  digeftion  a  beautiful  rofe  red  folu- 
tion  ;  the  filiceous  earth  was  feparated  in  the  form  of  a 
white  flime,  and  by  diluting  it  with  water  there  was 
riepofited  a  white  powder,  which  was  oxyd  of  bifmuth. 
The  folution  being  filtered,  he  added  to  it  a  folution  of 
potafli,  and  obtained  a  precipitate  inclining  more  to  a 
yellow  than  to  a  ted  cc^lour.  He  again  poured  over  it 
a  little  of  the  nitrous  acid,  by  which  a  part  of  the  oxyd 
was  re-difTolved  of  a  red  colour  :  the  remaining  pait, 
■which  had  a  dark  brown  colour,  was  oxyd  of  iron. 
From  the  folution,  by  the  addition  of  potalh,  a  preci- 
pitate was  formed,  which  was  now  reddiih.  Having 
by  this  procefs  obtained  it  pure,  that  he  might  now 
prepare  from  it  the  wiflied-for  red  ink,  he  dUTolved  the 
wallien  pute  oxyd  of  cobalt  in  different  acids.  That 
diffolvcd  in  the  nitrous  acid  with  a  mixture  of  nitre, 
gave  a  green  ink  like  the  common  :  that  dlffolved  in  the 
iulphurous  acid,  without  the  addition  of  falls,  gave  a 
rerldifh  ink,  which  remained  after  it  was  expofed  to 
heat,  and  ivoiUd  not  again  difappear.  even  when  a  folu- 
tion of  nitre  was  applied  ;  and  that  diffolvcd  in  the  mu- 
riatic acid,  gave  a  green  ink,  darker  and  more  beautiful 
than  the  common.  By  dllfolving  it,  however,  in  the 
acetous  acid,  and  adding  a  little  nitre,  he  obtained  what 
he  had  ia  view  ;  for  it  gave,  on  the  applicatiott  of  heat^ 
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an  ink  of  a  red  coloar,  like  that  of  tlie  rnfa  eenlifolia,  (nordiiiate, 
which  again  difappearcd  when  the  paper  became  cold.        Iifcets, 

INORDINATE  Proportion,  is  where  the  order' ^~~^ 

of  the  terms  compared  is  dilhirbed  or  irregular.  As, 
for  example,  in  two  ranks  of  numbers,  three  in  each 
rank,  viz.  in  one  rank,  -  -  .  2,     3,     o, 

and  in  the  other  rank,         -         .         .  g,  24,  36, 

which  are  proportional,  the  former  to  the  latter,  but  iit 
a  different  order,  viz.  -  .     2   :    ^   :  :   24  ;   36, 

and  -  -      ^    :   9  :  :      8   :   24. 

then,  calling  out  the  tnean  terms  in  each  rank,  it  is  con- 
cluded that    -  -  -  -  2   :   9  :  :   8   :   36, 
that  is,  the  firft  is  to  the  3d  in  the  firft  rank, 
as  the  firft  is  to  the  3d  in  the  2d  rank. 

INSECTS  (See  Encycl.).  A  number  of  non-de- 
fcript  little  animals  was  difcovered  by  La  Martiniere 
the  naturalill  when  accompanying  Peroufe  on  his  cele- 
brated voyage  of  dilcovery.  Thefe  animals  he  called 
infeSs,  and  to  many  of  them  he  gave  particular  names. 
Of  thefe  we  fhall  give  his  defcription  in  this  place,  lea- 
ving our  readers,  as  he  has  left  his,  to  arrange  them 
properly  according  to  the  Linnjean  claflification. 

"  Tiie  infeft,  which  is  figured  N"  1.  inhabits  a  fmall. .I3, 
prifmatic  triangular  cell,  pointed~at  the  two  extremities,  XX3C 
of  the  confifttnce  and  colour  of  clear  brittle  ice;  the 
body  of  the  iulet\  is  of  a  green  colour,  fpotted  with 
fmall  bluifh  points,  among  which  are  fome  of  a  golden 
tinge  ;  it  is  fixed  by  a  ligament  to  the  lower  part  of  its 
fmall  habitation  :  its  neck  is  terminated  by  a  fmall 
blackifh  head  compofed  of  three  converging  fcales,  iti 
the  form  of  a  hat,  and  enclofed  between  three  fins,  two 
of  them  large  and  channelled  in  the  upper  part  (A) 
and  one  fmall  femicircular  (fi).  When  it  is  diihirbed, 
it  immediately  withdraws  its  fins  and  its  head  into  its 
cell,  and  gradually  finks  into  the  water  by  its  own  fpe- 
cific  gravity.  Fig.  2.  reprefents  the  under  fide  of  the 
prifm,  fliewing  in  what  manner  it  is  channelled,  in  order 
to  aDow  free  paffage  to  the  animal  when  it  wilhes  to 
(liut  itfelf  up  in  it.  Fig.  3  reprefents  the  profile  of  the 
fame.  The  movement  carried  on  by  the  two  larger 
fins,  which  are  of  a  foftifti  cartllnginous  fubftance,  may 
be  compared  to  that  which  would  be  produced  by  the 
two  hands  joined  together  in  the  ftate  of  pronation,  and 
forming,  alternately,  two  inclined  planes  and  one  hori- 
zontal plane  :  it  is  by  means  of  this  motion  that  it 
fupports  itfelf  on  the  top  of  tlie  water,  where  it  proba- 
bly feeds  on  fat  and  oily  fubfiaiices  on  the  furface  of 
the  fea."  Our  author  found  it  near  Nootka,  on  the 
northvvell  road  of  America,  during  a  calm. 

Fig.  4.  reprefents  a  collection  of  infedts,  as  our  au- 
thor calk  them,  confilling  only  of  oval  bodies,  fimilarto 
a  foap-bubble,  arranged  in  parties  of'three,  five,  fix,  and 
nine  :  among  them  are  alfo  fome  folitary  ones.  Thefe 
coUeftions  of  globules,  being  put  into  a  giafs  filled  with 
fea-water,  defcribed  a  rapid  circle  round  the  glafs  by  a 
common  movement,  to  which  each  individual  contribu- 
ted by  fimple  cornpreffion  of  the  fides  of  its  body,  pro- 
bably the  efiett  of  the  re-adtion  of  the  air  with  which 
they  were  filled.  It  is  not,  however,  cafy  to  conceive 
how  thefe  dittinft  animals  (for  they  may  be  readily  fe- 
parated without  deranging  their  economy)  are  capable 
of  concurring  in  a  common  motion.  "Thefe  confidera- 
tions  (fays  our  author),  together  with  the  form  of  the 
animal,  recalled  to  my  mind,  with  much  fatisfaClion, 
the  ingenious  fyilem  of  M.  de  Buffon  ;  and  I  endea- 
voured to  perfiiade  iny^eif,  that  I  was  about  to  be  wit- 
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nefs  to  one  of  the  moll  wonderful  phenomena  of  Na- 
ture, fiippofing  tliat  tljcfe  n\olecules,  wliicli  were  now 
employed  in  iiicreiifing  or  diminilliing  their  number,  or 
perfiirming  their  revolutions  in  the  glafs,  would  foon 
afluuie  the  form  of  a  new  animal  of  which  they  were 
the  living  materisls.  My  impatience  led  me  to  detach 
two  from  the  moll  numerous  group,  imagining  that  this 
number  might  perhaps  be  more  favourable  to  the  ex- 
pelled met  amorpholis.  I  was,  however,  millaken.  Thele 
1  examined  wiih  more  attention  than  the  rcll  ;  and  the 
following  account  is  of  their  proceedings  alone.  Like 
two  ftrong  and  active  wrelllers.  they  immediately  rullied 
together,  and  attacked  each  other  on. every  fide:  fome- 
tinies  one  would  dive,  leaving  its  adveriaiy  at  the  iur- 
face  of  the  water  ;  one  would  dtfcribe  a  circular  move- 
meut,  while  the  other  remained  at  rell  in  the  cer.tre  ; 
till  ir  motions  at  length  became  I'o  rapid  as  no  longer  to 
idlow  me  to  diilingi;:!li  one  from  tlie  oth.er.  Having 
quitted  them  for  a  lliort  time,  on  my  return  I  found 
them  reunited  as  before,  and  amicably  moving  round 
the  edge  of  the  glafs  by  their  commcni  exertions." 

Fig.  5.  reprefents  a  fuignlar  animal,  wdiich  has  a  con- 
fiderible  refcmblance  to  a  little  lizard  ;  its  body  13  of  a 
firm,  gelatinous  conlillence  ;  its  head  is  furnillied  on 
each  fide  with  twofmall  gelatinous  horns,  of  which  the 
two  hlndcrmon:  are  liLuate  the  fui theft  inward:  its  body 
is  provided  with  four  open  fan-like  paws,  and  fome  ap- 
pendages near  the  infertion  of  the  tail,  and  terminates 
like  that  of  a  lizard  ;  the  ridge  of  the  back  is  divided 
the  whole  way  down  by  a  band  of  a  deep  blue  ;  the  reft 
of  the  body,  as  well  as  the  infide  of  its  paws,  is  of  a 
bright  filvery.  white.  It  appears  to  be  very  fluggilli  in 
its  motions  ;  and  when  dilluibed  by  the  finger,  merely 
turned  itfelf  belly  upwards,  foon  afterwards  refuming 
its  former  pofition.  Fig.  6.  reprefents  it  reverfed.  Mar- 
tiniere  caught  it  during  a  calm  at  the  landing  place  on 
the  Balliee  Iflands. 

INSTITUTE  is  a  name  which  has  lately  been  fub- 
ftituted  for  fchool  or  academy.  Formerly  inJUtul'wn,  in 
the  propriety  of  the-Enghfli  language,  was  fometinies 
ufed  as  a  word  of  the  fame  import  with  inJlruQ'ion  ;  and 
now  inJlUulc  is  employed,  efpccially  by  the  admirers  of 
French  innovations,  to  denote  what  had  hitherto  been 
called  an  academy.  When  royalty  was  aboliflied  in 
France,  it  would  have  been  abfurd  to  continue  the  titles 
Royal  Academy  of  Sciences,  Royal  Academy  of  In- 
fcriptions,  &c.  ;  but  inftead  of  merely  abolilliing  the 
word  royal,  and  fubftituting  national  in  its  ftead,  it  oc- 
curred to  the  fertile  brain  of  Condorcet,  to  abolifli  the 
feve'n  academics  theinfelves,  or  rather  to  melt  them  all 
down  into  one  great  academy ;  to  which  was  given  the 
appellation  of  the 

National  iNiTirvTE,  or  Nd-M  Academy  of  Arts  and 
Sciences.  This  academy,  founded  on  3  decree  of  the 
new  conftitution,  was  opened  on  the  7th  of  December 
1795,  when  Benezech,  the  then  minifter  for  the  home 
department,  attended,  and  the  decree  of  foundation  was 
read;  which  was  to  the  following  purport  : 

"  The  Academy  of  Arts  and  Sciences  belongs  to  the 
whole  republic,  and  Paris  is  its  place  of  refidence.  Its 
employment  is  to  aim  at  bringing  all  arts  and  fcienccs 
to  the  utmoft  perfeftion  of  which  they  are  capable.  It 
IS  to  notice  every  new  attempt,  and  all  new  difcoveries, 
and  to  keep  up  a  correfpondence  with  all  foreign  li- 
terary focieties.     And  by  the  particular  orders  of  the 
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Executive  Dlrefloiy,   its  firft  lludies  are  to  be  diredled    ''  fti^nte. 
to  thole  lubjecls  which   more   immediately  tend  to  the  '~~^ 
reputation  and  advantage  of  the  French  republic." 

The  academy  is  to  conliil  of  2S8  members,  half  of 
whom  are  to  lelide  in  Paris,  the  other  halt  in  the  de- 
partnunts  ;  and  to  them  is  to  be  added  a  cert.iin  num- 
ber of  foreigners,  as  honorary  members,  coniined  at  pre- 
fent  to  twenty-four. 

The  academy  is  divided  into  three  clafTes,  each  clafs 
into  feftions,  each  lection  to  contain  twelve  members. 

jjl  clafs.  Mathematics  and  natural  philofophy.  This 
clafs  is  divided  into  ten  feftions  I.  Mathematics. 
2.  Mechanical  arts.  3.  Aftronomy.  4.  Experiineiit^l 
philofophy.  5.  Cheniiftry.  6.  Natural  hiftory.  7.  Bo- 
tany. 8.  Anatomy  and  animal  hiftory.  9.  Medicine 
and  furgery.  10.  A  lanial  (economy,  and  the  veterinary 
fcience. 

id  clafs.  Morality  and  politics.  This  clafs  confills 
of  fi.'c  feClions.  I.  An:ilylis  of  fcnfations  and  ideas.  2. 
Morals.  3.  Legillature.  4.  Political  economy.  5.  Hi- 
ftory.     6.  Geography. 

^d  clafs.  Literature  and  the  fine  arts.  This  clafs 
confifts  of  eight  fcftions.  t.  Univerfal  grammar.  2. 
Ancient  languages.  3.  Poetry.  4.  Antiquities.  5. 
Painting.    6.  Sculpture.    7.  Architefture.    8.  Mufic. 

For  each  clafs  a  particular  room  in  the  Louvre  is  ap- 
propriated. No  one  can  be  a  member  of  two  elalTes  at 
the  fame  time,  but  a  member  of  one  clafs  may  be  pre- 
fent  at  the  meetings  of  any  other.  Each  clafs  is  to 
print,  yearly,  an  account  of  its  tranfaClions. 

Four  times  a-year  there  are  to  be  public  meetings. 
On  thefe  occafions,  the  three  clalTcs  meet  together.  At 
the  end  of  each  year,  they  are  to  give  a  circumftantial 
account  to  the  legillative  body  of  the  progrels  made  in 
that  year  in  the  arts  and  faiences.  The  prizes  given 
yearly  by  each  clafs  are  to  be  publicly  notified  at  certain 
times.  The  fums  requifite  for  the  fupport  of  the  infti- 
tution  are  to  be  decreed  yearly  by  the  legill  itive  body, 
upon  a  requifition  made  by  the  Executive  Directory. 

The  firft  forty-eight  members  were  chofen  by  the 
Executive  Dlretfory,  to  whom  the  choice  of  the  remain- 
ing members  was  confided.  To  the  members,  refiden- 
tiary  in  Paris,  is  referved  the  choice  both  of  the  depart- 
ment and  the  foreign  members.  On  a  vacancy  in  any 
clafs,  three  candidates  are  named  by  the  clafs  for  the 
choice  of  the  body  at  large. 

Each  clafs  Is  to  have,  as  its  place  of  meeting,  a  col- 
leftlon  of  the  products,  both  of  nature  aud  art,  and  a 
library,  according  to  its  particular  wants. 

The  regulations  of  the  inftltution,  with  refpeftto  the 
times  of  meeting,  and  Its  employments,  are  to  be  drawn 
lip  by  the  body  at  large,  and  laid  before  the  legillative- 
aflembly. 

The  hall  in  which  the  body  at  large  holds  its  meet-  - 
ings,  forms  part  of  the  weft  wing  of  the  Old  Louvre, 
at  prcfent  called  the  Mufeum.  It  formerly  went  by  the  ' 
appellation  of  the  Hall  ot  Antiques  (Salle  des  Antiques)  ; 
and  as  long  as  the  kings  inhabited  this  part  of  the  pa- 
lace was  occupied  by  their  guards,  from  which  clrcum- 
ftance  it  obtained  the  name  of  the  Hall  de  Cent  Suites. 
It  was  likewife  appropriated  to  banquets  and  entertain- 
ments, given  by  the  coutt  on  gala  days  ;  and  it  v.-as  to 
this  place  that  Heniy  IV.  was  conveyed,  on  his  u:fafll- 
natlon  by  Ravaillac,  in  the  Rue  dc  la  Ferrontierie. 

It  was  built  at  the  fame  time  with  the  reft  of  this 
B  part 
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Inf\itite.  part  of  the  Louvre,  about  the  5  tar  152S,  after  the  de- 
^"—v— —  figiis  of  Pierre  Lefcot,  abbot  of  Clagny.  It  is  144 
feet  in  length,  and  ^o  in  breadth,  and  holds  from  iood 
to  I2CO  perl'ons.  Ju  order  to  adapt  it  to  its  new 
dcllination  the  floor  has  been  funk,  which  gives  a 
"•renter  air  of  li^jhtnefi  to  the  roof.  In  the  centre  Hands 
a  double  tabic,  in  the  form  of  a  horfe-ihoe,  fupported  by 
fphinxes,  at  which  the  members  of  the  inllicute  take 
their  feats.  This  table  is  furrounded  by  two  tiers  of 
benches,  which  are  raifed  for  the  accommodation  of 
fpeftators,  who  have  likewife  feats  provided  for  them  in 
the  vail  embrafurcs  of  the  windows,  and  at  each  extre- 
mity of  the  Iiall. 

Whether  fcience  will  be  advanced  by  the  feven  royal 
academies  having  been  melted  into  one,  time  muft  de- 
termine ;  but  candour  compels  us  to  acknowledge,  that 
the  proceedings  of  the  national  inftitutc  have  hitherto 
been  abundantly  interefting.  Intimately  connected  with 
the  national  inftitute  is  the  French  fyi'cm  of 

Nittlottal  Instrltctjon,  which  is  likewife  novel,  and 
therefore  fufficiently  curious  to  dcferve  notice  in  a 
Work  of  this  kind.  When  the  Chriflian  religion  was 
abolilhed  in  France,  it  was  impolTible  to  continue  the 
iiniverfitits  and  other  feminaries  which  were  founded  by 
Chriilians,  and  obliged  by  their  conftitution  to  teach, 
whether  pure  or  not,  the  doclnnes  of  Chriftianity. 
Thev  were  accordingly  all  fwept  away,  and  a  new  fyi- 
ttm  of  education  planned,  which  was  to  be  carried  on  in 
what  they  call 

The  primary  Schools. 

Tiie  Central  Schools. 

The  School  of  Health. 

The  School  of  Oriental  Languages. 

The  Polytechnic  School. 

The  National  Inftitute.   - 

The  [ury  of  Public  Inflruflion. 

""he  Commifiion  of  Public  Inftruftion. 

The  Legiflative  Committee  of  Inftruftion.  And  va- 
rious other  national  eftabliihmtnts  for  the  improvement 
of  particular  fciences. 

The  firft  degree  of  public  inftruftion  is  to  be  met 
with  in  the  Ecoks  Pilmarees,  eilablifhed  by  a  decree  of 
the  convention  of  the  fecond  Pluvoife,  in  the  fecond 
year  of  the  republic  (a).  Every  diftrift  is  furnifhed 
with  one  of  thefe  fchools  ;  the  profefTors  or  mailers  in 
which  are  paid  from  the  national  treafury  ;  and  to 
which  every  head  of  a  family,  without  exception,  is 
compelled  by  law  to  fend  its  children  for  inftruCtion. 
The  fubjefts  taught  in  thefe  primary  or  elementary 
fchools  are  divided  into  nine  dalles  : 

ijl,  Inftruftions  connefted  with  the  phyfical  and  mo- 
ral fituation  of  children,  prior  to  their  entering  into 
thefe  fchools.  2il,  Similar  inftruftions  as  a  guide  to 
teachers  in  the  national  fchools.  ^d,  The  arts  of  read- 
ing and  writing.  4/A,  The  elements  of  French  gram- 
mar. 5^^,  Elements  of  arithmetic  and  geometry,  with 
the  theory  of  the  new  menfuration.  6th,  The  elements 
of  geography,     "jth,  Explanations  of  the  principal  phe- 
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iiomena  and  produftiuns  of  nature.     8th,  Elements  of  ruftiint*. 
agriculture.     >)th.  Elements  of  repulican  morals.  '      '  v      "* 

Next  to  the  primary  fchools  in  rank  and  confequence 
are  the  Ecolcs  Centrales,  which  were  eftabliflied  by  a 
decree  of  the  Convention  of  tiie  feventh  Vtnlofe  in  the 
third  year.  They  are  lituated  in  the  capital  of  every 
department,  bearing  the  proportion  of  one  central 
fcliool  to  300,000  inhabitants.  In  thefe  fchools  the 
republican  youths  are  taught  the  fciences,  and  their  ap- 
plication in  real  life.  In  each  of  theni'are  profcflbrs  tor 
the  following  branches : 

I.  For  mathematics.  2.  Experimental  philofophy 
and  chemillry.  3.  Natural  hiilory.  4.  Agricidture  and 
commerce.  5.  Logic  and  metaphyfics.  6.  Political 
economy  and  legiflation.  7.  The  Philofophical  hiilory 
of  nations.  8.  The  art  of  healing.  9.  Arts  and  ma- 
iiufaftures.  10.  Univerfal  grammar.  11.  The  belks 
lettres.  12.  The  ancient  languages.  13.  The  modern 
languages.     14.  The  line  arts. 

Each  central  fchool  is  furnifhed  with  an  extenljve 
public  library — a  botanic  garden — a  cabinet  of  natural 
hiftory — an  apparatus  for  experimental  philofophy — 
and  a  colleftion  of  machines  and  models  connefted  with 
the  arts  and  manufaftures. 

The  profeflbrs  of  each  fchool  hold,  every  month,  a 
public  fitting,  in  which  conferences  are  held  relative  to 
fubjefts  connefted  with  the  improvement  of  letters,  the 
fciences,  and  the  arts,  which  are  the  moft  beneficial  to 
foclety. 

The  objeft  in  the  eftabliftiment  of  the  primary  and 
central  fchools  was,  the  general  inllruftion  of  all  claffcs 
of  the  citizens  ;  and  it  being  incompatible  with  the  per- 
feft  completion  of  that  important  purpofe,  to  expeft 
from  them  tlie  propagation  of  particular  branches  of 
fcience,  it  became  neceffary  to  eftablilh  other  literary 
and  fcientific  academies. 

Accordingly,  the  French  government  have  founded,  ly?, 
Schools  of  health  {Jes  ecohs  de fante),  in  Paris,  Strafburgh, 
and  Montpelier,  where  medicine  and  furgery  are  ftudied; 
which  fchools  are  affirmed,  by  thole  who  find  nothing 
wrong  in  France,  to  be  the  moft  perte6t  ot  their  kind,  ;is 
well  as  new  and  unparalleled  models  for  iuch  inftitutions. 

id,  IVo  fchools  for  Oriental  languages,  in  the  na- 
tional library,  and  in  the  college  of  France. 

■id.  The  Polytechnic  fchool  in  Paris,  or  central  fchool 
for  the  direftion  of  public  works.  This  eftablifliment 
is  very  generally  admired  and  conhdered  as  a  model  for 
imitation.  It  contains  more  than  400  young  perfons, 
previoufly  educated  in  the  mathematics,  and  the  majo- 
rity of  them  intended  for  engineers  in  various  lines;  and 
they  labour  under  the  immediate  direftion  of  their  tutors 
nine  hours  every  day.  It  occupies  the  principal  part 
of  tlie  Palais  de  Bourlon  in  Paris,  and  is  furniftied  with 
a  large  colleftion  of  inftruments  and  models.  The  jour- 
nal of  the  Polytechnic  fchool,  which  is  publillied  by  the 
bookfellers  Regent  and  Bertrand  at  Paris,  is  a  perfeflly 
original  work,  and  admirably  calculated  to  convey  ufe- 
ful  information. 

Of 


(a)  We  would  tranflate  this  chronological  jargon  into  the  language  of  Chriftian  Europe,  were  we  not  per- 
fuadcd  that  the  French  kalendar,  the  French  conftitution,  and  the  French  inftitutes,  will  have  the  fame  duration  : 
we  truft  in  God  not  a  long  duration.  For  Pluvoife,  and  the  other  fantaftical  dames  of  months  introduced  into 
this  article,  fee  Revolution,  Encyd,  n"  184. 
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InSitufe.  Of  the  national  iiiPiltute,  a  fufficient  ac:coL:nt  has  been 
given  in  the  piececiiog  article.  We  proceed  tlierctore 
to  the  jury  of  public  inltrud-ion  ( Le  Jury  Central d' In- 
Jirull'wn),  of  which  the  principal  buliiiefs  is  to  fuperin- 
tend  the  primary  and  central  fchooh.  It  appoints  the 
profeflbrs  in  thefe  fchouls,  and  examines  into  their  con- 
dud.  Like  the  legillntive  body,  it  is  renewed  by  a  third 
every  half  year.  When  tliey  have  chofen  a  profeflor 
for  a  central  fchool,  they  fubniit  their  choice  to  the  de- 
partment ;  and,  in  cafe  of  difapprohation,  they  make 
another  appointment.  To  this  jury  of  public  inftruc- 
tion,  the  profeflbrs  in  the  central  fchools  are  amenable 
for  all  mifcondudt  connected  with  their  officcf  ;  it  may 
expel  them,  but  all  its  decifujns  mull  be  fubniitted  for 
toniirmation  to  the  tribunal  of  the  department. 

Ttiere  is  alfo  ellablilhed  at  Paris  a  fupreme  council, 
called  the  Comminioii  of  Public  Inllructioii,  to  which 
is  tntruiled  the  whole  executive  department.  The  pre- 
fervation  of  the  national  monuments,  of  public  libraries, 
mufemns,  cabinets,  and  valuable  colleftions  ;  the  fuper- 
intcndence  of  all  the  fchools  and  the  modes  of  inllruc- 
tion  ;  all  new  inventions  and  fcientific  dilcoveries  ;  the 
regulation  of  weights  and  meafures  ;  national  ftatiftics 
and  political  economy,  are  all  placed  under  the  authori- 
ty of  this  fupreme  coinmifiiou.  For  the  commodious 
and  regular  execution  of  lo  many  complicated  branches 
of  buiinefs,  there  is  a  large  office,  called  i^e  Secretariat, 
which  is  divided  into  three  departments. 

I.  For  the  regulation  of  the  different  kinds  of  inftruc- 
tion  ;  of  the  modes  of  education  in  the  fchools  ;  and 
for  the  choice  of  elementary  books.  2.  For  weights 
and  meafures  ;  inventions  and  difcgveries;  libraries  and 
bibliography;  mufeums,  works  of  art,  and  literary  re- 
wards and  encouragements.  3.  For  theatres,  national 
fealls,  republican  inltitutions,  and  the  ereftion  of  mo- 
numents. 

As  all  public  eftablifhments  require  the  fuperintend- 
ance  and  occafional  correction  of  the  legiflature,  in  ad- 
dition to  that  of  their  own  immediate  executive  autho- 
rity, it  has  been  deefned  neceffary  to  appoint  a  perma- 
nent committee  of  inltruflion  in  the  legiflaiive  body,  to 
provide  fuch  fums  as  may  be  neceflary  for  the  preicrva- 
tion  and  improvement  of  this  fyilem  of  inllnnSion. 
This  legiflative  committee  are  inveftcd  with  due  autho- 
rity for  thefe  purpofes.  Their  objetts  are  precifely  the 
same  as  thofe  of  the  commilfion  of  public  inftruftion 
above  defcribed,  only  with  this  difference,  that  the  lat- 
ter fuperintends  the  execution  of  exifling  laws,  whilft 
the  former  recives  and  improves  them,  or  propofes  new 
ones.  This  committee  is  divided  into  three  departments, 
as  is  the  commiffion,  with  exattly  the  fame  arrangement 
of  their  refpedtive  labours.  The  committee  being  char- 
ged  with  the  enaflion  of  all  new  laws,  its  members,  with 
a  view  to  obtain  accurately  all  the  requifite  information 
relative  to  the  numerous  branches  of  the  aits,  have  pro- 
cured from  the  legiflative  body  the  appointment  of  a 
tomm'ijfwn  temporatre  des  arts  to  be  annexed  to  them, 
and  to  meet  in  the  fame  houfe  with  them  ;  which  tem- 
porary commiffion  is  divided  into  fixteen  clafTes  :  viz. 
1.  For  Zoology  ;  2.  Botany  ;  3.  Mineralogy  ;  4.  Phy- 
fics  ;  5.  Chemiftry  ;  6.  Anatomy  ;  7.  Machinery  ;  8. 
Geography  ;  9.  Artillery  and  Fortification;  10.  Me- 
dals and  Antiquities  ;  11.  Bibliography  ;  I2.  Painting; 
13.  Architefture  ;  14.  Sculpture;  15.  Bridges  and 
Caufeways  ;  and,  16.  Mufical  Inftruinents. 
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The  improvements  of  the  nation.il  literary  and  fcien-    Inftliii'i*. 
tific  eflablifhments  are  numerous  and  important.  •r^^" 

\Jl,  By  a  decree  of  the  convention  of  the  i  ith  Prai- 
fia!,  in  the  fecond  year,  it  was  enacled  that  means  fliould 
be  adopted  by  which  every  poffible  advantage  might  be 
derived  from  the  botanic  gardens  of  the  republic,  in 
Turkey  and  other  foreign  countries.  This  politic  de- 
cree clearly  tended  to  render  France,  in  the  language  of 
the  reporter,  L'abrege  di  toui  us  climaif,  el  I'enlrepot  de 
V Europe.  "  The  epitome  ot  every  climate,  and  the  maga- 
zine of  Europe."  Thofe  plants  which  thrive  between 
the  tropics  may  be  cultivated  in  the  fouth  of  France  ; 
and  tliofe  which  are  the  produce  of  northern  climates, 
may  be  cultivated  in  the  northern  departments  ;  by 
which  means  France  will  be  in  pofielfion  of  all  foreign 
plants  and  drugs,  without  the  exportation  of  fpecie. 

id.  The  National  Bibliography  v;as  decreed  in  the 
fitting  of  22d  Germinal,  in  the  fecond  year.  It  confiils 
ot  a  complete  catalogue  of  hook?;  cf  all  licfci  iotions,  the 
property  of  the  nation;  it  was  then  afcertaintd  that  the 
republic  pofiefled  more  than  ten  millions  of  books.  Tlie 
titles  of  them  were  to  be  adjufted  by  aftual  compari- 
fons  ;  the  manufcripts  to  be  regiltered  feparately  ;  ano- 
nymous produdlions  were  to  be  arranged  according  to 
their  lubjecls  ;  and  thofe  of  known  authors  in  the  al- 
phabetical order  of  the  names.  The  feveral  editions  to 
be  clafie  J  according  to  their  dates;  and  what  inav  be 
deemed  more  important,  this  French  National  Biblio- 
graphy  will  contain  a  dictionary  of  anonymous  books, 
as  well  as  thole  publiflied  under  fictitious  names,  a  dcfi- 
deratum  in  the  republic  of  letters. 

3^/,  I'he  annihilation  of  all  patois,  or  dialects,  de- 
creed in  the  fitting  of  the  16th  Prairial,  in  the  fecond 
year.  Nolwithfl:aiiding  the  univerfality  of  the  French 
language,  and  that  it  was  exclufively  fpoken  in  the  ma- 
jority of  the  inland  departments,  yet  there  exiiled  thirty- 
various  diaJefts  in  France.  It  is  more  ailon.lhing  that 
Rozier  had  remarked,  that  between  one  neighbouring 
village  and  another,  there  was  fo  confiderable  a  differ- 
ence in  the  dialeCl,  that  the  inhabitants  could  not  un- 
derftand  each  other  ;  and  the  vineflock  had  thirty  dif- 
ferent names.  The  naturalifl  Villars  has  llated,  that  in 
the  nomenclature  of  vegetables,  in  the  departm.ents,  he 
had  only  met  with  an  hundred  which  had  a  common  ap- 
pellation. 

^h.  The  eftablifliment  of  the  Confervaloire  des  Arts 
et  Metiers,  was  decreed  in  the  fitting  of  the  8th  of 
Veudemiaire,  in  the  third  year.  This  confifts  of  a  fpa- 
cious  hall,  in  the  form  of  an  amphitheatre,  and  con- 
tains the  inftruments  and  the  models  of  machinery  con- 
nected with  the  arts,  and  a  defcription  of  their  ufe?, 
with  every  book  relating  to  them.  Annexed  to  thi? 
ellablifliment  are  three  expofitors  and  a  draughtfman, 
who  explain  to  the  ftudents  the  ufe  of  each  inltrument, 
and  who  regifl;er  every  new  difcovery,  which  is  prcfent- 
ed  to  the  Bureau  de  Cnnfultatiun,  to  the  Ivceum  of  arts, 
the  cidevant  academy  of  fciences,  or  to  the  board  of 
commerce. 

^ih.  The  eftRblifliment  of  the  board  of  longitude  was 
decreed  in  the  fitting  of  the  "jlh  of  Me/fidor,  third  year. 
It  was  certainly  a  difgrace  under  the  monarchy,  that  aa 
aftronomical  and  nautical  eftablilhment,  which  had  al- 
ready proved  fo  bencllcial  to  Great  Britain,  fliould  not 
have  been  adopted  in  France.  In  coulequence  of  thi>; 
decree,  the  Frcuoh  board  is  now  as  coropkte  as  the 
B  2  Englifh. 
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FnaitDte.  Englifh.  It  confifts  of  ten  members,  and  has  under  its 
'■  ■*  '  jurirjidion  the  national  obfervatory  at  Paris,  and  alUhe 
aftronomical  inftruments  belonging  to  the  republic.  It 
correfponds  with  foreign  allronomers  ;  delivers  public 
leftures  on  aftrononiy  and  navigation  ;  and  its  proceed- 
ings arc  annually  recited  in  a  public  lilting.     ' 

6.'/!',  The  general  Icliool  of  the  Oriental  languages 
was  eftabliliied  by  a  decree  of  the  ictii  of  Cinniiuil,  in 
the  fourth  year.  This  fchool  adjoins  to  the  national 
Illirary,  and  all  the  books  and  manufcripts  relative  to 
O.iental  literature  arc  depolited  in  it. 

■fth,  The  national  mufeum  of  antiquities  was  decreed 
in  the  fitting  of  20th  of  Piaiiuil,  fourth  year.  A 
fchool  of  this  defcription  was  fucccfsfully  eft;  liliflied  at 
.Vienna,  by  Eckel;  at  Gottiugen,  by  Heyne;  at  Leip- 
fick,  by  Erneil  ;  and  even  at  Stralhurgh,  by  the  cele- 
brated Obeilin  ;  Paris  was,  hoxvcver,  without  one.  This 
national  archeology,  or  fcience  of  antiquity,  is  divided 
into  nine  diflerent  clatfes  :  'infcriptlons,  charafters,  fta- 
tues,  bcis  reliefs,  fculptures,  paintings,  mofaics,  medals, 
civil,  religious,  and  military  inftruments.  This  exten- 
fjve  eftablilhment  is  under  the  direflion  of  two  prin- 
cipal profeflbrs  ;  le  Confervateiir  Profejfeur,  et  le  Coiifsr- 
•Viitfur  B'lbliotbecairc.  The  province  of  the  former  is  to 
deliver  public  leflurcs  on  the  feveral  branches  of  anti- 
quities, to  teach  the  theory  of  medals  and  engravings, 
the  hiftory  of  the  arts  among  the  ancients,  &c.  The 
duties  of  the  latter  are  merely  of  a  bibliographical  na- 
ture. 

8//^,  The  new  modelling  of  the  Grand  National  Lib- 
rary, was  decreed  in  the  fitting  oi  25th  Vendem'iare,  in 
the  fourth  year.  By  virtue  of  this  decree,  the  place  of 
librarian  in  chief  was  fuppreflid,  and  the  whole  efta- 
blilhment placed  under  a  confer-vaioire  of  eight  mem- 
bers ;  of  whom  two  were  appointed  for  the  fuperin- 
tendence  of  printed  books  ;  two  for  manufcripts;  two 
for  antiquities  ;  and  two  for  engravings.  From  thefe 
a  temporary  direftor  is  annually  chofen,  who  fuperin- 
tends  the  whole  afts  occafionally  as  prefident  of  this  af- 
fembly,  and  maintains  a  regular  correfpondence  with 
the  conftituted  authorities  relative  to  the  concerns  of 
the  library. 

9/A,  The  augmentation  of  the  Mufeum  of  Natural 
Hiftory,  formerly  called  Le  yardin  Royal  des  Plantes, 
This  eftabllftiment  was  decreed  the  1  (;th  Brumaire,  third 
year,  upon  a  report  of  Thibadeau,  in  the  name  of  the 
committee  of  Public  Inftruftion.  Befides  the  addition 
of  large  rooms,  and  various  other  buildings,  there  are 
new  collections  of  natural  curiofities  and  produftlons  ; 
and  the  library  is  much  incrcafed.  It  is  open  to  the 
public  three  times  a  week.  At  ftatcd  periods  all  the 
naturalifts  in  Paris  deliver  courfes  of  lectures  in  the  va- 
rious branches  of  natural  hillory.  The  mufeum  is  faid 
to  have  received  greater  improvements  from  this  aug- 
mentation than  from  all  the  labours  of  Buffon,  or  from 
its  foundation,  fince  the  time  ot  Tournefort. 

loth.  The  EloIc  des  Mines  was  eftablilhcd  in  the  Ho- 
tel des  Monnaies,  and  has  for  its  direCf  ion  the  naturalift 
Le  Sage.  This  inllitution  is  unrivalled  in  Europe  ; 
and  the  collection  of  minevalogical  curiofities  furpafles 
whatever  can  be  conceived. 

i\th.  The  fociety  of  natural  hiftory  in  Paris,  defer- 
vedly  clafTes  among  thofe  v.'hich  have  rendered  the 
greatell  fervices  to  the  caufe  of  fcience  fince  the  revolu- 
tion.    A  leftuve  of  public  iuftruClion  is  held  every  ten 


days,  which  is  generally  given  by  one  of  the  members,  In'H'iitr. 
and  which  is  open  to  all  the  love.s  of  natural  hiftory.  '~~'V"~" 
Premiums  are  propofed  for  dilferiBtions  ;  one  of  which, 
by  the  late  C.  Herman,  junior  (whofe  early  deceale  was 
a  great  lofs  to  the  republic  of  letters),  on  the  apterous 
clafs  of  infefts,  may  be  faid  to  conllitute  an  epociiii  in 
^the  annals  of  natural  hiftory.  The  fociety  has  publilh- 
ed  a  volume  of  memcirs,  in  folio,  entitled,  "  Tranfac- 
tions  ofihe.  Society  of  Natural  Hijlory'"  It  has  likewife 
ercfted  a  ftatue  to  the  great  Linnaeus,  in  the  national 
garden  of  plants  ;  and,  at  the  period  when  every  public 
inftruttlon  was  liifpended,  gave  leftures  on  the  different 
branches  of  fcl-nce  belonging  to  its  department.  Se- 
veral intelligent  and  ikilful  navigators,  among  otiiers 
thofe  fent  in  fearch  of  the  unfortunate  La  Peroufe,  as 
well  as  thofe  which  accompanied  Buonaparte  on  his  ro- 
niantic  expedition  to  Egypt,  v/ere  members  of  this  fo- 
ciety. 

This  ftatement  of  fafts  relative  to  the  prefent  ftate  of 
public  inftrucllon,  the  fciences,  the  arts,  and  the  pro- 
grefs  of  national  literature  in  France,  has  been  taken 
from  a  mifcellany,  of  which  the  principal  writers  are 
well  acquainted  with  what  is  doing  in  that  diftrafted 
country.  They  call  It  a  fubllme  fyftem  ;  and  feem  to 
confider  the  increafe  of  the  national  library,  the  im- 
provement of  the  botanic  gardens,  and  the  difcoveries 
that  have  been  made  by  the  dilFerent  Ichools  or  Infti- 
lutes,  as  furniihing  a  demonftration  that  the  republican 
government  is  more  favourable  to  the  advancement  of 
fcience,  than  the  rnonarchical,  whether  abfolute  or  11- 
mited.  But  it  Ihould  not  be  forgotten,  that  this  fyftem 
is  yet  iu  its  infancy;  and  that  in  grofecuting  new 
fchemes,  all  men,  and  more  efpeclally  Frenchmen,  are 
aiituated  by  an  enthufiafm  which  gradually  cools  as  their 
purfuits  become  familiar.  We  fiiall  therefore  venture  to 
predict,  that  the  difterent  fchools  will  not  difplay  fuch 
ardour  feven  years  hence  as  they  do  at  prefent;  and  that 
if  the  republican  government  continue  a  dozen  ot  years 
in  France,  the  progrels  of  Icicnce  in  that  country  will 
not  be  more  rapid  than  it  was  under  the  monarchy.  We 
muft  remember,  too,  that  the  French  libraries,  mufe.. 
urns,  and  pidlure  galleries,  have  been  improved  by  meaiis 
which  the  morals  of  other  governments  do  not  employ 
— by  rapine  and  robbery. 

That  fomething  may  be  learned  from  this  fyftem  to 
improve  the  modes  of  education  in  other  countries,  wj 
admit  ;  and  it  Is  for  that  reafon  that  we  have  inferted 
an  account  of  it.  But  if  it  contains  fomething  worthy 
of  imitation,  it  contains  likewife  much  to  be  (liunned. 
We  do  not  think  It  confiftent  with  the  rights  of  man  to 
compel  parents  to  fend  their  children  to  be  educated  Iu 
particular  fchools ;  efpeclally  in  fchools  where  not  only 
religious  inftruftion  is  ornlttcd,  but  where,  there  is  rea- 
fon to  believe,  that  the  profeflbrs  are  at  pains  to  raze 
all  religious  Impreffions  from  the  youthful  mind.  In  a 
nation  denying  the  truth  of  Chriftlanity,  it  is  not  to  be 
fuppofed  that  the  Chrlftian  religion  will  be  publicly 
taught ;  but  In  a  nation  of  phllofophers,  as  the  French 
call  themfelves,  it  might  have  been  expeiiled  that  the 
laws  of  religious  toleration  would  have  been  fo  tar  re- 
garded, that  Chrlftian  parents  would  not  have  been  co/n^ 
pelled  to  fend  their  children  to  antic hriflian  fchools  I 
But  it  is  not  Chriftlanity  alone  that  is  neglected  in  this 
fublime  fyftem  of  education.  Though  the  legiflative 
body  has  forae  time  ago  decreed  that  there  is  a  God, 

there 


I     N     S 


[ 


sfi'tsBce.  tHcre  is  not  in  any  one  of  thore  fchools  tlie  fmalleft  care 

—~^ taken  to  inftr.uft  the  republican  youtln'n  the  prr.iciples 

even  of  natural  religion!  We  might  indeed  have  lotiked 
for  it  under  the  title  Meuiphyfics,  had  not  the  conftitu- 
tion  of  the  National  Inftitnte  taught  its,  that  French 
nietaphyUcs  attend  to  nothing  but  the  analyfis  of  fenfa- 
tionj  and  ideas.  Yet  tlie  legiflators  might  have  lillen- 
cd  on  tliis  fiibjeA  to  a  republican  a;;  found  as  thcmfclves, 
and  who  was  likewife  no  friend  to  fiiperditlon.  "  Nam 
et  Majorum  indituta  tueri  facris,  ceremoniifque  retinen- 
dis  fapientis  ell.  Non  folum  ad  religioncm  pertinet, 
fed  etiam  ad  civiiatis  ftatum,  ut  fine  iis,  qui  facris  pub- 
lice  pra-funt,  vtligioni  privaise  fatlsfacere  non  poflint." 
Cicero  ch  Nat.  Deorum. 

INSURANCE,  in  law  and  commerce,  though  an 
excellent  inditution,  is  not  of  high  antiquity.  The 
oldeft  laws  and  regulations  concerning  inlurance,  with 
which  the  indefatigable  Beckmann  is  acquainted,  are 
the  following  : 

On  the  28th  of  January  1523,  five  perfons  appoint- 
ed for  that  purpofe  drew  up  at  Florence  fome  articles 
which  are  ftill  employed  on  the  exchange  at  Leghorn. 
Tiitfe  important  regulations,  tcyether  with  the  prc- 
fcribed  ferm  of  policies,  which  may  be  confidered  as 
the  oldeft,  have  been  inferttd,  in  Italian  and  German, 
by  Magens,  in  his  Treatife  on  Infurance,  average,  and 
bottomry,  pubh'fhed  at  Hamburgh  in  1753. 

There  is  ftill  preferved  a  ilioit  regnlation  of  the  2  ;t!i 
May  1537,  by  the  Emperor  Charles  V.  refpefting  bills 
of  exchange  and  infurance,  in  which  the  ftriftly  ful- 
filling only  of  an  "agreement  of  infurance  is  command- 
ed. 

In  the  year  1556,  Philip  II.  king  of  Spain  gave  to 
the  Spanifti  merchants  certain  regulations  rcfpetting  in- 
furance, which  are  inferted  by  Magens,  with  a  German 
tranllation,  in  his  work  before  mentioned.  Tliey  contain 
fome  forms  of  policies  on  (hips  going  to  the  Indies. 

In  the  year  i  ;q8,  the  Kumer  von  ajfurLintic,  chamber 
of  infurance,  was  cftablilhed  at  Amfterdani.  An  account 
of  the  firft  regulations  of  this  infurance  office  may  be 
feen  in  Pontanus's  Hiftory  of  the  city  of  Amftcrdam, 
and  in  other  works. 

In  the  year  1600,  regulations  refpeAing  infurance 
were  formed  by  the  city  of  Middleburg  in  Zealand. 

It  appears  that  the  firft  regulations  refpeiiting  infu- 
rances  in  England,  which  may  be  feen  in  Aitderfon's 
Htjlnry  of  Commerce,  were  made  in  the  year  1601.  We 
find  by  them,  that  infurers  had  before  that  period  con- 
,  dncledthemlelves  in  fuch  a  manner,  that  the  ntmoft  con- 

fidence was  repofed  in  tncir  honefty,  and  that  on  this 
account  few  or  no  difputes  had  arifen. 

Of  the  various  policies  for  inlurance  in  England,  a 
pretty  accurate  account  will  be  found  in  the  Encyclope- 
dia ;  but  there  is  one  of  them  of  which  Our  account 
muft  be  acknowledged  to  he  now  defeftivc.     This  is, 

iNsutANCR  on  lAves ;  which  is  a  policy  that  has  great- 
ly increafed,  in  conlequence  of  its  utility  being  more 
generally  underftood.  Of  ths  two  offices  for  life  af- 
fnrances,  noticed  in  that  article,  the  former,  entitled 
the  /Amicable  Society,  has  extended  the  number  of  its 
ftiares  to  4000  ;  but,  as  we  have  already  obferved,  the 
nature  of  the  inftitution  is  too  limited  to  become  of  ge- 
neral importance.  The  latter,  entitled,  the  Society  for 
equitable  /ifjiirances   on   Lives   ami  Survivorfljip,    is    un- 
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doubtedly  one  of   the  moft    important    inftitutions  of  Infi:ranct. 
the  kind,  as  will  appear  by  the  following  account,  with  — "v~~~^ 
which  we  have  been  favoured  by  an  obliging  correfpon- 
dent,  and  upon  the  accuracy  of  which  our  readers  may 
depend. 

The  members  of  the  Equitable  Society,  finding,  in 
June  1777,  that  their  allairs  were  in  a  flouriftiing  fitu- 
ation,  refolved  to  reduce  their  annual  premiums  one- 
tenth  ;  and  in  1782  adopted  new  tables,  agreeable  to 
the  probabilities  ot  life  at  Northampton,  in  lieu  of  thofe 
they  had  hitherto  ufed,  formed  from  the  London  bills 
of  mortality.  But  thcnigh  it  was  evident  that  the  new 
tables  were  much  better  adapted  for  alluring  promif- 
cuoufly  perfons  rcfiding  in  the  country,  or  in  large 
towns,  it  was  thought  proper,  for  greater  fecurity,  to 
make  an  addition  of  15  per  cent,  to  the  real  value  of 
the  alTurances,  as  computed  from  the  table  of  mortality 
at  Northampton  ;  and  with  the  view  of  making  an  ade- 
quate compenfation  to  the  aflured  for  their  former 
payments,  which  had  been  fo  much  higher  than  would 
be  required  by  the  new  rates,  an  addition  was  made  to 
their  claims  of  L.  I,  los.  per  cent,  for  every  premium 
they  had  paid.  The  conlequence  of  thefe  meafures 
proved  highly  favourable  to  the  Society;  for  its  bufinefs 
increafed  fo  faft,  that  in  1785  it  was  nearly  doubled; 
the  fums  affured  amounting  to  upwards  of  L.  720,000. 
At  this  period,  the  favourable  refult  of  a  minute  and 
very  laborious  inveftigation  of  the  ftate  of  the  Society, 
induced  them  to  take  off  the  15  per  cent,  charged 
^pon  the  premiums  in  1782,  and  make  a  further  addi- 
tion to  the  claims  of  L.  i  pcr-cent.  for  every  payment 
made  prior  to  the  ift  January  1786.  A  ftill  greater 
increafe  of  fuccefsful  bulinefs  determined  them,  in  1791, 
to  make  another  addition  of  L.  1  per  cent,  to  the 
claims  ;  and  in  the  following  year,  a  further  addition 
of  L.  2  per  cent.  ;  by  which  the  claims  upon  alTurances 
of  the  year  1770  were  more  than  doubled  ;  and  thofe 
of  an  earlier  date  increafed  in  a  ftill  higher  proportion. 
By  thefe  advantages  to  its  members,  and  the  honour- 
able and  truly  equitable  manner  in  which  the  concerns 
of  the  Society  are  tranfadled,  the  augmentation  of 
their  bufinefs  has  been  fo  great,  that  on  the  31ft  De- 
cember 1792,  the  fuir.s  aiTnred  (without  including  the 
additions  made  to  them)  amounted  to  upwards  of 
L. 3,000,000;  and  on  the  31ft  December  1795,  to 
about  L.  4,000,0:0. 

The  rates  of  afiurance,  as  reduced  to  their  real  values 
in  17S6,  and  according  to  which  the  Society  now  tranC-  ' 

acl  bufinefs,  are  as  follows: 
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The  otlier  offices  in  London  for  the  alTr.rance  of  hVes 
are,  the  Royal  F.xchan^!  AJfurante,  the  li^jlinlnjler  So- 
ciety, :uk1  the  Pelican  Life  Office. 

'rhc  ccirpovation  of  the  Royal  Exchange  Affurance 
was  eirpmvcred  to  afTiive  lives  by  its  fecoiid  charier,  da- 
ted 29th  April  1721  ;  but  ihe  original  objeft  of  the 
company  being  fea  aiTiirances,  and  the  true  principles  ot 
aifuring  on  lives  being  at  th:it  time  little  underltood, 
this  linmch  of  their  bufmefs  was   at  firll  comparatively 

•fmall  :  they  generally  required  a  premium  of  five  or  fix 
guineas  per  cent,  without  any  regard  to  the  age  ;  and 
the  afTuiance,  which  was   ufually  for  a  fmall   fum,  was 

-feldom  for  a  greater  term  than  one  year.  In  this  man- 
ner they  continued  to  affure  upon  lives  till  the  end  of 
the  year  1783,  when  the  increafing  importance  of  this 
part  of  their  bufinefs,  which  they  had  fome  years  felt, 
induced  them  to  adopt  a  regular  table  of  rates  of  affu- 
rance, according  to  the  Northampton  regifters  of  mor- 
tality, but  with  a  greater  addition  to  the  real  values 
than  had  been  made  by  the  "  Society  for  Equitable  Af- 
furances  on  Lives  and  Survivorlliip."  This  wa.<>  thought 

-proper,  from  the  confideration  that  the  alTurers  with  the 
Royal  Exchange  Company  are  not  in  any  cafe  liable  to 

.a  call  upon  them  beyond  the. premium  they  engage  to 
pay,  and  have  the  fecurity  of  the  capital  and  funds  of 
the  company  arifing  from  the  other  branches  of  their 
bufinefs  ;  however,  the  compan)',  finding  themfelves 
fuccefsful  in  their  life  afiinances,  determined,  in  1790, 
to  reduce  their  premiums;  and  in  1797  made  a  ib'll 
greater  reduftion,  by  which  they  are  brought  very  neaf 
to  thofe  above  ftated.  This  company  have  agents  in 
all  the  principal  towns  of  Great  Britain,  and  are  im- 
powered  to  allure  lives  in  all  parts  of  the  world. 

The  Wejlmiiijler  Society  viii  ellablillied  in  1792,  for 
affuriufr  lives,  and  granting  annuities.  Their  terms  are 
nearly  the  fame  as  thofe  of  the  Royal  Exchange  Affu- 
rance ;  but  not  being  a  corporate  body,  every  perion 
affuring  figns  a  declaration,  tliac  he  accepts  the  joint 
ftock  of  the  fociety  as  his  fecurity. 

The  Pelican  Life  Office  was  inftituted  in  1797,  by 
fome  of  the  principal  proprietors  of  the  Phoenix  Fire 
Offiqe.  The  rates  which  they  have  publilhed  vary  con- 
fiderably  from  thofe  of  the  other  offices  :  but  whether 
they  are  founded  on  more  juft  principles,  time  and  ex- 
perience muft  determine.  This  fociety  alfo  makes  a 
new  fpecies  of  affurance,  by  way  of  endowment  for 
daughters,  or  for  children  generally,  when  they  (hall 
attain  the  age  of  twenty-one  years. 

INTEGRAL  calculus,  in  the  new  analyfis,  is  the 
reverfe  of  the  differential  calculus,  and  is  the  finding  of 
the  integral  from  a  given  differential ;  being  fimilar  to 
■the  inverfe  method  of  fluxions,,  or  the  finding  the  fluent 
to  a  given  fluxion.     See  Fluxions,  Encycl. 

INTEREST,  is  the  allowance  given  for  the  ufe  of 
money  by   the  borrower  to   the  lender,  and  is  either 

Jimple  or  compound.  The  method  of  computing  both 
interefts  is  explained  !n  the  article  Algebra  [Encycl.), 
page  427,  &c.  ;  and  the  fubjeft  of  fimple  intereft  is 
again  refumed  in  Arithmetic  {Encycl.),  n°  20.  The 
application  of  the  canons  for  the  computation  of  com- 
pound intereft,  to  the  value  of  annuities,  the  only  cafe 
in  which  that  intereft  is  allowed  by  the  laws  of  this 
«ountry,  may  be  fecn  in  the  articles  Annuity  and 
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Sup.vivDRsHiP  (Encycl.)  ;  where  various  tables  Tire  TnfprfO. 
given  to  facilitate  the  different  computations.  Some  "~~v— ^ 
of  our  readers,  however,  have  exprefled  a  wilh  to  have 
the  rule  tor  computing  compound  intereft  fo  llated,  as 
to  be  underftood  by  thofe  who  are  unacquainted  with 
algebraic  fymbols.  Their  wifh  may  be  ealily  grati- 
fied. 

The  general  formula  S  r=  /  R'  anfwers  for  the  amount 
of  any  fum,  whether  tiie  intcrell  be  payable  yearly,  half- 
yearly,  quarterly,  or  dally.  Let  R  denote  the  amount 
of  one  pound  for  the  firft  payment,  and  i  the  number 
of  payments,  the  unit  being  from  the  commencement 
till  the  fuft  payment  is  due  ;  alio,  let  /  denote  the  lo- 
garithm of  any  quantity  before  wiiich  it  is  wrote;  then, 
from  the  known  property  of  logarithms,  the  theorem 
may  be  expreffed  thus,  I.  S  =  l.p  + 1.  Kxt. 

Required  the  amount  of  L.  2jo  at  5  per  cent,  com- 
pound intereft,  for  i  2  years,  reckoning  the  intereft  pay- 
able yearly,  halt-yearly,  quarterly,  and  daily  ? 

Yearly,  p  =  250,  R  =  l-OJ,  <  =  I  2. 

0*0211893  =  /.  R 


•2542716  =  /.  RX^ 
2*3979+=o  =  /-P 


I.  S  zz  I"6j22ii6  — L. 448  :  19  :  3j  =  Amount, 
250 


198  :  19  :  33^  =  Comp.  Int. 

Half-yearly,  p  =  2Jo,  R  =  I'OZJ,  t  =  24. 

0-0107239  =  /.  R 
24 


428956 
214478 


'257373<5=''-RX' 
2-3979400  =  l.p 


/.  S  =  1-6553136  —  L.452  :  3  :  71^  =  Amount. 
250 


202  :  3  :  7j 


Intereft. 


^tarterly,  p  =250,  R  =  J"OI25,  '  =  4S. 

0-0053950  =  /.  R 
48 


431600 
215800 


•2589600  =  /.  Rx< 
2-3979400  =  l.p 


/.  S  =  2-6569000  — L.453  :  16  :  8^  =  Amounl, 

250 


203 


:  16  :  84  =  Iatere{t. 


Daliu 
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Dally.  /  =  25 

12.  . 

2-5623524 

2-^5622929 


=  230.R=.+-:|^^=^^,,  =  365 


z^s     365 


■C0O059S  =  /. 

4380 


476CO 
1785 
2380 


•2606100  =  /.  R  X  < 
2-3979400  =  /./. 


A  S  =  2-6585500 — L.455 
250 


II  :  3y  =  Amount. 


205  :  1 1  :  3i  =  Intereft. 

INTERPOLATION,   in  the  modern  algebra,  is. 
iifed  for  finding  an  intermediate  term  of  a  feries,  its 
place   in  the  feries  being  given.     See  Algebra  and 
Series,  Encycl. 

The  method  of  interpolation  was  firft.  invented  by 
Mr  Briggs,  and  applied  by  him  to  the  calculation  of 
logarithms,  &c.  in  his  Arithmetica  Logarithmica,  and 
his  Trigonometrla  Britannica  ;  where  he  explains,  and 
fully  applies,  the  method  of  interpolation  by  differences. 
His  principles  were  followed  by  Reginal  and  Moiiton 
in  Fiance,  and  by  Cotes  and  others  in  England.  Wal- 
lis  made  ufe  of  the  method  of  interpolation  in  various 
parts  of  his  works :  as  his  arithmetic  of  infinites,  and 
liis  algebra,  for  quadratures,  &c.  The  fame  was  alfo 
happily  applied  by  Newton  in  various  ways  :  by  it  he 
invelligated  his  binomial  theorem,  and  quadratures  of 
the  circle,  ellipfe,  and  hyperbola.  See  Wallis's  Algebra, 
chap.  85.  &c.  Newton  alfo,  in  lemma  5.  lib.  3.  Priu- 
cip.  gave  a  moft  elegant  folution  of  the  problem  for 
drawing  a  curve  line  througii  the  extremities  of  any 
number  of  given  ordinates  ;  and  in  the  fubfequent  pro- 
pofition,  applied  the  folution  of  this  problem  to  that  of 
finding,  from  certain  obferved  places  of  a  comet,  its 
pbce  at  any  given  intermediate  time.  And  Dr  Wa- 
ring, who  adds,  that  a  folution  ftill  more  elegant,  on 
fome  accounts,  has  been  fince  difcovcred  by  MelT. 
Kichol  and  Stirling,  has  alfo  refotved  the  fame  pro- 
blem, and  rendered  it  more  general,  without  having  re- 
courfe  to  finding  the  fucccflive  differences.  PlnloJ. 
Traiif.    vol.  69.  part  I.  art.  7. 

INTERSCENDENT,  in  algebra,  is  applied  to 
quantities,  when  the  exponents  of  their  powers  are  ra- 


Thus  X       ,  jf       , 


&c.  are  interfcen 


dical  quantities, 
dent  quantities. 

INTERSTELLER,  a  word  ufed  by  fome  authors 
to  exprefs  thofe  parts  of  the  uiiiverfe  that  are  without 
and  beyond  the  limits  of  our  folar  fyflem. 

INFRADOS,  the  interior  and  lower  fide,  or  curve, 
of  the  arch  of  a  bridge,  &c.  In  contradiftinftion  from 
the  extrados,  or  exterior  curve,  or  line  on  the  upper 
iJde  of  the  arch.      See  Arch  in  this  Suppl. 

INVOLUTION  and  Evolution,  are  terms  intro- 
duced into  geometry  by  the  celebrated  Mr  Huyghens, 
to  exprefs  a  particular  manner  of  defcribing  curvilineal 
fpaces  which  occurred  to  him  when  occupied  in  the  im- 
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provement  of  bis  noble  Invention  of  pendulum  clocks.  Involution^' 
Although  he  was  even  aftonidicd  at  the  accuracy  of  ^""^ 
their  motion,  and  they  foon  fuperfeded  all  balance 
clocks,  he  knew  that  the  wide  vibrations  were  fome- 
what  flower  than  the  narrow  ones,  and  that  a  circle  was 
not  fufficiently  Incurvated  at  the  fides  to  render  all  the 
vibrations  ifochronous.  The  proper  curve  for  this  pur- 
pofe  became  an  interefllng  objeft.  By  a  moit  accurate 
inveftlgation  of  the  motions  of  heavy  bodies  in  curved 
paths,  he  difcoveved  that  the  cycloid  was  the  line  re- 
quired. Lord  Brouncker  had  difcovered  the  fame  thing, 
as  alfo  Dr  Wallis.  But  vye  do  not  imagine  that  Huy- 
ghens knew  of  this  ;  at  any  rate,  he  has  the  full  claim 
to  the  difcovery  of  the  way  of  making  a  pendulunn  of- 
cillate  in  a  cycloidal  arch.  It  cafily  occurred  to  him, 
that  if  the  thread  by  which  the  pendulum  hangs  be  fuf- 
pended  between  two  curved  cheeks,  it  would  alternate- 
ly lap  on  each  of  them  in  its  vibrations,  and  would 
thus  be  raifed  out  of  the  circle  which  it  dcfcribcs  when 
L'fpended  from  a  point.  But  the  difficulty  was  to  find 
the  proper  form  of  thefe  checks.  Mr  Huyghens  was  - 
a  moft  excellent  geometer,  and  was  poffefTed  of  methods 
unknown  to  others,  by  which  he  got  over  almoft  every 
difficulty.  In  the  prefent  cafe  there  was  fortunately  nb 
difficulty,  the  means  of  folution  offering  themfelvcs  al- 
moft without  thought.  He  almoft  immediately  difco- 
vered that  the  curve  in  qutftion  was  the  fame  cycloid. 
That  is,  he  found,  that  while  a  thread  unwinds  from  an  - 
arch  of  a  cycloid,  beginning  at  the  vertex.  Its  extremity 
defcribes  the  complementary  arch  of  an  equal  cycloid. 

Thus  he  added  to  this  curve,  already  io  remarkable 
for  its  geometrical  properties,  another  no  lefs  curious, 
and  infinitely  exceeding  all  the  others  In  importance. 

The  fteps  by  which  this  property  was  difcovered  are 
fuch  diredl  emanations  from  general  principles,  that 
they  immediately  excited  the  mind  of  Mr  Huyghens,  - 
which  delighted  in  geometry,  to  profecute  this  method  - 
of  defcribing  or  transforming  curve  lines  by  evolution. 
It  is  furprifuig  that  it  had  not  ere  this  time  occurred  to  • 
the  ancient  geometers  of  the  laft  century, and  particularly 
to  Dr  Barrow,  who  feenis  to  have  racked  his  fancy  for 
almoft  every  kind  of  motion  by  which  curve  lines  can 
be  generated.  Evolution  of  a  thread  from  a  curve  is  a 
much  more  obvious  and  conceivable  gencfis  than  that  of 
the  cycloid  invented  by  Merfennus,  or  that  of  the  ■ 
conchoid  by  Nicodemes,  or  thofe  of  the  conic  fcc- 
tions  by  Vieta.  But  except  fome  vague  expreflions 
by  Ptoleiny  and  GafTcndus,  about  defcribing  Iplrals 
by  a  thread  iinlapped  from  a  cylinder,  we  do  not  re- 
colledt  any  thing  of  the  kind  among  the  writings  of 
the  mathematicians  ;  and  it  is  to  Huyghens  alone  that 
we  are  Indebted  for  this  very  beautitu!  and  important 
branch  of  geometry.  It  well  deferves  both  of  thele  epi. 
thets.  The  theorems  which  conftitute  the  doftilnes  of 
evolution  are  remarkable  for  their  pei  fplcuity  and  neat- 
nefs.  Nothing  has  fo  much  contributed  to  give  us  clear 
notions  of  a  very  delicate  fubjciS  of  mathematical  dif- 
cufTion,  namely  curvature,  and  the  meafure  and  varia- 
tions of  curvature.  It  had  become  the  fubjeti  of  very 
keen  debate  ;  and  the  notions  entertained  of  it  were  by- 
no  means  diftinft.  But  nothing  can  give  fuch  a  pre- 
cife  conception  of  the  difference  of  curvature,  in  the 
different  parts  of  a  cycloid  or  other  curve,  as  the  behold- 
ing its  defcription  by  a  radius  continually  varying  in 
length.    This  doftriue  is  peculiarly  valuable  to  theipe- 

culaior 
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Tnvf.'.ut'on.  ciilator  in  the  lilglier  mccliniiios.  Tin:  intenfity  of  a  de- 
'~~'^~~~' fleeting  force  is  eftiniated  by  the  curvature  which  it  in- 
duces on  any  redilincal  motion  ;  and  the  variations  of 
this  intenfity,  which  is  the  charadterillic  of  the  force, 
or  what  we  call  its  nature,  is  inferred  from  the  varia- 
tions of  this  curvature.  The  evolution  and  involution 
of  curve  Mfies  have  therefore  great  claim  to  our  atten- 
tion. But  a  Work  like  ours  can  only  propofe  to  exhi- 
bit  an  outline  of  the  fubjeft ;  and  we  mud  refer  our  rea- 
ders to  thofe  eminent  authors  who  have  treated  it  in 
detail.  Varignon,  in  the  Memoirs  of  the  French  Aca- 
demy for  1706,  has  been  at  immenfc  pains  to  prefent  it 
in  every  form  ;  James  Bernoulli  has  alfo  treated  the 
fubif ft  in  a  very  general  and  fyllematic  manner.  Some 
account  is  given  of  it  in  every  treatife  of  fluxions.  We 
recommend  the  original  work  of  Mr  Huyghcns  in  par- 
ticular ;  and  do  not  helitate  to  fay,  that  it  is  the  finefl 
fpecimen  (of  its  extent)  of  phyfico-niathematleal  dii- 
culHon  that  has  ever  appeared.  Huyghens  was  the  moil 
elegant  of  all  modern  geometers ;  and  both  in  the  geo- 
metrical and  phyfical  part  of  this  work,  De  Horo!ogio  Of- 
cillatorio,  he  has  preferved  the  utmoil  rigour  of  demon- 
flration,  without  taking  one  ftep  in  which  Euclid  cr 
Apollonius  would  not  have  followed  him. 

,  jwvat  integros  accedere  f antes 

Atque  haurlre. 

Such  authors  form  the  tafl;e  of  the  young  mathema- 
tician, and  help  to  preferve  him  from  the  almoll  mecha- 
nical procedure  of  the  expert  fymbolical  analyll,  who 
arrives  at  his  conclufun  without  knowing  how  he  gets 
thither,  or  having  any  notions  at  all  of  the  magnitudes 
of  which  he  is  treating. 

There  are  two  principal  problems  in  his  dodlrine. 

I.  To  afcertain  the  nature  of  the  figure  generated  by 
the  evolution  of  a  given  curve. 

II.  To  determine  the  nature  of  the  curve  by  whofe 
evolution  a  given  curve  may  be  generated. — We  fliall 
conlider  each  of  thefe  in  order,  and  then  take  the  op- 
portunity which  this  fubjsift  gives  of  explaining  a  little 
the  abftrufe  nature  of  curvature,  and  its  mealures  and 
variations,  and  take  notice  of  the  opinions  of  mathema- 
tici.-ins  about  the  precife  nature  of  the  angle  of  contact. 

The  curve  line  ABCDEF  (fig.  I.)  may  be  confider- 
ed  as  the  edge  of  a, crooked  ruler  or  mould  ;  a  thread 
may  he  fuppofed  attached  to  it  at  F,  and  then  lapped 
along  it  from  F  to  A.  If  the  thread  be  now  led  away 
from  A,  "keeping  it  always  tight,  it  is  plain  that  the  ex- 
tremity A  mull;  defcribe  a  curve  line  Abed  e  f,  -ajid 
that  the  detached  parts  o£  the  thread  will  always  be 
tangents  to  the  curve  ABGDEF.  In  like  manner  will 
the  curve  line  Y  d  c'  b  A'  be  defcribed  by  keeping  the 
thread  fail  at  A,  and  uulapping  it  from  the  other  end 
of  the  mould. 

This  procefs  was  called  by  Mr  Huyghens  the  Evo- 
lution of  the  curve  ADF.  ADF  is  culled  the  Evo- 
LUTE.  A  i^/was  named  by  him  the  Curve  by  Evo- 
lution. It  has  been  fincc  more  briefly  termed  the 
Evolutrix,  or  unlapper.  It  has  alfo  been  called  the 
Involute;  becaufe,  by  performing  the  procel's  in  the 
oppofite  direction /(/A,  the  thread  is  lapped  up  on 
the  mould,  and  the  whole  fpace  ADF/</  A  is  folded 
lip  like  a  fan.  The  detached  parts  C  r ,  T)  d,  or  C  c', 
D  d,  &c.  of  the  thread,  are  called  Radii  or  the  Evo- 
LVTE  ;  perhaps  withfome  impropriety,  becaufe  they  ra- 
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ther    rcfcmble    the  momentary  radii- of  the  cvolutiiA.'^VDlutioB. 
We   may   name   them   the    evolved  r.adii.     The  be-    — v— ' 
ginning  A  of  evolution  may  be  conlidered  as  tlie  vertex 
of  the  curves,  and  the  ends  F  andy  may  be  tailed  the 

TERMS. 

There  is  another  way  in  which  tliis  defcrlption  of 
curve  lines  may  be  conceived.  Inilead  of  a  thread  V  f 
gradually  lapped  up  on  the  mould,  we  may  oinceivc 
Y  f  to  be  a  ibaiglit  edged  ruler  applied  to  the  mould, 
and  gradually  roiled  along  it  without  Hiding,  fo  as  to 
touch  it  in  fuccefiion  in  all  its  points.  It  is  evident, 
that  by  this  procel's  the  point  /  will  defcribe  the  curve 
fd  A,  while  the  point  F  deraibes  the  other  curve  Y d'  a  . 
This  way  of  conceiving  it  gives  a  great  extenfion  to  the 
doftrine,  and  homologates  it  with  that  gencfis  of  curve 
lines  by  which  cycloids  of  all  kinds  arc  defcribed,  and 
which  we  may  diftinguifli  by  the  name  of  Provolu- 
tion.  For  it  is  plain  that  the  relative  motions  of  the 
points  A  and  b  arc  the  lame,vvhether  the  ruler  i  B  i'  roll 
on  the  mould  ABF,  or  the  mould  roll  on  the  ruler: 
but  there  will  be  a  great  difference  in  the  form  of  tlie 
line  traced  by  the  dcfcribing  point,  if  we  fuppofe  the 
plane  on  which  it  is  traced  to  be  attached  to  the  rol- 
ling figure.  Thus,  when  a  circle  rolls  on  a  ilraight 
line,  a  point  in  its  circumference  traces  a  cycloid  on  the 
plane  attached  to  the  ilraight  line,  while  the  point  of 
the  Ilraight  line  which  quitted  the  circle  defcribes  on 
the  plane  attached  to  the  circle  another  line  ;  namely, 
the  involute  of  the  circle.  This  mode  of  defciiptiou  al- 
lows us  to  employ  a  curved  ruler  in  place  of  the  ftraight 
one  b  V>  b' ;  and  thus  gives  a  vail  extenfion  to  the  the- 
ory. But  at  prcient  we  fliall  confine  ourftlves  to  the 
employment  of  the  Ilraight  line  b  B  b',  only  keeping  in 
mind,  that  there  is  an  intimate  connexion  between  liie 
lines  of  evolution  and  of  provolution. 

By  the  defcription  now  given  of  this  procefs. of  evo- 
lution and  involution,  it  is  plain, 

1.  That  the  evolution  is  always  made  from  the  con- 
vex fide  of  the  evolute. 

2.  That  the  evolved  radii  B  ^,  C  f,  D  d,  &c.  are  re- 
fpeftively  equal  to  the  arches  BA,  CA,  DA,  &c.  of  the 
evolute  which  they  have  quitted;  and  tliat  lV>b',cCc  , 
d  D  d,  &c.  are  always  equal  to  the  whole  arch  ADF. 

2.  That  any  point  B  of  the  lapped  up  thread  de- 
fcribes during  its  evolution  a  curve  line  V)  y  !  '  {■  pa- 
rallel to  b  c  d  e  f;  becaufe  thefe  turves  are  always  equi- 
diftant  from  each  other. 

4.  That  if  the  thread  extend  beyond  the  mould  as  a 
tangent  to  it,  the  extremity  "  will  defcribe  a  paruUel  or 
equidillant  curve  «  /3  y  J  t>,  'lying  without  Abed  c  f. 
From  this  it  appears  that  B  P'  <f  '  ?'  is  the  complete  evo- 
lutrix of  FEDCB,  while  b  d  cefh  the  evolutrix  of  that 
arch,  and  the  added  taiij^ent  B  b.  In  like  manner,  the 
lapped  up  thread  ADF,  with  the  added  part  F  ,-',  de- 
fcrlbes  the  evolutrix  f'  <!  ^  y'  1^'  A'.  ' 

5.  If  from  any  point  C  of  the  evolute  there  be  drawn, 
lines  C  3,  C  c,  C  d,  C  e,  Si.c.  to  the  evolutrix,  thofcr 
which  are  more  remote  from  the  vertex  are  greater  than 
thofe  which  are  nearer.  Draw  Ij  b,  c  C,  d  D,  e  E, 
touching  the  ,evolute.  C  ^  is  lefs  than  CB  +  U  b;- 
that  is  (2),  than  C  c.  Again,  DC  -f  C  <:  is  equal  tO; 
D  d,  which  is  lefs  than  DC  -f-  C  d.  Therefore  C  ^  is 
lefs  than  C  d.  Now  let  C^  cut  D  <^  in  r.  Then  e  r 
-}-  r  DE  is  greater  than  e^.  But  <?  E  is  equal  to  d  r- 
-f  r  DE.  Therefore  e  r  is  greater  than  d  r ;  and  er  + 
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Inv'Iutinn.  r  C  is  greater   tliaii  dr  +  rC,  whicli  it  greater  than 
' '    '  V        '  c  C.     Therefore  f  C  is  greater  than  c  C. 

6.  Hence  it  fol,lows,  that  a  circle  defcribed  round 
any  point  of  the  evolute,  with  a  radius  reaching  to  any 
point  of  the  evolutrix,  will  cut  the  evolutrix  in  that 
point,  and  be  wholly  within  it  on  the  fide  remote  from 
the  vertex,  and  without  it  on  the  fide  next  the  vertex. 

7.  The  evolved  radius  cuts  every  arch  of  the  evolu- 
trix perpendicularly,  or  a  right  lijie  drawn  through  the 
intcrfc6tiou  at  right  angles  tonciics  the  evolutrix  in 
that  point.  Through  any  point  d  draw  the  line  m  J t 
at  right  angles  to  dl).  The  part  of  it  m^/next  to  the 
vertex  is  wholly  without  the  curve,  becaule  it  is  with- 
out the  circle  defcribed  round  the  centre  D  ;  and  this 
circle  is  without  the  evolutrix  on  that  lide  of  d  which  is 
next  the  vertex  (6).  Any  point  /  on  the  other  fide  of 
rt  is  alfo  without  tlie  curve.  For  let  I  e  E.  be  another 
evolved  radius,  cutting  T)  d  in  n  :  the.i  «  d  is  lels  than 
w/,  becaufe  ti  dt  is  a  right  angle  by  conltruftion  ;  and 
therefore  n  t  d  is  acute.  But  becaufe  E  n  -|-  n  D  are 
greater  than  ED,  E  11  •}-  n  d  are  greater  than  ED  + 
D  (/,  that  is,  than  Ee,  and  nd  is  greater  than  n  e.  There- 
fore, fince  it  is  lefs  than  n  t,  it  follows  that  rie  is  much 
lefs  than  nt,  and  t  lies  without  the  curve.  Therefore 
the  whole  line  mdt  is  without  the  curve,  except  in  the 
point  d.  It  therefore  touches  the  curve  in  d,  and  the 
radius  D  d  cuts  it  at  right  angles  in  that  point.  By  the 
fame  reafoning,  it  is  demonilrated  that  all  the  curves 
A  b  df,  BtflS  tr,  A'  I)'  d  f ,  a'  &'  I'  f ',  are  cut  perpendicu- 
larly by  the  tangents  to  the  evolute.  Alfo  all  thcie  curves 
interfril  the  evolute  at  right  angles  in  their  vertexes. 

It  follows  from  this  propofition,  that  from  every 
point,  fuch  as  s,  or  /,  or  0,  &c.  in  the  fpace  AOF  com- 
prehended by  the  evolute  and  its  extreme  tangents  AO, 
FO,  two  perpendiculars  may  be  drawn  to  the  evolu- 
trix Pi-df;  and  that  from  any  point  in  the  fpace  with- 
in the  angle  Ao^only  one  perpendicular  can  be  drawn; 
and  that  no  perpendicular  can  be  drawn  from  any  point 
on  the  other  fide  of  ADF.  Apollonius  had  obferved 
thefe  circumftances  in  the  conic  feftions,  but  had  not 
thought  of  marking  the  boundary  formed  by  the  evo- 
lute ADF.  Had  he  noticed  this,  he  would  certainly 
have  difcovered  the  whole  theory  of  evolution,  and  its 
importance  in  fpeculative  geometry. 

It  alfo  follows  from  this  propofition,  that  If  a  curve 
Abe  def  is  cut  by  the  tangents  of  ABCDEF  at  right 
angles  in  every  point,  it  will  be  defcribed  by  the  evolu- 
tion of  that  curve  :  For  if  the  evolutrix,  whofe  vertex 
is  A,  be  really  defcribed,  it  will  coincide  with  Kb  c  d 
in  A,  and  have  the  fame  tangent  ;  it  therefore  does  not 
deviate  from  it,  otherwife  thtir  tangents  would  feparate, 
and  would  not  both  be  at  right  angles  with  the  lines 
touching  the  evolute.  They  mull  therefore  coincide 
throttgliout. 

8.  The  arches  bed  and  /3  y  ,f ,  intercepted  by  fome 
radii  BiandtJ^i/,  may  be  called  eoneenlrie ;  and  the 
angles  contained  between  the  tangents  drawn  through 
their  extremities  are  equal.  Thus  the  angle  ^  ir  0  is 
equal  to  I p  0  :  but  although  equidiftant,  parallel,  and 
containing  the  fame  angle  between  their  tangents  and 
between  their  radii,  they  are  not  fimilar.  Thus^  the 
arch  1(5  has  a  curvature  at  a  that  is  the  fame  with  that 
of  any  circle  whofe  radius  is  equal  to  Aa  ;  but  the  cur- 
vature at  A  is  incomparable  with  it,  and  unmeafurable. 
The  fame  may  be  fai<l  of  the  curvatures  at  /3  and  at  B. 
SupPL.  Vol.  II.  Part  I. 
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9.  If  a  circI'J  udz  be  defcribed  round  the  centre  D  'nvolut'on, 
with  tlie  radius  H  d,  it  both  touches  and  cuts  the  evo-  ""*  ' " 
lutrix  in  the  point  d,  and  no  circle  can  be  defcribed 
touching  the  curve  in  that  point,  and  palling  between 
it  and  the  circle  ud%  :  For  fince  it  touches  the  curve 
in  (/,  its  centre  mull  be  fomewherc  in  the  line  </D  per- 
pendicular to  mdt.  It  cannot  be  in  any  point  n  more 
remote  from  d  than  D  is  ;  for  it  would  pafs  without  the 
arch  d u,  and  be  uioie  remote  than  d'u  from  the  arch  dc 
of  the  evolutrix.  On  i\k  other  fide,  it  viould  indeed 
pafs  without  the  arch  d  z,  which  lies  within  trie  arcli 
d e  of  the  evolutrix  :  but  it  would  alio  pifs  without 
the  curve.  For  it  has  been  already  demonilrated  (7) 
that  nd  is  greater  than  ne;  and  the  curve  would  lie 
between  it  and  the  circle  da. 

Thus  it  appears,  that  a  circle  defcribed  with  the  e- 
volved  radius  approaches  nearer  to  the  curve,  or  touches 
it  more  clofcly,  than  any  other  circle  ;  all  other  circles 
either  iuterfctl  it  in  meafurable  angles,  or  are  within  or 
without  the  curve  on  both  fides  of  the  point  of  contadl. 
This  circle  u  d  x  has  therefore  the  fame  curvature  with 
the  curve  in  the  point  of  conta6t  and  coalefcencc.  It 
is  the  EQUicDRVE  CIRCLE,  the  circle  of  equal  curvature, 
the  OSCULATING  CIRCLE  (a  name  given  it  by  Leibnitz). 
The  evolved  radius  of  the  evolute  is  the  radius  of 
CURVATURE  of  the  cvolutrix,  and  the  point  of  the  evo- 
lute is  the  CENTRE  OF  CURVATURE  at  the  point  of  con- 
tail  with  the  evolutrix.  The  evolute  is  the  gee. metrical 
locus  of  all  the  centres  of  curvature  of  the  evolutrix. 

This  is  the  moll  important  circumllance  of  the  whole 
dodrine  of  the  involution  and  evolution  of  curve  lines. 
It  is  alfumed  as  a  felf  evident  truth  by  the  precipitant 
writers  of  ;.lement8.  It  is  indeed  very  like  truth  :  For 
the  extremity  of  the  thread  is  a  momentary  radius  du- 
ring the  procefs  of  evolution  ;  and  any  minute  arch  of 
the  evolute  nearer  the  vertex  mull  be  conceived  as  more 
incurvated  than  the  arch  at  the  point  of  contacl,  be- 
caufe defcribed  with  Ihorter  radii  :  for  the  fame  reafon, 
all  beyond  the  contaft  muil  be  lefs  incurvated,  by  rea- 
fon of  the  greater  radii.  The  curvature  at  the  contadl 
mult  be  neither  greater  nor  lefs  than  that  of  the  circle. 
But  we  thought  it  better  to  follow  the  example  of 
Huyghens,  and  to  ellablidi  this  leading  propofition  on 
the  (Iriclcft  geometrical  realoning,  acknowledging  the 
fingtdar  obligation  which  mathematicians  are  under  to 
him  for  giving  them  fo  palpable  a  method  of  fixing  their 
notions  on  this  fubjecl.  When  the  evolute  of  a  curve 
is  given,  we  have  not  only  a  clear  view  of  the  genefis  of 
the  curve,  with  a  neat  and  accurate  mechanical  method 
of  defcribing  it,  but  alfo  a  dillindl  comprthenlion  of  the 
whole  curvature,  and  a  connefted  view  of  its  gradual 
variations- 

We  fpeak  of  curvature  that  is  greater  and  lefler;  and 
every  perfon  has  a  general  knowledge  or  conception  of 
the  difference,  and  will  fay  that  an  ellipfis  is  more 
curve  at  the  extremities  of  the  tranfverfe  axis  than  any 
where  elfe.  But  before  we  can  inilitute  a  comparifon 
between  them  with  a  precifion  that  leads  to  any  thing, 
we  mull  agree  about  a  meafuve  of  curvature,  and  fay 
what  it  is  we  mean  by  a  double  or  a  triple  curvature. 
Now  there  are  two  ways  in  which  we  may  confider 
curvature,  or  a  want  of  rcdlitude  :  We  may  call  that 
a  double  curvature  which,  in  a  given  fpace,  carries  us 
twice  as  far  from  the  ftraight  line  ;  or  we  may  call  that 
a  double  curvature  by  which  we  deviate  twice  as  much 
-   C  troiB 
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Iiw.  lution.from  the  fame  dircclion.     Botli  of  thefe  mearures  have 

""—v ^been  adopted  ;  and  if  we  would  rigidly  adhere  to  them, 

there  would  be  no  room  for  complaint  :  hut  matheinati- 
cians  have  not  been  fteady  in  this  rcfpcft,  and  by  mixintr 
and  confounding  thefe  nitafures,  have  frequently  puzzled 


their  re;'.  Icrs.      All  agree, 


however,   in  their  iirll  and 
fimple  meafures  of  curvature,  and  fay   that  tlie  curva- 
ture of  an   arch  of  a  circle  is  as  the  arch  direftly,  and 
as  the  radius  invcrfcly.      This  is  plainly  meafuring  cur- 
vature by  the  dtfleftion  from  the  tirft  diredtion.      In  an 
arch  of  an  inch  long,   there  is  twice   as  much  dtfletklon 
from  tlic  firft  diredlion  when   the  radius  of  the  circle  is 
of  half  the  length-     If  the  radius  is  about  _57ith  inches, 
an  arch  of  one  inch  in  lengOi  produces  a  final  direflion 
one  degree  different  from  the  firfl.     If  the  radius  Is  1141 
inches,  the  deviation  is  but  half  of  a  degree.   The  linear 
defleflion  from  the   ftraight   path   is  alfo  one  half.      In 
the  cafe  of  circles,  therefore,  both  nieafiucs  agree  :   but 
in  by  far  the  greatoft  number  of  cafes  they   may  differ 
exceedingly,  and  the  changes  of  direction  may  be  great- 
eft  when    the    linear   deviation    is    leall.      Flexure,    or 
change  of  direftion,  is,  in  general,  the  moft  fenfible  and 
the  moft   important   charafter  of  curvature,  and  is  uu- 
derftood  to  be  its  criterion  in  all  cafes.      But   our  pro- 
ceft'cs  for  difcovering  Its  quantity  arc  generally  by  lirft 
difcovering  the  linear  deviation  ;   and,   in  many  cafes, 
particularly    in  our  philofophieal   inquiries,   this  linear 
<lcviatio:i  is  our  principal  objcft.      Hence  it   has  hap- 
pened, that  the  mathematiciau  has  frequently  flopped 
ihort  at  this  refult,  and  has  adapted  his  theorem.s  chief- 
ly to   this  determination.     Thtfe  differences  of  objeft 
have  caufed  great  confufion  in  the  methods  of  conlider- 
jng  curvature,  and  led  to  many  difputes  about  its  na- 
ture, and  about  the  angle  of  contaft  ;   to  which  dif- 
putes there  will  be  no  end,   till  nathematicians  have  a- 
grecd    in  their  manner  of  expreffiiig  the   meafures  of 
curvature.      At   prefent   we  abide  by   the   meafure   al- 
ready given,  and  we  mean  to  exprefs   by  curvature  or 
flexure  the  change  of  dlicflion. 

This  bclnj;  premlfed,  we  obferve,  that  the  curvature 
of  all  thefe  curves  of  evolution  where  they  tcparate 
trom  their  evoiutes,  is  incomparable  with  the  curvature 
in  any  other  ]/lace.  In  this  point  the  ladius  has  no 
magnitude  ;  and  therefore  the  curvature  is  fald  to  be 
infinitely  great.  On  the  other  hand.  If  the  evolved 
curve  has  an  afymptote,  the  curvature  of  the  evolutrlx 
of  the  adjacent  branch  is  faid  to  be  infinitely  fniall. 
Thefe  exprefTions  becom.ing  familiar,  have  occafioned 
fome  very  intricate  quedions  and  erroneous  notions. 
There  can  be  little  doubt  of  their  impropriety  :  For 
■when  we  fay,  that  the  curvature  at  A  is  infinltelj  great- 
er than  at  ",  we  do  not  reco'ileft  that  the  flexure  of  the 
whole  arch  A  I  is  equal  to  that  of  the  whole  arch  «  li, 
and  the  f.cxure  at  A  muft  either  make  a  part  of  the 
whole  flexure,  or  it  muft  be  fomething  difparate. 

The  evolutrlx  Aice!ef{Ag.  2.)  of  the  common  c- 
quilaleral  hyperbola  exhibits  every  pofiible  magnitude  of 
curvature  in  a  very  fmall  fpace.  At  the  vertex  A  of  the 
hyperbola  it  is  perpendicular  to  the  curve  ;  and  there- 
fore has  the  tranfverfe  axis  A  7.  A"  for  its  tangent.  The 
curvature  of  the  evolutrlx  at  A  is  called  infinitely  great. 
As  the  thread  unlapsfrom  the  branch  ABC,  its  extre- 
mity defcribes  Abe.  It  is  plain  that  the  evolutrlx 
muft  cut  the  aflymptote  *  H  at  right  angles  in  fome 
point  G,  where  the  curvature  will  be  what  is  called  in- 
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finitely  fmall;  becaufe  the  centre  of  curvature  has  Te-  Involutirn. 
moved  to  an  Infinite  dillauce  along  the  branch  AF  of  "  v  ■' 
the  hyperbola.  This  evolutrlx  may  be  continued  to 
the  vertex  of  the  hyperbola  on  the  other  fide  of  the  af- 
fymptote,  by  canflng  the  thread  to  lap  upon  It,  in  the 
fanic  way  that  Mr  Huyghens  completeil  his  cycloidal 
ofclllatlon.  Or  we  may  form  another  evolutrlx  a  $  y  ■'  -f 
v'j'T)' A'',  by  lengthening  the  thread  from  G  to  f,  the 
centre  of  the  hyperbola,  and  fuppofing  that,  as  loon  as 
the  curve  A  J  *>  is  completed,  by  unlapping  the  thread 
from  the  branch  ABC,  another  thread  laps  upon  the 
hyperbola  A"  F".  This  laft  Is  confidered  as  a  more  ge- 
onietiioal  revolution  thau  the  other:  For  the  mathema- 
ticians, extending  the  dodlrlne  of  evolution  beyond  Mr 
Huyghens's  reftri£lion  to  curves  which  had  their  con- 
vexity turned  one  way,  have  agreed  to  confidcr  as  one 
continued  evolution  whatever  will  complete  the  curve 
expreffed  by  one  equation.  Now  the  fame  equation 
expreffes  both  the  curves  AF  and  A"F",  which  oc- 
cupy the  fame  axis  AA''.  The  cycloid  emploved  by 
Huyghens  is,  in  like  manner,  but  one  continuous  curve, 
defcribed  by  the  continued  provolution  of  the  circle 
along  the  ftraight  line,  although  it  appears  as  two 
branches  uf  a  repeateii  curve.  We  fhall  meet  with  many 
intlances  of  this  feemlngly  compounded  evolution  when 
treating  of  the  lecond  queftion. 

Since  the  arch  A.  i  d  G  contains  every  magnitude  of 
curvature.  It  appears  that  every  kind  of  curvature  may- 
be produced  by  evolution.  We  can  have  no  conception 
of  a  flexure  that  is  greater  than  what  we  fee  at  A,  or 
lefs  than  what  we  fee  at  G  ;  yet  there  are  cafes  which 
feem  to  fhew  the  contrary,  and  are  familiarly  faid,  by 
the  greatett  mathematicians,  to  exhibit  curvatures  infi- 
nitely fmallcr  Itill.  Thus,  let  ABC  (tig.  3  )  be  a  co- 
nical parabola,  whole  parameter  is  AP.  Let  AEF  be 
a  cubical  parabola,  whofe  parameter  is  AQ_^  If  we 
make  AQ_to  AD  as  the  cube  of  AP  to  the  cube  of 
AQ_,  the  two  parabolas  will  interfedt  each  other  in  the 
ordinate  DB.  For,  making  AP  =:  />,  and  AQ__=  y, 
and  calling  the  ordinate  of  the  conic  parabola  y,  that 
of  the  cubic  parabola  3,  and  the  Indeterminate  abfcifla 
AD  -v,  we  have 

p'  :  g'  =.  q  :  X,  '=  q' :  «",  and  p  :  q  ^z  q  :  z  ; 
but  q    :  p   ^  q  :  p;  therefore,  by  conijjofition, 

p'  :  q^  =:  g^:  px  =  q^  :  rS  and  /i  :  q  =  q  :  y; 
therefore  a  =  y,  and  the  parabolas  interfert  in  B. 

Now,  becaufe  in  all  parabolas  the  ordinates  drawn  at 
tht  extremity  of  the  parameters  are  equal  to  the  para- 
meters, the  interfeCtlons  q  and  p  will  be  in  a  line  A  q p, 
which  makes  half  a  right  angle  with  the  axis  AP. 
Therefore,  when  AQ_is  greater  than  AP,  the  point  q 
is  without  the  conical  parabola,  and  the  whole  arch  of 
the  cubical  parabola  cut  off  by  the  ordinate  DB  is  alio 
without  It  ;  but  when  AC)  Is  lefs  than  AP,  q  is  within 
the  conical  parabola,  as  is  alfo  the  arch  q  B.  There- 
fore the  remaining  arch  BEA  Is  wtjbout  it,  and  is 
therefore  lefs  incurvated  at  A.  An  endlcfs  number  of 
conical  parabolas  of  fmaller  curvature  may  be  drawn  by 
enlarging  AP  ;  yet  tliere  will  fllll  be  an  arch  AEB  of 
the  cubical  parabola  which  is  without  it,  and  therefore 
lefs  incurvated.  Therefore  the  curvature  of  a  cubical 
parabola  of  lefs  than  that  of  any  conical  parabola  :  It 
is  faid  to  be  infinitely  lefs,  becaufe  an  infinity  of  cubical 
parabolas  oi  fmaller  curvature  than  AEB  may  be  drawn 
by  enlarging  AQ^ 

It 
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It  may  be  demonftiated  in  the  fame  manlier,  that  a 
'  paraboloid,  wbofe  ordinates  are  in  the  fiibhiquadrate  ra- 
tio of  the  abfciffa:,  has  an  infinitely  fmaller  curvature  at 
the  verttx  than  the  cubical  parabola.  And  the  curva- 
ture of  the  paraboloid  of  the  next  degree  is  infinitely 
Ufs  than  this  ;  and  fo  on  continually.  Nay,  Sir  Ifaac 
Newton,  who  firft  took  notice  of  this  remarkable  cir- 
cumftance,  demonflrates  the  fame  thing  of  an  endlefs 
fucceffion  of  paraboloids  inter|)ofed  between  any  two  de- 
grees of  this  feries.  Neqiie  novil  (fays  he)  luitura  limi: 
inn. 

If  this  be  the  cafe,  all  curves  cannot  be  defcribcd  by 
evolution  ;  for  we  have  no  conception  of  a  radius  of 
curvature  that  is  greater  than  a  line  without  Hunt.  The 
theory  of  curvilineal  motions  delivered  in  the  article 
Dynamics  mull  be  imperfect,  or  there  mull  be  curve 
lines  which  bodies  cannot  delcribe  by  any  powers  of 
nature.  The  theory  there  delivered  profefi'es  to  teach 
how  a  body  can  be  made  to  defcribe  the  cubical  para- 
bola, and  many  other  curves  which  have  thefe  infinite- 
iiinal  curvatures  ;  and  yet  its  demonltrations  cmjjloy 
the  radius  of  curvature,  and  cannot  proceed  without  it. 
We  profcfs  ourfelvcs  obliged  to  an  attentive  reader 
(who  has  not  favoured  us  with  his  name)  for  making 
this  obfervation.      It  merits  attention. 

There  mufl;  be  fome  paralogifm  or  mifconceptlon  in 
all  this  language  of  the  mathematicians.  It  docs  not 
neceffarily  follow  from  the  arch  A£B  lying  without 
the  arch  AIB,  that  it  is  lefs  incurvated  at  A  ;  it  may 
be  more  incurvated  between  A  and  B.  Accordingly 
we  fee,  that  the  tangent  BT  of  the  conical  parabola  is 
lefs  inclined  to  the  common  tangent  AV  than  the  tan- 
gent B  <  of  the  cubical  parabola  is  ;  and  therefore  the 
flexure  of  the  whole  arch  AEB  is  greater  than  that  of 
the  whole  arch  AIB  ;  and  we  fhall  fee  afterwards,  that 
there  is  a  part  of  AEB  that  is  more  incurvated  than 
any  part  of  AIB.  Theie  is  nothing  correfponding  to 
this  unmeaning  and  inconeeivable  fucccflion  of  (erieles  of 
magnitudes  of  one  kind,  each  of  which  contains  an  end- 
lefs variety  of  individuals,  and  the  greattll  of  one  feries 
infinitely  lefs  than  the  fmallell  of  the  next,  &c. ;  there  is 
nothing  like  this  demonllrated  by  all  our  arguments. 
In  none  of  thefe  do  we  ever  treat  of  the  curvature  at 
A,  but  of  a  curvature  which  is  aot  at  A.  At  A  we 
have  none  of  the  lines  which  are  indifpenfably  neceffary 
for  the  demonftration.  Befides,  in  the  very  fame  man- 
ner that  we  can  defcribe  a  cubical  parabola,  and  prove 
that  it  has  an  arch  lying  without  tlie  conical  parabola, 
we  can  defcribe  a  circle,  and  demonilrate  that  It  has  al- 
fo  an  arch  lying  without  the  parabola.  Thefe  infinite- 
finial  curvatures,  therefore,  are  not  warranted  by  our 
arguments,  nor  does  it  yet  appear  that  there  are  curves 
which  cannot  be  dcfcribed  by  evolution.  We  are  al- 
ways puzzled  when  we  fpeak  of  infinites  and  infinltefi- 
nials  as  of  fomcthlng  precife  and  determinate  ;  whereas 
the  very  denomination  precludes  all  determination.  We 
take  the  diftinguiihing  circumftance  of  thofe  difltrent 
orders  for  a  thing  clearly  underllood  ;  for  we  build 
much  on  the  dillinflion.  We  conceive  the  curvature 
of  the  cubical  parabola  as  verging  on  Inat  of  the  com- 
mon parabola,  and  the  one  feries  of  curvatures  as  be- 
ginning where  the  other  ends.  But  Newton  has  Ihewn, 
that  between  thefe  two  feriefes  an  endlefs  number  of  fi- 
niik*  feriefes  may  be  interpqfcd.  The  veiy  names  gi- 
ven to  the  curvature  at  the  extremities  of  the  hyperbo- 


lic evolutrix  have  no  conceptions  annexed  to  them.     At  tnvi'lutjin. 
the  vertex  of  the  hyperbola  there  is  no  line,  and  :it  the  ' 

interfedion  with  the  adymptote  there  is  no  curvature. 
Thefe  unguarded  expreffions,  therefore,  fliould  not  make 
us  doubt  whether  all  curves  may  be  defcribcd  by  evo- 
lution. If  a  line  be  incurvated,  it  is  not  ftralght.  Ir 
fo,  two  perpendiculars  to  it  muft  diverge  on  one  fide, 
and  mull  converge  and  meet  on  the  other  in  fome  point. 
This  point  will  lie  between  two  other  points,  in  which 
the  two  perpendiculars  touch  tiiat  curve  by  the  evolu- 
tion, of  which  the  given  arch  of  the  curve  may  be  de- 
fcribcd. Finally  (which  Ihould  decide  the  quclllor), 
we  fliall  fee  by  and  bye,  that  the  cubic,  and  ail  higher 
orders  of  paraboloids,  may  be  fo  defcribcd  by  evolution 
from  curves  having  aff)  niptotic  branches  of  determi- 
nable forms. 

Such  are  the  general  affeftions  of  lines  generated  by 
evolution.  They  are  not,  properly  fpcaking,  peculiar 
properties  ;  for  the  evolutrixes  may  be  any  curve  lines 
whatever.  They  only  ferve  to  mark  the  mutual  relations 
of  the  evolutes  with  their  evilutrixcs,  and  enable  us  to 
conP.uft  the  one,  and  to  dlfcover  its  properties  by 
means  of  our  knowledge  of  the  other.  We  proceed  to 
fhew  how  the  properties  of  the  evolutrix  may  be  deter- 
mined by  our  knowledge  of  the  evolute. 

This  pi-obleni  will  not  long  occupy  attention,  being 
much  limited  by  the  conditions.  One  of  the  firll  is, 
that  the  length  of  the  thread  evolved  mull  be  known  in 
every  potition  :  Therefore  the  length  of  the  evolved 
arch  mull,  in  like  manner,  be  known  ;  and  this,  not 
only  i/i  toto,  but  every  portion  of  it.  Now  this  is  not 
univerfally,  or  even  generally  the  cafe.  The  length  of 
a  circular,  parabolic,  hyperbolic,  arch  has  not  yet  been 
determined  by  any  finite  equation,  or  geometrical  con- 
ftrudllon.  Therefore  their  iS'oluirixes  cannot  be  deter- 
mined otherwife.than  by  approximation,  or  by  compa- 
rilon  with  other  magnitudes  equally  undetei mined.  Yet 
it  fometimes  happens,  that  a  curve  is  difeovered  to 
evolve  into  another  of  known  properties,  although  we 
have  not  prevloufly  difeovered  the  length  of  the  evolved 
arch.  Such  a  dilcovery  evidently  brings  along  with  it 
the  redllficatlon  of  the  evolute.  Of  this  we  have  an  in- 
llance  in  the  very  evolution  which  gave  occafion  to  the 
whole  of  tin's  doftrine  ;  namely,  lh<;t  of  the  cycloid  ; 
which  we  Ihall  therefore  take  as  our  firll  example. 

Let  ABC  (fig.  5.)  be  a  cycloid,  of  which  AD  is 
the  axis,  and  AHD  the  generating  circle,  and  AG  a 
tangent  to  the  cycloid  at  A,  and  equal  to  DC.  Let 
BKE  toucli  the  cycloid  in  B,  and  cut  AG  in  K.  It 
is  required  to  find  the  fituation  of  that  point  of  the  line 
BE  which  had  unfolded  from  A  ? 

Draw  BH  parallel  to  the  bafe  DC  of  the  cycloid, 
cutting  the  generating  circle  in  H,  and  join  HA-  De- 
fcribe a  circle  KEM  equal  to  the  generating  circle 
AHD,  touching  AG  in  K,  and  cutting  BK  in  fome 
point  E.  It  is  known,  by  the  properties  ot  the  cycloid, 
that  BK  is  equal  and  parallel  to  HA,  and  that  EH  ib 
equal  to  the  arch  A /j  H.  Becaufe  the  circles  AHD 
and  KEM  are  equal,  and  the  angles  HAK  and  AKE 
are  equal,  the  chords  AH  and  KE  cut  off  equal  arches, 
and  are  themfelves  equal.  Becaufe  EHAK  is  a  paral- 
lelogram, AK  is  equal  to  HB  ;  that  is,  to  the  arcli 
A  /j  H,  that  is,  to  the  arch  K  m  E.  But  if  the  circle 
KEM  had  been  placed  on  A,  and  had  rolled  from  A  ' 
to  K,-  the  arch  difcngagcd  would  have  been  equal  to 
C  2  AK, 
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InvoIation.AK,  and  the  point  which  was  in  contaft  with  A  would 
•  now  be  in  E,  in  the  circumference  of  a  cycloid  AEF, ' 
equal  to  CBA,  having  the  line  AG,  tqual  and  parallel 
to  DC,  for  its  bafc,  niid  GF,  equal  and  parallel  to  DA, 
for  its  axis.  And  if  the  dlanietir  KM  be  drawn,  and 
EM  be  joined,  EM  touches  the  cycloid  AEF. 

Cor.  The  arch  BA  of  the.cycloid  is  equal  to  twice 
the  parallel  chord  HA  of  the  generating  circle  :  For 
this  arch  is  equal  to  the  evolved  line  BKE  ;  and  it  has 
been  (hewn  that  EK  is  equal  to  KB,  and  BE  Is  there- 
fore equal  to  twice  BK,  or  to  twice  HA.  This  pro- 
perty had  indeed  been  demonftrated  before  by  Sir  Chri- 
(topher  Wren,  quite  independent  of  the  doftrine  of  evo- 
hition  ;  but  it  is  given  here  as  a  legitimate  refult  of 
this  doftrine,  and  an  example  of  the  ufe  which  may  be 
made  of  it.  Whenever  a  curve  can  be  evolved  into  an- 
other which  is  fufceptible  of  accurate  determination, 
the  arch  of  the  evolved  curve  is  determined  in  length  ; 
for  it  always  makes  a  part  of  the  thread  whofe  extremi- 
ty defcribes  the  evolutrix,  and  its  length  is  found  by 
taking  from  the  whole  length  of  the  thread  that  part 
which  only  touches  the  curve  at  its  vei;ex. 

This  genefis  of  the  cycloid  AEF,  by  evolution  of 
the  cycloid  ABC,  alfo  gives  the  moft  palpable  and  fa- 
tisfaftory  determination  of  the  area  of  the  cycljid.  For 
fmce  BE  is  always  parallel  to  AH,  AH  will  fweep 
over  the  whole  furface  of  the  femlcircle  AHD,  while 
BE  fvieeps  over  the  whole  fpace  CBAEF  ;  and  fmce 
BE  is  always  double  of  the  iimultaneons  AH,  the 
fpace  CBAEF  is  quadruple  of  the  femicircle  AHD. 
But  the  fpace  defcribed  in  any  moment  by  BK  is  alfo 
one-fourth  part  of  that  defcribed  by  BE.  Therefore 
the  area  GAEF  is  three  times  the  femicircle  AHD  ; 
and  the  fpace  DHABC  is  double  of  it  ;  and  the  fpace 
CBAG  is  equal  to  it. 

Sir  Ilaac  Newton  has  extended  this  remarkable  pro- 
perty of  evolving  into  another  curve  of  the  fame  kind 
to  the  whole  clafs  of  epicycloids,  that  is,  cycloids  form- 
ed by  a  point  in  the  circumference  of  a  circle,  while 
the  circle  rolls  on  the  circumference  of  another  circle, 
either  on  the  convex  or  concave  fide  ;  and  he  has  de- 
monftrated, that  they  alfo  may  all  be  reftified,  and  a 
fpace  affigncd  which  is  equal  to  their  area  (See  Princi- 
pia,  B.  I.  prop.  48.  &c.)  He  demonftrates,  that  the 
whole  arch  is  to  four  times  the  diameter  of  the  gene- 
rating  circle  as  the  radius  of  the  bafe  is  to  the  fum  or 
difference  of  thofe  of  the  bafe  and  the  generatingcircle. 
We  recommend  thefe  piopofuions  to  the  attention  of 
the  young  reader  who  wilhes  to  form  a  good  tafte  in 
mathematical  refearches  ;  he  will  there  fee  the  geonie- 
trical  principles  of  evolution  elegantly  exemplified. 

We  may  jull  oblerve,  before  quitting  this  clafs  of 
curves,,  that  many  writers,  even  .of  fome  eminence,  in 
their  compilations  of  elements,  give  a  very  faulty  proof 
of  the  pofition  of  the  tangent  of  a  curve  defcribed  by 
rolling.  They  fay,  for  example,  that  the  tangent  of 
the  cycloid  at  E  is  perpendicular  to  KE  ;  becaufe  the 
line  KE  is,  at  the  moment  of  defcriptlon,  turning 
round  K  as  a  momentary  centre.  This,  to  be  fure, 
greatly  fliortens  inveftigation  ;  and  the  inference  is  a 
truth,  not  only  when  the  rolling  figure  is  a  circle  roll- 
ing on  a  flraight  line,  but  even  when  any  one  figure 
rolls  on  another.  Every  point  of  the  rolling  figure  real- 
ly begins  to  move  perpendicularly  to  the  line  joining 
it  with  the  point  of  contact.     But  this  genefis  of  the 


arch  F.e,  by  the  evolution  of  the  arch  Bi,  fhevvs  that  Tnvolutior.. 
K  is  by  no  means  the  centre  of  motion,  nor  HK  the  '~~v  ■  ■' 
radius  of  curvature.  Nor  it  it,  in  the  cafe  of  epicy. 
cloids,  trochoids,  and  many  curves  of  this  kind,  a  very 
eafy  matter  to  find  the  momentary  centre.  The  circle 
KEM  is  bbth  advancing  and  turning  round  its  centre  ; 
and  thefe  two  motions  are  equal,  becaufe  tiie  circle  does 
not  fKde  but  roll,  the  detached  arch  being  always  equal 
to  the  portion  of  the  bale  which  it  quits.  Therefore, 
drawing  the  tnngents  E^,  M^,  and  completing  the  pa- 
rallelogram E_/"  M^,  Ey  will  reprrleut  the  progref- 
five  motion  ot  the  centre,  and  JL g  the  motion  of  rota- 
tion. EM,  the  motion  compounded  of  thefe,  niuft  be 
perpendicular  to  the  chord  EK. 

The  inveftigation  that  we  have  given  of  the  evolutrix 
of  the  cycloid  has  been  fomewhat  peculiar,  being  that 
which  offered  itfclf  to  Mr  Huyghens  at  the  time  when 
he  and  many  other  eminent  mathematicians  were  much 
occupied  with  the  fingular  properties  of  this  curve.  It 
does  not  fcrve,  however,  fo  well  for  exemplifying  the 
general  procefs.  For  this  purpofe,  it  is  proper  to  avail 
ourfelves  of  all  that  we  know  of  the  cycloid,  and  parti- 
cularly the  equality  of  its  arch  BA  to  the  double  of  the 
parallel  chord.  HA.  This  being  known,  nothing  can 
be  more  fimple  than  the  determination  of  the  evolutrix, 
either  by  availing  ourielves  of  every  property  of  the  cy- 
cloid, or  by  adheiing  to  the  general  procefs  of  referring 
every  point  to  an  abfciffa  by  means  of  perpendicular  or- 
dinates.  In  the  firft  method,  knowing  that  BE  is 
double  of  BK,  and  therefore  KE  equal  to  HA,  and 
K  A  =  BH,  :=  lib  A,=  Km  E,  we  find  E  to  be  the 
defcribing  point  of  the  circle,  which  has  rolled  from  A 
to  K.  In  the  other  method,  we  mull  draw  EN  per- 
pendicular to  AG  ;  then,  becaufe  the  point  E  moves, 
during  evolution,  at  right  angles  to  BE,  EK  is  the 
normal  to  the  curve  defcribed,  and  NK  the  fubnormal, 
and  is  equal  to  the  correfponding  ordinate  H'  I'  of  the 
generating  circle  of  the  cycloid  ABC.     This  being  a  , 

charafteriftic  property  of  a  cycloid,   E  is  a  point  in  the 
circumference  of  a  cycloid  equal  to  the  cycloid  ABC. 

Or,  laftly,  in  accommodation  to  cafes  where  we  are 
fuppofed  to  know  few  of  the  properties  of  the  evolute, 
or,  at  leaft,  not  to  attend  to  them,  we  may  make  ufe  of 
the  fluxionary  equation  of  the  evolute  to  obtain  the 
fluxionary  equation  of  the  evolutrix.  For  this  purpole, 
take  a  point  e  very  near  to  E,  and  draw  the  evolving 
radius  6e,  cutting  F.f  (drawn  parallel  to  the  bafe  DC) 
in  0  ;  draw  en  parallel  to  the  axis  of  the  evolute,  cut- 
ting E  0  in  1) ;  alfo  draw  i  h  i  parallel  to  the  bafe,  and 
B  d  perpendicular  to  it.  If  both  curves  be  now  refer- 
red to  the  fame  rxis  CGF,  it  is  plain  that  B  ^,  B  </, 
and  db  are  ultimately  as  the  fluxions  of  the  arch,  ab- 
fcifs,  and  ordinate  of  the  evolute,  and  that  E  ^ ,  e  v,  and 
V  E,  are  ultimately  as  the  fluxions  of  the  arch,  ablcilTa, 
and  ordinate  of  the  evolutrix.  Alfo  the  two  fluxionary 
triangles  are  limilar,  the  fides  of  the  one  being  perpen- 
dicular, refpeftively  to  thofe  of  the  other.  If  both  are 
referred  to  one  axis,  or  to  parallel  axes,  the  fluxion  of 
the  abfciffa  of  the  evolute  is  to  that  of  its  ordinate,  as 
the  fluxion  of  the  ordinate  of  the  evolutrix  is  to  that  of 
its  abicifTa.  Thus,  fiom  the  fluxionary  equation  of  the 
one,  that  of  the  other  may  be  obtained.  In  the  prefent 
cafe,  they  may  be  referred  to  AD  and  EG,  making 
CG  equal  to  the  cycloidal  arch  CBA.  Cidl  this  a  ; 
AI>  X  ;  IB,  y  ;  aod  AB,  or  'E.Ij,  s.  In  like  maoner,  let 
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r'nvo'ution.  F/  be  =  H,  /  E  =  T,  and  FE  =  <u; ;  then,  becaufe 
i,...^ j)j|2   _    DA.J  _  AHS  and  DA  and  AH  arc  the 

halves  of  CF  and  BE,  we  have  DH'  =  fl=i.     Al- 


fo  DI  = 


DW       «'  —  2>        fl'  —  : 


DA   ~  4  X  i  a 

Therefore   F/,  or  a, 


2  a 


4 
But 


DI    = 

Alfo  w  = 


li^",  by  what  was  faid  above,  that  is,  w  = 
J' 


v^  a- 


zz.  —  .      Therefore  we  liave  Tf  :  k  (  =  a  :  v  2  a  a) 

■v/2  rt  u 
—  \/Y^  :  v'  «  =  "V^OF  :  V'F/,  which  is  the  analogy- 
competent  to  a  cydoid  whofe  axis  is  GF  =:  DA. 

It  is  not  neceffary  to  iiifift  longer  on  this  in  this 
place  ;  becaufe  all  thefe  things  will  come  more  naturally 
before  us  when  we  are  employed  in  deducing  the  evo- 
lute  from  its  evolutrix. 

When  the  ordinates  of  a  curve  converge  to  a  centre, 
in  which  cafe  it  is  called  a  radiated  curve,  it  is  moll  con- 
venient to  confider  its  evolutrix  in  the  fame  way,  concei- 
ving the  ordinates  of  both  as  infilling  on  the  circum- 
ference of  a  circle  defcribed  round  the  fame  centre. 
Spirals  evolve  into  other  fpirals,  and  exhibit  feveral  pro- 
perties which  afford  agreeable  occupation  to  the  curious 
geometer.  The  equiangular,  logarithmic,  or  loxodro- 
itiic  fpiral,  is  a  very  remarkable  exi.-mple.  Like  the  cy- 
cloid, it  evolves  into  another  equal  and  fimilar  equian- 
gular fpiral,  and  is  itfclf  the  evolutrix  of  a  third.  This 
is  evident  on  the  llighteft  infpeftion.  Let  C  r  q p  (fig. 
6.)  be  an  equiangular  fpiral,  of  which  S  is  the  ventre  ; 
if  a  radius  SC  be  drawn  to  any  point  C,  and  another 
radius  SP  be  drawn  at  right  angles  to  it,  the  intercept- 
ed tangent  CP  is  known  to  be  equal  to  the  whole 
length  of  the  interior  revolutions  of  the  fpiral,  though 
infinite  in  number.  If  the  thread  CP  I  now  unlapped 
from  the  arch  Cry,  it  is  plain  that  the  firft  motion  of 
the  point  P  is  in  a  direftion  PT,  which  is  perpendicu- 
lar to  PC,  and  therefore  cuts  the  radius  PS  in  an  angle 
SPT,  equal  to  the  angle  SCP  ;  and  fince  this  is  the 
cafe  in  every  pofition  of  the  point,  it  is  manifeft  that  its 
path  mud  be  a  fpiral  PQR,  cutting  the  radii  in  the 
fame  angle  as  the  fpiral  C  r  qp.  James  Bernoulli  firll 
difcovered  this  remarkable  property.  He  alfo  remark- 
ed, that  if  a  line  PH  be  drawn  from  every  point  of  the 
fpiral,  making  an  angle  with  the  tangent  equal  to  that 
made  by  the  radius  (like  an  angle  of  reflection  corre- 
fponding  with  the  incident  ray  SP),  thofe  reflefted  rays 
would  all  be  tangents  to  another  finiitar  and  equal  fpiral 
1  •«  H  ;  fo  that  PH  =  PS.  S  and  H  are  conjugate 
foci  of  an  infinitely  {lender  pencil ;  and  therefore  the 
fpiral  I  1!  H  is  the  cauftic  by  refle£lion  of  RQP  for  rays 
flowing  from  S.  If  another  equal  and  fimilar  fpiial  xvy 
roll  on  I  "u  H,  its  centre  a  will  deferibe  the  fame  fpiral 
in  another  pofition  luu  z.  All  thefe  things  flow  from 
the  principles  of  evolution  alone  :  and  Mr  Bernoulli 
traces,  with  great  ingenuity,  the  conneftion  and  depen- 
dence of  cauilics,  both  by  refledlion  and  rcfraftion,  of 
cycloidal,  and  all  curves  of  provolution,  and  their  origin 
in  evolution  or  involution.  A  variety  of  fuch  repeti- 
tions of  this  curve  (and  many  other  Angular  proper- 
ties), made  him  call  it  the  spira  mirabilis.  He  de- 
£rcd  that  it  fhould  be  engraved  on  his  tombftone,  with 
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the  infcription  eadem  mutata  ri  surgo,  as  expreflive 'i^olution. 
of  the  rtfurrefliou  of  the  dead.  See  his  two  excellent  v  -■' 
diOertations  in  /Id    Erudit.  1692,  March  and  May. 

Another  remarkable  property  of  this  fpiral  is,  that 
if,   infteud  of  the  thread  evolving  from  the  fpiral,  the  " 

fpiral  evolve  from  the  ftraight  line  J'C,  the  centre  S 
will  deferibe  the  ftraight  line  PS.  Of  this  we  have  an 
example  in  the  apparatus  exhibited  in  couries  of  expe- 
rimental  philofophy,  in  which  a  double  cone  defcends, 
by  rolling  along  two  rulers  inclined  in  an  angle  to  each 
other  (fee  Gravefundt's  Nat.  Phil.  I.  j  zio).  It  is 
pietty  remarkable,  that  a  rolling  motion,  fecniingly 
round  C,  as  a  momentary  centre,  fliould  produce  a  mo- 
tion in  the  llraight  line  SP  ;  and  it  fhews  the  inconclu- 
Gvenefs  of  the  reafoning,  by  which  many  compilers  of 
elements  of  geometry  profefs  to  demonftrate,  that  the 
motion  of  the  defcribing  point  S  is  perpendicular  to  the 
momentary  radius.  For  here,  although  this  feeming 
momentary  radius  may  be  fhorter  than  any  line  that  can 
be  named,  the  real  radius  of  curvature  is  longer  than  any 
line  that  can  be  named. 

But  it  is  not  merely  an  objeft  of  fpeculative  geome- 
tric curiofity  to  mark  the  intimate  relation  between  the 
genclis  of  curves  by  evolution  and  provolution  ;  it  may 
be  applied  to  important  purpofes  both  in  fcience  and  In 
art.  Mr  M'Laurin  has  given  a  very  inviting  example 
of  this  in  his  account  of  the  Newtonian  philofophy  ; 
where  he  exhibits  the  moon's  path  in  abfolute  fpace, 
and  from  this  propofes  to  Invtiligate  the  deflefting 
forces,  and  vice  verj'a.  We  have  examples  of  it  in  the 
arts,  In  the  formation  of  the  pallets  of  pendulums,  the 
teeth  of  wheels,  and  a  remarkable  one  in  Meffrs  Watt 
and  Boulton's  ingenious  contrivance  for  producing  the 
reflilineal  motion  of  a  pillon  rod  by  the  combination  of 
circular  motions.  M.  de  la  Hire,  of  the  Academy  of 
Sciences  at  Paris,  has  been  at  great  pains  to  fliew  how  all 
motions  of  evolution  may  be  converted  into  motions  of 
provolution,  in  a  memoir  in  1706.  But  he  would  have 
done  a  real  fervice,  if,  inft.L-ad  ot  this  Ingenious  whim,  he 
had  Ihewn  how  all  motions  of  provolution  may  be  traced 
up  to  the  evolution  which  Is  equivalent  to  them.  For 
there  is  no  organic  genefis  of  a  curvillneal  motion  fo  fim- 
ple  as  the  evolution  of  a  thread  from  a  curve.  It  Is  the 
primitive  genefis  of  a  circle  ;  and  it  Is  in  evolution  alone 
that  any  curvillneal  motion  Is  comparable  with  circu- 
lar m.olion.  A  given  curve  line  Is  an  Individual,  and 
therefore  its  primitive  organical  genefis  muft  alfo  be  in- 
dividual. This  is  ftilflly  true  of  evolution.  A  para- 
bola has  but  one  evolute.  But  there  are  infinite  mo- 
tions  of  pirovolution  which  will  deferibe  a  parabola,  or 
any  curve  line  whatever  ;  therefore  thefe  are  not  primi- 
tive organical  modes  of  defcriptlon.  That  this,  how- 
ever, is  the  cafe,  may  be  very  eafily  fhewu.  Thus  let 
ABCD  (fig.  J.)  be  a  parabola,  or  any  curve  ;  and  let 
ab  c  dht  any  other  curve  whatever.  A  figure  'E.m  I  khi 
may  be  found  fuch,  that  while  it  rolls  along  the  curve 
abed,  a  point  in  It  fhall  deferibe  the  parabola.  The 
procefs  is  as  follows:  Let  B  ^,  C  c,  J)  d,  &c.  be  a 
number  of  perpendiculars  to  the  parabola,  cutting  the 
curve  a  b  c  d  in  io  many  points.  The  perpendiculars  may 
be  fo  difpofed  that  the  points  a,  b,  c,  &c.  fhall  be  equi- 
diflant.  Now  we  can  conftruft  a  triangle  Y-eh  fo,  that 
the  three  fides  Ef,  eh,  and  /jE,  fliall  be  refpeftively  equal 
to  the  three  lines  E^,  ef,  Yf.  In  like  manner  may  the 
whole  figure  be  conftruded,  having  the  little  bafes  o£i 
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tnvoluion.  t!ic  triangles  rt.rpeiflively  equal  to  the  fiiccifflvc  portions 
*~^v of  the  bale  Abed,  and  the  radii  iqtial  to  tlie  perpen- 
diculars V>  b,  C  c,  D  lU  &C.  Let  this  figure  roll  on  this 
bafe  c.  While  the  little  fide  ck  moves  from  its  prcfent 
pofition,  and  applies  itfclf  to  ef,  the  point  E  defcribes 
an  aieh  E  <  of  a  circle  round  tlie  centre  e,  and,  falling 
within  the  parabola,  is  fomewhere  between  E  and  F. 
Then  continuing  the  provolution,  while  the  next  fide 
h  i  turns  round  f  till  i  applies  to  j^,  the  point  E  de- 
fcribei;  another  arch  sForoundy,  firft  rifing  up  and 
reaching  the  pai-abola  in  F,  when  the  line  /'  E  coincides 
vith/F,  and  then  falling  within  the  parabola  till  the 
point  />  begin  to  rife  again  from_/"by  the  turning  of  the 
iollii;g  figure  round  the  point  g.  Revcrfing  the  motion, 
the  fides  <  i,  h  e,  e  i,  &:c.  apply  themfelves  in  fucccffion 
to  the  portions  gf,  fe,  eel,  &c.  of  the  bafe,  and  the 
point  E  defcribes  an  undulating  line,  confiiling  of  arches 
of  circles  round  the  fucceffive  centres^,_/",  e,  &c.  Thele 
circular  arches  all  touch  the  parabola  in  the  points  G, 
F,  E,  &c.  and  feparate  from  it  a  little  internally.  By 
diminifliing  the  portions  of  the  bafe,  and  increafing  the 
number  of  the  triangular  elements  of  the  rolling  figure 
without  end,  it  is  evident  that  the  figure  becomes  ulti- 
mately curvilincal  inftead  of  polygonal,  and  the  point 
E  continues  in  the  parabola,  and  accurately  defcribes 
it.  It  is  now  a  curvilineal  figure,  having  its  elementary 
arches  equal  to  the  portions  of  the  bale  to  which  they 
apply  in  fucceffion,  and  the  radii  converging  to  E  equal 
to  the  perpendiculars  intercepted  between  the  curve 
ABCD  and  the  bafe.  It  may  therefore  be  accurately 
conftrufted. 

It  is  clear  that  praftical  mechanics  may  derive  great 
advantage  from  a  careful  ftudy  of  this  fubjedl.  We  now 
fee  motions  executed  by  machinery  which  imitate  almoft 
every  animal  motion.  But  thefe  have  been  the  refult 
of  many  random  trials  of  'wipers,  fnail-piecei,  &c.  of  va- 
rious kinds,  repeatedly  correAed,  till  the  defired  motion 
is  at  laft  accomplillied.  But  it  is,  as  we  fee,  a  fcienti- 
fic  problem,  to  coiiftruft  a  figure  which  fliall  certainly 
produce  the  propofed  motion  ;  nor  is  the  procefs  by 
any  means  difficult.  But  how  fimple,  ii;  comparifon, 
IS  the  produftion  of  this  motion  by  evolution.  We 
have  only  to  find  the  curve  line  which  is  touched  by 
all  the  perpendiculars  '£>  b,  C  c,  D  d,  &c.  This  natu- 
rally leads  us  to  the  fecond  problem  in  this  doftrine, 
ramcly,  to  determine  the  evolute  by  our  knowledge  of 
the  involute  ;  a  problem  of  greater  difficulty  and  of 
greater  importance,  as  it  implies,  and  indeed  teaches,  the 
curvature  of  lines,  its  meafure,  and  the  law  of  its  varia- 
tion in  all  particular  cafes.  The  evolute  of  a  curve  Is 
the  geometrical  expreflion,  and  exhibition  to  the  eye,  of 
both  thefe  affcftions  of  curve  lines. 

Since  the  evolved  thread  is  always  at  right  angles  to 
the  evolutrix  and  its  tangent,  and  is  itfelf  always  a  tan- 
gent of  the  evolute,  it  follows,  that  all  lines  drawn  per- 
pendicular to  the  arcl)  of  any  curve,  touch  the  curve 
line  which  will  generate  the  given  curve  by  evolution. 
Were  this  evolved  curve  previoufly  known  to  us,  we 
could  tell  the  precife  point  where  every  perpendicular 
would  touch  it  ;  but  this  being  unknown,  we  mull  de- 
termine the  points  of  contaft  by  fome  other  method, 
and  by  this  determination  we  afcertain  fo  many  points 
of  the  evolute.  The  method  purfued  is  this  :  When 
two  perpendiculars  to  the  propofed  curve  are  not  pa- 
rallel (which  we  know  from  the  known  pofition  of  the 


2     ]  I     N     V 

tangents  of  «ui'  curve),  they  mud  interfccl  each  other  'uvo'ut'oiv 
fomewhere  on  that  fide  of  the  tangents  where  they  con-  v       * 

lain  an  angle  kl's  than  180".  But  when  they  thus  in- 
terfcd,  one  of  them  has  already  touched  the  evolute, 
and  the  other  has  not  yet  reached  it.  Thus  let  bs,  es 
(fig.  1.)  be  the  two  perpendiculars  :  being  tangents  to 
the  evolute,  the  points  s  of  their  interfeftion  mult  be  on 
its  convex  fide,  and  the  unknown  points  of  contaft  B 
and  E  mufl  be  on  different  fides  of  s.  Thefe  are  ele- 
mentary truths. 

Let  f  E  approach  toward  i  B,  and  now  cut  it  in  y. 
The  contail  has  fhifted  from  E  to  D,  and  x  is  tlill  be- 
tween the  contacts.  When  the  fhifting  perpendicular 
comes  to  the  pofition  .:  C,  the  interfeftion  is  at  i,  be- 
tween the  contafts  B  and  C.  And  thus  we  fee,  that 
as  the  perpendiculars  to  the  involute-gradually  approach, 
their  contacts  with  the  evolute  alfo  approach,  and  their 
iiUerfeCtion  is  always  between  them.  Hence  it  legiti- 
mately follows,  that  the  ultimate  pofition  of  the  inter- 
fedlion  (which  alone  Is  fufceptible  of  determination  by 
the  properties  of  the  involute)  is  the  pofition  of  the 
point  of  contaft,  and  therefore  determines  a  point  of 
the  evolute.  The  problem  is  therefore  reduced  to  the 
inveftigatlon  of  this  ultimate  interfeftion  of  two  perpen- 
diculars to  the  propofed  curve,  when  they  coalefce  after 
gradually  approaching.  This  will  be  bell  illuftrated  by 
an  example  ;  Therefore  let  ABC  (fig.  8.)  be  a  parabola, 
of  which  A  is  the  vertex,  AH  the  axi?,  and  AV  one- 
half  of  the  parameter  ;  let  BE  and  CK  be  two  perpen- 
diculars to  the  curve,  cutting  the  axis  in  E  and  K,  and 
interfefting  each  other  in  r ;  draw  the  ordinates  BD, 
CV,  and  the  tangent  BT,  and  draw  BF  parallel  to  the 
axis,  cutting  CK  in  F,  and  CN  in  O. 

Becaufe  the  perpendiculars  interfeft  in  r,  we  have 
r  E  :  EB  1=  EK  :  BF.  If  therefore  we  can  difcover 
the  ratio  of  EK  to  BF,  we  determine  the  interfcftioit 
>•.  But  the  ratio  of  EK  to  BF  is  compounded  of  the 
ratio  of  EK  to  BO,  and  the  ratio  of  BO  to  BF.  The 
fivrt  of  thefe  is  t-lie  ratio  of  equality  ;  for  DE  and  VK 
are,  each  of  them,  equal  to  AV,  or  half  the  parameter. 
Take  away  the  common  part  VE,  and  the  remainders 
EK  and  DV  are  equal,  and  DV  is  equal  to  BO  ;  there- 
fore Eli  :  BF  =r  BO  :  BF  ;  therefore  r  E  :  c  B  = 
BO  :  BF,  (and  by  divifion)  BE  :  E  r  =  FO  :  OB. 
Now  let  the  point  C  continually  approach  to  B,  and  at 
lail  unite  with  it.  The  interfeftion  r  will  unite  with  a 
point  of  contaft  N  on  the  evolute.  The  uhimate  ratio 
of  FO  to  OB,  or  of  fo  :  0  B,  Is  evidently  ihat  of  ED 
to  DT,  or  ED  to  2b  A  ;  therefore  BE  :  EN  =  ED 
:  2DA,  or  as  half  the  parameter  to  twice  the  abfcIflTa. 
Thus  have  we  determined  a  point  of  the  evolute  ;  and 
we  may,  in  like  manner,  determine  as  many  as  we 
pleafe. 

But  we  wllh  to  give  a  general  charafter  of  this  evo- 
lute, by  referring  it  to  an  axis  by  perpendicular  ordi- 
nates. It  is  plain  that  V  Is  one  point  of  it,  becaufe 
the  point  E  is  always  dlllant  from  Its  ordinate  DB  by 
a  line  equal  to  AV  ;  and  therefore,  when  B  is  In  A,  E 
will  be  in  V,  and  ;•  will  coincide  with  it.  Now  draw 
VP  and  NQ^perpendicular  to  aH,  and  NiVI  perpendi- 
cular to  VP  ;  let  EB  cut  PV  In  t :  then,  becaufe  AV 
and  DE  are  equal,  AD  is  equal  to  VE,  and  VE  Is 
equal  to  one-half  of  DT.  Moreover,  becaufe  BD  and 
NQjire  parallel,  DE  :  EQ_=  BE  :  EN  =  DE  :  DT; 
therefore  DT  =  EQi.and  VE  =  iEQ^and  therefore 
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nvolu'lon.  =  I  VQj  therefore  V  /  is  -J-  of  M  /,  and  i  MV.     This 

, '  is  a  charafteritlii:   property  of  the  evulute.     Tlie  fub- 

tan^'eiit  is  |-  of  the  abfcifla  ;  in  like  manner,  as  in  the 
common  parabola,  it  is  double  of  the  abfcid'a.  We 
know  therefore  that  the  evclute  is  a  paraboloid,  whofe 
«'quation  is  a  x' =  y' ;  that  is,  the  cube  of  any  ordiiiate 
MN  is  equal  to  the  parallelepiped  whofe  bafe  is  the 
fqiiare  of  the  abfcifla  VM,  and  altitude  a  certain  line 
VP,  called  the  paraa-.eter.  To  find  VP,  let  CIl  be  the 
perpendicular  to  the  parabola  in  the  point  where  it  is 
cut  by  the  ordinate  at  V;  draw  the  ordinate  RS  of  the 
paraboloid,  and  RG  perpendicular  to  AH.  Then  it 
is  evident,  from  what  has  been  already  demontlrated, 
that  VK  is  i  of  KG,  and4  of  VG  :  therefore  KG^ 
=  4VK'-,  and  (in  the  parabola)  VC=  =  2  VK'.  Atfo, 
becaufe  KV  :  VC  =  KG  :  GR,  we  have  GR'  =  2  KG' 
=  8VK= ;  therefore  VP  X  RG'  =  8VP  X  VK\  But 
VG' =  27VK',  =  27  VKXVK';. therefore,  becaufe 
in  the  paraboloid,  VP  X  VS=  =  SR%  or  VP  X  RG' 
=  VG5,  we  have  8  VP  X  VIO  =  27  VK  X  VK',  and 
8  VP  =  27  VK ;  or  VK  :  VP  ;  that  is,  AV  :  VP  = 
8  :  27  ;  or  VP  =  '-5?  AV,  or  -^  of  the  parameter  of 
the  ))arabola  ABC.  The  evolule  of  the  conical  para- 
bola is  the  curve  called  the  femicubical  parabola,  and  its 
parameter  is  ^  of  the  conical  parabola.    , 

This  inveftigation  is  nearly  the  fame  with  that  given 
by  Huy£;hens,  which  we  prefer  at  prefeut  to  the  me- 
thod generally  employed,  becaufe  it  keeps  the  principle 
of  inference  more  clofely  in  view. 

Mr  Huyghens  has  deduced  a  beautiful  corollary  from 
it.  Since  the  parabola  ABC  is  delcribeil  by  the  evo- 
lution of  the  paraboloid  VNR,  the  line  RC  is  equal  to 
the  whole  evolved  arch  RNV,  together  witii  the  redun- 
dant tangent  line  AV.  If  therefore  we  take  from  CR 
a  part  C  x  equal  to  the  redundant  AV,  the  remainder 
ji.  R  is  equal  to  the  arch  RNV  of  the  paraboloid.  We 
may  do  this  for  every  pofition  of  the  evolved  radius,  and 
thus  obtain  a  feries  of  points  V,  li,  >■-.  ^.  h  of  the  evo- 
lutrix  of  the  paraboloid.  We  have  even  an  ealier  me- 
thod for  obtaining  the  length  of  any  part  of  the  arch 
of  the  parabaloid,  without  the  previous  defcription  of 
the  parabola  ABC.  Suppofe  \' y  the  arch  of  the  para- 
boloid, and  y  z  the  tangent  ;  make  P  2  =  ^V  of  the  pa- 
rameter, and  defcribe  the  arch  P  a  u  of  a  circle;  then 
draw  from  every  tangent  v  z  a  parallel  line  a;  v,  cutting 
the  circle  in  u.  The  length  of  the  arch  y  P  is  equal  to 
V  a -^  u  V.  The  celebrated  author  congratulates  him- 
felf,  with  great  jullice,  on  this  neat  exhibition  of  a  right 
line  equal  to  the  arch  of  a  curve,  without  the  employ- 
ment of  any  line  higher  than  the  circle.  It  is  the  fe- 
cond  curve  that  ^as  been  fo  rcftified,  the  cycloid  alone 
having  been  reclified  by  plain  geometry  a  very  tew 
J  ears  before  by  Sir  Chriftophcr  Wren.  It  is  very  true, 
ami  he  candidly  admits  it,  that  this  very  curve  had  been 
rtftified  before  by  Mr  William  Ncill,  a  young  gentle- 
man of  Oxford,  and  favourite  pupil  of  Dr  Wallis  ;  as 
alfo  by  Mr  Van  Heuract,  a  Dutch  gentleman  of  rank, 
and  an  eminent  mathematician.  But  both  of  thefe  gen- 
tlemen had  done  it  by  means  of  the  quadrature  of  a 
curve  conftru<£led  from  the  paraboloid  after  the  manner 
of  Dr  Barrow,  Lell.  Geom.  XI.  Nor  was  this  a  foli- 
tary  difcovery  in  the  hands  of  Mr  Huyghens,  as  the 
reftificatlon  of  the  cycloid  had  been  in  thofe  of  Sir 
Chridophcr  Wren  ;  for  the  method  of  inveftigation  fur- 
wiflied  Mr  Huyghens  with  a  general  rule,  by  which  he 
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could  evolve  every  fpecies  of  paraboloid  and  hyperbo-f"""'"!""'. 
loid,  two  clafles  of  curves  which  come  in  the  way  in  al-  * 
moft  every  difculTion  in  the  higher  geometry.  He  ob- 
ferves,  that  the  ratio  of  B/  to  E  e,  being  always  com- 
pounded of  the  ratios  of  By"  to  B  0,  and  of  B  0,  or  Di/, 
to  E  c  ;  and  the  ultimate  ratio  of  Bf  to  B  0  being  that 
of  TE  to  TD,  which  is  given  by  tlie  nature  of  the  pa- 
raboloid, we  can  always  find  the  ratio  of  BE  to  BN,  if 
we  know  that  of  D  ^  to  Ec  In  all  curves,  the  ratio 
of  D  ;/  to  TL  s  (taken  indefinitely  near),  is  that  of  the 
fubtangent  to  the  ium  of  the  fubtangcnt  and  ordinate 
of  a  curve  conftruiJtcd  on  the  fame  abfcitTa,  having  its 
ordinates  equal  to  the  fubnormals  DE,  d e,  VK,  &c. 
In  the  conic  feftions  the  ratio  is  conftant,  becaufe  the 
line  fo  conftruifted  is  a  ftraight  line  ;  and,  in  the  para- 
bola, it  is  parallel  to  the  axis.  Sec  farther  properties  of 
it  in  Barrow's  Leff.  Geom.  XI. 

From  this  iuveftigation,  Mr  Huyghens  has  deduced 
the  following  beautiful  theorem  : 

Let  a  be  the  parameter  of  the  paraboloid,  *  its  ab- 
fciffa,  and  y  its  ordinate;  and  let  the  equation  be 
a  "'  X  "  ■=y  "■  +  "  ;  let  the  radius  of  the  evolute  meet 
the  tangent  through  the  vertex  A  in  Z.     We  (hall  ai- 

ways  have  BN  =  -?!.  BE  -f  '1±JL  BZ.     Thus. 
Ill  in 

\ia»  =y'-\  r     BE-I-2BZ 

«'*  =  y3  I  U  BE  ■+-  4  BZ 

c.-c'=y  }.  then  BN=  ^  2BE  +  c!BZ 

a  x^  =  y'  I  3BE-H4BZ 

a  X   =y'  j  V  L|BE-t-^BZ 

&c.  &c. 

This  is  an  extremely  fimple  and  perfpicuous  method 
of  determining  the  radius  of  the  evolute,  or  radius  of"  _ 
curvature  ;  and  it,  at  the  fame  time,  gives  us  the  refti- 
fication  of  many  curves.  It  is  plain  that  every  geome- 
trical curve  may  be  thus  examined,  becaufe  the  fubnor- 
mals DE,  VK  are  determined  ;  and  therefore  their  dif- 
ferences are  determined.  Thefe  differences  are  the  fame 
with  the  differences  of  D  </  and  E  e  ;  and  therefore  the 
ratio  of  D  (/  to  E  f  is  determined  ;  that  is,  the  fubfi- 
diary  curve  now  mentioned  can  always  be  conftrudled. 

There  is  a  fingular  refult  from  this  rule,  which  would 
hardly  have  been  noticed,  if  the  common  method  for  de- 
terming  BN  had  alone  been  employed.  The  equation 
of  the  paraboloid  is  fo  fimple,  that  the  increafe  of  the 
ordinates  and  diminution  of  curvature  fcem  to  keep 
pace  together  ;  yet  we  have  fcen  that,  in  the  vertex  of 
the  cubical  parabola,  tiie  curvature  Is  lefs  than  any  cir- 
cular curvat\ire  that  can  be  named.  In  the  legs,  the 
curvature  certai[ily  dlniinifhes  as  they  extend  farther; 
there  muft  thereture  be  fome  intermediate  point  where 
the  curvature  is  the  greatell  poflible.  This  is  diftinitly 
pointed  out  by  Mr  Huyghens's  theorem.  The  evolute 
of  this  paraboloid  (having  n'  *  ^=-y')  is  a  curve  ONRNC5 
(fig.  9.)  confining  of  two  branches  RO,  and  RQ,  v.hich 
have  a  common  tangent  in  R;  the  branch  RC)  has  the 
axis  AE  for  its  aflymptote.  Tiie  thread  unfolding^ 
from  OR,  its  extremity,  defcrlbcs  the  arch  BC,  and 
then,  unfolding  from  RQ__,  it  defcribes  the  fniall  arch 
CB'A.  When  B'  is  extremely  near  A,  the  thread  has 
a  pofition  B'N'E,  in  wlu'ch  B'N  is  very  nearly  ^  BE. 
At  C,  if  CE  be  bifeded  in  G,  GR  is  1  of  CZ'.  Here 
CR  the  radius  of  curvature  is  the  fliurteft  polhlile.  The 
evolutes  of  all  paraboloids  confift  of  two  fuch  oranches, 
if  m  -J-  «  exceeds  2. 

Sirch 
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Tnvnlution,  Such  h  the  theory  of  evolution  and  involution  as  de- 
*~~^^~~~' h'vered  by  Mr  Hiiyghens  about  the  year  1672.  It 
was  cultivated  by  the  geometers  with  fuccefs.  Newton 
prized  it  highly,  and  gave  a  beautiful  fpccinien  of  its 
applicatiou  to  the  defcriptlon,  rLAificatiun,  and  quadra- 
ture of  epicycloids,  trochoids,  and  epicycles  of  all  kinds. 
But  it  was  etlipfed  by  the  fluxionary  geometry  of  New- 
ton, which  included  this  whole  theory  in  one  propofi- 
tion,  virtually  the  fame  with  Mr  Huyghens's,  but  mure 
comprehenfive  in  it^  exprcfllon,  and  much  more  fimple 
in  its  application.  Adopting  the  unqneftionable  prin- 
ciple of  Mr  Huyghens,  that  the  evolved  thread  is  the 
radius  of  a  circle  which  has  the  fame  flexures  with  the 
cune,  the  point  of  the  evolute  will  be  obtained  by  find- 
ing the  length  of  the  radius  of  the  equicurve  circle. 
The  formula  for  this  purpofe  is  given  in  the  article 
Fluxions  of  the  Encyclopxdid  Bnlann'tca ;  but  is  in- 


corredUy  dated  =; 


«+4r . 


inftead  of 


a  +  4  -^i 


2  V^a  ' 
theorcn)  alfo  from  which  it  is  deduced 


The 


H— ) 

,  "  y 

Js  Incorredlly  printed,  and  is  given  without  any  demon- 
■ftration,  thereby  becoming  of  very  little  fervice  to  the 
reader.  For  which  reafon,  it  is  neccflary  to  fupply  the 
defeft  in  this  place. 

Therefore  let  A  i  c  a  Ef  (fig.  10. )  be  a  circle,  of 
which  C  is  the  centre,  and  ACE  a  diameter;  let  the 
points  b,  c,  (I,  of  the  circumference  be  referred  to  this 
diameter  by  the  equidiftant  perpendicular  ordinates  /' /, 
eg,  d k  J  draw  the  chords  be,  id,  producing  dc  till  it 
meet  the  ordinate  b  i  in  a,  produce  c g  to  the  circle  in  /, 
and  join  b  f,  df;  draw  bl),  c  m,  perpendicular  to  the  or- 
dinates ;  then  h  h,  cm,  h  c,  m  d,  b  c,  c  d,  are  ultimately 
proportional  to  the  firll  fluxions  of  the  abfciffa  AE, 
the  ordinate  eg,  and  the  arch  Ac  ;  alfo  a  b,  the  differ- 
ence between  dm  and  ch  is  ultimately  as  the  fecond 
fluxion  of  the  ordinate.  The  triangle  a  b  c  '\s  fimllar  to 
bdf;  for  the  angle  a  b  c  h  equal  to  the  alternate  angle 
icf,  which  is  equal  to  bdf,  ilanding  on  the  fame  leg- 
nient.  The  angle  a  c  b  h  equal  to  bfd,  Handing  on  the 
iegment  bed;  therefore  the  remaining  angles  b  a  c  and 
d  bf  are  equal  ;  therefore  ab:  bc^^bd:  d f'^  t  ^  ''' :  t 
df.  Now  let  the  ordinates  b  i  and  d i  continually  ap- 
proach the  ordinate  eg,  and  at  lall  unite  with  it ;  we 
(hall  then  have  be  ultimately  equal  to  ^  />  </,  and  eg  ul- 
timately equal  to  i  df.    Therefore,  ultimately,  a  b  :  be 


=  bi 


•,?> 


,  be' 

and  cr  = 

a  b 


■S 


Let  u,  V,  iu,  reprefent  the  variable  abfcKTa,  ordinate, 
and  arch.      We  have,   for   the  fluxionary   expreflion  of 

the  ordinate  of  the  equicurve  circle,  v  =  ~-  {y  "^'^'^ 

—  -v 
have  the  negative  fign,  becaufe,  as  the  arch  increafes, 

V  dimlniflies).     In  the  next  place,  it  is  evident  that,  ul- 
timately, b  h  :  b  c  ■=  c  g  :  e  C,  and  c  C  =z  — - 


bh 


If, 


be  the  radius  of  the  equicurve  circle,  we  have  u  :  iu 


=  1/  :  r,  and  r  =: 


But  we  had  "u  =- 


Sub- 


flitute  this  in  the  prefent  equation,  and  we  obtain  r 

ly^  .  •  .  . 

=  r-TT*     Laftly,  obferve  that  ■«)'  =  «»  ^  ■»■,  and  w 
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-f  ■»';=«•  +  vY. 


Therefore  w'=;tt'-|-i)' 


Involution. 


arid  we  have  r  =: _.      .,  as  the  mod  general  fluxio- 


nary exprelTion  of  the  radius  of  a  circle,  in  terms  of  the 
fine,  cofmc,  and  arch. 

When  a  curve  and  a  circle  have  the  fame  curvature, 
it  is  not  enough  that  the  firft  fluxions  of  their  abfciflx, 
ordinates,  and  arches,  are  the  fame.  This  would  only 
indicate  the  pofition  of  their  common  tangent.  They 
mull  have  the  fame  detledtion  from  th:it  tangent.  This 
is  always  equal  to  half  of  the  fecond  fluxion  of  the  or- 
dinate. Therefore  the  circle  and  curve  mull  have  the 
fame  fecond  fluxion  of  their  ordinates.  Therefore  let 
V>  be  dY  be  any  curve  coinciding  with,  or  ofculated  by, 
the  circL' A  Ar  d.  Let  its  axis  be  DG,  parallel  to  the 
diameter  AE  ;  and  let  en  be  its  ordinate.  Let  D  n  be 
:=:  X,  c  rf=:  y,  and  b  c  ^=.  z.  We  have  x,  y,  z,  refpec- 
tively  equal  to  ;/,  v,  iv.     Therefore  the  radius  of  the 

\r  all 


ofculatmg  cncle  is  r  z= ;-^.   or  r  z=  . — ^ 

—  X  y  —  X  y 

curves  whatever.  (We  recommend  the  careful  perufal 
of  the  celebrated  2d  corollary  of  the  loth  propolition 
of  the  2d  book  of  Newton's  Principia,  wlierc  the  firlt 
principles  of  this  doctrine  are  laid  down  with  great  a- 
cutenefs.) 

Inftead   of  fuppofing  the  ordinates  equidiftant,  and 

confequently  .■>:  invariable,  we  might  have  fuppofed  the 
ordinates  to  increafe  by  equal  Heps.  In  this  cafe  y 
would  have  had  no  fecond  fluxion.     The  radius  would 


th.n  be 


Or,  laftly,  we  might  fuppofe   (and 


this  is  very  ufual)  the  arch  c  to  increafe  uniformly.   In 
this  cafe  r  =:  -..  -  :     For  becaufe  x^  -J^  j^  n;  z,^,  by 

X 

taking  the  fluxion  of  it,    2xxJf2yyz:z  0,  and  y  ::: 

.V  X                                                          z'                                  «' 
—. —  ;   and  therefore  r  =z  ~7—r. r-rr-,  =-r-r. r-rr 


y 
_     y_ 


Zi 


y  X  —   X  y  y  X  -^  X'  x, 
y  z  y 

j'»  -f-  x^  X  X  X 

Having  thus  obtained  the  radius  of  curvature,  and 
confequently  a  point  of  the  evolute,  we  determine  its 
form  by  reference  to  an  ablcifs,  witiiout  much  farther 
trouble:  It  only  requires  tlie  drawing  Cp  perpendicu- 
lar to  the  axis  of  the  propofed  curve,  and  giving  the  va- 
lues of  C/i  and  D^.     If  we  fuppofe  x  conftant,  then, 

e  C  being  =: ^-^,  we  have  Dp  (zzDn-|-^i,  = 

—  «  J" 

Dn-H  —  X<:C)=:K-f  ■  -  ^  ..■ ;  and  /- C   {=  c  g 

a  —  xy_ 

X  z- 

—  cB,  =:-r-  XcC  —  c  n)  := ..  — y.     But  if  we 

a  —y 

z' 
fuppofe  y  confl;ant  ;  then,  c  C  being  :=  -r-rr,  we  have 

y  " 

z^  'x  z' 

"D  p  —  X  +  -77-,  and  /  C  =  -^-rr  —  y.     And  if  a  be 

K  y  X 

conitant> 


irivol'itlon. 
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cojiflant,  then,  c  C  being  =   i^,  we  fliall  have  D  p 
—  X  +  4-)  and/C 


*> 


Thefe  formula:  are  fo  many  general  expreflions  for 
determining  both  the  curvature  of  the  propofed  curve 
and  tlie  form  of  its  evolute.  They  alfo  give  us  the 
rcftification  of  flie  evolute  ;  becaufe  c  C  is  equal  to  the 
evolved  arch,  or  to  that  arch,  together  with  a  conftant 
part,  which  was  a  tangent  to  the  evolute  at  its  vertex, 
in  thofe  cafes  where  the  involute  has  a  finite  curvature 
at  its  vertex  ;  as  in  the  common  parabola. 

Let  us   take  the  example  of  the  common  parabola, 

tliat  we  may  compare  the  two  methods.     The  cqua- 

(      1 
tion  of  this  is  a 

1=  u^«.v"-^ 


y  =  — T  X 


I 

.  or 

a^  x''=y. 

This  gives  ji 

a' 

X 

and   (making 

X  conftant) 

2 

.v^ 

»x 

? 

—  \ 

_  —  a^x' 

Wherefore 

4x-f  a 


and  the  radius  of 


f= -i.^  =  i+j3:.  At  tb 

V     —  "y  y  2  V  a 

ere  x  ==  o,  the  forn 
in,D/.r  =  «  +  ^^f  ■■  j 

e 


curvature 

vertex,  where  x  ==  o,  the  formula  becomes  z::  ^  a. 

becomes  |  a  -f-  3  x  ; 


and  therefore  V p  =:  3  a:,  :=  the  abfciffa  of  our  evo 
c  p,  its  ordinate, 


lute.       Likewife 
But  V/>  =  3  .V, 


ndC/ 


;  and   C  /  X  a  =   16 


and  V pt  =:  27  x'.  Therefore  C/^  X 
V^th  a  =  x\  =  ^iVth  V/,  and  ijths  «  X  C/  =  V p'. 
Therefore  the  evolute  VC  is  a  femicubical  parabola, 
whofe  parameter  is  ^jtbs  a,  as  was  fliewn  by  Mr  Huy- 

} 

ghens.     The  arch  VC  is  =  1±J^  —  I  a.     ■ 

2  ^  a 
^We  (hall  give  one  other  example,    which  compre- 
hends  the  whofe   clafs  of  paraboloids.      Their  general 
equation  is  j;  =:  a  x".      This  gives  us  y  z:i  n  a  x  "~'x, 


and  y  :=  n  X  n 


I    X  a  X 


x^  ;  therefore  z  (zr 


\      —  X  y  J 


_!+«' 


■nXn  —  I   X  a  X 

X  +  n^  a'  x^  "  ' 


— ;  D/. 


(=- 


Cp  {    = 


J  +  2n  —  I  Xna'x'"-* 


(  =  f 


;  and  DV  =  ■ 


—  n  —  I  Xnax"  ~'-  n  —  I 

This  laft  formula  exprefles  the  radius  of  curvature  at 
the  vertex  D,   or  the  redundant  part  of  the  thread,  by 
which  it  exceeds  the  arch  VC  of  the  evolute.    If  n  =  4, 
SuppL.  Vol.  II.  Parti. 
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the  formula  becomes — :  but  if  h  be  greater  than  thiii, 

VC  will  be  =:  0  ;  and  it  if  it  be  lefs,  VC  will  be  infinite. 
Hence  it  appears,  tliit  the  radius  of  curvature  at  the 
vertex  of  a  curve  is  a  finite  quantity  only  in  the  cafes 
where  the  firft  or  nafcent  ordinates  are  in  tie  fnbdupli- 
cate  ratio  of  their  abfcifle.  In  all  other  caies,  the  cur- 
vature is  incomparable  with  that  of  any  circle,  being 
either  what  is  callt-d  infinite  (when  n  is  greater  than  -[  ) 
or  nothing  (when  it  is  Icfs). 

We  fcruple  not  to  fay,  that  the  method  of  Mr  Huy- 
ghens  is  more  lunn'nous,  more  plcafing  to  the  imagina- 
tion of  a  geometer,  than  this  ;  and  in  all  the  cafes 
which  occurred  to  us  in  our  employment  01  it,  it  fug- 
gelled  more  ready  conftruflions,  with  the  additional  fa- 
tisfaclion  ot  exiiibiting,  in  a  continuous  train,  what  the 
fymbol'ical  method,  proceeding  by  the  fiuxionary  calcu- 
lus, only  indicates  by  points.  Wt  muft  alfo  obfcrve,  that 
tlie  fubfidiary  curve  employed  by  Huyghens,  having 
its  ordinates  equal  to  the  fubnormals  of  the  involute 
under  examination,  is  the  geometrical  expreiTion  of  that 
fundlion  of  the  involute  which  gives  the  fecond  fluxions 
y  and  X  of  the  ordinate  and  abfciffa.  The  young  ma- 
thematician will  find  no  difficulty  in  conftrutling  this 
curve  in  every  cafe ;  whereas  we  imagine  that  he  will 
not  find  it  a  light  matter  to  conftruCt  the  final  equa- 
tions of  the  fymbolic  method  ainiojl  in  any  cafe.  At  the 
fame  time,  the  all-comprehending  extent  of  the  latter 
method,  and  the  numberlefs  general  theorems  which  it 
fuggefts  to  the  expert  analyft,  give  it  a  moft  deferved 
preiirence,  and  make  it  almoft  an  indlfpenfable  iuftru- 
ment  for  all  who  would  extend  our  phyfico-mathemati- 
cal  fciences. 

In  the  employment  of  the  geometry  of  curve  lines, 
efpecially  in  the  doflrine  of  centripetal  forces,  it  is  ufual 
to  confider  the  ordinates,  not  as  infifting  on  a  reAill- 
neal  abfcilTa,  but  as  diverging  from  a  centre.  This  is 
alfo  the  ufual  way  of  conceiving  all  fpirals  and  evolu- 
trixes  of  curves  which  include  fpace  ;  in  (hort,  all  ra- 
dial curves.  The  procefs  for  finding  their  evolute, 
or  their  radius  ot  curvature,  is  fomewhat  diifercnt  from 
that  hitherto  exhibited  ;  but  it  is  more  fimple.  Thus, 
let  GPM  (fig.  10.)  be  the  elliptical  path  of  a  planet, 
of  which  S  is  the  focus.  We  require  PC,  the  radius 
of  curvature  in  the  point  P.  Let  P/)  be  a  very  fmall 
arch.  Draw  the  radii  SP,  5p,  the  tangents  PT, />/  ; 
and  draw  ST  perpendicular  to  P  T,  cutting  pt  in  /; 
and  P  0  perpendicular  to  S/>.  Let  the  arch  GP  be 
z=  z,  the  raduis  SP  =  y.  and  the  perpendicular  ST 
s:z p.  Then,  it  is  plain,  that  P/),  op,  T  t,  are  ultimate- 
ly proportional  to  x,  y,  p.  The  triangles  PC^,  and 
"Yptox  TPi  are  alfo  uhlmately  fimilar  ;  as  alfo  the 
triangles  PST  and/ioP.     Therefore,  ultimately, 

T  /  :  P  p  =  PT  :  PC 
alfo  P/.:  /.o  =:  PS  :  PT 
therefore  T  /  :  />  0  =:  PS  :  PC,  or,  p  :  y  ■=  y  :  r,   and 

y 
^  _  J     .  _     .-  ;  an  exprtflion  of  the  radius  of  curvature,  ex- 

'" P 

tremely  fimple,  and  of  eafy  application. 

The  logarithmic  or  equiangular  fplral  PQ^  (fig.  6.) 
affords  an  eafy  example  of  the  ufe  of  this  Formula.  The 
angle  SPT,  which  the  ordinate  makes  with  the  curve, 

D  16 


[rvnliitioD. 


—  y  X    J 

therefo 

- 


r  N   V 

Involutlnn.Is  everywhere  the  fame.     Therefore  let  a  be  o\ir  tabu- 
'—v '  lar  radius,  and  b  the  fine  of  the  angle  SPT.     We  have 

hi  /         V  y  \       ayy        ay 

ST  =  -     ;  and  therefore  PC  (  ^  -""^  1  =  -  -  =  -j  • 
a  '  \         p      /         by  " 

This  is  to  SP  or  y  in  the  conftant  ratio  of  a  to  b,  or 
of  SP  to  ST  ;  that  is,  ST  :  SP  =  SP  :  PC,  the  tri- 
angles SPT  and  PCS  are  fimilar,  the  angles  at  P  and 
C  equal,  and  C  is  a  point  of  an  equiangular  fpiral/_y  r 
round  the  centre  S. 

It  is  not  meant  that  the  oonllruftion  pointed  out  by 
this  theory  of  involution,  exprefled  in  its  moft  general 
and  fimple  form,  is  always  the  belt  for  finding  the 
centre  of  the  cquicurvc  circle.  Our  knowledge  of,  or 
attention  to,  many  other  properties  of  the  curve  under 
confidcration,  befides  thofe  which  fmij.ly  mark  its  re- 
lation to  an  abfcefs  and  ordinate,  muft  frequently  give 
us  better  conftrudtions.  But  evolution  is  the  natural 
genefis  of  a  line  of  varying  curvature.  Moreover,  in  the 
moft  important  employment  of  mathematicalknowledge, 
namely,  mechanical  philufophy,  it  is  well  known,  that 
the  moil  certain  and  comprchenfive  method  of  folving 
all  intricate  problems  is  by  reference  of  all  forces  and 
motions  to  three  co-ordinates  perpendicular  to  each  o- 
ther.  Thus,  without  any  intentional  fearch,  we  have 
already  in  our  hands  the  very  fluxionary  quantities  em- 
ployed in  this  doftrine  ;  and  the  expreffion  which  it 
gives  of  the  radius  of  curvature  requires  only  a  change 
of  terms  to  make  it  a  mechanical  theorem. 


Thus  have  we  confidered  the  two  chief  queftions 
of  evolution  and  involution.  We  have  done  it  with  as 
clofe  attention  to  geometry  as  pofTible,  that  the  reader's 
mind  may  become  familiar  with  the  ipfa  corpora  while 
acquiring  the  elementary  knowledge,  which  is  to  be 
employed  more  expeditioufly  afterwards  by  the  help  of 
the  fymbolical  analyfis.  Without  fuch  ideas  in  the 
mind,  the  occupation  is  oftentimes  as  much  diverted  of 
thought  as  that  of  an  expert  accountant  engaged  in 
complex  calculations  ;  the  attention  is  wholly  turned  to 
the  rules  of  his  art. 

It  now  remains  to  confider  a  little  the  nature  of  this 
curvature  of  which  fo  much  has  been  faid,  and  about 
which  fo  many  obfcure  opinions  have  been  entertained. 
We  mentioned,  in  an  early  part  of  this  article,  the  un- 
warranted ufe  of  the  terms  of  infinite  and  infinitefimal 
magnitude  as  applicable  to  curvature,  and  {hewed  its  im- 
propriety by  the  inconfiftences  into  which  it  leads  ma- 
thematicians. Nothing  threw  fo  much  light  on  this 
fubjeft  as  Mr  Huyghens's  Geometry  of  Evolution  ;  and 
we  (hould  have  expefled  that  all  difputes  would  have 
been  ended  by  it.  But  this  has  not  been  the  cafe  ;  and 
even  the  moft  eminent  geometers  and  metaphyficians, 
fuch  as  the  Bernoullis  and  Leibnitz,  have  given  expla- 
nations of  orders  of  curvature  that  can  have  no  exift- 
ence,  and  explanations  of  that  coalefcence  which  ob- 
tains between  a  curve  line  and  Its  equicurve  circle,  which 
are  not  warranted  by  juft  principles. 

Thefe  errors  (for  fuch  we  prefume  to  think  them) 
arofe  from  the  method  eroployed  by  the  geometers  of 
laft  century  for  obtaining  a  knowledge  of  the  magni- 
tude and  variation  of  curvature.  The  fcrupulous  geo- 
meters of  antiquity  defpaired  of  ever  being  able  to  com- 
pare a  curve  with  a  right  line.  The  moderns,  although 
taught  by  Des  Cartes  to  define  the  nature  of  a  curve 
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by  its  equation,  allowed  that  this  only  enabled  them  to  iRvnluticn. 
exhibit  a  ferles  of  points  through  which  it  paiTcd,  and'~~"~v      ■' 
to  draw  the  polygon  which  connefts  thefe  points,  but 
gave  no  information  concerning  the  continuous  iiicurva- 
ted  arches,  of  which  the   fides  of  the  polygon  are  the 
chords.     They  could  not  generally  draw  a  tangent  to 
any  point,  or  from  any  point  :  but  they  could  draw  a 
chord   through  any   two  points.      Des  Cartes  was  the 
firft  who  could  draw  a  tangent.      He  contrived  it  fo, 
that  the  equation  which  cxpreffes  the  intcrfeftions  of 
the  curve  with  a  circle  defcribed   r<  und  a  given  centre 
fhould  have  two  equal  roots.     This  indicates  the  coa- 
lefcence  of  two  interfeftlons  of  the  common   chord  of 
the   circle   and    the   curve.     Therefore    a   perpendicu- 
lar to  the  radius  fo  determined  muft  touch  the  curve  in 
the   point    of  their   union.      This   was  un<3oubtedly   a 
great  difcorery,  and  worthy  of  his  genius.      It  naturally 
led  the  way  to  a  much  greater  difcovery.     A  circle 
may  cut  a  curve  in  more  points  than  two  :   It  may  cut 
a  conic  feftlon   in   four  points  ;    all  exprefled  by  one 
equation,  having  four  roots  or  folutions.    What  if  three 
of  thefe  roots  ftiould  be  equal  ?  This  not  only  indicates 
a  clofer  union  than  a  mere  contaft,  but  alfo  gives  indi- 
cation of  the  flexure  of  the  intervening  arch.      For,  be- 
fore the  union,  the  interfcftlor.s  were   in  the  arch  both 
of  the  curve  and  of  the  circle  ;  and  therefore  the  dif- 
tindllon  betw-een   the  union  of  two  and  of  three  inter- 
feftions  muft  be  of  the  fame   kind  with  that  between  a 
ftraight  line  and  an  arch  oi  this  circle.      The  flexure  of 
a  circle  being  the  fame  in  every  part,  it  becomes  a  pro- 
per index  ;  and  therefore  the  circle,  which  is  determi- 
ned by  the  coalefcence  of  three  interfeftions,  was  taken 
as  the  meafure  of  the  curvature  in  that  point  of  the 
curve,  and  was  called  the  circle  of  curvature,  the 
EQUICURVE  CIRCLE.    There  is  a  certain  progrefs  to  this 
Coalefcence  which  muft  be  noticed.     Let  ABD  (fig. 
4.)  be  a  common  parabola,  EBF  a  line  touching  it  in 
13,  and  BO   a  line  perpendicular  to   EBF.      Taking 
fome  point  O  in  the  other  fide  of  the  axis  for  a  centre, 
a  circle  may  be  defcribed  which  cuts  the  curve  in  four 
points  a,  b,  c,  and  d.      By    enlarging  the  radius,  it  is 
plain  that  the  points  a  and  h  muft  feparate,  as  alfo  the 
points  c  and  d.      Thus,   the  points  b  and  c  approach 
each  other,   and  at  laft  coalefce  in  a  point  of  conlaft  B, 


with  the  parabola,  and  with  its  tangent.  In  the  mean 
time,  a  and  d  have  retired  to  A  and  D.  If  we  now 
bring  the  centre  O  nearer  to  B,  the  new  circle  will  fall 
wholly  within  the  laft  circle  ABD  ;  and  therefore  both 
A  and  D  will  again  approach  to  each  other,  and  to  B, 
which  ftill  continues  a  point  of  contatt.  It  is  plain  that 
A  will  approach  fafter  to  B  than  D  will  do.  At  length, 
the  centre  being  in  0,  the  point  A  coalefces  with  B, 
and  we  obtain  a  circle  i  B  ■'',  touching  the  curve  in  B, 
and  cutting  it  in  J:  Confequently  the  arch  B  1 -f  is 
wholly  within,  and  B  ?>  ^  is  wholly  without  the  parabo- 
la ;  and  the  circle  both  touches  and  cuts  the  parabola 
iu  B.  Here  is  certainly  a  clofer  union,  at  leaft  on  the 
fide  of  a.  But  perhaps  a  farther  diminution  of  the 
circle  may  bring  it  clofer  on  the  fide  of  D.  Join  B  i. 
Let  a  fmaller  circle  be  defcribed,  touching  the  parabola 
in  B,  and  cutting  it  in  ?.  Draw  f  c  parallel  to  J  B.  It 
may  be  demonftrated  that  the  new  circle  cuts  the  para- 
bola in  c.  Nov^'  the  arch  between  c  and  t  being  with- 
out the  parabola,  the  arch  BC  muft.  be  within  it ;  and 
therefore  this  circle  is  within  the  parabola  on  both  fides 
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Involution,  of  D,  sint!  is  more  incurvated  than  tJie  pavaliola.  We 
>— — V-— '  have  leen,  that  a  circle  greater  than  i  B  J  is  without 
the  parabola  on  both  fides  of  B  ;  and  therefore  is  lefs 
inciirvated  than  the  parabola.  Therefore  the  individual 
circle  i  B  J  is  neither  more  nor  lefs  curve  than  the  para- 
bola in  the  point  B.  Therefore  the  circle  indicated  by 
the  coalefcence  of  three  interfedions  is  properly  named 
the  equicurve  circle  ;  and,  fince  we  meafure  all  curva- 
tures by  that  of  a  circle,  it  is  properly  the  circle  of  cur- 
vature, and  its  radius  is  the  radius  of  curvature. 

Had  B  been  the  vertex  of  the  axis,  every  interfec- 
tion  on  one  tide  of  B  would  have  been  fimilar  to  an  in- 
terfeAion  on  the  other,  and  there  would  always  have 
been  two  pairs  of  roots  that  are  equal  ;  and  therefore 
when  three  interfedions  coalefce,  a  lourth  alfo  coalcfces, 
and  the  contact  is  faid  to  be  fllil  olofer. 

What  has  now  been  (hewn  with  refped  to  a  conic 
fection  is  true  of  every  curve.  Wiien  two  interfedions 
coalefce,  there  is  a  common  tangent  ;  when  three  co- 
alefce, there  is  an  eqial  curvature,  and  no  other  circle 
can  pafs  between  this  circle  and  the  curve.  Tiiere  can- 
not be  a  coalefcence  of  four  interfedions,  except  when 
the  diameter  is  perpendicular  to  the  ordinates,  and 
thofe  are  bifeded  by  the  diameter. 

Mr  Leibnitz,  who  valued  hinifclf  for  metaphyfical 
refinement,  and  never  fails  to  claim  fuperiority  in  this 
particular,  notices  the  important  diftindion  between  a 
fmiple  contad  and  this  clofer  union,  in  a  very  well  writ- 
ten differtation,  publiflied  in  the  yl8a  Eruditorum,  July 
1686.  He  calls  the  contad  of  equal  curvatures  an  os- 
culation, and  the  circle  of  equal  curvature  the  oscu- 
lating CIRCLE,  and  delivers  feveral  very  judicious  re- 
marks with  the  tone  of  a  mafter  and  inllrudor.  He 
alfo  fpeaks  of  different  degrees  or  orders  of  olculation, 
each  of  which  is  infinitely  clofer  than  the  other,  as  a 
thing  not  remarked  by  geometers.  But  Sir  Ifaac  New- 
ton had  done  all  this  before.  The  firll  twelve  propo- 
fitions  of  the  Princip'ia  had  been  read  to  the  Royal  So- 
ciety feveral  years  before,  and  were  in  the  R'egiflers. 
The  Principia  had  received  the  imprimatur  of  the  So- 
ciety in  July  1686;  but  was  almolt  printed  before  that 
time.  In  the  Scholium  to  the  nth  Lemma,  is  con- 
tained the  whole  dodrine  of  contad  and  oicnlation  ; 
and  in  the  lemma  and  its  corollaries,  is  crowded  a  body 
of  dodrine,  which  has  afforded  themes  for  volumes. 
The  author  glances  with  an  eagle's  eye  over  the  whole 
profpeft,  and  points  out  the  prominent  parts  with  the 
moil  comprefled  brevify;  but  with  fufiicient  precilion 
for  marking  out  the  more  important  objeds,  and  par- 
ticularly the  different  oiders  of  curvature.  This  lemma 
and  its  corollaries  are  continually  employed  in  the 
twelve  propofitions  already  mentioned.  In  1671  he 
had  written  the  firll  drauglit  of  his  method  of  fluxions, 
where  this  dodrine  is  fyflematically  treated  ;  and  Mr 
Collins  had  a  copy  of  it  ever  fince  1676.  It  is  well 
known  that  Leibnitz,  when  in  London,  had  the  free 
perufal  of  the  Society's  records,  and  information  at  all 
times  by  his  correfpondence  with  the  fecretary  Olden- 
burgh  and  Mr  Collins.  His  condud  refpeding  the 
theorems  concerning  the  elliptical  motion  of  the  planets, 
and  the  refiftance  of  fluids,  leave  little  room  to  doubt 
of  his  having  availed  himfelf  in  like  manner  of  his  op- 
portunity of  information  on  this  fubjed.  He  gives  a 
much  better  account  of  the  Newtonian  dodrine  on  this 
fubjed  than  in  thofe  other  inflances,  it  being  more  fuit- 
cd  to  his  refining  and  paradoxical  difpofition. 
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In  this  and  .inoHier  difTertatiun,  he  conrtders  more  par-  Involu'iol- 

ticularly  the  nature  of  evolution,  and  of  that  ofculation   v      ■' 

which  obtains  between  the  evolutrix  and  the  circle  de- 
fcribed  by  the  evolved  radius.  He  fays,  that  it  is  equi- 
valent to  two  fimple  contads,  each  of  which  is  equiva- 
lent to  two  interfedions.  An  ofculation  jjrodnced  in 
the  evolution  of  a  curve  is  therefore  equivdlent  to  four 
interfedions.  And  he  advifcs,  with  an  air  of  authori- 
ty, the  mathematicians  to  attend  to  thefe  remarks,  as 
leading  them  into  the  rectffes  of  fcicnce.  He  is  niif- 
taken,  however  ;  and  the  liflcning  to  him  would  pre- 
vent us  from  forming  a  juft  notion  of  ofculation,  and 
from  conceiving  with  dillindnefs  the  fingidar  fad  of  a 
circle  both  touching  and  cutting  a  curve  in  the  fame 
point.  James  Bernoulli  lofl  his  friendfhip,  becaufe  he 
prefumed  to  fay  that  tiie  prefence  of  four  interfedions 
in  an  ofculation  is  not  warranted  by  the  equation  ex- 
prefling  thofe  interfedions. 

Mr  Leibnitz  was  milled  by  the  way  in  which  he  had 
confidered  the  ofculation  in  the  evolution  of  curves.  It 
merits  attention.  From  any  point  within  the  fpace 
ADFOA  (fig.  1.),  two  perpendiculars  may  be  drawn 
to  the  evolutrix  A  b  d  f ;  and  therefore  two  circles  may- 
be defcribed  round  that  point,  each  touching  the  curve. 
Each  contad  is  the  union  of  two  interfedions.  There- 
fore, as  the  centre  approaches  the  evolute,  the  contads 
approach  each  other,  and  they  unite  when  the  centre 
reaches  the  evolute.  Therefore  the  ofculation  of  evo- 
lution  is  equivalent  to  four  interfedions. 

But  when  two  fuch  circles  are  defcribed  round  a 
point  s,  fo  as  that  both  may  touch  the  evolutrix  A  a  f, 
the  point  s  is  in  the  interfedion  of  one  evolved  radius 
with  the  prolongation  of  anotlier.  The  contad  at  the 
extremity  h  of  the  prolonged  radius  i  B  is  an  exterior 
contad,  and  the  arch  of  the  circle  croffes  the  evolutrix, 
from  without  inwards,  in  fome  point  more  remote  from 
A.  The  contad  at  the  extremity  e  of  the  radius  e  L 
is  an  interior  contad  ;  and  if  f  j-  be  greater  than  the 
ftratght  line  EA,  the  arch  of  this  circle  cioifes  the 
curve,  from  within  outwards,  in  fome  point  nearer  to 
A.  Thus  each  contad  is  accompanied  by  an  interfcc- 
tion  on  the  fide  next  the  other  contad,  fometimes  be- 
yond it,  and  fometimes  between  the  contads.  As  the 
contads  approach,  the  interfedions  alfo  approach,  illll 
retaining  their  charaders  as  interfedions,  as  the  contads 
fllU  continue  contads.  Alfo  the  circle  next  to  A  croffes 
from  without  inwards,  and  that  next  to/  croffes  from 
within  outwards.  They  retain  this  charader  to  the  lafl; 
and  when  the  contads  coalefce,  the  two  circles  coalefce 
over  their  whole  circumference,  flill,  however,  crofTing 
the  curve  in  the  fame  diredion  as  before  ;  that  is,  with- 
out the  curve  on  the  fide  of  A,  and  within  it  on  the 
fide  of/.  The  contads  unite  as  contads,  and  the  in- 
terfedions as  interfedions.  Thus  it  is  that  the  ofcu- 
lating  circle  both  touches  and  interfeds  the  curve  in 
the  fame  point. 

At  /  the  ofculation  is  indeed  clofer  than  anywhere 
elfe.  The  variation  of  curvature  is  lefs  there  than  any- 
where elfe,  becaufe  the  radius  changes  more  flowly.  It 
is  this  circumllance  that  determines  the  clofenefs  of 
contad.  If  a  circle  ofculates  a  curve,  it  has  the  fame 
curvature.  If  this  curvature  does  not  change  in  the 
vicinity  of  the  contad,  the  curve  and  circle  muff  coin- 
cide ;  and  the  deviation  of  the  circle  (the  curvature  of 
which  is  everywhere  the  fame)  from  the  curve  mull 
proceed  entirely  from  the  variation  of  its  curvature. 
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involution.  This,  therefore,  is  the  important  circumftance,  and  is 
•— V — ■•  indeed  the  charafleriftic  of  the  figure  as  a  curve  line  ; 
and  its  other  prt forties,  bv  which  the  pofition  of  its 
different  parts'are  ottcinuntJ,  may  be  afcertaincd  by 
means  of  the  fariatwrt  of  its  ruVvature,  as  well  as  by  its 
relation  to  coordinates.  Of  this  «e  have  n  remarkable 
inlbnce  at  this  very  time.  The  oihit  of  the  newly 
difcovercd  planet  has  been  afcertained  with  tolerable 
precifion  by  meaas  of  cbfervations  made  on  its  motions 
fur  three  years.  In  this  time  it  had  not  defcribed  the 
icth  part  of  its  orbit  ;  yet  the  figure  of  this  orbit,  the 
pofition  of  its  tranfverfe  axis,  the  place  and  time  of  its 
perihelion,  were  all  determined  within  loodth  part  of 
the  truth  by  the  olferved  variation  of  its  curvature.  It 
therefore  merits  our  attention  in  the  clofe  of  this  ar- 
ticle. We  know  of  no  author  who  has  treated  the 
fubjcd  in  fo  iiiftruflive  a  manner  as  Mr  M'Laurin  has 
done,  by  exhibiting  the  theorem  which  conftitntes  New- 
ton's nth  lemma  in  a  form  which  points  this  out  even 
to  the  eye  (fee  M'Launr's  Fluxions,  Chap.  xi.  §  363, 
&c.).  We  earneftly  recommend  this  work  to  the  young- 
geometer,  as  containing  a  fund  of  indruflion  and  agree- 
able exercife  to  the  mathematical  genius,  and  as  greatly 
fupeiior  in  perfpicuity  and  in  ideas  which  can  be 
treakired  up  and  recollcdted,  when  required,  to  the 
greateft  part  of  the  elaborate  performances  of  the  emi- 
nent anaiylls  of  later  times.  By  exprefling  every  thing 
geometrically,  the  author  furnifhcs  us  with  a  fort  of 
pifture,  which  the  imagination  readily  reviews,  and 
which  exhibits  in  a  train  what  mere  fymbols  only  give 
us  a  momentary  glimpfe  of. 

"  As,  of  all  riglit  lines  which  can  be  drawn  through 
a  given  point  in  the  arch  of  a  curve,  that  alone  is  the  tan- 
gent which  touches  the  arch  fo  clofrly  that  no  right  line 
can  pafs  between  them  ;  fo,  of  all  circles  which  touch  a 
curve  in  a  given  point,  that  circle  alone  has  the  fame 
curvature  which  touches  it  fo  clofely  that  no  circle  can 
pafs  between  them.  It  canuot  coincide  with  the  arch 
of  the  curve  ;  and  therefore  the  above  condition  is  fuf- 
ficient  for  making  it  equicurve.  As  the  curve  fepa- 
ratcs  from  the  tangent  by  its  flexure  or  curvature,  it 
feparates  from  the  equicurve  circle  by  its  change  of  cur- 
vature ;  and  as  its  curvature  is  greater  or  Icfs  according 
as  it  feparates  more  or  leis  from  its  tangent,  fo  the  va- 
riation of  its  curvature  is  greater  or  lefs  according  as  it 
feparates  more,  or  lefs  from  its  equicurve  circle.  There 
can  be  but  one  equicurve  circle  at  one  point  of  a  curve, 
otherwife  any  other  circle  defcribed  between  them 
through  that  point  will  pafs  between  the  curve  and  the 
equicurve  circle. 

"  When  two  curves  touch  each  other  in  fuch  a  man- 
ner  that  no  circle  can  pais  between  them,  they  muft 
have  the  fame  curvature  ;  becaufe  the  arch  which  touches 
one  of  them  fo  clofely  that  no  circle  can  pafs  between 
them,  mull  touch  the  other  in  like  manner.  But  circles 
mav  touch  the  curve  in  this  manner,  and  yet  there  may 
be  indefinite  degrees  of  more  or  lefs  intimate  contaft  be- 
tween the  curve  and  its  equicurve  circle."  This  is  fhewn 
by  the  ingenious  author  in  a  feries  of  propofitions,  of 
which  a  very  fhort  abridgment  muft  fuffice  in  this 
place. 

Let  any  curve  EMH  (fig.  11.),  and  a  circle  ERB, 
touch  a  right  hne  ET  on  the  fame  fide  at  E.  Let  any 
right  line  TK,  parallel  to  the  chord  EB  of  the  circle, 
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meet  the  tangent  in  T,  the  curve  in  M,   and   a   curve  Inv-ili!ion> 

BKF  (which  paiTes  through  B)  in  K.     Then,  if  MT  v— ' 

X  TK  be  everywhere  equal  to  TE%  the  curvature  of 
EMH  in  the  ])oint  E  is  the  fame  as  that  of  the  circle 
ERB  ;  and  tlie  contact  of  EM  and  El<  is  fo  much  the 
clofer  tlie  finaller  the  angle  is  wliich  is  contained  at  B 
between  the  curve  BKF  and  the  equicurve  circle  BQE. 
Let  TK  meet  the  circle  in  R  and  Q^  Then,  be- 
caufe  RT  X  TQ__=:  T£%  it  muft  be  RT  X  TQ_=: 
MT  X  TK  ;  and  R.T  :  MT  =  TK  :  TQ^  The  line 
BKF  may  have  any  form.  It  may  crois  the  circle 
BQJv  in  B,  as  in  the  figure.  It  may  tonch  it,  or  touch 
EB,  &c.  Let  us  firft  confider  what  fituations  of  the 
point  M  correfpond  with  the  pofition  of  K,  in  that  part 
^f  the  curve  BKF  which  lies  without  the  circle  BRE. 
Let  TK  move  toward  EB,  always  keeping  parallel  to 
it,  till  it  coincide  with  it,  or  even  pafs  it.  Then,  while 
the  point  K  defcribes  KB,  it  is  evident  that  fince  TK 
is  greater  than  TQ^  TM  muft  be  lefs  than  TR,  and. 
the  point  M  muft  always  be  found  between  T  and  R. 
The  arch  ME  of  the  curve  muft  be  nearer  to  the  tan- 
gent thaa  tlie  arch  RE  of  the  circle.  If  any  circle  be 
now  defcribed  touching  TE  in  E,  and  cutting  off  from 
EB  a  fmaller  chord  than  EB,  it  is  clear  that  the  whole 
of  this  fegment  muft  be  within  the  fcgment  BRE  ; 
therefore  this  fmaller  circle  does  not  pafs  between  ERB- 
and  the  curve  EMH.  But  fince  we  fee  that  the  curve 
lies  without  the  circle,  in  the  vicinity  of  E,  perhaps  a 
greater  circle  than  ERB  may  pafs  between  it  and  the 
curve.  A  greater  circle,  touching  at  E,  muft  cut  off 
a  chord  greater  than  EB.  Let  E  /•  ^  be  fuch  a  circle, 
cutting  EB  in  b,  and  TQ_in  q.  T  q  is  neceffarily 
greater  than  TQ;_  For  fince  b  is  beyond  B,  and  the 
arch  BKF  lies  in  the  angle  QB  b,  the  circle  Er  ^  mull 
crofs  the  curve  FKB  in  fonie  point  ;  fuppofe  F.  Then 
while  K  is  found  in  the  arch  FB,  the  point  q  muft  be 
beyond  K,  or  T  ^  muft  be  greater  than  TK.  Now 
T  /-  X  T  y  =',TES  =  TM  X  TQ^  Therefore  TM  :  T  r 
=  T  y  :  TQ^  Therefore  T  q  being  greater  than  TQ, 
T  r  muft  be  lefs  than  TM,  and  the  point  r  muft  lie 
without  the  curve,  and  the  arch  E  r  does  not  pafs  be- 
tween EMH  and  the  circle  ERB.  In  like  manner, 
on  the  other  fide  of  EB,  it  will  appear,  that  when  the 
curve  BK'F  falls  within  the  circle  which  touches  EMH 
in  E,  and  cuts  off  the  chord  EB,  the  arch  of  the  curve 
correlponding  to  the  arch  BK'F,  lying  within  the  cir- 
cle, alfo  lies  within  the  circle.  For  T'K' being  lefs 
than  TQ\  TM'  is  greater  than  TR',  and  the  curve  ia 
within  the  circle.  And,  by  fimilar  reafoning,  it  is  evi- 
dent that  a  circle  cutting  oft  a  greater  chord  falls  with- 
out both  the  circle  ERB  and  the  curve,  and  that  a 
circle  leis  than  ER'B  muft  neceffarily  leave  fome  part  of 
the  curve  BK  F'  without  it;  and  therefore  TK'  will  be 
greater  than  T  q',  and  the  correfponding  point  r'  muft 
be  without  the  curve.  All  circles  therefore  touching 
TE  in  E  fall  without  both  ER  and  EM,  or  within 
them  both,  according  as  they  cut  ofl^  from  EB  a  chord 
greater  or  lefs  than  EB,  and  no  circle  can  pafs  between 
them  when  the  reftangle  MT  X  TK  is  always  equal  to 
E  r%  and  the  focus  of  the  point  K  paffes  through  B  ; 
that  is,  ERB  is  the  equicurve  circle  at  E. 

This  corroborates  the  feveral  remarks  that  we  have 
made  on  the  circumftance  of  a  circle  touching  and  cut- 
ting a  curve  in  the  fame  point.     No  other  circle  can  be 
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:„»<,rution.  made  to  pafs  between  it  and  the  curve,  and  it  therefore 
*— v-~  has  the  fame  curvature.  This  may  therefore  be  taken 
.as  a  fufHcieut  indication  of  the  equicurve  circle;  the 
charadcr  peculiarly  alTiirtd  to  it  by  the  nature  of  evo- 
lution. It  mud  be  noted,  however,  that  the  curve  is 
fuppofcd  to  have  its  concavity  in  the  vicinity  of  the 
conlaf.t  turned  all  the  fame  way.  For  if  the  contaft  be 
ill  a  point  of  contrar)-  fluxure,  even  a  ftraight  line  will 
both  touch  and  cut  it  in  that  point. 

The  reader  cannot  but  remark,  that  MK  is  always 
the  chord  of  a  circle  touching  TE  in  E,  and  paffing 
through  m 

Let  E  m  be  another  curve,  touching  TE  in  E,  fuch 
that  the  conjugate  curve  k  B,  which  always  gives  T  m 
y.  r  k  =  TE',  alfo  paffes  tlirough  B.  Then,  by  what 
has  now  been  deinonltrated,  the  two  curves  EM  and 
Em  have  the  fame  equicurve  circle  ERB,  and  confe- 
quently  the  fame  curvature  in  E.  Then,  becaule  the 
redtangles  RT  X  TQ__,  MT  X  TK,  and  m  T  X  T  /£-,  are 
equal,  we  have  T  m  :  TM  =  TK  :  T  k.  Therefore  if 
the  arch  B  k  pafs  between  BK  and  BQ  ,  the  curve  E?n 
muft  pafs  between  the  curve  EM  and  the  circle  ER. 
Em  muft  therefore  liave  a  clofer  contadl  with  ER  than 
EM  has  with  it ;  and  the  fmaller  the  angle  QBK  is 
which  is  contained  between  the  curve  and  its  equicurve 
circle,  the  clofer  is  the  contaft  of  the  curve  EM  and  its 
equicurve  circle  ER.  Thus  the  length  of  the  chord 
EB  determines  the  mngnitude  or  degree  of  curvature  at 
E,  when  compared  with  another  ;  and  the  angle  con- 
tained between  the  equicurve  circle  and  the  conjugate 
curve  BKF  determines  the  clofencfs  of  the  contafl  of 
the  curve  with  its  equicurve  circle  (the  angle  TEB  be- 
ing fuppofed  the  fame  in  both.) 

It  appears,  from  the  procefs  of  demonftration,  that 
the  curve  EMH  falls  without  or  within  the  equicurve 
circle  according  as  its  conjugate  curve  BKF  does.  Al- 
fo when  BKF  cuts  BQR,  HME  alfo  cuts  it.  But  if 
FOB  is  on  the  fame  fide  of  QB  on  both  fides  of  the 
inttrfedlion  B,  the  curve  HME  is  alfo  on  the  fame  fide 
of  it  on  both  fides  of  the  contaft  E.  It  is  alfo  very 
clear,  that  the  contaft  or  approach  to  coalefcencc  be- 
tween the  curve  and  its  circle  of  curvature,  is  fo  much 
the  clofer  as  the  conjugate  curve  BKF  comes  nearer 
tx>  the  adjoining  arch  of  this  circle.  It  muft  be  the 
clofeil  of  all  when  KB  touches  QB,  and  it  muft  be  the 
leaft  fo  when  KB  touches  EB,  or  has  EB  for  an  af- 
fymptote.  The  fpace  QBK  is  a  fort  of  magnified  pic- 
ture of  the  fpace  MER;  and  we  have  a  lenfible  pro- 
portion of  'i'Q^o  TK  as  the  reprefentation  of  the  pro- 
portion of  TM  to  TR,  quantities  which  are  frequently 
evanefcent  and  infenfible.  When  QBK  is  a  finite  angle, 
that  is,  when  the  tangents  of  BQ_and  BK  do  not  coin- 
cide, the  angle  QBK  can  be  meaiured.  But  no  recti- 
lineal angle  can  be  contained  as  an  unit  in  the  curvili- 
neal  angle  MER.  They  are  incommenfurable,  or  in- 
comparable. Let  the  curve  KB  touch  the  circle  QB 
without  cutting  it.  This  angle  is  equally  incomparable 
with  the  former  QBK  ;  yet  it  has  a  counterpart  in 
MER.  This  muft  be  incomparable  with  the  former  in 
the  fame  manner  ;  for  there  is  the  fame  proportion  be- 
tween the  individuals  of  both  pairs.  Thus  it  appears 
plainly,  that  there  are  curvilineal  angles  incomparable 
■with  each  other.  Yet  are  they  magnitudes  of  one  kind  ; 
becaufe  the  fmalleft  reftilineal  angle  muft  certainly  con- 
tain them  both ;  and  one  of  them  contains  the  otiicr. 
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But,  further,  t"hcre  may  be  indefinite  degrees  of  this  co-'nvoiution, 
alefcence  or  clofenefs  of  contact  between  a  curve  and  a  '  '  v  ■' 
circle.  The  firft  degree  is  when  the  fame  right  line 
touches  both.  This  is  ^Jimple  conlaH,  and  may  obtai:> 
between  any  curve  and  any  circle.  The  next  is  when 
EMH  and  ERB  have  the  fame  curvature,  and  when 
the  conjugate  curve  FKB  interfedts  the  circle  QB  in 
any  aflignable  angle.  This  is  an  ofculalion.  The  third 
degree  of  contatl,  and  fccond  of  ofculation.  Is  when  the 
curve  KB  touches  the  circle  QB,  but  not  fo  as  to  of. 
culate.  The  fourth  degree  of  contaft,  and  third  of  of- 
culation, is  when  KB  and  QB  have  tiie  fame  curvature 
or  ofculate  in  the  firft  degree  of  ofculation.  This  gra- 
dation of  more  and  more  intimate  contd>lt,  or  (more  pro- 
perly fpeaking)  of  approximation  to  coalefccnce,  may 
be  continued  without  end,  "  neque  riovil  natura  limitem," 
the  contafl  of  EM  and  ER  being  always  two  degrees 
clofer  than  that  of  BK  and  BQ.  Moreover,  in  each 
of  thofe  clafles  of  contaft  there  may  be  indefinite  de- 
grees.  Thus,  when  EM  and  ER  have  the  fame  cur- 
vature, the  angle  QBK  admits  of  indefinite  varieties, 
each  of  which  afcertains  a  different  clofenefs  of  contaft 
at  E.  Alfo,  though  the  angle  QBK  (hould  be  the  fame, 
the  contaft  at  E  will  be  fo  much  the  clofer  the  greater 
the  chord  EB  is. 

For  TR  :  TM  =  TK  :  TO 
Therefore  RM  :  TR  =  KQj  KT 

Or  RM  :  KQ  =  TR  :  TK  ;    =  TR  X  TO  :- 
TK  X  TQ__,  =  TE^  :  TK  X  TQ^ 

Therefore,  when  TE  is  given,  RM  (which  is  then  the 
meafure  of  the  angle  of  contafl)  is  proportional  to  KQ^ 
direaiy,  and  to  the  reftangle  TK  X  TQJnverfely;  and 
when  KQJs  given,  RM  is  Icfs  in  proportion  as  KT  X 
TQj's  greater.  In  the  very  neighbourhood  of  E  and 
B,  it  is  plain  that  KT  X  TQ^is  very  nearly  equal  to 
EB",  and  therefore  ultimately  RM  :  KQj=  ET'  :  EB'. 
It  will  greatly  affift  our  conception  of  this  delicate 
fubjeft,  if  we  view  the  origin  of  thefe  degrees  of  con- 
tad  as  they  are  generated  by  the  evolution  of  lines. 
A  thread  evolving  from  a  polygon  EDCBA  (fig.  i^.) 
defcribes  with  its  extremity  a  a  line  edbca,  confifting 
of  fucceffive  arches  of  circles  united  in  fimple  contafts. 
If  it  evolve  from  any  continuous  curve  CBA,  after  ha- 
ving  evolved  from  the  lines  ED,  BC,  the  arch  cb  will 
be  united  with  the  circular  arch  i^c  by  ofculation  of  the 
fiift  degree.  If  any  other  curve  FC  touch  this  evolute 
in  a  liuiple  contact,  and  if  the  two  curves  P'CBA  and 
DCBA  are  both  evolved,  they  will  touch  each  other  iji 
a  fimple  ofculation  in  that  point  where  they  have  the 
fame  radius.  If  FC  touches  DC  in  a  fimple  ofcula- 
tion, the  evolved  curves  will  touch  in  an  ofculation  of 
the  fecond  degree;. and,  in  general,  ,t!ie  ofculation  of  the 
two  generated  curves  is  a  degree  clofer  than  that  of  their 
evolutcs  ;  and  in  each  ftate  of  one  of  the  ofculations, 
there  is  an  indefinite  variety  of  the  other,  according  ta 
the  length  of  its  radius  of  curvature.  All  this  is  very 
clear  ;  and  (hews,  that  thefe  degrees  of  contaft  do  not 
indicate  degrees  of  curvature,  one  of  wliich  infinitely 
exeeeds  another  ;   for  they  are  all  finite. 

The  reader  will  do  well  to  remark,  that  the  magni- 
tude, which  is  the  fubjedt  of  the  above  proportions, . 
which  is  really  of  the  fame  kind  in  them  all,  and  confi- 
dercd  as  fufceptible  of  various  degrees  and  orders  of  in- 
finitefimals,  is  not  curvature,  but  lineal  extcnfion.  It 
is  RM,  the  fubtcnfe  of  the  angle  of  contadl  ME  R.    It 
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Jnvolailo!!.  is  the  linear  feparation  from  the  tatvixent,  or  from  the  equiangular  fpiral (perhaps  in  another  pofition),  of  wliich  inv^lul!. 
^——v-^  equicurve  circle.  It  is,  however,  ufually  confidtred  as  g  is  the  centre  ;  and  that  />  is  in  the  curve  of  another  of  • 
the  meafure  of  curvature,  or  the  proportions  i.^i  this  line  the  fame.  For  gfi  :  ?  B  =  7  B  :  9  M,  =  />  B  :  B  m  ; 
are  jriven  as  the  proportions  of  the  curvature.  This  is  therefore  the  ratio  of  theie  infinitefimal  arches  mn  and 
inaccurate  ;  for  ciu-vature  is  uuqueftionably  a  change  of  Bo  will  cxpreis  the  rate  of  variation  in  any  curve.  This 
direftion  only.  As  this  line  has  generally  been  the  in-  is  evidently  equivalent  to  faying,  that  the  variation  of 
terelliug  objecl  in  the  refined  Ihidy  of  curve  hnes,  efpe-  curvature  is  proportional  to  the  fluxion  of  the  radius  of 
cially  iiTthe  employment  of  it  in  the  difcuffions  of  me-  curvature  diredly,  and  the  lluxion  of  the  curve  inverfe- 
chanical  phllofophy,  it  has  attrafted  the  whole  atten-  ly.  For  m  n  and  B  0  are  ultimately  as  thofc  fluxions, 
tion,  and  the  language  is  now  ajipropriated  to  this  con- 
fideration.  What  is  called,  by  the  moll  eminent  ma- 
thematicians, variation  of  curvature,  is,  in  faft,  varia- 
tion of  the  fubtenfe  of  the  angle  of  contaft.  But  it  is 
neceflary  always  to  diflinguifli  them  carefully. 

Variation  of  curvature  is  the  remaining  objeft  of  our 
attention. 

Curvature  is  uniform  in  the  circle  alone.  When  the 
curvature  of  the  arch  EMH  (fig.  11.)  decreafes  as  we 
recede  from  E,  the  arch,  being  let's  deflefted  from  its 
primitive  direction  ET  than  the  arch  ER,   mufl;  fepa- 

rate  lefs  from   the  line  ET,   or   mufl   fall  without  the 

arch  ER.      The  more   rapidly   its  curvature  decreafes, 

the  defcribing  point  mud  be  left  more  without  the  cir- 
cle.  It  mull  be  the  contrary,  if  its  curvature  had  jncrea- 

fed  from  E  toward  M.   It  may  change  its  curve  equably 

or  unequably.    If  equably,  there  muft  be  a  certain  uni- 
form rate,  which   would   have   produced  the  fame  final 

ciiange  of  direClion  in  a  line  of  the  fame  length,  bend- 
ing it  into  the    uniformly  incurvated  arch  of  a  circle. 

It  is  not  fo  obvious  how  to  ellimate  a  rate  of  variation 

of  curvature  ;   and  authors  of  eminence  have  differed  in 

this  eftimation.      Sir  Ifaac  Newton,  who  was  much  in- 

tereflied  in   this  difcuIRon,   in    his    (ludies  on   univcrfal  <;     qa  \ 

E-ravitation,  feems  to  have  adopted  a  meafure  which  bell     M-Launn,  ^J^if).) 

fuitedhis   own    views;  and   has  been   followed  by  the      ^,.^";,^'^/'.l,^."J'°">.'f  J'^^^^'^f 

greater  number.      He  givae  a  very  clear  conception  of 

what  he  means,  by  ftating  what  he  thinks  a  cafe  of  an 

invariable  rate  of  variation.      This   is  the   equiangular 

fpiral,  all  the  arches  of  which,  comprehended  in  equal 

ano-lts  from  the  centre,  are  perfedly  fimilar.  although 

continually  varying  in  curvature.    He  calls  this  a  curve 

EQUABLY  VARIABLE,   and    makes  its  rate   of  variation 

(ellimated   in  that  fenfe  in   which  it  is   uniform)    the' 

meafure  of  the  rale  of  variation  in  all  other  curves.  Let 

us  fee  in  what  refpeft  its  variation  of  curvature  is  con- 

ftant.      It    may  be  defcribed  by  the  evolution  of  the 

fame  fpiral  in  another  pofition  (fee  fig.  6.),  and  the  ra- 
tio between  the  radius  of  the  evolute  and  that  of  the 
cvolutrix  is  always  the  fame  ;  or  (which  amounts  to  the 
fame  thing)  the  arch  of  the  evolutrix  bears  to  the  evol- 
ved arch  of  the  evolute  a  condant  ratio.  The  curva- 
ture of  the  fpiral  changes  ?Tiore  rapidly  in  the  fame  pro- 

portion  as  the  ratio  of  the  evolved  arch  to  the  arch  of     Jgut  with   finding  the  centre  and  radius  of  curvature  of 

the  evolutrix  generated  by  it  is  greater,  or  as  it  cuts  the     t},e  evolute,  by  which  the  curve  under  confideration  is 
radii  in  a  more  acute  angle.     Thefe  arches  may  be  mh-     generated  ;  or  with  finding  the  centre  q  (fig.  i'^.)  of  an 
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and  — IS  equivalent  to — r— ,  where  z  is  the  arch  of 
mil        "1  ^ 

the  fpiral,  and  r  the  evolved  radius  of  the  otlier.  Ac- 
cordingly, this  is  the  enunciation  of  the  index  of  va- 
riation given  by  Newton  :  (See  Newton's  Fluxions, 
Prob.  VI.  §  ^•)  Therefore,  what  Newton  calls  a  uni- 
form variation  of  curvature,  is  not  an  increafe  or  dimi- 
nution bv  equal  arithmetical  differences,  but  by  equal 
proportions  of  the  curvature  in  every  point.  The  va- 
riation of  curvature  in  fimilar  points  of  fimilar  arches  is 
fuppofed  to  be  the  fame. 

It  is  evident  that  this  ratio  is  the  fame  with  that  of 
radius  to  the  tangent  of  the  angle  ^m  B,  or  of  i  to  its 
tabular  tangent.  The  tangent  therefore  of  this  angle 
correfpouding  to  any  point  of  a  curve  is  the  meafure  of 
the  variation  of  curvature  in  that  point.  Now  it  may 
be  fhewn  (and  it  will  appear  by  and  bye),  that  the 
fluxion  of  TK  in  fig.  1 1 .  or  the  ultimate  value  of  KQ, 
is  always  -fds  of  the  fluxion  of  the  radius  of  curvature. 
Therefore  the  tangent  of  the  angle  QBK  is  always  yds 
of  that  of  pm  B;  and  therefore  the  angle  Q^K,  which 
we  have  fcen  to  be  an  index  of  the  clofenefs  of  contaft, 
is  alfo   the  index  of  the  variation  of  curvature.      (See 

jecimens  of  the  ufe  of 
this  meafure  in  a  variety  of  geometrical  curves,  by  means 

r 

of  a  general  expreffion  of  -: —    Thus  in  the  cuive  ABC 

■z 
(fig.  8.),  let  AB  be  =  2,  AD  =.  x,  DB  =  y,  BN 

Nn  r 

r:  r,  and  BE  =  /> ;  we  have  tti  =  "= —   Now  DB  : 

2 

Therefore  z  =: 
Now,  in  every  curve  which  we 


BE  =  y  :  p,  =  T)  tl :  B  b,  =  » 

r  y 


,  and 

y 


P>= 


can  exprefs  by  an  equation,  we  can  obtain  all  thefe 
quantities/),  ji,  r,  and  2,  and  can  therefore  obtain  the 
mealare  of  the  variation  of  curvature.      It  alio  delerves 

particular  notice,  that  this  invelllgation  of  —  is  equiva- 


nitefimal ;  therefore  the  fraftioii 


fluxion  of  evolute 


equiangular  fpiral,  which  will  touch  our  curve  in  m,  its 
evolute  in  B,  and  the  evolute  of  the  evolute  in/>,  if  put 


fluxion  of  evolutrix 

prefles  the  rate  of  the  variation  of  curvature  in  this  fpiral.  into  different   pofitions  when  neceflTary.      This  leads  to 

Now  let  abed  (fig.  1 3-)  be  any  other  curve,  and  ABCD  very  curious  fpeculations,  for  which,  however,  we  have 

its  evolute;  let  p  be  "the  centre  of  curvature  at  the  point  no  room.      It  has  been  faid,   for  inft;ance,  that  the  cur- 

B  of  the  evolute,  and  Bo  the  evolved  arch;  draw  the  ra-  vature  at  the  interfeftion  of  a  cycloid  with  its  bafe  is 

dii  6B,/o,  Bm,  on;  \o'm  pm,  and  draw  Bq  perpendi-  infinitely  greater  than  that  of  any  circle.     If  the  evolu- 

cua  r  X.O  pm.      It  is  evident  that  m  n  and  B  0  have  the  tion  of  the  cycloid  begin  from  this  point,  the  curvature 

fame  ratio  with  B  m  and  Bp  ;  and  that  thefe  two  fmall  of  its  evolutrix  will  be  infinitely  greater  flill  upon  the 

arches  may  be  conceived  as  being  portions  of  the  fame  fame  principles;  and  we  fhall  have  one  infinitely  greater 

than 
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nvniutlor.  than  this  by  evolving  it.     Yet  all  tliefe  infinites,  multi- 

^ plied  to    infinity,  are  contained   in  the  central  point  of 

every  equiangular  fpiral  !  In  like  manner,  there  are 
cvolutrixes  which  coincide  with  a  flraight  line,  and 
others  of  infinitely  greater  reftitude,  and  Hill  they  are 
curves.  Can  this  have  any  meaning  i  And  can  it  be 
reconciled  with  the  legitimate  reafoning  from  the  lame 
principles,  that  all  thefe  curvatures  and  angles  of  contad 
are  producible  by  evolution  ;  and  that  they  may  be,  and 
certainly  are  every  day  defcribed,  by  bodies  moving  in 
free  fpace,.  and  atted  on  by  accelerating  forces  dirtdtcd 
to  different  bodies  ? 

The  parabola  (conical)  is  the  moll  fimple  of  all  the 
lines  of  unequably  varying  curvature,  and  becomes  a 
very  good  ihndard  of  comparifon.  In  the  parabola 
ABC^(fig.  8.)  let  the  parameter  be  2  a.  The  equation 
is  then  2ax=y^;  DE  =  a  ;  />,  or  UE  =  V  a'- +  f 
X)0   =  a  +  2  X  (by  what  was  formerly  demonftrated). 

Moreover,  DB  :  BE  =  DQj  BN;  and  BN  =  ^^— . 

z=.  r.     Thefe  equations  give   lax  ■=.  2  y  y.,  =i  2  p  p  ' 

ap-\-2x'p+2px         .  ■ 

and   — ^—  =  r     Now  makmg  x  =  1,  and 

reducing  the  equations,  we  obtain  _y  =:  —  ; 


yy 


=  ^;  and  r  =  tP±±lP±ll. 
P  f   .    . 

With  thefe  values  of  y,  p,  r,  we  obtain  a  numerical 

value  of  1-—  moft  readily.     Thus  in   order  to  obtain 

P         .    .  .      ,-        . 

the  index  of  variation  of  curvature   in  the  point  where 

the  ordinate  at  the  focus  cuts  the  parabola,  make  a  =  i. 
Then  2  X  =  y^  ;  X  zz  i,  y  [=  ^  2  x)  =  I  ;  y  {=  yj 

=  !;/(=  V  a^  +  f-)  =  V  2;  p  [=  yj  =  v'4, 
and  ;  (=  L^lfJli+Jij  =  ^2X3.     Therefore 

•^  =  3,  rr  the  index  of  variation  in  the  point  B  when 
/ 

D  is  the  focus  of  the  parabola ;  that  is  to  fay,  the 
fluxion  of  the  radius  of  curvature  is  three  times  the 
fjuxion  of  the  curve. 

The  index  of  variation,  where  the  ordinate  is  equal 
to  the  parameter,  is  had  by  making  .\-  =  2.  This  gives 
y  =  2;  y  =  i  ;  p  =  ^  s  ;  p  z=  4/  },  and  r  =:  3  4/  ;. 

Wherefore -^^ —  =  6,   which  is  the  index  of  variation. 

J> 
Moreover,  fince  p  and  r  are  in   a  conftant  ratio,  it  ap- 
pears that  the  index  of  variation  of  curvature  in  the  pa- 
rabola is  proportional  to  the  ordinate  y.      It  is  always 
ordinate 

=  6 ;  and  thus,  with  very  little  trouble,  we 

parameter  '  '  ■'  ' 

can  defcribe  the  evolute  of  its  evolute,  i.  c.  of  the  femi- 

cubical  parabola. 

In  like  manner,  it  may  be  (hewn  that  in  all  the  conic 

r    _ 

feftions  -r  is  always  proportional  to  the  redlangle  of 

,the  ordinate  DB  and  the  fubnormal  DE,  or  to  DB  X 


DE.     In  the  parabola,  whofe  equation   is  2  a  «  =:j(',  Involution, 

loan. 

we  have  —r  zz  — .      In   an  fUipfe,  whofe  equation  is         ' 


2  a  X  —  i  x*  =  _y^,  we  have 


3  —  3* 


XDBxDE, 


and  in  the  hyperbola,  whofe  equation  is  2  a  x  -|-  ^  x% 
-^  is  = ^  X  DB  X  DE.     This  ratio,   in  all  the 

three  ftftions,  is  always  as  the  tangent  of  the  angle 
contained  between  the  diameter  and  the  normal  at  the 
point  of  contaft.  By  this  we  may  compare  them  with 
3  parabola.     In  the   cycloid  at   the  point  E  (fig.  5.) 

-:-  is  =  tan.  Z_  EKM,  &c.  &c. 

All  thefe  things  may  be  traced  in  the  obfervations 
made  on  fig.  11.  and  12.  When  the  angle  BET  is  a 
right  angle,  the  angle  KBQ_indicates  it  direftly,  its 


tangent  being  always   =: 


3  ^ 


It  is  eafy  alfo  to  fee. 


that  when  the  curve  EMH  is  a  parabola,  the  line  BKF 
is  a  ilraight  line  parallel  to  ET.  It  is  alfo  plain,  that  by 
the  fame  fteps  that  we  proved  that  no  circle  can  pais 
between  this  parabola  and  its  equicurve  circle  ERB,  fo 
no  other  parabola  can  pafs  between  them.  Indeed  the 
fame  reafoning  will  prove  that  no  curve  of  the  fame 
kind  can  pafs  between  any  curve  and  its  ofculating 
circle.  In  many  cafes,  it  is  more  eafy  to  reafon  froiij 
the  curvature  of  a  curve,  by  comparing  it  with  an  equi- 
curve parabola  than  with  an  equicurve  circle  ;  particu- 
larly in  treating  of  the  curvilincal  motions  of  bodies  in 
free  fpace,  aftuated  by  dcflcfting  forces. 

If  EMH  be  an  ellipfe  or  hyperbola,  BKF  is  ano- 
ther eUipfe  or  hyperbola  (M^Luui-in,  J  373). 

We  have  thus  endeavoured  to  introduce  our  readers 
into  this  curious  branch  of  fpeculative  geometry.  An 
introduftion  is  all  that  can  be  cxpcfted  from  a  work  of 
this  kind.  We  have  enlarged  on  particular  points,  in 
proportion  as  we  thought  that  the  notions  entertained 
on  the  fubjeft  were  inadequate,  or  even  vague  and  in- 
diftinft  ;  and  we  hope  that  fome  may  be  incited  to  ac- 
quire clearer  conceptions  by  going  to  the  fountain  head. 
We  conclude,  by  recommending  to  the  young  geome- 
ter the  perufal  of  the  Fluxions  of  Sir  Ifaac  Newton, 
after  he  has  read  M'Laurin's  Chapter  with  care.  He 
will  probably  be  iurpriled  and  delighted  with  feeing 
the  whole  coniprefled  by  a  mailer's  hand  into  fuch  nar- 
row compafs  with  fuch  beautiful  perfpicuity. 

JOAN  d'Arc,  the  maid  of  Orleans,  has  been  va- 
rioully  charafterifed  ;  but  all  now  agree,  that  flie  was 
worthy  of  a  better  fate  than  the  horrid  death  flie  was 
doomed  to  die.  (See  Joan  d'ylrc,  Encycl.)  But  did 
(he  adlually  die  that  death  ?  An  ingenious  writer  in 
the  Monthly  Magazine  has  proved,  we  think,  that  (he 
did  not. 

The  bifiiop  of  Beauvais  (fays  he)  is  accufed  by  all 
parties  of  treachery  and  trick  in  the  conduit  of  the 
trial  :  it  was  his  known  propenfity  to  gain  his  ends  by 
ftratagem,  craft,  manoeuvre,  fraud,  dexterity.  He  feeks 
out,  and  brings  forward,  fuch  teftlmony  only  as  relates 
to  ecclefiaftical  offences,  and  then  hands  over  the  deci- 

flOP- 
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of  VeUy. 


jna"!     fion  to  t'le  fecular  judf^cs,  whofe  clemency  he  invokes. 
J°"*  •     Joan  fays  to  him  publicly,  "  You  *  prcmifed  to  lellore 
,77v!C»     "'^  '°  ^'"•'  cl'^'^-'h.  and  you  deliver  me  to  my  enemies." 
Hifinirt  de    The  intention  of  the  biihop,  then,  mull  have  been,  that 
Friincr,        the  fecular  judges,  for  want  of  evidence,  (hould  fee  no  of- 
fence againll  the  flate  ;  as  the  clerical  judges,  notwith- 
ilanding  the  evidence,   had  declined  to   lee  any  againft 
the  church.      A  fatal  fcnccnce^was,   however,  pronoun- 
ced ;  and  the  fulillment  of  it  eiitrulled  to  the  eccletiafti- 
cal  authorities.      Immediately  after  the  nulo  da  fe,  one 
of  the  executioners  ran  to  two  friars,  and  laid,    "  that 
he  had  never  been  fo  Hiocked  at  any  execution,  and  that 
t  Pufjiiitr    tlie  Engli(h  had  built  up  f   a  fcaffolding  of  plailer  [iin 
Hifloire        ccbafaud  de-  plalri)  fo  lofty,  that  he  could  not  approach 
r  lani,    j|n,  (.^]pr|t,    which  muft  have   caufed  her  fufFerings  to 
be  long  and  horrid."      She  was  therefore,   by  fome  un- 
ttfual  contrivance,  kept  out   of  the  reach   and  obferva- 
■tion  even  of  the  executioners. 

.Some  time  after,  when  public  commiferation  had 
fnccceded  to  a  vindiftive  bigotry,  a  woman  appeared 
%  Kijiovt  Jr  at  Metz  J,  who  declared  herfclf  to  be  Joan  of  Arc. 
l.i  Pucfll!  y],g  yy^j  everywhere  welcomed  with  zeal.  At  Or- 
f."^  .  ."^^leans,  efpeciallv,  where  Joan  was  well  known,  (he  was 
alio  iWc-  received  with  the  honours  due  to  the  hberatrefs  of  the 
langci  Cu-  town.  She  was  acknowledged  by  both  her  brothers, 
rieux  Mon-  j^gj,    gnd  Pierre  d'Arc.     On  their  tellimony   (he  was 

Jhr!,ci ;  ^"^fnanied  bv  a  cfentleman   of  the  houfe  of  Amboife  in 
the  mariu-  ,         ,•'     ,  n     ^  ,.   .      .        ,        _  „    , 

fcript  au-  I43"'  At  then- iolicitation  her  lentence  was  annulled 
thjritics  ci-in  1456.  The  Parifians,  indeed,  long  remained  incre- 
ted  liy  the  dulous  :  they  muil  elfe  have  punilhed  ihofe  ecclefiaftics, 
'""""*""' whofe  humanity,  perhaps,  confpired  with  the  biihop 
of  Beauvais  to  withdraw  her  from  real  execution  down 
a  central  chimney  of  brick  and  mortar;  or,  as  the  ex- 
ecutioner called  it,  a  fcaffoldiug  of  plafter.  The  king, 
for  the  woman  feems  to  have  (hunned  no  confronta- 
tion, is  ftated  to  have  received  her  with  thele  words  : 
"  Pucelle,  m'amie,  foyex  la  ires  bicn  revenue,  au  nom  de 
Dieu."  She  is  then  faid  to  have  communicated  to  him, 
kneeling,  the  artitice  praftifed.  Can  this  v^'oman  be  an 
impoftor  i  Our  author  thinks  not,  and  appeals  to 
Voltaire,  who,  in  his  profe  works,  feems  willing  to  al- 
low that  fhe  was  not,  as  is  too  commonly  imagined,  one 
of  thofe  half  infane  enthufiafts,  emplojed  as  tools  to 
work  upon  the  vulgar  ;  whom  the  one  party  endeavour- 
ed to  cry  up  as  a  prophetefs,  and  tlie  other  to  cry 
down  as  a  witch  ;  but  that  (he  was  a  real  heroine,  fu- 
perior  to  vulgar  prejudice,  and  no  lefs  remarkable  by 
force  of  mind  than  for  a  courage  and  llrength  unufual 
in  her  fex.  This  opinion  is  certainly  countenanced  by 
her  behaviour  in  adverfity,  and  during  her  trial,  which 
was  firm  without  infolence,  and  exalted  without  affec- 
tation. 

JONES  (Sir  William),  who  was  llyled  by  Johnfon 
the  moft  enlightened  of  men,  was  the  fon  of  William 
Jones,  Efq.  one  of  the  laft  of  thofe  genuine  mathema- 
ticians, admirers,  and  contemporaries  of  Newton,  who 
cultivated  and  improved  the  fciences  in  the  prefent  cen- 
tury. Otir  author  was  born  on  the  28th  of  September 
1 746,  and  received  his  education  at  Harrow  fchool, 
under  the  care  of  Dr  Robert  Sumner,  whom  he  has  ce- 
lebrated in  an  eulogium  which  will  outlall  brafs  or 
marble.  We  are  told  that  he  was  a  clafs-fellow  with 
Dr  Parr,  and  at  a  very  early  age  dilplayed  talents  which 
■gave  his  tutor  the  moll   promifing  cspeftations,  and 
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which  have  fmcc  been  amply  jtiftllied.  From  Harrow 
he  was  fent  to  Univerfity  college,  Oxford,  where  the  *■ 
rapidity  and  elegance  of  his  literary  acquilitions  excited 
general  admiration  ;  while  H  temper,  ardently  generous, 
and  morals  perfedlly  iricproachahle,  procured  him  telli- 
monies  of  tlic  moil  valuable  elleem.  The  grateful  af-" 
fertlon  which  he  always  cherllhed  for  that  venerable 
feat  of  learning,  did  as  nuich  honour  to  his  fenfibility, 
as  Oxford  herlelf  has  received  by  enrolling  him  among 
the  number  of  her  fons. 

In  the  twenty-third  year  of  his  age  he  travelled 
through  France,  and  refided  fome  time  at  Nice,  where 
he  employed  himlclf  very  differently  from  moft  other 
yoiiug  men  who  make  what  is  called  the  tour  of  Eu- 
rope. Man,  and  the  influence  of  various  forms  of  go- 
vernment, were  the  principal  ohjedlsof  his  iiivelligatlon  j 
and  m  applying  the  refult  of  his  inquiries  to  the  llatt: 
of  his  own  country,  he  mingled  the  folicitudes  of  the 
Patriot  with  the  honeft  partiahties  of  an  Engllfhraan. 

Mr  Jones's  firft  literary  work  was  a  tranllation  in- 
to French  of  a  Perfian  manufcript,  entitled  "  Hijlotre 
de  Nadir  Shah,  connu  fous  le  nom  de  Thahmas  Kul't 
Khan,  Empereur  de  Perfe,"  in  two  vols  410  ;  the  hifto- 
ry  of  which  performance  we  fhall  give  in  his  own 
words :  "  A  great  northern  monarch,  who  vilited 
this  country  a  few  years  ago,  under  the  name  of  thi 
Prince  of  Travendal,  brought  with  him  an  eaileru  ma- 
nufcript, containing  the  life  of  Nadir  Shah,  the  late  io- 
vereign  of  Perfia,  which  he  was  delirous  of  having 
tranfldted  in  England.  The  ferretary  of  ftate,  with 
whom  the  Danilli  minifter  had  converfed  upon  the  fub- 
jeft,  fent  the  volume  to  me,  requefting  me  to  give. a  li- 
teral tranllation  of  it  in  the  French  language  ;  but  I 
wholly  declined  the  talk,  alleging  for  my  excufe  the 
lengtii  of  the  book,  the  drynets  of  the  fubjeft,  the  dif- 
ficulty of  the  flyle,  and  chiefly  my  want  both  of  lei- 
lure  and  ability  to  enter  upon  an  luidertaking  fo  fruit- 
lefs  and  fo  laborious.  I  mentioned,  however,  a  gentle- 
man, with  whom  I  had  not  then  the  pleafure  of  being 
acquainted,  but  who  had  diHinguIlhed  himfeif  by  3 
tranflation  of  a  Perlian  hiftory,  and  was  far  abler  than 
myfclf  to  fatisfy  the  king  of  Denmark's  expetlations. 
Tlie  learned  writer,  who  had  other  works  upon  his 
hands,  excufed  himfeif  on  the  account  of  his  many  en- 
gagements ;  and  the  application  to  ine  was  renewed. 
It  was  hinted,  that  my  compliance  would  be  of  no  fmall 
advantage  to  me  at  my  entrance  into  life  ;  that  it  would 
procure  me  fome  mark  of  diftinftion  which  might  be 
pleating  to  me;  and,  above  all,  that  it  would  be  a  rciiec- 
tion  upon  this  country,  if  the  king  fhould  be  obliged  to 
carry  the  manufcript  into  France.  Incited  by  thefe 
motives,  and  principally  by  the  laft  of  them,  unwilling 
to  be  thought  churlidi  or  morofe,  and  eager  for  the 
bubble  Reputation,  I  undertook  the  work,  and  fent  a 
fpecimen  of  it  to  his  Daniih  Majefty;  who  returned  his 
approbation  of  the  ilyle  and  method,  but  defired  that 
the  whole  tranflation  might  be  perfedly  literal,  and  the 
oriental  images  accurately  preferved.  The  tallt  would 
have  been  far  eaiier  to  me,  had  I  been  direfted  to  finilh 
it  in  Latin  ;  for  the  acquifition  of  a  French  Ilyle  wa^ 
infinitely  more  tedious  ;  and  it  was  neceffary  to  have 
every  chapter  coiTe<Sled  by  a  native  of  France,  before 
it  could  be  offered  to  the  difcerning  eye  of  the  public, 
fince  in  every  language  there  are  certain  peculiarities  0' 
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Jo'  e«.  I'Jiom,  and  nice  (hades  of  meaning,  wliioli  a  foreigner 
~"V— '  can  never  learn  to  perfedtion.  But  the  work,  how  ar- 
dutMij  and  unpleafing  foever,  was  completed  in  a  year, 
not  without  repeated  liints  from  the  I'ecretary's  office 
that  it  was  expt:dted  with  great  impatience  by  the 
Court  of  Denmark.."  The  tranHation  of  the  Hlftory 
of  Nadir  Shall  was  publillicd  in  the  rummer  of  the  year 
1770,  at  the  expcnce  i)f  tiie  tranlhtor  ;  and  forty  co- 
pies upon  large  ]):iper  were  feut  to  Copenhjgsn  ;  one 
of  them  bound  with  uncommon  elegance  for  the  king 
Prr/i^.-  to];^{n\n\s,  and  the  others  as  prefents  to  his  courtiers  *. 
■  ^'Ji'/y  What  marks  of  diltlprtlon  our  author  rec.ived,  pr 
,^^  J...  what  fruits  he  reaped  for  his  labour,  he  lias  not  thought 
proper  to  difclofe  ;  but  if  any  dependence  is  to  be 
placed  on  conunon  fame,  the  reward  bellowed  upon 
him  for  this  laborious  tadc  confifted  only  in  the  thanks 
of  his  Danifh  Maiclly,  and  tiie  honour  of  being  enroll- 
ed in  the  Royal  Society  of  Copenhagen.  That  dif- 
tinftion  was  indeed  accompanied  with  a  letter,  recom 
mending  the  learned  trani'lator  to  the  patronage  ot  his 
own  fovereign  ;  but,  in  the  interim,  his  friend  Lord 
Dartmouth,  who  was  to  have  deliv^-red  it,  had  rehgn- 
ed  his  office  of  fecrctary  of  Hate,  and  the  letter,  we 
arc  told,  was  never  prefented. 

There  is  reafon  to  think,  that  this  early  and  fevere 
difappointment  made  a  deep  imprcfUon  on  his  mind, 
and  induced  him  to  renounce  the  mules  for  a  time,  and 
to  apply  himielf  with  affidulty  to  the  Ihidy  of  jurif- 
prudence.  This  we  think  apparent,  from  the  ftyle  in 
which  he  writes  of  his  return  from  the  continent,  and 
of  the  death  of  his  beloved  preceptor  Dr  Sumner. 

"  When  I  left  Nice,  (fays  he)  where  I  had  refided 
near  fevcn  months,  and  after  traverfmg  almoft  all  France, 
returned  to  England,  I  moll  ardently  defired  to  pafs 
feveral  years  more  in  the  ftudy  of  poh'te  literature  ;  as 
then,  I  thought,  I  might  enter  into  public  life,  to 
which  my  ambition  had  always  prompted  me,  more 
mature  and  prepared  :  but  with  this  fruit  of  my  leifure, 
cither  fortune,  or  rather  Providence,  the  difpofer  of  all 
human  events,  would  not  indulge  my  iloth  ;  for  on  a 
fudden,  I  was  obliged  to  quit  that  very  literature  to 
which,  tVom  my  childhood,  I  had  applied  myfelf ;  and 
he  who  had  been  the  encourager  and  afliftant  of  my 
ttudies,  who  had  inllrufted,  taught,  formed  me  fuch  as 
I  was,  or  if  I  ain  any  thing  at  all,  Robert  Sumner, 
within  a  year  after  my  return,  was  fnatched  away  by 
an  untimely  death." 

In  1 77 1  Mr  Jones  publidied  D'ljfertat'wn  fur  la  Lite- 
rature Orientahy  8vo,  and  this  was  followed  by  Lettre 
a  Monjicur  A**  Du  />***,  dans  laquelh  cjl  compris 
I'  Exameii  de  fa  Yradudion  des  Litres  altribues  a  Zoro- 
ajlre,  8vo.  The  differtation  offered  a  favourable  fpe- 
cimen  of  the  autlior's  abilities  as  a  liiigulft  and  as 
a  critic  ;  and  the  letter  contained  a  fpirited  vindica- 
tion of  the  univerfity  of  Oxford,  from  the  very  fcurri- 
lous  reproaches,  in  which  its  incompetency  in  Oriental 
literature  was  alTerted  by  the  illiberal  trandator  of  the 
fuppofed  works  of  the  Perfian  philofopher. 

In  the  fame  year  he  gave  to  the  public,  "  A  Gram- 
mar of  the  Perfian  language,"  4to,  and  at  the  fame 
time  propofed  to  republiftt  Menin(l<i's  Dictionary,  with 
improvements  from  De  Labrojfee's  Gaxophyladum  Lin- 
gua Perfarum,  and  to  add  in  their  proper  place  an  Ap- 
pendix fubjoined  to  Gehanaguire's  Perfic  Diftionary. 
The  Grammar  has  been  found  extretijely  ufeful,  and 
Suppi.  Vol.  II.  Part  I. 
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has  been  reprinted  feveral  times  ;   but  the  dcfign  of  the     JnnM. 
Didionary,  though  an  objcdl  of  even  national  impor-  ^~^ 
tance,  for  want  of  due  encouragement  was  obliged  to 
be  laid  alide. 

In  1772  he  publilhed  "Poems;  confiding  chiefly 
of  Tranflations  from  the  Ahatic  Languages.  To  which 
are  added  two  Eflavs  ;  1.  On  the  Poetry  of  the  Eaftern 
Nations.  2.  On  the  Arts  commonly  called  Imita- 
tive," 8vo,  which  in  1777  he  republiflied  with  the  ad- 
dition of  fonie  Latin  Poems,  every  way  wortln  of  their 
author.  On  the  i8th  Junt-  1773,  he  took  the  degree 
of  Mailer  of  Arts,  and  the  fame  year  publilhtd  "  Tlie 
Hiilory  of  the  Life  of  N?dir  Shah,  King  of  Pei^h. 
Extracted  from  an  EalUrn  M^inufcript,  wlilelr  was 
tranflatcd  into  French  by  order  of  his  Majefty  the  King 
of  Denmark.  Wi'h  an  Intrcduftion,  containing,  i.A 
Defcription  (  f  Afia  ■•),•  cording  to  the  Oriental  Geogra- 
phers. 2.  A  lliort  Hiliiory  of  Perlia  from  the  earlleft 
Times  to  the  prcfent  Century  :  And  an  Appendix, 
con  lifting  of  an  Effay  on  Allatic  Poetry,  and  the  Hif- 
tory  of  the  Perfian  Language,  To  which  are  added 
Pieces  relative  to  the  French  Tranflation,"  8vo.  Our 
author  having  at  this  period  determined  to  ftudy  the  law 
as  a  profeffion,  and  to  relinquilh  every  other  purfuit, 
our  readers  will  not  be  difpleafcd  with  the  following 
extraft,  relating  to  this  reiolution,  which  concludes  the 
preface  to  the  hiilory  now  under  confideration  : 

"  To  conclude  ;  if  any  efTential  miftakes  be  deteft- 
ed  In  this  whole  performance,  the  reader  will  excufe 
them,  when  he  reflefts  upon  the  great  variety  of  dark 
and  Intricate  points  which  are  dlfculTed  in  It  ;  and  If  the 
obfcurity  of  the  fubjedl  be  not  a  fufficient  plea  for  the 
errors  which  may  be  difcovered  in  the  work,  let  it  be 
confidered,  to  ufe  the  words  of  Pope  In  the  preface  to 
his  juvenile  poems,  that  there  are  very  few  things  in 
this  collection  which  were  not  written  under  the  age  of 
five-and-twenty  :  moft  of  them  indeed  were  compofed 
in  the  Intervals  of  my  leifure  in  the  South  of  France, 
before  I  had  applied  myfelf  to  a  ftudy  of  a  very  differ- 
ent nature,  which  it  is  now  my  refolution  to  make  the 
fole  object  of  my  life.  Whatever  then  be  the  fate  of 
this  produftlon,  I  fhall  never  be  tempted  to  vindicate 
any  part  of  It  which  may  be  thought  exceptionable  ; 
but  fhall  gladly  refign  my  own  opinions,  for  the  fike 
of  embracing  others,  which  may  iVcm  more  probable  ; 
being  perfuaded,  that  nothing  is  more  laudable  than 
the  love  of  truth,  nothing  more  odious  than  the  obfti- 
nacy  of  perliiling  in  error.  Nor  fhall  I  eafily  be  in- 
duced, when  I  have  dilburdened  myfelf  of  two  other 
pieces  which  are  now  in  the  prefs,  to  begin  any  other 
work  of  the  literary  kind  ;  but  fliall  confine  myfelf 
wholly  to  that  branch  of  knowledge  in  which  it  Is  my 
chief  ambition  to  excel.  It  is  a  painful  confideration, 
that  the  profelTion  of  literature,  by  far  the  moll  labo- 
rious of  any,  leads  to  no  real  benefit  or  true  glory 
whatfoever.  Poetry,  fcience,  letters,  when  they  arc 
not  made  the  fole  buftnefs  of  life,  may  become  its  or- 
naments  in  profperity,  and  its  moft  pleafing  confolatioii 
in  a  change  of  fortune  ;  but  if  a  man  addiils  himfelf 
entirely  to  learning,  and  hopes  by  that,  either  to  raife 
a  family,  or  to  acquire,  what  fo  many  wifh  for,  and  fo 
few  ever  attain,  an  honourable  retirement  in  his  decli- 
ning age,  he  will  find,  when  it  is  too  late,  that  he  has 
miftaken  his  path  ;  that  other  labours,  other  ftudies,  are 
neceflary  ;  and  that  unlefs  he  can  affert  his  own  Inde- 
£  pendence 
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Jo^e'.  penrlcnce  in  a<5\ive  life,  it  will  ;>v  i!l  him  little  to  be  fa- 
">  "votive  J  by  ihe  leanicd,  e'leemed  by  the  eminent,  or  re- 
commended even  bv  kh^s.  It  is  true,  on  the  oth^r 
hand,  that  no  external  advpntag-es  can  make  a:nends  for 
the  lofs  of  virtue  and  integrity,  which  alone  give  a 
perftCl  comfort  to  him  wiu  poirefles  them.  Let  a 
man,  therefore,  who  wilhes  to  enjoy,  what  no  fortune 
or  honocr  can  bellow,  the  bleffing  of  felt  approbation, 
afpire  to  the  glory  given  to  Pericles  hy  a  celebrated 
hiftorian,  of  being  acquainted  with  all  ufeful  know- 
ledge, of  expreffing  what  he  knows  with  copioufnefs 
and  freedom,  of  loving  his  friends  and  country,  and  of 
diKainincr  the  mean  purfuits  of  lucre  and  intereft  :  this 
is  tha  only  career  on  which  an  honeil  man  ought  to 
enter,  or  from  which  he  can  iiope  to  gain  any  folid 
iiappincfs." 

The  next  year  he  publiOied  Poefeos  Afiatice  Com- 
mentariorum  I.iirl  Scx,  cum  Apptnd'ice  ;  fuhjic'itur  Limon, 
feu  M'lfceUanenrum  Liter,  8vo  ;  and  pnrfuing  his  par- 
pofe  of  applying  to  the  il.idy  of  the  law,  we  hear  no 
more  of  him  from  the  prefs  (except  the  new  edition  of 
his  Poems),  until  the  year  1779.  In  this  interval  he 
was  called  to  tlie  bar,  and  attended  Weftmlnller-hall 
and  the  Oxford  circuit,  vyhere  he  obtained  but  little 
bufiiiefs.  He  was  however  appi?inted  a  commiffioner 
of  bankrupts  by  Lord  Bathurll,  who  is  fuppofed  to 
have  intended  to  exert  his  intereft  to  procure  his  nomi- 
nation to  the  bench  in  the  Eaft  Indies. 

He  publiflied  in  this  year,  "  The  fpeeches  of  Ifeus, 
in  caufes  concerning  the  law  of  fucceffion  to  property 
at  Athens  ;  with  a  preparatory  dilcourfe,  notes  critical 


with  the  votffrs  of  a  borough,  or  the  freeholders  of  a 
county.      Even  in  proceeding  thus  far,  he  docs  not  fet  " 
the  example,  but  follows  it  ;  and  his  friends  would  ne- 
ver have  printed  any  paper,   if  they  had  not   thought 
themfelves  julb'fied  by  the  conduft  of  others. 

"  For  the  firlt  and  the  lall  time,  they  beg  leave  to 
fnggetl,  that  no  exertions  mull  be  fpared  by  thofe  who 
either  perfonally  or  by  reputation,  approve  the  cliarafter 
of  Mr  Jones  ;  into  which,  both  literary  and  political,  as 
well  as  moral,  his  friends  defire  and  demand  the  ftriftcll 
fcrutiny.  For  his  univerfity  he  began  early  to  pro- 
voke, and  polfibly  to  incur,  the  difpleafnre  of  great  and 
powerful  men  :  For  his  univerfity  he  entered  the  lifts 
with  a  foul-mouthed  and  arrogant  Frenchman,  who  had 
attacked  Oxford  in  three  large  volumes  of  mifreprefen- 
tation  and  fcurrility  :  For  his  univerfity  he  rcfigned, 
for  a  whole  year,  his  favoirrite  ftudles  and  purinits,  to- 
fave  Oxford  the  difcredit  of  not  having  one  of  her  foiis 
ready  to  tranllate  a  tedious  Ferfian  manufcript.  To- 
Oxford,  in  (hort,  he  is  known  to  be  attached  by  the 
flrongeft  poffible  ties;  and  only  regrets  the  neceffity  of 
abfcnting  himfelf  from  the  place  in  which  of  all  others 
he  moll  delights,  until  the  event  of  the  prefent  compe- 
tition (hall  either  convince  him  that  he  has  toiled  in  vain 
as  a  man  of  letters,  or  fliall  confer  on  him  the  great- 
ell  reward  to  which  he  can  afpire.  The  unavoid- 
able difadvantage  of  being  fo  late  propofed,  and  the 
refpeftable  fnpport  with  which  he  is  now  honoured,, 
will  fecure  him  in  all  events  from  the  leaft  difgrace." 
The  application  was  unfuccefsful,  chiefly  becauie  his- 
o*n  college  had  fixed  upon   another  candidate,   from  a. 
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and  hillorical,  and  a  Commentary,  4to."  '    In  this  valu-     perfuaiion  that  the  immediate  appointment  of  Mr  Jones 


able  work,  the  talents  of  the  fcholar,  the  critic,  and  the 
lawyer,  combine  to  elucidate  a  very  important  part  of 
jurifprudence  ;  for,  "though  deep  refearches  into  the  le- 
gal antiquities  of  Greece  and  Rome  (as  he  obferves  in 
his  Commentary)  are  of  greater  ufe  to  fcholars  and 
contemplative  perfons,  than  to  lawyers  and  men  of 
bufirefs ;  though  Brafton  and  Lyttleton,  Coke  and 
RoUe,  are  the  proper  objcAs  of  our  ftudy  ;  yet  the 
ableft  advocates,  and  wifell  judges,  have  frequently  em- 
bellifhed  their  arguments  with  learned  allufions  to  an- 
tlent  cafes  ;  and  fuch  allulsons,  it  muft  be  allowed,  are 
often  ufeful,  always  ornamental ;  and,  when  they  are 
introduced  without  pedantry,  never  fail  to  pleafe." 
The  work  was  dedicated  in  a  ftyle  of  refpcftful  grati- 
tude to  his  patron  Lord  Bathnrft. 

In  the  year  t;l)3,  we  llnd  our  author  a  candidate 
to  reprefent  in  pa'rllamcnt  the  univerfity  of  Oxford.  He 
had  for  fome  time  relided  but  little  in  the  univedit-y, 
and  therefore  laboured  under  fome  dlfadvantages  ;  but 
he  did  not  meanly  court  the  fnpport  of  any  man.  In 
3  paper,  which  was  circulated  on  that  occafiou,  his 
friends,  who  were  numerous,  declare,  that  they  have 
"  neither  openly  folicited,  nor  intend  openly  to  folicit, 
•votes  for  Mr  Jones  within  the  Univerfity  itfelf,  becaiUe 
he  will  never  become  the  inftrument  of  difturbing  the 
calm  feat  of  the  Mnfes,  by  confenting  to  any  fuch  fo- 
licitatlon  for  himfelf  or  for  any  man   whatever.      His 


to  a  feat,  then  vacant  on  the  bench  of  judges  in  India, 
was  morally  certain. 

The  riots  of  that  year  gave  occafion  to  another 
publication  of  our  author,  entitled,  "  An  Inquiry  in- 
to the  legal  Mode  of  fupprefling  Riots  ;  witli  a  conlli- 
tutional  Plan  of  future  IDcfence,"  8vo  ;  and  in  1781  he 
publlfhed  "  An  Effay  on  the  Law  of  Bailments,"  8vo, 
a  very  mafterly  treatile,  which  did  great  honour  to  his- 
lerral  abilities.  In  this  laft  work  he  Inculcates  the  ne- 
ceffity of  deeply  exploring  the  grounds  of  the  common 
law  ;  and  fpeaking  of  Blackftone,  (he  fays)  "  his  com- 
mentaries are  the  moll  correft  and  beautiful  outline 
that  ever  w  as  exliiblted  of  any  human  fcience  ;  but  they 
alone  will  no  more  form  a  lawyer,  than  a  general  map- 
of  the  world,  how  accurately  and  elegantly  foever  it. 
may  be  delineated,  will  make  a  geographer." 

In  this  year  he  likewlfe  recalled  his  mufe  in  an  Ode  on 
the  nuptials  of  Lord  Vifcouut  Althorpe,  who  had  been 
his  pupil,  to  MIfs  Lavlnia  Bingham.  This  beautiful, 
little  poem  Is  preferved  in  the  European  Magazine  for 
January  1785,  and  we  think  in  other  periodical  publi- 
cations. 

From  many  circumllances  which   might  be  coUefted 
together,   it  would  appear  that  our  author  at  this  junc- 
ture did  not  coincide  in  opinion  with  thofe  who  had  the 
diredion  of  government,  nor  did  he  approve  the  mea-. 
fures  at  that   period  adopted. — With  thefe  fentiments 


own  applications  have  been,  are,  and  will  be,  confined     he  feems  to  have  been  felefted  as  a  proper  perfon  to  be 
to  thofe  only  who  have  profefied  a  regard  for  him,  and    introduced  as  a  member  of  the  Conftitutional  Society 


luho  i-'-xir-  no  votes  themfelves  :  the  Mailers  of  Arts  in  a 
great  univerfity,  whofe  prerogative  is  cool  reafon  and 
impartial  judgment,  mull  never  be  placed  on  a  level 


Could  he  have  forefeen  the  degeneracy  of  fuch  affocia- 
tious,  there  is  reafon  to  believe  that  he  would  have  de- 
clined what  he  condefcended  to  accept  as  an  honour  ; 

for 
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for  thougli  an  aidij.t  fritnd  to  lilicity 
"'my  to  theoretical  innovation,  and  dtclaies,  in  a  letter 
to  tlie  fecretary,  that  by  the  term  conlUiution,  he  un- 
dcrihnds,  "  the  great  fyilem  of  public,  in  contradic- 
tion to  private  and  criminal  law,  whicii  coiiiprifes  all 
ihofe  articles  which  Blackilonc  arranges,  in  his  firit 
volume,  under  the  rights  of  perfons,  and  of  which  he 
gives  a  perfpicuous  anaiyfis.  Whatever  then  relates  to 
the  rights  of  perfons,  either  ahfohite  rights,  as  the  en- 
joyment of  libt-rty,  fecnrity,  and  property,  or  relative, 
that  IS,  in  the  public  relations  of  magillrales  and  people, 
makes  a  part  of  that  majeftic  whole,  whicli  we  proper- 
ly call  the  conllitution.  This  conftitutional  or  public 
law  is  partly  unwritten,  and  grounded  upon  immemo- 
rial ufage,  and  partly  written  or  enabled  by  the  legif- 
•  ative  power  ;  but  the  unwritten,  or  common  law,  con- 
tains the  true  fpirit  of  our  conllitution:  the  written 
has  often  mofl  unjullitial.ly  altered  the  form  of  it  ;  the 
common  law  is  the  collected  wifdom  of  many  centuries, 
having  been  ufed  and  approved  by  fuccefuve  genera- 
tions ;  but  the  ftatutes  frequently  contain  the  whims  of 
a  few  leading  men,  and  lometimcs  of  the  mere  indivi- 
■duaLs  employed  to  draw  them." 

In  i7«2  lie  pubhflied  "The  Mahomedan  Law  of 
Succeflion  to  the  Property  of  Inleftates,  in  Arabic, 
with  a  verbal  Tranflation  and  explanatory  Notes."  4to. 
At  length  the  port  of  one  of  the  judges  in  the  Eaft 
Indies,  which  had  been  kept  vacant  five  years,  was  de- 
termined upon  being  fdled  up  ;  and  our  author,  on  the 
4th  March  1783,  was  appointed  to  that  ilation,  and 
on  the  20tli  received  the  honour  of  knighthood.  On 
the  8th  of  April  he  married  Mifs  Shipley,  eldell  daugh- 
ter of  the  Bilhop  of  St  Afaph,  and  almolt  immediately 
embarked  for  the  Indies.  He  had  previoully  publilli- 
ed  "The  Moallakat  ;  or,  Seven  Arabian  Poems,  which 
were  fufpended  on  the  Temple  at  Mecca,  with  a  tranf- 
lation and  Arguments,"  410.  To  this  it  was  intend- 
ed to  add  a  preliminary  difcourfe  and  notes. — The  for- 
mer to  comprife  oblervations  on  the  antiquity  of  the 
Arabian  language  and  letters  ;  on  the  dialedts  and  cha- 
racters of  Himyar  and  Koraift,  with  accounts  of  fomc 
Himyarick  poets  ;  on  the  manners  of  the  Arabs  in  the 
age  immediately  preceding  that  of  Mahomed  ;  on  the 
temple  at  Mecca,  and  the  Moallakat,  or  pieces  of  poe- 
try fufpended  on  its  walls  or  gate  ;  laftly,  on  the  lives 
of  the  Seven  Poets,  with  a  critical  hillory  of  their 
works,  and  the  various  copies  or  editions  of  them  pre- 
fervcd  in  Europe,  Aiia,  and  Africa.  'I'he  latter  to 
contain  authorities  and  reafons  for  the  tranllation  of 
controverted  palfages  ;  to  elucidate  all  the  obfcure 
couplets,  and  exhibit  or  propofe  amendments  of  the 
text  ;  to  diredl  the  reader's  attention  to  particular 
beauties,  or  point  out  remarkable  defedts  ;  and  to  throw 
light  on  the  images,  figures,  and  allufions  of  the  Ara- 
bian poets,  by  citations  either  from  writers  of  their 
own  country,  or  from  fuch  of  our  European  travellers 
as  bell  illulliate  the  ideas  and  cuftoms  of  Eallern  na- 
tions. This  diicourfe  and  the  notes  have  not  yet  ap- 
peared. At  his  departure  for  the  eallern  world,  he 
left,  in  manufcript,  with  his  brother-in-law  the  Dean  of 
St  Afaph,  a  little  trad,  entitled  "  The  Principles  of 
Government,  in  a  Dialogue  between  a  Scholar  and  a 
Peafant."  This  celebrated  dialogue  being  afterwards 
jjublilhed  by  the  Dean;  and  widely  circulated  by  the 
fociety  for  conftitutional  information,   the  Dean  was 
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he  was  an  enc-     prolecuted  for  publilhnig  a  libel,  and,  if  our  memory     J'"*"- 
deceives  us  not,  was  found  guilty.  1— -y— 

Sir  William  Jones  now  dropt  for  ever  all  concern  in 
party  politics,  and  applied  himfelf  to  purfuits  more 
worthy  of  his  talents.  During  his  voyage  to  India,  he 
conceived  the  idea  of  the  Afiatic  Society,  of  which  an  ac- 
count has  been  given  under  the  title  SociETits  (Kncycl), 
and  ot  whole  refcarches  five  volumes,  replete  with  nuich 
curious  information,  are  now  before  the  public.  But  ar- 
dently as  his  mind  was  attached  to  general  literature  and 
fcience,  he  was  by  no  me,ins  inattentive  to  the  profiflional 
duties  of  his  high  ilation.  He  had  indeed,  to  ufe  his  own 
expreiTion,  an  "  undiffembled  fondiiefs  for  the  Rudy  of 
jurifpvudence  *  ;"  and  in  the  charafter  of  a  judge,  dif-  •  T^rucf 
played  the^  profound  knowledge  and  irreproachable  inte-  I^Mmeiits. 
gnty,  which,  before  his  promotion,  pervaded  his  reafon- 
ings  as  a  lawyer,  and  governed  his  condud  as  a  man. 
Unfortunately  the  intenfe  ardour  of  application,  which 
produced  his  frequent  contributions  to  the  Hock  oFTiu- 
man  knowledge,  added  to  the  unfavourable  influence  of 
the  cHniate,  greatly  impaired  his  hcylth.  On  lh:s  ac- 
count, after  a  refidencc  of  about,  fifteen  years  in  India, 
he  made  preparations  for  retuniing  to  England  ;  but 
death  inlerpofed  ;  and  this  illu!lrionb"ornamem  of  fcience 
and  virtue  was  taken  from  the  world  on  the  27th  of 
April  1794,  in  the  4Sth  year  of  his  age.  "  It  is  to 
the  (hame  of  fcepticifm  (as  one  of  his  biographers  well 
oblerves),  to  the  encouragement  of  hope,  and  to  the 
honour  of  genius,  that  this  great  man  was  a  fincere  be- 
liever in  the  dodrines  of  Chrillianity,  and  that  he  was 
found  in  his  clofet  in  the  attitude  of  addrefling  his 
prayer  to  God."  We  (hall  give  his  character  as  it 
was  drawn  by  Sir  John  Shore,  Baronet,  (now  Lord 
Teignmouth)  in  a  difcoiufe  delivered  at  a  meeting  of 
the  Afiatic  Society,  held  on  the  7.2d  of  May   179  J. 

"  His  capacity  for  the  acquifilion  of  languages  has 
never  been  excelled.  In  Greek  and  Roman  literature, 
his  early  proficiency  was  the  fubjcd  of  admiration  and 
applaufe  ;  and  knowledge  of  whatever  nature,  once  ob- 
tained by  him,  was  ever  afterwards  progreffive.  The 
more  elegant  dialetls  of  modern  Europe,  the  French, 
the  Spanifli,  and  Italian,  he  fpoke  and  wrote  with 
the  greateft  fluency  and  precifion  ;  and  the  German 
and  Portuguele  were  familiar  to  him.  At  an  early 
period  ot  hie  his  application  to  Oriental  literature  com- 
menced ;  he  lludied  the  Hebrew  with  ealeand  fuccef?  • 
and  many  of  the  moil  learned  Afiatics  have  the  can' 
dour  to  avow,  that  bis  knowledge  of  Arabic  and  Per- 
iian  was  as  accurate  and  extenfive  as  their  own  ;  he  was 
alfo  converfant  in  the  Tu>ki|]i  idiom,  and  the  Chinefe 
had  even  attraded  his  notice  lb  far  as  to  induce  him  to 
learn  the  radical  charadeis  of  that  language,  with  4 
view  perhaps  to  farther  improvements.  It  was  to  be 
expeded,  alter  his  arrival  in  India,  that  he  would  eager- 
ly embrace  the  opportunity  of  making  hiirdeif  mailer 
oi  the  Sanfcrit  ;  and  the  moil  enlightened  profeflbis  of 
the  dodrines  of  Brahma  confeis  with  pride,  delight, 
and  furprife,  that  his  knowledge  of  their  facred  dialed 
was  moll  critically  corred  and  profound.  The  Pan- 
dits, who  were  in  the  habit  of  attending  him,  could 
not,  after  his  death,  fupprefs  their  tears  for  his  lofs,  nor 
find  terms  to  exprcfs  their  admiration  at  tiie  wonderful 
progrels  he  had  made  in  their  fciences. 

"  Before  the  expiration  of  his  twenty-fecond  year, 

he  had  .completed  his  Csmmentaries  0:1  the  Poetry  of 
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the  Afiatics,  although  a  confiderable  time  afterwards 
'  elapfed  before  their  publication;  and  this  work,  if  no 
other  monument  of  his  labours  exilted,  would  at  once 
furnijh  proofs  of  his  confummatc  fl<ill  in  the  Oriental 
dialects,  of  his  proficiency  in  tliofe  of  Roine  and  Greece, 
of  talle  and  erudition  far  beyond  his  years,  and  of  ta- 
lents and  application  without  example. 

"  But  the  jud;^'ment  of  Sir  William  Jones  was  too 
difcerning  to  confider  language  in  any  other  light  than 
as  the  key  of  fcience,  and  he  would  have  defpifed  the 
reputation  of  a  mere  linguift.  Knowledge  and  truth 
were  the  objefts  of  all  his  ftudles,  and  his  ambition  was 
to  be  ufeful  to  mankind  ;  with  tliefe  views  he  extended 
his  refearches  to  all  languages,  nations,  and  times. 

"  Such  were  the  motives  that  induced  him  to  pro- 
pofe  to  the  government  of  India,  what  he  julHy  denomi- 
nated a  work  of  national  utility  and  importance,  the 
compilation  of  a  copious  Digefl  of  Hindu  and  Mahome- 
dan  Law,  from  Sanfcrit  and  Arabic  Originals,  with  an 
offer  of  liis  fervices  to  fuperintend  the  compilation,  and 
with  a  promife  to  tranflate  it.  He  had  forefeen,  pre- 
vious to  his  departure  from  Europe,  that  without  the 
aid  of  fuch  a  work,  the  wife  and  benevolent  intentions 
of  the  legillature  of  Grei.t  Britain,  in  leaving  to  a  cer- 
tain extent  the  natives  of  thefe  provinces  in  pofleflion 
of  their  own  laws,  could  not  be  completely  fulfilled  ; 
and  his  experience,  after  a  fhort  refidence  in  Indiaj  con- 
firmed what  his  fagacity  had  anticipated,  that  without 
principles  to  refer  to,  in  a  language  familiar  to  the 
judges  of  the  courts,  adjudications  amongft  the  natives 
mail  too  often  be  fubjeft  to  au  uncertain  and  erroneous 
expofition,  or  wilful  mifinterprctation  of  their  laws. 

"  To  the  fuperintendance  of  this  work,  which  was 
immediately  undertaken  at  his  fuggtftion,  he  afliduoul- 
ly  devoted  thofe  hours  which  he  could  fpare  from  his 
profefiional  duties.  After  tracing  the  plan  of  the  Di- 
geft,  he  prefcribed  its  arrangement  and  mode  of  execu. 
tion,  and  felefted  from  the  moft  learned  Hindus  and  Ma- 
homedans  fit  perfons  for  the  taflc  of  compiling  it  :  flat- 
tered by  his  attention,  and  encourajjed  by  his  applaufe, 
the  Pandits  profecuted  their  labours  with  chearful  .zeal 
to  a  fatisfaftory  conclufion.  The  Molavees  have  alfo 
nearly  finifhed  their  portion  of  the  work  ;  but  we  mull 
ever  regret,  that  the  promifed  tranflation,  as  well  as  the 
meditated  preliminary  differtation,  have  been  fruftrated 
by  that  decree,  which  fo  often  intercepts  the  perform- 
ance of  human  purpoies. 

"  During  the  courfe  of  this  compilation,  and  as  auxi- 
liary to  it,  he  was  led  to  ftudy  the  works  of  Menu,  re- 
puted by  the  Hindus  to  be  the  oldeil  and  holiell  of  le- 
giflators  ;  and  finding  them  to  comprife  a  fyllem  of  re- 
ligious and  civil  duties,  and  of  law  in  all  its  branches, 
fo  comprehenfive  and  minutely  exaft,  that  it  might  be 
confidered  as  the  Inftitutes  of  Hindu  Law,  he  prefent- 
ed  a  tranflation  of  them  to  the  government  of  Bengal. 
During  the  fame  period,  deeming  no  labour  exceffive 
or  fupcrfluous  that  tended  in  any  refpeft  to  promote 
the  welfare  or  happinefs  of  mankind,  he  gave  the  pub- 
lic an  Englifli  verfion  of  the  Arabic  Text  of  the  Sira- 
jiyah  or  Mahomedan  Law  of  Inheritance,  with  a  Com- 
mentary. He  had  already  (as  has  been  obferved)  pub- 
lifhed  in  England  a  tranflation  of  a  traft  on  the  fame 
fubjcft  by  another  Mahomedan  lawyer,  containing,  as 
his  own  words  exprefs,  '  a  lively  and  elegant  Epitome 
of  the  Law  of  Inheritance  of  Zaid.' 
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"  To  thefe  learned  and  important  works,  fo  far  out 
of  the  road  of  amufement,  nothing  could  have  engaged  ^ 
his  application  but  tiiat  delire  wluch  he  ever  protefTed, 
of  rendering  his  knowledge  ufeful  to  his  nation,  and  be- 
neficial to  the  inhabitants  of  thefe  provinces. 

"  I  fliould  fcareely  (continues  Lord  Teignmouth) 
think  it  ot  importance  to  mention,  that  he  did  not  dif- 
dain  the  office  ot  editor  of  a  Sanfcrit  and  Perfian  work, 
if  it  did  not  afford  me  an  opportunity  of  adding,  that 
the  latter  was  publifhed  at  his  own  expence,  and  was 
fold  for  the  benefit  ot  infolveut  debtors.  A  fimilar  ap- 
plication was  made  of  the  produce  of  Sirajiyah." 

But  nothing  exhibits  the  large  grafp  of  Sir  William 
Jones's  mind  in  fo  ftriking  a  point  of  view  as  a  paper 
in  his  own  hand  writing,  which  came  into  Lord  Teigu- 
mouth's  poffeffion  after  his  death.  It  was  intitled  De- 
siderata, and  propofed  for  inveftigation  the  following 
fubjeCts  relating  to  the  eallern  world. 

India. — i.  The  antient  geography  of  India,  &c. 
from  the  Puranas.  2.  A  botanical  defcription  of  Indian 
plants,  from  the  Cofhas,  &c.  3.  A  grammar  of  the 
Sanfcrit  language,  from  PaninI,  &c.  4.  A  didlionary 
of  the  Sanfcrit  language,  from  the  32  original  vocabu- 
laries  and  Nirufti.  5.  On  the  ancient  mufic  of  the 
Indians.  6.  On  the  medical  fubflances  of  India,  and 
the  Indian  art  of  medicine.  7.  On  the  philofophy  of 
the  ancient  Indians.  8.  A  tranflation  of  the  Veda. 
g.  On  ancient  Indian  geometry,  aftronomy,  and  algebra. 
10.  A  tranflation  of  the  Puranas.  II.  A  tranflation 
of  the  Mahabbara  and  Ramayan.  12.  On  the  Indian 
theatre,  &c.  &c.  13.  On  the  Indian  conftellations, 
with  their  mythology,  from  the  Puranas.  14.  The 
hiftory  of  India  before  the  Mahomedan  conqueft,  from 
the  Sanfcrit  Cafhmir  Hiflories. 

Arabia. — 15.  Tlie  hiftory  of  Arabia  before  Maho- 
med.  16.  A  tranflation  of  theHamafa.  17.  A  tranf- 
lation of  Hariri.  18.  A  tranflation  of  the  Facahatul 
Khulafa.     jOf  the  Cafiah. 

Perfia. — 19.  The  hiflory  of  Perfia,  from  authorities 
in  Sanfcrit,  Arabic,  Greek,  Turkifh,  Perfian  ancient 
and  modern,  Firdaufi's  Khrofrau  nama.  20.  The  five 
poems  of  Nizami,  tranflated  in  profe.  21.  A  diclio- 
naiy  of  pure  Perfian  Je  changire. 

China. — 22.  A  tranflation  of  Schi-cing.  23.  The 
text  of  Can-fu-tfu,  verbally  tranflated. 

Tartary. — 24.  A  hiftory  of  the  Tartar  nations, 
chiefly  of  the  Moguls  and  Othmans,  from  the  Turkifh 
and  Perfian. 

"  We  are  not  authorifed  (fays  his  Lordfhip)  to  con- 
clude, that  he  had  himfclf  formed  a  determination  to 
complete  the  works  which  his  genius  and  knowledge 
had  thus  fketched  ;  the  tafl<  feems  to  require  a  period 
beyond  the  probable  duration  of  any  human  life  ;  but 
we,  who  had  the  happinefs  to  know  Sir  William  Jones  ; 
who  were  witnefles  of  his  indefatigable  perfeverance  in 
the  purfuit  of  knowledge,  and  of  his  ardour  to  accom- 
plifh  whatever  he  deemed  important  ;  who  faw  the  ex- 
tent of  his  intelleftual  powers,  his  wonderful  attainments 
in  literature  and  fcience,  and  the  facility  with  which  all 
his  compofitions  were  made — cannot  doubt,  if  it  had 
pleafed  Providence  to  protraA  the  date  of  his  exiftence, 
that  he  would  have  ably  executed  much  of  what  he  had 
fo  extenfively  planned." 

We  hav€  already  enumerated  attainments  and  works 
which,  from  their  diverfity  and  extent,  feem  far  beyond 
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Jone?.  tlie  capacit)'  of  the  moft  enlarged  minds  ;  but  the  ca- 
""Y"""  talogue  may  yet  be  augmented.  To  a  proficiency  in 
the  langUfigcs  of  Greece,  Rome,  and  Afia,  he  added 
the  knowledge  of  the  philofophy  of  thofe  countries, 
and  of  every  thing  curious  and  valuable  that  had  been 
taught  in  them.  The  doftrines  of  the  Acadeiny,  the 
Lyceum,  or  the  portico,  were  not  more  familiar  to  him 
than  the  tenets  of  the  \'edas,  the  myfticifm  of  the  Sufis, 
or  the  religion  of  the  ancient  Perfians  ;  and  uhilll,  with 
a  kindred  genius,  he  penafed  with  rapture  the  heroic, 
lyric,  or  moral  compofitions  of  the  moft  renowned  poets 
of  Greece,  Rome,  and  Afia,  lie  could  turn  with  equal 
delight  and  knowledge  to  the  fiihlime  fpeculatioiis  or 
mathematical  calculations  of  Barrow  and  Newton.  With 
them  alfo  he  profeffed  his  couvidtion  of  the  truth  of  the 
Chriftian  religion  ;  and  he  juftly- deemed  it  no  inconii- 
derahle  advantage,  that  his  rcfearches  had  corroborated 
the  multiplied  evidence  of  Revelation,  by  confirming 
the  Mofaic  account  of  the  primitive  world. 

In  his  eighth  anniveriary  diicourfe  to  the  Afiatic  So- 
ciety, he  thus  expreflfes  himfelf:  "  Theological  inquiries 
are  no  part  of  my  prefent  fubjtft  ;  but  I  cannot  refrain 
from  adding,  that  the  collection  of  tracls  which  we  call, 
from  their  excellence,  the  Scriptures,  contain,  indepen- 
dently  of  a  divine  origin,  more  true  fublimity,  more  ex- 
quifite  beauty,  purer  morality,  more  important  hiftory, 
and  finer  ftrains  both  of  poetry  and  eloquence,  than 
could  be  collefted  within  the  fame  compafs  from  all 
other  books  that  were  ever  compofed  in  any  age,  or 
any  idiom.  The  two  parts,  of  which  the  Scriptures 
confift,  are  connefted  by  a  chain  of  compofitions,  which 
bear  no  refemblance  in  form  or  llyle  to  any  that  can  be 
produced  from  the  ftores  of  Grecian,  Indian,  Perfian, 
or  even  Arabian  learning  ;  the  antiquity  of  thefe  com- 
pofitions no  man  doubts,  and  the  unllraiiied  applica- 
tion of  them  to  events  long  fubfequrnt  to  their  publi- 
cation, is  a  folid  ground  of  belief  that  they  were  ge- 
nuine predictions  ;  and  confequently  infpired. 

There  were,  in  truth,  few  fciences  in  which  he  had 
not  acquired  confiderable  proficiency  ;  in  moft,  his 
knowledge  was  profound.  The  theory  of  mufic  was 
familiar  to  him  ;  nor  had  he  negletted  to  make  himfelf 
acquainted  with  the  interefling  difcoveries  lately  made 
in  chemiftry ;  "  and  I  have  heard  him  (fays  Lord  Teign- 
mouth)  afTcrt,  that  his  admiration  of  the  ftvuflure  of 
the  human  frame  had  induced  him  to  attend  for  a  fea- 
fon  to  a  courfe  of  anatomical  leftures,  delivered  by  his 
friend  the  celebrated  Hunter." 

His  laft  and  favourite  purfuit  was  the  ftudy  of  bo- 
tany, which  he  originally  began  under  the  confinement 
of  a  fevere  and  lingering  diforder,  which  with  moft 
minds  would  have  proved  a  difqualification  from  any 
application.  It  conftituted  the  principal  amufemcnt  c  f 
his  leifure  hours.  In  the  arrangements  of  Linnseus,  he 
difcovered  fyrtem,  truth,  and  fcience,  which  never  fail- 
ed to  captivate  and  engage  his  attention  ;  and  from  the 
proofs  which  he  has  exhibited  of  his  progrefs  in  botany, 
we  may  conclude  that  he  would  have  extended  the  dif- 
coveries in  that  fcience. 

It  cannot  be  deemed  ufelefs  or  fuperfiuous  to  inquire 
by  what  arts  or  method  he  was  enabled  to  attain  to  a 
degree  of  knowledge  almoft  univerfal,  and  apparently 
beyond  the  powers  of  man,  during  a  life  b'ttle  exceed- 
ing 47  years. 

The  faculties  of  his  mind,  by  nature  vigorous,  were 


improved  by  conftant  exercife  ;  and  his  memory,  by 
habitual  praftice,  had  acquired  a  capacity  of  retaining 
whatever  had  once  been  iniprefled  upon  it.  To  an  un- 
exlingirilhcd  ardour  for  univerfal  knowledge,  he  joined 
a  perfeverance  in  the  purfuit  of  it  which  fubdued  all  ob- 
flacles  ;  his  iludies  began  with  the  dawn,  and,  duiing 
the  intermiffions  of  profefiional  duties,  were  continued 
thcoughout  the  day;  refleClion  and  meditation  ftrength- 
ened  and  confirmed  what  indullry  and  inveftigation  had 
accunnilatcd.  It  was  a  fixed  principle  with  him,  from 
which  he  never  voluntarily  deviated,  not  to  be  deterred 
by  any  difficulties  that  were  iurmountable  from  profe- 
cuting  to  a  fucceisful  teimination  what  he  had  once  de- 
liberately undertaken. 

But  what  appealed  more  particularly  to  have  en- 
abled him  to  employ  his  talents  fo  much  to  his  own  and 
the  public  advantage,  was  the  regular  allotment  of  his 
time,  and  a  fcrupulous  adherence  to  the  diftribution 
wliich  he  had  fixed  ;  hence  all  his  ftudies  were  purfued 
without  interruption  orconfutlon.  He  colledled  infor- 
mation, too,  from  every  qui'rter;  juftly  concluding,  that 
foniclhing  might  be  learned  from  the  illiterate,  to  whom 
he  liltencd  with  the  utmoft  candcnr  and  con'placency. 

Lord  Teignmouth,  addreffing  himlelf  to  the  Afiatic 
Society,  fays,  "  Ot  the  private  and  fecial  virtues  of 
our  lamented  Prcfident,  our  hearts  are  the  Left  records. 
To  you  who  knew  him,  it  cannot  be  neceftary  for  me 
to  expatiate  on  the  independence  of  his  integrity,  his 
humanity,  probity,  or  benevolence,  which  every  living 
creature  participated  ;  en  the  afiability  of  his  conver- 
fation  and  manners,  or  his  modeit,  unafTuming  deport- 
ment :  nor  need  I  remark,  that  he  was  totally  free 
from  pedantry,  as  well  as  from  arrogance  and  fdf-fuffi- 
ciency,  which  fometimes  accompany  and  difgrace  the 
greateft  abilities.  His  prelence  was  the  delight  of  every 
fociety,  which  his  converfation  exhilarated  and  impro- 
ved ;  and  the  public  have  not  only  to  lament  the  lofs 
of  his  talents  and  abilities,  but  that  ot  his  example. 

"  To  him,  as  the  founder  of  our  inftitution,  and 
whilft  he  lived  its  firmeft  fnpport,  our  reverence  is  more 
particularly  due.  Inilruiitcd,  animated,  and  encoura- 
ged  by  him,  genius  was  called  forth  into  exertion,  and 
modeft  merit  was  excited  to  diftinguifti  itfelf.  Anxious 
for  the  reputation  of  the  fociety,  he  was  indefatigable 
in  his  own  endeavours  to  promote  it,  whilft  he  cheer- 
fully aflifted  thofe  of  others.  In  lofing  him,  we  have 
not  only  been  deprived  of  our  brighteft  ornament,  but 
of  the  guide  and  patron,  on  whole  inllruftions,  judge- 
ment, and  candour,  we  could  implicitly  rely."  Though 
thefe  are  the  fentiments,  not  only  of  Lord  Teign- 
mouth, but,  we  believe,  of  every  man  of  letters,  we 
truft  there  is  ftill  left  in  Bengal  a  fufficient  love  of  let- 
ters and  of  fcience  to  carry  on  the  plan  which  was  form- 
ed by  the  genius  of  Sir  William  Jones. 

JONESIA,  is  a  very  handfome  middling-fized  ra- 
mous  tree,  found  in  gardens  about  Calcutta.  In  the 
Sanfcrit  it  is  called  As'oca,  and  in  the  Bengalefe  Riif- 
fuck ;  but  the  name  Jonefia  was  given  to  it  by  the  Afia- 
tic Society,  who  confecrated  it  to  the  memory  of  their 
firft  prefident  Sir  Willam  Jones.  It  is  thus  defcribed 
by  Dr  Roxburgh,  a  member  of  that  fociety  : 

'^  Calyx,  two-leaved, corol,  one-petalled,  piftil-bearing, 
bafe  of  the  tube  impervious  ;  ftamens  long,  afcending, 
inferted  into  the  margin  of  a  glandulous  nedlaral  ring, 
which  crowns  the  mouth  of  the  tube,  the  uppermoll 
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T  >n"fi3,    two  of  wliicb   more  diftant  ;   ilyle  (lecliniiif^.     Leoi,nte  unckr  the  title    of  Mtniolrs  of  LiUralnre,    containing 

J'.urn:ils.   (yp^.;(]_      Tiutik  creft,  though  not  very  itraight.     BciiL  Jittle  more  than  an  Englilh  Iraiiflation  o I  Ionic  articles 

'  daik  brown,  pretty  fmooth.   Branches  numerous,  fpreaci-  in  the  foreign  journals,  by  M.  de  la  Roche  ;  the  other,  , 

in?  in  every  dirtflion,  fo  as  to  form  a  raoft  elegant  (ha-  a  collection  ot  loole  tracts,  entitled,  Bihlwtheca  Curiofa, 

dy  head.     Lea-vrs  alternate,   abruptly  feathered,  fcfijle,  or  a  Mii"cellai;y.      Thefc,  however,  with   fome  others, 

ircnerally  more  than  a  foot  long  ;   wlien  young,  pendu-  are  now  no  more,  but  are  fucceeded  by  the  Annual  Re- 

•lous  and  coloured.      Leaflets  oppofite,  from   four  to  fix  gijler,  which  began   in    1 758;   the  New  Annual  Regi- 

pair,  the  lowermoft  broad  lanced,  t)ie  upper  lanced;  Jier,  begun   in  1780;   ihe  Monthly  Revleiv,  which  be- 

fmooth,  (liiriin<r,  lirm,  a  little  waved,  from  four  to  eight  gan  in  the  year  1749,  and  gives  a  charadfer  of  all  Eng- 

inches  long.    Petiole  common,  round,  and  fmooth.     Stl  lifli  literary  publications,  with  the  moil  conlidtrable  of 

pule  axillary,  folitarv  ;   in   f:icf  a  procefs  from  the  bafe  the  foreign  ones  :   the  Critical  Rcvic-w,  which  began  ia 

of  the  common   petiole,   as  in  many  of  the  gralfes  and  1756,  and  is  nearly  on  the  iatr.e  plan  ;   as  alio  the  Lon- 

monaiidrifts,   &c.      Umbels  terminal  and   axillary;    be-  don   Review,    by   Dr   Kenrick,    trom    1775    to    1780; 

tween  the  ftipule  and  branchlet,  globular,  crowded,  fub-  Alaly's  Review,  from  Feb.    1782  to  Aug.  i7>S6;    the 

fefhle,  eredt.     BraPs,  a  fmall  hearted  one  under  each  Eng/jh  Review,  begun   in  Jan.  17H3  ;  and  the  Analy- 

divliion   of  the  umbil.     Peelunde  and  pedicles  fmooth,  tical  Review,  begun  in  May   1788,  dropt  in  1798,  and 

coloured.     :F/o"zt.frj- very  numerous,  pretty  large;  when  revived   in  I  799,  under  the  title  oi  the  New  Ai:alytical 

tliey  firif  expand  tliey  are  of  a  beautiful  orange  colour.  Review;  but  again   dropt   after  two  or  three  months 

gradually  changing  to  red,  forming  a  variety  of  lovely  trial  :  the  Briti/h  Critic,   begun  in  1792,  and  ilill  car- 

ihades  ;    fragrant  during   the  night.      Calyx   perianth,  ried  on  with  much  fpirit  and  ability  :   the  Anti-^acoiin 

below  two-leaved,  leaflets  fnial!,    nearly   oppofite,  co-  Review  and  Magazine,  commeucKd  in  I'^gii,  for  the  mt- 

■  loured,  hearted,  braAe-like,  marking  the  termination  of  ritorions   purpofe  of  counteradling  the  pernicious  ten- 

the  pedicle,  or  beginning  of  the  tube  of  the  corol.      Co-  dency  of  French  principles  in  politics  and  religion  :   the 

'  ro/  one-petalled,   funnel-form;    tube   {lightly   incurved.  New  London    Review,   January    1799:    ^l  jfournal  of 

•firm,  and  ilefliy,  tapering  towards  the  bafe  (club  funnel-  Natural  Philojophy,    Chemijlry,  and  the  Arts,  which  was 

fhaped)  and  there  impervious  ;  border  four  parted  ;  di-  begun  in  i  797  by  Mr  Nicholion,  and  has  been  conduct, 

vifion   fpreading,   fuborbicular  ;    rnargins  moft    flightly  ed  in  fuch  a  manner,  that  it  is  one  ot  the  moll  valuable 

woolly  :   one  third  the  length  of  the  tube.      NeBary,  a  works  of  the  kind  to   be  found  in  any  language:   the 

ftimeniferous  and  pilliliferour.  ring  crowns  the  mouth  of  Philofophical  Magazine,  begun  in  1 798  by  Mr  Tilloch, 

the  tube.     Stavietis,  iWzmevits  generally  feven  ;  and  fe-  and  carried  on  upi'U  much  the  fame  plan,  and  with  much 

ven  muft,  I  think,  be  the  natural  number  ;  viz.  three  the  fame  fpirit,  as  Nichollon's  Journal, 
on  each  fide,  and  one  below,  above  a  vacancy,  as  if  the  Bcfides  thefe,  w-e  have  ieveral  monthly   pamphlet!, 

"place  of  an  eighth  filament,  and  is  occupied  on  its  infide  cMeA  Magazines,   which,  together  with   a  chronologi- 

by  the  pilti! ;  they  are  equal,  diftindl,  afcending  from  cal  feries  ol  occurrences,  contain  letters  from  correfpon- 

three  to  four  times  longer  than  the  border  of  the  corol.  dents,  communicating  extraordinary  difcoveries  in  na. 

Anthers  uniform,   fmall,   incumbent.      Pifld,  germ   ob-  ture  and  art,  with  controverfial  pieces  on  all   fubjefts. 

long,  pediceled  ;   pedicle  infcrted  into  the  infide  of  the  Of  thele,  the  principal  are  thofe  called  the  Gentleman's 

nedtary,   immediately  below   the  vacant    fpace   already  Magazine,  which  began  with  the  year  1731  ;  the  Lon- 

mentioned;  ftyle  nearly  as  long  as  the   ftamens,  decH-  don  Magazine,  which  began   a  few  months  after,   and 

ning;  lligma  fimple.   Pericarp,  legume  fcimeter-formed,  has  lately  been   dilcontinued  ;   the  Univerfal  Magazine, 

turo-id,   outfide   reticulated,  otherwife   pretty   fmooth  ;  which  is  nearly  of  as  old  a  date  ;  tlie  Scotch  Magazine, 

from  fix  to  ten  inches  long,  and  about  two  broad.  Seeds  which  began  in    1739,  and   is  ftill  continued  ;  the  Eu- 

generally  from  four  to  eight,   imooth  ;  grey,  fize  of  a  ropean  Magazine  ;   and   the  Monthly   Magazine,   a  mif- 

larsje  chefnut."  ceilany  of  much  information,  but  not  of  good  principles. 
The  Jonefia  flowers  at  the  beginning  of  the  hot  fea-  JOYST  or  JtysT,  the  fecond  month  of  the  Bengal 

fon,  and  its  feeds  ripen  during  the  rains.      The  plants  year. 

and  feeds  were  originally  brought  to  Calcutta  from  the  IRELAND  has  been  fo  fully  dcfcribed,  and  its  hif- 

interior  parts  of  the  coimtry,  where  it  is  indigenous,  tory  fo  amply  detailed,  in  the  Eiicyclopxdia,  that  it  is 

A'.  B.  Many  of  the  flowers  have  only  the   rudiment  of  introduced  here  only  to  notice  its  legillative  union  with 

a  piftil.      Tn  Plate  XXX.  A  is  a  branchlet  of  the  natu-  Great  Britain.      Such  a  meafure  had  been  often  wiflitd 

ral  fize.      B,  A  fingie  flower  a  little  magnified;  a  a  the  for  by  the  more  intelligent  Irilh,  who   could   not   but 

calyx.      C,  A  feftion  of  the  fame,  exhibiting  four  of  the  hope,  from  a  union,  advantages  to  their  country  fimilar 

damens,   i  i  i  i  the  piilil  2,  and  how  far  the  tube  is  to  thofe  which   Scotland  had  reaped   from  her  union 

perforated.      D,  A  fimilar  fedtion  of  one  of  the  abortive  with  England  ;  but  it  was  at  all  times  dreaded  by  the 

flowers  ;    ^  is  the  abortive  fiftil.      E,  The  ripe  legume  city  of  Dublin,  and  by  thofe  individuals  who  preterred 

opening  near  the   bafe,  natural  fize.      Nste,  The  fpace  the  empty  and   unmeaning  found  of  national  indepen- 

between  the  l>  and  c  marks  the  original  tube  of  the  co-  dence  to  future  profperity.      The  rebellion,  however, 
ral.     F,  One  of  the  feeds,  natural  fize.     G,  The  bafe 
of  the  common  petiole,  with  its  llipule;  aa,  the  petioles 
of  the  lower  pair  of  leaflets. 

JOURNALS,  the  title  of  periodical   publications. 
See  Encyclopisdia.     The  principal  Britifli  Journals  are  : 
7he  Hiflory  of  the  Works  of  the  Learned,  begun  at  Lon 
in 


which  raged  in  Ii'tland  during  the  year  1798,  and  the 
ilanger  which  was  then  apprehended  of  its  final  fepara- 
tion  from  Biltain,  and  union  with  France,  made  the  wi- 
fer  ilatefmen  in  both  ifiands  think  ferioufly  of  a  legilla- 
tive union.  The  meafure,  after  much  oppofition  from 
the  pretended  patriots  of  both  countries,  who  made  it 


don   in    1699.      Cenfura   Temporum,   in  1708.     About     a  rule  to  oppofe  whatever  originated  with  adminiftra- 
the  fame  time  there  appeared  two  new  ones ;  the  one    tion,  was  finally  accomplilhed,  and  the  royal  aflent  gi- 
ve a 
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ven  to  the  aft  of  union  on  the  2d  of  Julv  iPoo.  By  applied  to  the  cotton  thread,  it  is  neccfTary  to  hcgiii  by 
th^t  a&,  the  Irilh  are  admitted  to  a  (liare  of  all  the  trade  effeding  its  folution  ;  and,  in  this  cafe,  acids  are  em- 
'  of  Great  Britain,  except  fuch  as  is  confined  to  charter,  ployed  as  the  moll  ufefiil  folvents.  Dyers  almoft  every, 
ed  companies,  and  is  of  courfe  not  free  to  the  inhabi-  where  make  a  myftery  of  the  acid  which  they  employ  ; 
tants  of  Biitain  at  large.  The  Irilh  commons  are  re-  but  it  is  always  the  acetous,  the  fulpluiric,  the  nitric, 
prelentcd  by  a  lunijrcd  members  in  the  hoiife  of  com-  or  the  muriatic.  Some  of  them  afcribe  great  differences 
mons  at  WcKniiniler  ;  the  Irilh  peerage,  fpiritual  and  to  the  folution  of  iron  by  the  one  or  the  other  acid  ; 
teinpornl,  by  four  bifliops  and  twenty-eight  by-lords,  but,  in  general,  they  give  the  preference  to  the  ace- 
chofen  bv  the  bilhops  and  peers  of  Ireland,  to  holo  their  tons.  This  pvedih.-dtion  appears  to  be  founded  much 
feats  for'life  :  and  the  fovereign  is  now  ftyled  King  of  lels  on  the  difference  of  the  colours  that  may  be  com- 
the  United  Kingdom  of  Great  Britain  and  Ireland;  ha-  municated  by  the  one  or  the  other  fait,  than  on  the 
■cing,  with  proper  dignity,  dropt  the  empty  title  of  different  degrees  of  conolive  power  which  each  exercifes 
King  of  France.  Ireland  Hill  retains  her  own  laws  and  on  th?  fluff.  That  of  the  fulpiiat  and  muriat  is  fo  great, 
courts  of  jullice,  not  excepting  even  the  court  of  chan-  that  if  the  ftulT  be  not  waflied  when  it  comes  from  the 
eery  ;  and  his  raajefty  is  rcprefented  in  Dublin  by  a  bath,  it  will  certainly  be  burnt  ;  whereas  folutions  by- 
lord  lieutenant,  as  when  the  two  iflands  vv^ere  two  king-  the  acetous,  or  any  other  vcKetable  acid,  are  not  at  • 


Iron. 


doms.  Ireland  is  likewife  exempted  from  all  concern 
with  the  debt  of  Great  Britain  contracted  before  the 
union  ;  in  which  refpect  the  terms  granted  to  her  are 
preferable  to  thofe  which  had  been  granted  by  England 
to  .Scotland  ;  and  her  contribution  to  the  imperial  ex- 
pences  is  as  I  to  ji.  This  article,  however,  from  the 
probable  increafe  of  her  trade,  might  in  time  prove  ex- 
travagantly favourable  ;  it  is  therefore  fubjeft  to  revi- 
fal  by  the  imperial  parliament  in  the  courfe  of  tv/enty 
years.     There  is  one  lingular  claufe  in  this  aft  of  union, 


tended  with  the  like  inconvenience. 

"  Iron  appears  to  be  at  the  fam.e  degree  of  oxyda- 
tion  in  the  different  acids,  fince  it  produces  the  fame 
fhade  of  colour  when  precipitated;  and  any  acid  folvent 
may  be  employed  indifcriminately,  provided  the  nature 
of  the  fait,  and  the  degree  of  the  faturalion  of  the  acid, 
be  fufficiently  known  ;  for  the  fubfequent  operations 
may  be  then  directed  according  to  this  knowledge,  and 
the  inconveniences  which  attend  the  ufe  of  fome  of 
thefe  falts  may  be  prevented.      This,  without  doubt,  is 


of  which  the  propriety  has  been  queftioned  by  men  of  a  great  advantage  which  the  man  of  fcience  enjoys  over 

the  firll-rate  abilities  who  were  friendly  to  the  meafure  :  the  mere   workman,  who   is   incapable   of  varying  his- 

Such  Irilh   peers  as  are  not  eleded   into  the  houfe  of  procefs  according  to  the  nature  and   Hate  of  the  falts 

lords  may  be  chofen  as  reprefentatives  of  Britifh  towns  which  he  employs. 

and  counties  in  the  houfe  of  commons,  provided  that,  "  I.  If  the  fulphat  of  iron,  or  any  other  martial  fait,. 

■while  they  are  members  of  that  houfe,  they  relinquifh  be  diffolved  in  water,  and  cotton  be  dipped  in  the  li- 

all  the  privileges  of  the  peerage.  cjiiid,  the  cotton  will  afTume  a   chamoy  colour,  more  or 

IRON  is  by  much  the  moll  ufeful  of  all  the  metals,  lefs  dark  according  as  the  folution  is  more  or  lefs  ch;ir- 

as  has  been  fufficiently  proved  under  the   article  Iron,  ged.      The  affinity  of  the  cotton  to  the  iron  is  fo  great, 

Encyd.  and  under  Chemistry  in  \.\\h  Supplement.    The  that  it  attracts  the  metal,  and  takes  it  in  a  great  n,ca- 

word  is  again  introduced  here,  bccaufe  it  affords  us  an  Aire  from  the  acid  by  which  it  was  difToved. 
opportunity  of  laying  before  our  readers  fome  valuable  "  2.  If  the  iron  of  a  pretty  ilrong  folution  be  prtci- 

obfervations  by  Chaptal  on  the  ufe  of  the  oxides  of  iron  pitated  by  an  alkaline  hquor  that   Ihews  live  or  fix dc- 

iii  dyeing  cotton.  grees  (by  the  areoraek'r  of  Baumc),  the  refult  will  be 

"  Tiie  oxide  of  iron  has  fuch  an   affinity  for  cotton  a  greenifli  blue  magma.^     The  cotton  macerated  in  tliis 

thread,  that  it  tlie  latter  be  plunged  in  a  faturatcd  folu-  precipitate  afTun.es  at    firll  an    unequal   tint    of  diity 

tion  of  iron  in  any  acid  whatever,  it  immediately  affumes  green  ;  but  mere  expofure  to  the  air  makes  it  in  a  little. 

a-  chamoy  yellow  colour,  more  or  lefs  dark,  according  time  turn  yellow,  and  the  fhade  is  very  dark. 
to  the  flrength  of  the  liquors.      It  is  both  a  curious  "  It  is  by  fuch,  or  almofl  fuiiilar  proceffes,  that  dyers- 

and  eafy  experiment,  that  when  cotton  is  made  to  pafs  communicate  what  is  called  among  workmen  an   ochi-e 

through  a  folution  of  the  fulphat  of  iron,  rendered  tur-  or  ruj}  colour.      But  thefe  colours  are  attended  with  fV- 

bid  by  the  oxide  which  remains  fufpended  in  the  liquor,  veral  inconveniences    to   the  artill  :     i.   Strong   (hades 

it  will  be   fufficient  to  dip   the  cotton   in   the  bath   to  burn  or  injure  the  cloth  :   2.  This  colour  is  harfli,  dil- 

catch  the  laft  particle  of  the  oxide,  and  to  rcftore  to  the  agreeable  to  the  eye,  and  cannot  be  ealily  united  willu 


liquor  the  tranfparency  it  has  lofl.  The  folution  then,, 
■wliicli  before  had  a  yellowilh  appearance,  becomes  more 
or  lefs  green,  according  as  it  is  more  or  lefs  charged. 

"  The  colour  given  to  cotton  by  the  oxide  of  iron 
becomes  darker  merely  by  expofure  to  the  air;  and  this 
colour,  foft  and  agreeable  when  taken  from  the  bath, 
becomes  harlh  and  ochry  by  the  progrcffive  oxidation 
of  the  metal.  The  colour  of  the  oxide  of  iron  is  very 
fefl :  it  refifls  not  onl-v  the  air  and  water,  but  alfo  al- 


tbe  mild  colours  fnrnifhed  by  vegetables." 

To  avoid  thefe  inconvcnieitces,  our  author  made  fc- 
veral  attempts,  which  led  him  to  the  following  practice:; 
He  treads  the  cotton  cold  in  a  folution  of  the  fulphat  of 
iron,  marking  three  degrees;  he  wrings  it  carefully,  and 
immediately  plunges  it  in  a  ley  of  potalh  at  two  de- 
grees, upon  which  he  has  prcvioufly  poured  to  fatu- 
ration  a  folution  of  the  fulphat  of  alumine  ;  the  colour 
is  then  brightened,  and  becomes  infinitely  more  deli- 


kaline  leys,  and  foap  gives  it  fplendour  without  fenfibly  cate,   foft,  and  agreeable.      The  fulphat  no  longer  at- 

diminilhing  its  intenfity.      It  is  on  account  of  thefe  pro-  tacks  the  tiffue  of  the  fluff ;  and  after  the   cotton  has 

perties  that  the  oxide  of  iron  has  been  introduced  into  been  left  in  the  bath  for  four  or  five  hours,  it  is  taken 

the  art  of  dyeing,  and  been  made  a  colouring  principle  out  to  be  wrung,  wafhen,  and  dried.      In  this  manner 

of  the  utmofl  value.  we  may  obtain  every  fha^e  that  can  be  wilhed,  by  gra- 

"  In  order  that  the  oxide  of  iron  may  be  conveniently  duating  the  flrength  of  the  folutions.    This  fimple  pro. 

tefs, 
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Iron,  ccfa,  the  lliooi-y  of  which  prcfcnfe  itTclf  in  the  minj  of 
'  »  every  chemift,  has  the  advantage  of  furnifh'ng  a  colour 
very  agreeable,  excccdiii<rly  il.xtd,  and,  above  all,  ex- 
tremely economical.  He  employs  it  with  great  advan- 
tage in  dyeing  nankeens,  as  it  has  the  pioperty  of  rciift- 
ing  leys.  It  becomes  brown,  however,  by  the  aftion 
of  aftringents. 

M.  Chaptal  made  feveral  attempts  to  combine  this 
yellow  with  the  bine  of  indigo,  in  order  to  obtain  a  du- 
rable j;reen  ;  but  as  they  were  all  unfucccfsfnl,  he  infers 
that  there  is  not  a  fiiffiticnt  afTniity  between  the  blue  of 
indigo  and  the  oxides  of  iron.  He  found  that  thefe 
oxides,  on  the  other  hand,  combine  very  eafdy  with  the 
red  of  madder,  and  produce  a  bright  violet  or  plum  co- 
lour, the  ufe  of  which  is  as  extenfive  as  beneficial  in 
the  cotton  manufaftory.  But  if  we  fhould  confine  our- 
felves  to  apply  thefe  tv\-o  colours  to  cotton,  without 
having  employed  a  mordant  capable  of  fixing  the  latter, 
the  colour  would  not  only  remain  dull  and  difagreeable 
by  the  impofTibility  of  brightening  it,  but  it  would  ftiU 
be  attended  with  the  great  inconvenience  of  not  refill- 
ing leys.  We  muft  begin,  then,  by  preparing  the  cot- 
ton as  if  to  difpofe  it  for  receiving  the  Adrianople  red  ; 
and  when  it  has  been  brought  to  the  operation  of  gal- 
lifiT,  it  is  to  be  pafied  through  a  folution  of  iron,  more 
or  lefs  charged,  according  to  the  nature  of  the  violet 
required  :  it  is  then  to  be  carefully  wadied,  tvvice  mad- 
dercd,  and  brightened  in  a  bath  of  foap. 

When  a  real  velvety  rich  violet  is  required,  it  is  not 
to  be  pafTed  through  the  folution  of  iron  till  it  has  been 
previoufly  galled  ;  the  iron  is  then  precipitated  in  a 
bluilb  oxide,  which,  combined  with  the  red  of  madder, 
gives  a  moll  brilliant  purple,  more  or  lefs  dark  accord- 
ing to  the  ftrength  of  the  galling  and  of  the  ferrugi- 
nous folution.  It  is  very  difficult  to  obtain  an  equal 
colour  by  this  procefs  ;  and  in  manufaAories,  an  equal 
violet  is  confidered  as  a  niaftcr-piece  of  art.  It  is  ge- 
nerally believed,  that  it  is  only  by  wcU-direfted  ma- 
nipulations that  it  is  poflible  to  refolve  this  problem,  of 
fo  much  importance  in  dyeing.  But  1  am  convinced 
(fays  our  author),  that  the  great  caufe  of  the  inequali- 
ty in  this  dye  is,  that  the  iron  depofitcd  on  the  cotton 
receives  an  oxidation  merely  by  expofure  to  the  air, 
which  varies  in  different  parts  of  it.  The  threads  which 
are  on  the  outfide  of  the  hank  are  ilrongly  oxidated, 
while  thofe  in  the  infide,  removed  from  the  aclion  of 
the  air,  experience  no  change.  It  thence  follows,  that 
the  infide  of  the  hank  prefints  a  weak  fliade,  while  the 
exterior  part  exhibits  a  violet  almoil  black.  The  means 
to  remedy  this  inconvenience  is,  to  wafti  the  cotton 
when  it  is  taken  from  the  folution  of  iron,  and  to  ex- 
pofe  it  to  the  madder  moift.  The  colour  will  become 
more  equal  and  velvety.  The  folvents  of  iron  are  al- 
moil the  fame  for  this  colour  as  for  the  yellow  colour 
already  mentioned. 

The  following  obfervation  may  ferve  to  guide  the  ar- 
tiH  in  brightening  the  violet  on  his  cotton.  The  red 
of  madder  and  the  oxide  of  iron  depofited  on  the  ftuff 
determine  the  violet  colour.  This  colour  becomes  red 
or  blue,  according  as  either  of  the  principles  predomi- 
nates. The  dyer  knows  by  experience  how  difficult  it 
is  to  obtain  a  combination  which  produces  the  tone  of 
colour  defired,  efpecially  when  it  is  required  to  be  very 
full,  lively,  and  durable.  This  objedl,  however,  may 
be  obtained,  not  only  by  varying  the  proportions  of  the 


two  colouring  principles,  but  alfo  by  vavyinjr  th?  prn.  Iron, 
cefs  of  brightening.  The  only  point  is  to  be  acquaint-'"  "  V"* 
ed  with  the  two  following  fafis:  that  the  foda  deilroys 
the  iron,  v.hile  the  foap,  by  (Irong  ebullition,  feizos  in 
preference  tlie  red  of  tlie  madder.  Hence  it  is,  that  the 
colour  may  be  inclined  to  red  or  blue,  according  as  you 
brighten  with  one  or  the  other  of  thefe  mordants. 
Thus,  cotton  taken  from  the  madder  dye,  when  waflied 
and  boiled  in  the  brightening  liquor  with  t'r;'hs  of  foap, 
will  give  a  fuperb  violet  ;  whereas  you  will  obtain  only 
a  plum  colour  in  treating  it  with  foda. 

The  oxide  of  iron  precipitated  on  any  (liifi^  unites 
alfo  very  advantageoufly  with  the  fawn  colour  furniflied 
by  aftringents  ;  and  by  varying  the  ftrength  ol  mor- 
dants, an  infinity  of  (liades  may  be  produced.  In  this 
cafe,  it  is  lefs  a  combination  or  folution  of  principles 
than  the  fimple  mixture  or  juxta-pofition  of  the  colour- 
ing bodies  on  the  ftuff.  By  means  of  a  boiling  heat, 
we  may  combine,  in  a  more  intimate  manner,  the  oxide 
of  iron  with  the  aftringent  principle  ;  and  then  it  is 
brought  to  the  Hate  of  black  oxide,  as  has  been  obfer- 
ved  by  BerthoUet.  It  is  poffible  alfo  to  embrown  thefe 
colours,  and  to  give  them  a  variety  of  tints,  from  the 
bright  grey  to  the  deep  black,  by  merely  palfing  the 
cottons  impregnated  with  the  aftringent  principle  thro' 
a  folution  of  iron.  The  oxide  is  then  precipitated  itfelf 
by  the  principle  which  is  fixed  on  the  ftuff. 

An  obfervation,  which  may  bcionic  of  the  utmoft 
value  for  the  art  of  dyeing,  is.  that  the  moil  ulual  a- 
ftringent  vegetables  all  furnill)  a  yellow  colour,  which 
has  not  much  brilliancy,  but  which  has  fufficient  fixity 
to  be  eiTiployed  with  advantage.  This  yellow  colour 
is  brightened  in  the  feries  of  vegetables,  in  proportion. 
as  the  aftringent  principle  is  diminillicd,  and  the  vivaci- 
ty of  the  colour  is  augmented  in  the  fame  proportion. 
It  is  dlfiicuh,  then,  to  obtain  yellow  colours  which  are 
at  tlw  lame  time  durable  and  biilllant.  Theie  two  va- 
luable qualities  are  to  each  other  in  an  inverfe  ratio  ; 
but  it  ib'  pofiible  to  unite  the  colouring  principles  in 
fuch  a  manner  as  to  combine  fplendour  with  fixity. 
Green  oak  bark  unites  perfectly  with  yellow  weed,  and 
fumach  with  green  citron.  It  is  by  this  mixture  that 
we  may  bt;  able  to  combine;  with  the  oxide  of  iron  ve- 
getable colours,  the  fplendour  of  which  is  equal  to  their 
durability. 

Our  author  concludes  his  obfervations  with  caution- 
ing the  dyer  againil  fubftituting  fumach  and  the  bark 
of  the  alder  tree  or  oak  for  gall  when  dyeing  cotton 
red.  "  I  can  fafely  affert  (fays  he),  that  it  is  impof- 
fible  to  employ  thefe  as  fubftltutes,  in  whatever  dofes 
they  may  be  ufed.  The  colour  is  always  much  paler, 
poorer,  and  lefs  fixed.  I  know  that  the  cafe  is  not  the 
fame  in  regard  to  dyeing  wool  and  filk,  in  which  it 
may  be  employed  with  fuccefs  ;  and  in  giving  an  ac- 
count of  this  difference,  I  think  the  caufe  of  it  may  be 
found  in  the  nature  of  the  gall-nuts.  i.  The  acid  which 
they  exclufivcly  contain,  as  BerthoUet  has  proved,  faci- 
litates the  decompofitlon  of  the  foap  with  which  the 
cottons  have  been  impregnated,  and  the  oil  then  remains 
fixed  in  their  tiffue,  and  in  a  greater  quantity,  as  well 
as  in  a  more  intimate  combination.  2.  The  gall-nuts/ 
which  owe  their  development  to  animal  bodies,  retain  a 
charafter  of  animalifation,  which  they  tranfmit  to  the 
vegetable  ftuff,  and  by  thefe  means  augment  its  affini- 
ties with  the  colouring  principle  of  the  madder  ;  for  it 

is 
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is  well  known  i)f  what  utility  animal  fiiliftanctfs  arc  to 
facilitate  this  combination.  Tiiia  aiiinialiialioa  becomes 
ulelcis  in  operating  upon  woollen  or  iilk." 

IRRATIONAL  Numbers  or  ^umtllifs,  are  the 
fame  as  furds,  for  which  fee  Algeera,  EncycL 

IRREDUCIBLE  Case,  in  algebra,  "is  ufed  for 
that  cafe  of  cubic  equations  where  the  root,  according 
to  Cardan's  rule,  appears  under  an  impoffible  or  ima- 
ginary form,  and  yet  is  real. 

It  is  remarkable  that  this  cafe  always  happens,  viz. 
one  root,  by  Cardan's  rule,  in  an  impolfible  form, 
wlienever  the  equation  has  three  real  roots,  and  no  im- 
jiolTiblt  onis,  but  at  no  time  elfe. 

If  we  were  pofleflcd  of  a  general  ride  for  accurately 
extracting  the  cube  root  of  a  binomial  radical  quanti- 
ty, it  is  evident  we  might  refolve  the  irreducible  cafe 
generally,  which  confills  of  two  of  fnch  cubic  bino- 
mial roots.  But  the  labours  of  the  algebraills,  from 
Cardan  down  to  the  prefent  time,  have  not  been  able 
to  remove  this  difficuhy.  Dr  Wallis  thought  that  he 
had  difcovered  fuch  a  rule  ;  but,  like  moil  others,  it  is 
merely  tentative,  and  can  only  fucceed  in  certain  parti- 
cular circumflances. 

JUAN  DE  FucA,  a  celebrated  ftrait  on  the  north- 
well  coall  ot  America,   was  furveyed  by  Captain  Van- 
couvre  in  the  Difcovcry  floop  of  war,   with  a  view  to 
afcertdin  whether  it   leads  to  any  communication   be- 
tween the  North  Pacific  and   the   North   Atlantic  O- 
ceans.      .-^s  they  advanced   within  the  opening  of  the 
ftrait,  their  progrefs  was  greatly  retarded  by  the  num- 
ber of  inlets  into  which  the  entrance  branched  iu  every 
dircftion  ;  and    moll    of  thefe   were  examined   by   the 
boats,  which  were  frequently  abfent  from  the  fliips  on 
this  fervice  for  feveral  days  together.      In  the  midft  of 
their  labours,   they  were  furprifed  by  the  fight  of  two 
Spanifl\  veflels  of  war,  employed,   like  themfelves,  in 
furveying  this  inlet,  the  examination  of  which  had  been 
begun  by   them  in   the  preceding  year.      Meafures  of 
mutual  ainftance  were  concerted  between  the  captains  of 
the  two  nations  for  the  profecution   of  the  furvey,   in 
which  each  agreed  to  communicate  to  the  other  their  dif- 
coveries.    Not  one  of  the  many  arms  ot  the  inlet,  nor  of 
the  channels  which  they  explored  in  this  broken  part 
of  the  coaft,   was  found  to  extend  more  than  100  miles 
to  the  eaftward  of  the  entrance  into  tlie  (liait.      After 
having  furveyed  the  foutheru  coaft,  on  which  fide  a  ter- 
mination was  difcovered   to  every  opening,  by  follow- 
ing the  continued  line  of  the  fliore,    they  were  led  to 
the  northward,  and  afterward  towards  the  north-weft, 
till   they   came  into  the  open   fea  through  a  different 
channel  from  the  ftrait  of  Juan  de  Fuca,  by  which  they 
had  commenced  this  inland  navigation. 

Thus  it  appeared,  that  the  land  forming  the  north 
fide  of  that  ftrait  is  part  of  an  iiland,  or  of  an  archipe- 
lago, extending  nearly  100  leagues  in  length  from  S. 
E.  tQ  N.  W. ;  and  on  the  fide  of  this  land  moft  diftant 
from  the  continent  is  iituated  Nootka  Sound.  The 
moft  peculiar  circumftance  of  this  navigation  is  the  ex- 
Ireme  depth  of  water,  when  contrafted  with  the  narrow- 
nefs  of  the  channels.  The  vefTels  were  fometimes  drift- 
ed about  by  the  currents  during  the  whole  of  a  night, 
clofe  to  the  i;ocks,  witliout  knowing  how  to  help  them- 
felves,  on  account  of  the  darknefs,  and  the  depth  being 
much  too  great  to  afford  them  anchorage. 
Sdspi.  Vol.  II.  Part  I. 
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In  the  courfe  of  this  furvey,  tlie  voyagers  had  fre- 
quent communications  with  tlie  natives,  whom  thev  met  * 
fometimes  in  canoes  and  fometimes  at  their  villages.  In 
their  tranfactions  wilh  Europeans,  they  arc  defcribed 
as  ''  well  verlVd  in  the  principles  of  trade,  wliicli  th.'y 
carried  on  in  a  very  fair  and  iionourable  manner."  In 
other  refpeds  they  were  lefs  honcil.  At  one  viii:iTe 
200  lea  otter  ficins  were  piirchafed  of  them  bv  th--  crews 
of  the  velTels  in  the  courfe  of  a  day  ;  and  ihcy  had 
many  more  to  fell  in  the  fame  phce,  as  alfo  ilcins  of 
bears,  deer,  and  other  aniniab.  One  party  of  Indians 
whom  they  met  had  the  fljlii  of  a  young  lionefs  ;  and 
thefe  Ipoke  3  languaire  difi'erent  from  that  ufed  in 
Nootka  Sound  Venilon  was  fometimes  brought  for 
fale ;  and  a  piece  of  copper,  r.ot  more  than  a  fool  I'quare, 
jjurchafed  one  vi'hole  deer  and  part  of  another.  Among 
otlitr  articles  of  traffic,  two  cliildren,  fix  or  feven  years 
of  age,  were  offered  for  fale.  I'iie  commodities  molt 
prized  by  the  natives  were  fire-arms,  copper,  and  great 
coats.  Beads  and  trinkets  they  would  only  receive  as 
prefents,  and  not  as  articles  of  exchange.  Many  of 
them  were  ponefled  of  fire  arms.  In  one  part  it  is  re- 
lated, that  after  a  chief  had  received  fome  prefents,  "  he, 
with  mod  of  his  companions,  returned  to  the  fhore  ; 
and,  on  lauding,  fired  feveral  mullcets,  to  flievi',  in  all  pro- 
bability, witli  what  dexterity  they  could  ufe  thefe  weu- 
pons,  to  which  they  feemed  as  familiarized  as  if  they  had 
been  accuftomed  to  fire-arms  from  their  earllcll  int'ancy." 
The  drelfcs  of  thefe  people,  befides  ficins,  are  a  kii.d 
of  woollen  garments;  the  materials  compofiiiT  whicli 
are  explained  in  the  following  extradl  : 

"  The  dogs  belonging  to  this  tribe  of  Lidians  were 
numerous,  and  much  refembled  thofe  of  Ponierania, 
though,  in  general,  foniewhat  larger.  They  were  all 
fhorn  as  clofe  to  the  flcin  as  fheep  are  in  England  ;  and 
fo  compad  were  their  fleeces,  that  large  portions  could 
be  lifted  up  by  a  corner  without  cauflng  any  feparation. 
They  were  compofed  of  a  mixture  of  3  coarfe  kind  of 
wool,  with  very  fine  long  hair,  capable  of  being  fpun  into 
yarn.  This  gave  Captain  Vancouver  reafon  to  believe, 
that  their  woollen  clotliing  might  in  part  be  compofed  of 
this  material  mixed  with  a  finer  kind  of  wool  from  fomc 
other  animal,  as  their  garments  were  all  too  fine  to  be 
manufadlured  from  the  coarfe  coating  of  the  do"-  alone." 
Of  other  animals  alive,  deer  only  were  fecn  in  any 
abundance  by  our  people. 

The  nuirbcr  of  inhabitants  computed  to  be  In  the 
largeft  of  the  villages  or  towns  that  were  difcovered, 
did  not  exceed  600.  Captain  Vancouver  conjedured 
the  fmall-pox  to  be  a  difeafe  common  and  very  fatal 
among  them.  Many  were  much  mai-ked  ;  and  moft  of 
thefe  had  loft  their  rigbt  eye.  Their  method  of  dif- 
pofing  of  their  d:ad  is  very  fingular. 

"  Baficets  were  found  fufpended  on  high  trees,  each 
containing  the  fl<cleton  of  a  young  child;  in  fome  of 
which  were  alfo  fmall  fquare  boxes  filled  with  a  kind  of 
white  pafte,  refembling  (fays  our  author)  fuch  as  I  had 
feen  the  natives  eat,  fuppofed  to  be  made  of  the  faranne 
root  ;  fome  of  thefe  boxes  were  quite  full,  others  vyere 
nearly  empty,  eaten  probably  by  the  mice,  fqnirrels,  or 
birds.  On  the  nest  low  point  fouth  of  our  encampment, 
where  the  gunners  were  airing  the  powder,  they  met 
with  feveral  holes  in  which  human  bodies  were  interred, 
(lightly  covered  over,  and  in  different  ftates  of  decay, 
F  fome 
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Ju»n.      fiMne  appraring  to  have  been  very  rerciitly  t^epofited.  hoftefs,  to  cool  the  moll  expenfive  diflies.     Tlie  Indi-in   J^icVrf. 

Jugglers,   ^{jout  halt"  a  mile  to  the  noithwarJ  of  our  ter.ts,  wliere  difcovers  precious  ftcnes,  and  the  European,  by  pclifh- '■^~'^'~~' 

^"^  the  land  is  nearly   level  with  high  water  mark,   a  few  ing,  gives  them  a  lullre. 

paces   within   the    (l<irtiiig   of  the  wood,   a  canoe   was  "   But,   if  the  arts  of  juggling  ferved  no  other  end 
found  fufpeiided  between  two  trees,  in  which  were  three  than  to  aniufe  the  mod  ignorimt  of  our  citizens,  it  is 
human   fi<elelons.  proper  that  they  fhould  be  encouraged  for  the  fake  of 
"  On  each  point  of  the  harbcvr,  which,   in  honour  thole  who  cannot  enjoy  the  more  expenfive  deceptions 
of  a  particular  friend,  I  ealkd  ff/.'/i'j  6'oiY,  was  a  defevt-  of  an  opera.      They  anfwer  other  purpofes,   however, 
ed  vlllaq-c  ;   in  oiie  of  which  were  found   ftveral  fepul-  than  that  of  merely  amufmg  ;   they  convey  inltruftion 
chres,  formed  exadtly  like  a  centry  box.    Some  of  them  in  the  moft  acceptable  manner,  and  ferve  as  an  agreeable 
were  open,  and  contained  the  ikelctons  of  many  young  antidote  to   fiiperftltion,  and  to  that   popular  belief  in 
children  tied  up  in  bafkets  :   the  fmaller  bones  of  adults  miracles,  exorcifm,  conjuration,  forcery,  and  witchcraft, 
were  likewife  noticed,  but   not  one  of  the  limb  bones  from  which  our  anccllors  fufFered  fo  feverely." 
could  here  be   found  ;   which   gave  rife  to  an   opinion.          Surely  this  reafoning,  as  well  as  the  caufe  in  which 
that  thefe,   by  the  living  inhabitants  of  the  neighbour-  it  is  brought   forward,   is  unworthy  of  the  learning  of  » 
hood,  were  appropriated  to  ufefiil  purpofes;   fuch  as  Beckmann       It  is  indeed  true,  that  jugglers  fpend  their               M 
pointing  their  arrows,  fpe.irs,  or  other  weapons."  money  freely,  and  that  their  arts  afford  them  the  means 
However  honourable  thefe  people  have  been   repre-  of  fubfillence  ;  but  it  is  very  feldom,  as  our  author  mull 
fented  in  their  conduft  as  traders,  it  appeared  on  feve-  know,  that  they  fiihfift  either  comfortably  or  innocently, 
ral  occafions  that  it  was  luifafe  to  depend  on  their  good-  Is  it  innocent  to  entice  the  ignorant  and  labouring  poor, 
will  alone  :   and  fome  inftances  occurred,  of  their  ma-  by  ufelefs   deceptions,  to    part  with  their  hard-earned 
king  every  preparation  for  an  attack,  from  which  they  pittance  to  idle  vagabonds  ?  or  is  the  life  of  thofe  vaga- 
defifted  only  on  being  doubtful   of  the  event  ;  yet  im-  bonds  comfortable,  when  it  is  parted  amidft  fcenes  of  the 
mediately  on   relinquilhing   their  purpofe,  they  would  moft  grovelling  dilTipation  ?  Jugglers  fpend  indeed  their 
come  with  the  greateft  confidence  to  trade,  appearing  money,   for  the  moil  part  on  the  fpot  where  it  is  gain- 
perfeflly  regardlcfs  of  what   had  before  been  in  agita-  ed;  but  they  fpend  it  in  drunkennefs,  and  other  feducing 
tion.     The  boats,  as  already  noticed,  were  frequently  vices,  which  corrupt  their  own  morals  and  the  morals  of 
at  a  great  diftance  from  the  flilps  ;  and  on  fuch  occa-  all  with  whom  they  affociate  ;  and  therefore  their  (lay 
iions,  when  large  parties  of  Indians  have  firft  feen  them,  in  a  place  (hould   certainly   not  be  encouraged.     Could 
they  generally  held  long  conferences  among  themfelves  it  be  proved  that  the  folar  microfcope  would  never  have 
before  they  approached   the    boats  ;  probably   for  the  been  invented,  had  not  a  Savoyard  juggler  contrived  a 
purpofe  of  determining   the   mode   of  conduCl   which  fimilar  machine  to  amufe  children  and  the  rabble,  fome 
they  judged  it  moft  prudent  to  obferve.     Captain  Van-  ftrefs  might  be  laid  on  the  fervice  which  fuch  wretches 
couver  places  the  entrance  of  the  ftrait  of  Juan  de  Fu-  have  rendered  to   fcience  :   but  where  is  the  man   that 
ca  in  4^°  20'  N.  Lat.  and  124^  W.  Long.  will  fuppofe  the  philofophy   of  Bacon  and  Newton  to 
JUGGLERS  are  a  kind  of  people  whofe  profefllon  reft  upon  the  arts  of  juggling?  or  who  confiders  the  re- 
has  not  been  often  deemed  either  refpeiflable  or  ufeful.  finements  of  fcience  as  of  equal   value  with  the  morals 
Profeflor  Beckmann,  however,  has  undertaken  their  de-  of  the  people?     There  is,  at  the  moment  in  which  this 
fence  ;  and  in  a  long  and  learned  chapter  in  the  third  article  is  drawing   up,  a  fellow  exhibiting,  before    the 
volume  of  h'u  N't/lory  of  Inventions,  pleads  the  caufe  of  windows  of  the  writer's  chamber,  the    moft   indecent 
the   praftifers   of  legerdemain  ;   rope-dancers  ;  perfons  fcenes  by  means  of  puppets,  and  keeping  the  mob  in  a 
who  place  their  bodies  in  pofuions  apparently  danger-  conftant  roar.      Is  he  innocently  employed  ?  or  will  any 
ous  ;    and   of  thofe   who   exhibit   feats    of  uncommon  good  man  fay  that  there  is  not  room  for  him  in  the  ar- 
ftrength.      All  thefe  men  he  places  under  the  general  mies  which  on  the  Continent  are  fighting  in  the  caufe 
denoniinatlcn   of  Jugglers ;   and  taking  it  for  granted  of  God  and  humanity  ! 

(furely  upon  no  good  grounds)    that  every  ufeful  em-         Our  author  endeavours  to  ftrengthen  his  reafoning 
ployment   is  full,  he  contends,   that  there  would  not  be  by  proving,  which  he  does  very  completely,  the  anti- 
room  on  the  earth  for  all  its  prefent  inhabitants  did  not  .quity    of  juggling.      "The   deception    (fays    lie)    of 
fome  of  them  pradlife  the  arts  of  'J"gS^:''g-  breathing  out  flames,  which  at  prefent  excites,  in  a  par- 
"  Thefe  arts  (fays  he)  are   indeed  not  unprofitable,  ticular  manner,  the  aftonifhment  of  the  ignorant,  is  very 
for  they  aftoid  a  comfortable  fubfiftence  to  thofe  who  ancient.     When  the  (laves  in  Sicily,  about  a  century 
praftife  them  ;   but  their  gain  is  acquired  by  too  little  and  a   half  before  our  asra,  made  a  formidable  inlurrec- 
labour  to  be  hoarded  up  ;   and,  in  general,  thefe  roving  tion,  and  avanged  themfelves  in  a  cruel  manner  for  the 
people  fpend  on  the  fpot  the  fruits  of  their  ingenuity  ;  feverities  which  they  had  fuftered,  there  was  amongll 
which  is  an  additional  reafon   why  their  flay  in  a  place  them  a  Syrian  named  Eunus,   a  man  of  great  craft  and, 
(liould  be  encouraged.      But  farther,  it  often  happens,  courage,    who,  having  pafled  through  many  fcenes  of 
that  what  ignorant  perfons  tirft  employ,  merely  as  a  Hiow,  life,  had  become  acquainted  with  a  variety  of  arts.    He 
for  ainufement  or  deception,  is  afterwards  ennobled  by  pretended  to  have  immediate  communication   with  the 
being  appHcd  to  a  more  important  purpofe.     The  ma-  gods  ;  was  the  oracle  and  leader  of  his  fellow  (laves  -, 
chine  with   which  a   Savoyard,  by  means  of  (hadows,  and,  as  is  ufual  on  fuch  occafions,  confirmed  his  divme 
amufed  children  atM  the  populace,  was  by  Liberklihn  milTlon  by  miracles.      When,  heated  by  cnthufiafm,  he 
converted  into  a  folar  microfcope  ;  and,  to  give  one  ex-  was  defirous  of  infpiring  his  followers  with  courage,  he 
ample  more,  the  art  of  making  ice  in  fuinmer,  or  in  a  breathed  flames  or  fparks  among  them  from  his  mouth 
heated  oven,  enables  guefts,  much  to  the  credit  of  their  while  he  was  addrefling  them.     We  are  told  by  hifto- 
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lians,  that  fi<i'  this  puipofe  he  pierced  a  luU-nirll  at  both     aiiJ  gloves.      Such  callodty  will  be  produced  if  the  (Itin   Jug^tora.^ 
'  ends,  ami,  having  filled  it  with  fome  hiiruing  fubftance,     is  continually  comprefled,  linged,  pi'icked,  or  injured  in         "^"^ 
put  it  inlu  his  nnnitti  and  breathed  through  it.  any  other  manutr.      Thus  do  the  fingers  of  tlie  induf- 

"  This  deception  at  preftnt  is  performed  much  better,     tiious   frnipftrefs   become   horny    by   being   frequently 
The  jug"-lcr  rolls  together  fome  llax  or  hemp,   fo  as  to     pricked  ;   and  the  cafe   k   the   fanie  with   the   hands  of 
form  a  ball  about  the  fizs  of  a  w.ilnut  ;   fets  it  on  fire;     fire-workers,  and  the  feet  of  ihofe  wlio  walk  bare-foot- 
ed over  Icorcliing  fand. 

"  In  the  month  of  September  1765,  when  I  vifited 
(fays  our  author)  llic  copper-workj  at  Aweilad,  one  of 
the  workmen,  for  a  little  di  ink  money,  took  fome  of 
the  melted  copper  in  his  hand,  and  after  (hewing  it  to 
us,  threw  it  ajjaiiifl  a  wall.      He  then  fqucezed  the  fin. 


and  fuffers  it  to  l)uni  till  it  is  nearly  confumed  ;  he  then 
rolls-  round  it,  w'lile  burning,  fome  more  flax  ;  and  by 
thefe  means  tii;  tire  may  be  retained  in  it  for  a  long  tunc. 
When  he  wiihes  to  exhibit,  he  (lips  the  ball  ui. perceived 
into  his  mouth,  and  breathes  through  it  ;  which  again 
revives  the  fire,  lo  that  a  number  of  weak  fpark^  proceed 


from  it;  and  the  performer  fnltains  no  hurt,  provided  he  gers  of  his  horny  hand  clofe  to  each  other  ;  put  it  a  few 
infpire  the  air  not  through  the  mouth  but  the  nolbils.  minutes  under  his  arm  pit,  to  make  it  fweat,  as  he  faid; 
"  For  deceptions  wltli  fire  the  ancients  employed  al-  and,  taking  it  again  out,  drew  it  over  a  ladle  filled  with 
fo  naphtha,  a  liquid  mineral  oil,  which  kindles  when  it  melted  copper,  fome  of  which  he  (kimmed  off,  and  mo- 
only  approaches  a  flame  (fee  Naphtha,  Encycl.)  Ga-  vcd  his  hand  backwards  and  forwards,  very  quickly,  by 
len  informs  us,  that  a  perfon  excited  great  aftonidimelit  way  of  oftentation.  While  I  was  viewing  this  perform- 
bv  exlinguKhing  a  candle  ar,d  again  lighting  ii,  with-  auce,  I  remarked  a  fmell  like  that  of  finged  horn  or 
ciit  any  other  procifs  than  holding  it  immediately  againlt  leather,  though  his  hand  was  not  burnt.  It  is  highly  pro- 
a  wall  or  a  (lone.  The  whole  fecret  of  this  confided  in  bable  that  people  who  hold  in  their  hands  red  hot  iron, 
having  previoully  nibbed  over  the  wall  or  (lone  with  or  who  walk  upon  it,  as  I  faw  done  at  Amfteidam,  but 
fulphur.  But  as  the  author,  a  few  lines  before,  (peaks  at  a  diftance,  make  their  ikin  callous  licfore,  in  tlie  like 
of  a  mixture  of  Culpliur  and  naphtha,  we  have  reafon  to  manner.  This  may  be  accompliihed  by  frequently  moill- 
thiiik  that  he  alludes  to  the  fainc  here.  Plutarch  re-  ening  it  with  fpirit  of  vitriol  :  according  to  fome,  the 
lates  how  Alexander  the  Great  was  aftor.iflied  and  de-  juice  of  certain  plants  will  produce  the  fame  effed ;  and 
lio-hted  with  the  fecret  effefts  of  naphtha,  which  were  we  are  allured  by  others,  that  tlie  (kin  mud  be  very 
exhibited  to  him  at  Ecbatana.  The  fame  author,  as  frequently  rubbed,  for  a  long  time,  with  oil,  by  which 
well  as  Pliny,  Galen,  and  others,  has  already  remarked,     means,  indeed,  leather  alfo  will  become  horny*."  «  u,jur, 

that  the  fubllance  with  which  Medea  deftroyed  Creufa,  Our  author  then    proves,   in  a  very  learned  mzwner, Elementa 

the  daughter  of  Creon,   was  nothing  elfe  than  this  fine     that  all  thefe  tricks  were  of  high  antiquity  ;  that   the  Pl>:tfi'il'>i- 
oil.      She  fent  to  the  unfortunate   princefs  a  drefs  be-     Hirpi,  who  lived  near  Rome,  jumped  through  burning 
fmeared  with  it,  which  burft  into  flames  as  foon   as  (he     coals  ;  that  women  were  accullomed  to  walk  over  burn- 
approached  the  fire  of  the  altar.      The  blood  of  Nen"us,     ing  coals  at  Caftabala  in  Cappadocia,  near  the  temple  de- 
iii  which   the   drefs  of  Hercules,    which   look  fire  like-     dicated  to  Diana  ;   that  the  exhibition  of  balls  and  cups 

(fee  Legerdemain,  Encycl.)  is  often  mentioned  in  the 
works  of  the  ancients  ;  that  in  tlyc  third  century,  one 
Firmus  or  Firmius,  who  endeavoured  to  make  himfelf 
emperor  in  Egypt,  fuifered  a  Imith  to  forge  iron  on  an 
anvil  placed  on   his  breaff  ;   that  rope  dancers  with  ba- 


wife,  had  been  dipped,  was  undoubtedly  naphtha  alfo  ; 
and  this  oil  muft  have  been  always  employed  when  of- 
ferings caught  fire  in  an  imperceptible  manner. 

"  In   modern   times,   perfous   who   could  walk   over 
burning  coals  or  red-hot  iron,   or  who  could  hold   red- 


hot    iron   in  their  hands,    have  often  excited  wonder,  lancing  poles   are  mentioned  by  Pelroiiins  and  others  ; 

But  laying  afide  the  deception  fometimes  praftifeJ  on  and  that  the  various  feats  of  horfemanfhip  exhibited  in 

the  fpedators,  the  whole  of  this  fecret  confids  in  ren-  our  circufcs  pad'ed,   in    the  13th  century,   from  Egypt 

dering  the  fl^.in  of  the  foles  of  the  feet  and   hands  fo  to  the  Byzantine  court,  and  thence  over  all  Europe, 
callous  and  infenlible,   that  the  nerves   under  them  are  JUNGLE,   in  Bengal,  wade  land,   or  land  covcied 

fccurtd  from  all  hurt,  in  the  faiiie  manner  as  l>y  (hoes  with  wood  and  brambles. 


K. 


K    A     A 

KAARTA,  a  kingdom  in  Africa,  through  which 
Mr  Park  pafTed  in  his  route  from  the  Gambia  to 
the  Niger.  He  defcribes  the  country  as  confiding  ei- 
ther of  fandy  plains  or  rocky  hills ;  but,  from  'his  ac- 
count, the  level  part  feems  to  be  the  mod  extenfive. 
The  natives  are  negroes,  of  whom  many,  though  con- 
verted to  the  Mahomedan  faith,  or  rather  to  the  cere- 


K    A     A 
menial  part  of  the  Mahomedan  religion,  retain  all  their    Kaarti. 
ancient   fupcrftitions,   and   even   drink   drong   liquors. '— — v~~" 
They  are  called  Johers  or  Jowers,  and  in  Kaarta  form 
a  very  numerous  and  powerful  tribe.   One  of  thefe  men 
undertook  to  conduft  our  author  to  Keramoo,  the  ca- 
pital of  the  kingdom,  and  alarmed  him  not  a  little  by 
his  fuperftitious  ceremonies. 

Vt  "Wc 


Kaarta, 
Kahohi- 

quas 
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"  Wo  liad  no  fooner  (fayi  Mr  Park)  got  into  a  dark  beavd,  abovL-  all,  aftonifhed  them  to  an  incirccivable 
and  lonely  part  of  the  firft  wood,  than  he  made  a  fign  degree.  More  than  thirty  perfons  came  in  iucceffion, 
for  ns  to   llop,   and   taking    lioi>i  of  a  hollow  piece  of     and  half  unbuttoned  his  clothts.      They    all  imagined 

him  to  bf  a  hairy  animal;  and  fuppofed,  wiliiout  doubt, 
tliat  hi;i  body  was  covered  with  hair  as  long  as  that  on 
his  chin  ;  but  fnidiTig  this  not  to  be  the  cafe,  thfy 
were  allonifijed,  and  tonftfled,  with  the  openntfs  of  fa- 
va'^es,  that  they  had  never  leen  the  like  in  any  man  of 
their  country.  The  little  children,  teriified  at  his  ap- 
pearance, hid  themfelves  behind  their  mothers.  When 
he  attempted  to  lay  hold  of  any  of  them,   in  order  to 


iloii 

bamboo,  that  hnng  as  an  am'.det  round  his  neck,  whid 
led  very  loud  three  times.  I  confels  I  was  fomewhat 
ilartled,  thiiiking  it  was  a  fignal  for  fome  ol  his  compa- 
nions to  conie  and  attack  us  ;  but  he  alTured  me  that  it 
was  done  merely  with  a  view  to  afcertain  what  fuccefs 
we  were  likely  to  n  eet  with  on  our  prefent  journey. 
He  then  difmounted,  laid  his  fpear  acrofs  the  road,  and 
having  faid  a  number  of  lliort  prayers,  concluded  with 


three  loud  whIiUcs ;  after  which   he   lillened  for  fome  carefs   them,    they    fent   forth   loud   cries,   as   a  child 

time,  as  if  in  expeftation  of  an  anfwer,  and  receiving  would  do  in  Europe  who  flu)uld  fee  a  negro  for  the  tirtl 

none,  told  us  we  might  proceed  without  fear,  for  there  time. 

was  no  danger."  Tlie  grown  up  people,  however,  were  foon  reconciled 

White  men  were  ftrangers  in  the  ki.ngdom  of  Kaarta;  to  his  appearance,  and  even  the  cliildren  were  bribed  by 

and  the  appearance  of  our  author  had  on  fome  of  the  fmall  bits  of  fugar  candy.   The  chief  of  the  horde  ihcwej 

natives  the  efi'eft  which  ignorant  people,  in  this  coun-  him  every  mark  of  attachment.      He  was  a  man  advau- 

trv.  attribute  to  gholls.     "  I  had  wandered  (fays  he)  ced  in  life,  and  of  a  majcdic  figure.      He  wore  a  long 

a  little  from   my  people,   and  being  imcertain  whether  mantle,  which  hung  from  his   (lioulders  to  the  ground, 

they  weie  before  or  behind  rac,   I  hallenjd   to  a  rifnig  and  v.'hich,  formed  of  four  jackal  flcins  joined  together, 

ground    to   look  about  me.      As  I  was  proceeding  to-  was  bordered  at  the  fides  with   that  of  a  hyaena.      His 


wards  this  eminence,  two  negro  horfemien,  armed  with 
muflcets,  came  galloping  from  among  the  buihes  :  on 
feting  them  I  made  a  full  ftop  ;  the  horfenien  did  the 
iame,  and  all  ihrte  of  us  feemed  equally  furprifed  and 


eft  hand  wanted  two  joints  of  the  little  linger,  which, 
he  faid,  were  amputated  in  his  infancy  to  cure  him  of 
a  fevere  illnefs. 

This  cufi.om  of  favagcs,  who,  to  relieve  a  man  from 


confounded  at  this  interview.  As  I  appi cached  them  pain,  add  new  fufferings  to  his  evils,  affords  a  vail  field 
their  fcais  increafed,  and  one  of  them,  after  carting  up- 
on me  a  look  of  horror,  rode  off  at  full  fpeed  ;  the 
other,  in  a  panic  of  fear,  put  his  hand  over  his  eyes, 
and  continued  muttering  prayers  until  his  horfe,  fcem- 
ingly  without  the  rider's  knowledge,  conveyed  him 
flowly  after  his  companion.  About  a  mile  to  the  welt- 
ward,   they  fell  in  with  my  attendants,  to   whom    they 


for  refleftion.  Mr  Paterfon,  another  African  travel- 
ler, tells  us,  that  he  obierved  inftances  of  the  fame  prac- 
tice among  a  horde  at  the  mouth  of  Orange-river;  which 
is  not  Improbable.  However  ablurd  a  cuftom  may  be, 
favage  tilbes,  when  they  are  neighbours,  may  borrow 
it  from  each  other  ;  but  that  it  fliould  be  common  a- 
mong  the   id.inders  of  tiie  South  Sea,  who,  fince  their 


related  a  frightful  ftory :  it  feems  their  fears  had  dreiled  country  was  firll  inhabited,  had  never  fcen  Itrangers  he- 
me in  the  flowing  robes  of  a  tremendous  fpirit;  and  one  fore  Cook  and  Bougainville,  is  truly  allonlfliing.  Our 
of  them  nlfirmeJ,  that  \\hen  I  made  my  appearance,  a  author  was  very  deiirous  of  interrogating  minutely  the 
cold  blall  of  wind  came  pouring  down  upon  h;;ii  frum  people  <»f  the  horde  on  this  fubjeft.  He  wilTied  alfo  to 
the  (l<y  like  fo  much  cold  water,"  propofe  fome  queilions  to  them  refpecting  other  cuftoms 

At  Kemmoo  our  traveller  was  gracloufly  received  by  which  appeared  fingular  ;  but   difliculties  increafed  the 

theklncr;  who  honeftly  told  him,  however,  that  he  could  more  he  advanced  into  the  country.      The  Kabobiquas 

not  proteft  him,   being  then   engaged  in  war  with  the  fpoke  a  particular  language  ;  and  thi.s  dialeft,  though 

king  of  Bambarra  {(c'  Sego  in  this  Supplement)  ;  but  aecompanicd  with  the  clapping  noife  of  the  Hottentots, 

he  gave  him  a  guard  to  Jarra,  the  Irontier  town  of  the  was  underllood  only  by  the  Koraquas,  who,  on  account 

neighbouring   kingdom  of  Ludarnar.     The  origin   and  of  their  vicinity,   kept  up  fome  intercourfe  with  them. 

ifTue  of  this  war  between  Kaarta  and  Bambara,  of  which  '1  he  cafe  was  the  fame  with  the  language  of  the  Kora- 

Mr  Park  gives  a  full  account,  ftews  the  folly  of  attempt-  quas,  in  regard  to  their  neighbours  the  Nimlquas  ;  and 

in"  to  liberate  the  rtiTroes   from  flavcry  till  civilization  nothing   reached    our    author's    ear    till   it    had   pafled 

and  Chrillianity  be  introduced  into  Africa.  Major  Rv-ii-  through  four  dlfTerent  mouths.     The  confequence  was» 

nel  places  Kemmoo,  the  capital  of  Kaarta,  in  14^  15'  that  when  he  aflted  anything,  the  anlwer  had  frequent- 

N.  Lat.  and  7°  20' W.  Long.  ly  no  relation   to   the   quellion  ;   and  for  this  inconve- 

KABOBIQUAS,    a  nation   in   South  Africa,  who  niency  no  remedy  could  be  found. 

had  never  feen  a  white   man  till  1785,  that  they  were  The  iame  deiire  tor  trinkets  to  ornament  their  drcfs 

vlfited  by  M.  Vaillant.      Intimation   had  been  given  of  prevailed   among   the  Kabobiquas  a&  among  the  other 

his   approach   by   fome    of  the   tribes   through   whofe  hordes  which  Vaillant   had  vlfited  ;  and  in  one  day  he 

country  he  had  previoufly  paiTed  ;  and  every  thing  that  purchafed  20  oxen  for  things  of  that  kind  of  no  value, 

had  been  faid  of  his  colour,  his  fufees,  and  his  equipage.  The  chief,   however,  had  fet  his  affedllons  on  a  razor  ;. 

bore  the  charadler  of  the  moil  enthufiallic  exaggeration,  and  juft  wiien  our  author  and  he  were  treating  about  it,. 

The  curiofity  of  the  people  was  wound  up  to  the  high-  a  (hot  was  fired  near  them,  which  was  inftantl'y  followed 

eft  pitch  ;  and  as  foon  as  they  faw  his  company  at  a  di-  by  the  moil  frightful  cries.   "  Rulliing  iiillantly  from  my 

fiance,  the  whole  horde  quitted  the  kraal,  and  ran  with  tent  (fays  M.  Vaillant)  to  inquire  what  was  thecauleof 

eagernefs  to  meet  him.    Not  being  able  to  believe  their  this  nolle,  I  law  a  Kabobiqua  flying  as  fall  as  he  could 

eyes  in  regard  to  what   they  faw,  they  endeavoured  to  from  one  of  my  hunters,   while,   at   the  dlflance  of  a 

obtain  more  fatlsfaftion  by   touching  him.      They  felt  hundred  paces  farther,  three  men  were  making  the  moft 

his  hair,  hands,  and  almoll  every  part  of  his  body.  His  lamentable  clamour,  and  near  tlie'ra  was  a  young  girl 

lying 
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lying  on  tTie  ground^  I  made  a  fignal  to  my  tuinttr  to  convince  them  lliat  tliey  lisd  nothing  to  fear.  He  (Iiew- 
approach  mc;  but  the  report  of  the  fliot,  and  tlie  liowl-  ed  them  in  the  flefli  of  his  own  leg  a  dozen  of  fhots  of , 
inf  of  the  three  men,  had  already  fprtad  alarm  through-  lead  ;  but  they  were  not  fatisfied  till  one  of  the  mod  in- 
eut  the  honle.  Some  cried  out  treachery  ;  others  ran  telh'geiit  of  his  Hottentots,  taking  from  his  fliot-bag  a 
to  their  arms  ;  and  I  now  imagined  tliat  I  was  about  few  grains  of  lead,  and  (hewing  them  to  the  three  men, 
H)  be  malT;u-retl,  with   my  whole  company,  and  that  I     immediately  fwaliowcd  them.  Tliis  conclnfive  argument 

produced  the  dtflrcd  ifFcft.  The  cries  of  the  wounded 
men  inllantly  ceafed  ;  ierenity  again  appeared  in  their 
faces  ;   and  their  wounds  were  no  more  mentioned. 

The  Kabobiquas  have  neither  the  flat  note  nor  plump 
cheeks  of  the  Hottentots.  Their  fi<iu  alfo  has  not  that 
"  Under  this  embarranTment,  I  took  the  chief  by  the  baftard  colour,  which,  being  neither  black  nor  white, 
hand,  and  advanced  with  liim  towards  the  horde.  Fear  renders  them  odious  to  both  races ;  nor  do  they  befmear 
was  painted  in  his  countenance;  tears  began  to  drop  their  bodies  with  thofe  difgufting  fat  fubflanccs,  on  ac- 
from  his  eyes  ;  and  he  fpoke  to  me  with  great  vivacity,  count  of  which  one  cannot  approach  them  witliout  be- 
He  iniacrined,  no  doubt,  that  he  was  betrayed  He  ing  bedaubed  with  their  filth,  or  acquiring  an  offenfivf 
complained  to  me,  and  accuftd  my  people  of  perfidy  ;  fmell.  In  llature  they  are  as  tall  as  the  Caffres,  and 
yet  he  readily  followed  me.  their  colour  is  equally  black.      Their  hair,  which  is  ex- 

"  As  1  was  without  arms,  and  prefented  myfclf  with  ceedingly  (hort,  and  much  curled,  is  ornamented  with 
the  chief,  I  was  received  with  confidence,  and  my  ap-  fmall  copper  buttons,  arranged  with  great  art  and  fym- 
pearance  foemed,  in  fome  meafure,  to  calm  their  pertur-     nietry.      Inftead  of  that  apron  made  of  a  jackal's  fl<in, 


(liould  be  obligxd  to  arm  tliem  in  my  defence.  My  fi- 
tuatiim  was  the  more  critical,  as  neither  I,  nor  any 
perlon  in  the  kraal,  knew  what  was  the  caufe  of  this 
confufion  ;  and  if  I  had  known,  how  could  I  have  ex- 


plained it  : 


batiou.  My  people,  who  had  feen  me  direft  my  courfe 
lowaids  the  kraal,  haftened  thither  aft;er  me,  to  prote(fl 
ine  J  and  their  number  overawed  the  multitude.  At 
length  the  whole  myftery  was  cleared  up,  and  we  learn- 
ed what  had  occafioned  the  tumult. 


employed  by  the  Hottentot  to  cover  what  modefty  bids 
him  conceal,  the  Kabobiquas  ufe  a  round  piece  of  lea- 
ther, the  edge  of  which  is  ornamented  with  a  fmall  in- 
dented circle  i>f  copper,  and  which  is  divided  into  difFe- 
rent  compartments  by  rows  of  glafs  beads  of  various  co- 


quaa. 


"  A  Kabobiqua  having  met  one  of  my  hunters,  who  lours,  all  proceeding  from  the  centre,  and  diverging  to- 

was  returning  with  his  fufee,  wiflied  to  examine  it,   and  wards  the  circumference,  like  the  rays  in  our  images  of 

begged  him  to  fhew  it   to  him.      In  handling  it,  how-  the  fun. 

ever,  he   accidentally  touched   the  trigger;  it  inftantly  This  kind  of  veil  is  made  fail  to  the  groin  by  means 

went  off;  and  the  favage,  frightened  by  the  unexpecfed  of  a  girdle  ;  but  as  it  is  only  four  inches  in  diameter,  as 

exploiion,  threw  down  the  fufee,  and  ran  away  as  faft  as  it  is  deranged  by  the  fmallelb  movement,   and  as  they 

he  could.  g'^c  themfelves   little   uneaiinefs   refpedling  fuch   acci- 

"  At  that  time,  three  men  of  the  horde  and  a  young  dents,  it  is  very  ill  fuited  to  the  piurpofe  tor  which  it  is 

girl  happened  unluckily  to  be  (landing,   at  the  diftance  applied.      During  the  great  lieats,  this  froall  and  almoft 

of  a  hundred  paces,  in  the  direflion  of  the  piece.     The  ufelefs  apron   is  the  only  covering  on  their  bodies.      Its 

latter  received  a  fingle  grain  of  (hot  in  the  cheek  ;    and  being  fo  readily  di(placed,   enabled  our  author  to  afcer- 

the  others  a  few  grains   in   the  legs   and  thighs.      The  tain  that  they  do  not  practice  circunicifion  ;  but  it  feem- 

author  of  the  misfortune  confirmed  this  explanation  ;  ed  to  (liew  alfo,  that,  in  regard  to  modefty,  their  ideas 

tranquillity   was  foon    reftored  ;   the   favages  depolked  are  very  dilferent  from  ours. 

their  arms  ;  and  I  was  furrounded  only  by  friends  as  Though    they  go  thus  almoft  entirely  naked,   their 

before.  manners,   inftead   of  being   licentious,    are   reinarkably 

"  Nothing  remained  but  to  enqiu're  into  the  ftate  of  chafte       No  females  can   be  more  prudent  or  more  re- 

the  wounded,  and  to  give  them  every  affirtance  in  my  ferved  than  their  women  ;  and  whether  from  refinement 

power.     Without  lofs   of  time,   therefore,   I   repaired,  of  coquetry,  or  the  elfedl  of  prudence,  they  do  not  tat- 

ftill  accompanied  by  the  chief,  to  the  place  where  they  too  their  faces  like  their  hufbands  and  fathers.     They 

were.      By  the  way  we  met  the  young   girl,   who  was  do  not  even  follow  their  example   in  ornamenting  their 

returning  from   the  kraal,  bathed  in  tears.     The  caufe  liair  with  copper  buttons;  and   they   always  go  bjre- 

of  her  uneafinefs  was  a  grain  of  lead,  which  had,  how-  leg-ged,  though  moft  of  them  wear  fandals. 

ever,  penetrated  fo  little,  that  I  forced   it  out  by  only  Their  drcfs  conlifts  of  an   apron  that    reaches  only 

prciTii/g  the  part  with  my  fingers.     With  regard  to  the  half  down  the  thigh  ;   a  crofs  which,   pafTuig  under  the 

tiiice  men,  they  lay  rolhng  on  the  ground,  howling  in  arm-pits,   is  tieil  on  tlie  bveaft  ;  and  a   long  mantle  like 

a  moft  frightful  manner,  and  exhibiting  every  fymptom  that  of  the  men.      The  mantle  is  made  of  (l;ins  not  de- 

of  defpair.  prived  of  the  hair  ;  and  the  crofs  of  tanned  leather,  prc- 

"  I  was  aftonifiied  at  their  confternation,  and  could  pared  like  that  ufed  for  gloves  in  Europe, 

not  conceive  how  men  inured  to  fulferings  Ihould  be  Co  With  regard  to  glafs  beads,  theyVear  them  as  brace- 

much   affefted  by  a   few  fmall  punftures,  the  pain   of  lets.      They  form  tliem  alfo  into  necklaces,  which  de- 

which  could  have   fcarcely  drawn  tears  from  an  infant,  fcend  in  different  rows  to   the 'pit  of  the  llomach  ;   and 

They   at  length  told  me  the  caufe  of  their  wailings.  they  fufpend  from  their  girdles  feveral  ftrings  of  them, 

Thefe  favages,  accuftomed  to  poifon  their  arrows,  ima-  which  fall  down  their  thighs  below  the  apron, 

gined  that  I  had  in  like  manner  polfoned  the  lead  with  Thefe  ornaments  being  very    durable,  the  habit   of 

which  they  were  wounded.    They  had,  therefore,  given  feeing  them  renders  the  women  almoft  indifierent  to  the 

themfelves  up  as  loft,  and  expefted  in  a  few  moments  to  pleafure  of  polfclfing  them.      Tliofe  they  procured  from 

expire."        ^  our  author  afforded  at  firft  great  fatisfaftion,  on  account 

It' was  with  great  difBculty  that  our  author  could  of  their  novelty.     But  when  he  (hewed  them  fciftarj 

and 
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and  needlos,  tliey  gave  the  preference  to  thcfe  articles  ; 
and  this  choice  docs  honour  to  the  good  fenfe  ot  the 
Kabohlqiia  ladies.  Like  theii  chief,  they  let  a  higher 
vahie  on  utility  than  ornan  cijf. 

13tfore  our  author's   aniv  d  among  thein,   the  Kabo- 
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clare  againft   tlicm   implacable   war,   Kr.d  ptirfae   tlicm 
without  remiflion. 

Of  the  fpoils  of  tliefe  dcftrndlive  animals  they  form 
their  bucklers,  girdlesj  iandals,  crolfes,  niautlcs,  &c. 
They  conliiltr  it  as  a  niaik   of  honour  to  wear  them  ;* 


biquas  were  acquainted  with  the  ufe  of  tobacco  through  and  they  fet  a  much  higher  value  upon  them  than  upon 
the  means  of  fome  of  the  tribes  more  contiguous  to  the  the  flcin  oi  the  rhinoceros  or  of  tiic  tlcphar.t.  It  they 
Cape.  It  was,  however,  a  luxury  which  they  could  foinetimes  hunt  the  latter,  it  is  only  as  objttls  of  food  ; 
feldom  enjoy ;  and  fo  indifl'crent  were  they  about  it,  that  and  they  iinploy  to  catch  them  thofe  concealed  pits, 
if  it  were  not  brought  to  them,  they  would  not  go  a  Hep  whicli  are  the  ufual  fnares  of  the  Hottentots  :  but  this 
to  procure  it.  This  indifterrnce,  about  an  article  which  method,  which  requires  both  patirnce  and  labour,  is  ve- 
is  eagerly  fought  for  by  all  the  tribes  vif  Hottentots,  ry  little  fuited  to  a  people  fo  brave  and  enterpiifing  as 
feemed  to  (hew  that  there  are  traits  in  the  charader  of     the  Kabohiquas. 

the    Kabobiquas    whicii    dittinguilTi    thtm    from    their  As   they   polRfs  fo   bold   and   refolute   a    charadter, 

fouthern  neighbours.  The  cafe  was  the  fame  as  to  one  might  be  induced  to  believe  that  they  are  fero. 
Ilrong  liquors,  on  which  they  fet  no  great  value  ;  and  cious  and  intraftable.  Among  all  the  African  nations, 
though  there  were  among  them  fome  few  individuals  however,  which  our  author  vilited,  lie  never  knew 
difpofed  to  reliih  them,  the  greater  number  abfolutcly  one  that  fo  much  praclifed  obedience  and  fubordina- 
refufed  them. 

"  If  the  contents  of  my  fla/lis  (fays  Vaillant)  gave 
them  little  fatlsfaftion,  they  were,  however,  much  cap- 
tivated  with  the  flalks  themfclves.  Thcfe  tianfparent 
bottles  excited  their  admiration  in  the  highcft  degree. 
They  called  ihem  folid  -water  ;  for,  notwithltanding  the 
heat  of  the  climate,  thefe  favages  had  feen  ice  on  the 
fummits  of  the  mountains  by  which  they  are  fnrround- 
ed  ;  and  they  entertained  no  doubt  that  the  glafs  ut  my 
fla&s  was  water,  which  I  had  rendered  folid  by  magic, 
and  which  I  prevented  their  fires  from  melting.  As  it 
was  impoffible  for  me  to  explain  this  inatter,  I  did  not 
attempt  to  undeceive  them  :  and  befides,  with  what  ad- 


tion. 

The  chief  here  is  not,  as  in  other  tribes,  a  principal 
among  his  equals  ;  he  is  a  fovereign  in  the  midll  of  his 
iubjeds,  a  mailer  furrounded  by  his  llaves.  A  word, 
a  gefture,  or  a  lopk,  is  iuffieient  to  procure  him  obe- 
dience. Whatever  be  his  orders,  they  are  never  con- 
tradicted ;  and  the  cafe  is  the  fame  in  every  particular 
family.  What  the  chief  is  to  the  horde,  the  father  is 
to  his  children.  His  commands  are  abfolute  ;  and  he 
exercifes  regal  power  at  home,  while  he  obeys  elfe- 
where. 

Though  the  tribe  was  very  numerous,  the  viifdom 
with  which  it  was   ruled,  and  the  good  order  that  pre- 


vantage  would  it  have  been  attended  ?  I  fuffered  them,  vailed,  announced,  in  the  man  by  whom  it  was  govern- 
therefore,  to  continue  in  their  error,  and  contented  my.  ed,  an  intelligence  fuperior  to  that  of  all  the  favages  our 
felf  with  conferring  on  them   an  obligation,  by  giving     author  had  before  feen  ;  for  he  had  not  then  viiited  the 


them  all  the  empty  bottles  for  which  I  had  no  ufe. 

"  On  their  part,  they  vied  with  each  other  in  (liew- 
ing  their  generofity  towards  me  ;  and  I  muft  indeed 
allow,  that  I  never  law  a  nation  fo  difinterefted.  Every 
night  they  brought  to  my  camj)  a  conliderable  quantity 
of  milk  ;  and  they  never  came  to  fpend  the  evening 
with  my  people,  without  bringing  fome  (heep  to  regale 
them.  I  have  feen  many  of  them  give  away  gratui- 
toufly,  and  without  receiving  any  thing  in  return,  part 
of  their  herds  and  their  flocks;  and,  when  I  depaited, 
there  were  many  porfons  in  my  caravan  who  poffeiTed 
both  fheep  and  oxen,  which  they  ha,d  rcpeived  as  a  pure 
gift." 


Houzonanas.  The  habitation  of  this  chief  was  fuited  to 
his  fupreme  dignity.  It  was,  indeed,  a  hut  oidy,  like 
thofe  of  his  fubjcfts,  and,  like  them,  covered  with  the 
fl<iris  ol  animals;  but  it  was  much  larger,  as  well  as 
more  elevated  ;  and  around  it  were  fix  ethers,  occupied 
by  his  family,  and  deftined  for  them  alone. 

The  natural  drynefs  ot  the  country  inhabited  by  the 
Kabobiquas  obliges  them  to  dig  wells,  for  their  own 
ufe  as  well  as  for  their  cattle  ;  but  as  the  fame  caule 
often  dries  up  thefe  wells,  they  are  then  forced  to  re- 
move, and  to  feek  elfewhere  a  foil  more  abundant  in 
fprings  ;  for  Fifhrivcr,  though  coufiderable  in  the  rai- 
ny feaf»ri,  is  often,  during  the  great  heats,  entirely  dcf- 


With   this, benevolent   difpofition,    the    Kabobiquas  titute  of  vvater. 

have  alfo  a  martial  charafler.     Their  weapons  are  poi-  The  long  journeys  which  thefe  too  frequent  emigra- 

foned  arrows,  and   a  lance  with  a  long  iron  point,  but  tions  compel  them   to   undertake,  and  the  intercourfe 

different  from  the  alTiigay  of  the  Hottentots.    In  battle,  which  they  theiice  have  with  other  nations,  mull  necef- 

their  defenfive  armour  confifts  of  two  bucklers;  the  one  favily  inlpire  them  with  ideas  unknown   to  the  fettled 

of  a  fize  fufRcient  to  cover  the  whole  body  ol  the  com-  trilies  ;  and  it  would  not  be  unnatinal  to  fuppofe,  that 

batant  ;  the  other  much  fmaller.      They  are  both  made  to  this  extenficn  of  ideas  are  they  indebted  for  that  fu- 

of  fkins  exceedingly  thick,  and  proof  againft  arrows.  periority  of  intelligence  whicli  elevates  them  above  their 

The  courage  which   the  Kabobiquas  difplay  in  com-  neighbours, 

bat  is  particularly  exercifed  in  their  hunting  excurllons,  Of  the  religion  of  the  Kabobiquas,  our  author  talks 

and,  above  all,  againft  carnivorous  animals.      Intrepid,  very  inconfifteutly,   and  like  a  true  philofopher  of  the 

however,  as  it  may  be  to  attack  the   elephant  and  the  French  fchool.      "  Of  all  the  African  nations  (fays  he), 

rhinoceros,   thefe  fpecies  of  animals  are  not   objedls  of  they  are  the  only  people  among  whom  I  found  any  idea, 

their  vengeance  ;   becaufe,  living  upon  grafs  and  herbs,  however  confufed  a  one,  of  the  exiftence  of  a  Deity.    I 

they  have  nothing  to  apprehend  from  them,  either  for  do  not  know  whether  it  be  from  their  own  refleftion,  or 

themfelves  or  their  cattle.     But  the  tiger,  lion,  hysna,  the  communications  of  other  tribes,  that  they  have  ac- 

and  panther,  being  enemies  of  a  different  kind,  they  de-  quired  this  fublirae  knowledge,  which  would  alone  bring 

them 
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Kjaaga.  tlietn  near  to  a  level  with  polidied  nations;  but  thcy 
"^"^  '  believe,  as  far  as  I  have  been  able  to  learn  from  my 
people,  that  beyond  the  ftars  there  cxifts  a  Supreme 
Being,  who  made  and  who  governs  all  things.  I  inuil, 
however,  obferve,  that  on  this  fubjcft  their  ideas  are 
vague,  barren,  and  unproduftive.  They  have  no  con- 
ception of  the  future  exillencc  of  the  foul,  or  of  rewards 
and  punifluiients  in  another  life  ;  in  fliort,  they  have 
neither  worlhip,  facrifice?,  ceremonies,  nor  prlefts,  and 
are  total  ftrangers  to  what  we  call  religion." 

This  is  impolTible.  A  people  believing  in  a  Supreme 
Being,  who  made  and  v  ho  governs  all  things,  may  in- 
deed be  without  facr'ijices,  cerrmonitj,  and  pritjls  ;  but 
fuch  a  people  cannot  avoid  <ZL<'^jiti'; ,  that  the  Being  who 
governs  all  things  may  protcdl  them.  Such  a  widi  is  a 
jirayer;  and  furcly  he  v.lio  prays  is  no  Uranger  to  rcli- 
j^ion.  M.  Vaill  int  places  the  country  of  the  Kabobi. 
ijuas  between  2;;"  and  25'  S.  Lat.  and  16^  25'  and  19' 
25'  Long,  eaft  from  Fails. 

KAJAAGA,  an  African  kingdo-n,  called  by  the 
French  Gu/Iam,  is  bounded  on  t'ue  foutb-eaft  and  fouth 
by  Bambouk  ;  on  the  well,  by  Bondon  and  Foota  Tor- 
ra  ;  and  on  the  north,  by  the  river  Senegal.  The  air 
and  climate  (fays  Mr  Park)  are  more  pure  and  Talubri- 
ous  than  at  any  of  the  fettlements  towards  the  coaft  ; 
the  face  of  the  country  is  everywhere  interfperfed  with 
a  pleafing  variety  of  hills  and  valleys  ;  and  the  windings 
of  the  Senegal  river,  wiu'ch  defcends  from  the  rocky 
lulls  of  the  interior,  make  the  fcenery  on  its  banks  very 
pifturetque  and  beautiful. 

The  iiihabitar.ts  are  called  Serawoollies,  or  (as  the 
French  write  it)  Seracolets.  Their  complexion  is  a  jet 
black  :  they  are  not  to  be  dillinguiflicd  in  tiu's  refpecl 
Irom  the  JalofFs. 

The  government  is  monarchical  ;  and  the  regal  au- 
thority, from  what  I  experienced  of  it,  feems  to  be  fuf- 
ficiently  formidabl:;.  Tlie  people  themfelves,  howtver, 
complain  of  no  oppreflion ;  and  feemed  all  very  anxious 
to  fupport  the  king  in  a  conteft  he  was  going  to  enter 
into  with  the  fovereign  of  KalTon.  The  Serawoollies  are 
habitually  a  trading  people  ;  ther  formerly  carried  on  a 
great  commerce  with  the  French  in  gold  and  naves,  and 
ftiU  maintain  fome  traffic  in  ilaves  with  the  Britifh  frc- 
tories  on  the  Gambia.  They  are  reckoned  tolerably 
fair  and  iuft  in  their  dealinrrs,  but  are  indefatieable  in 
their  exertions  to  acquire  wealth,  and  they  derive  con. 
fiderable  protits  by  the  fale  of  fait  and  ctittori  cloth  in 
diftant  countries.  When  a  SerawooUi  merchant  returns 
home  from  a  trading  expedition,  the  neighbours  imme- 
diately affemble  to  congratulate  him  upon  his  arrival. 
On  tbefe  occafions  the  traveller  difpiays  his  wealth  and 
liberality,  by  making  a  few.prefents  to  his  friends  ;  but 
if  he  has  been  unfuccefsful,  his  levee  is  foon  over  ;  and 
every  one  locks  upon  him  as  a  man  of  no  underllanding, 
who  could  perform  a  long  jouhiey,  and  (as  they  exprefs 
it)  bring  back  nothing  but  the  hair  upon  his  head. 

Their  language  abounds  much  in  gutturals,  and  is 
not  fo  harmonious  as  that  fpoken  by  the  Foulahs  :  it  is, 
however,  well  worth  acquiring  by  thofe  wbo  travel 
through  this  part  of  the  African  continent;  it  being 
very  generally  underdood  in  the  kingdoms  of  Kaflou, 
Kaarta,  Ludamar,  and  the  northern  parts  of  Bambara. 
In  all  thefe  countries  the  Serawoollies  are  the  chief 
traders. 

Joag,  the  frontier  town  of  this  kingdom  as  you  enter 
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it  from  Plfanla,  may  be  fuppofed,  on  a  grofs  computa-     K»i;,fi. 
tion,  to  contain  two  thoufand    inhabitants.      It   is  fur-  <^""~" 

rounded  by  a  high  wall,  in  whith  are  a  number  of  port 
holes,  for  mufquetry  to  fire  through  in  cafe  of  an  at- 
tack. Every  man's  pofTefTion  is  likcwife  furrounded 
by  a  wall  ;  the  whole  forming  fo  many  dillinft  citadels; 
and  amongft  a  people  unacquainted  with  the  iife  of  ar- 
tillery, thefe  walls  anfwer  all  the  purpofes  of  (Ironger 
fortifications.  To  the  wellvvard  of  the  town  is  a  fmall 
river,  on  the  banks  of  which  the  natives  raife  great 
plenty  of  tobacco  and  onions.  Mr  Park  was  in  this 
town  plundered  of  half  his  effefts  by  order  of  the  king, 
becaufe  forfooth  he  had  neglected  to  pay  the  accuilom- 
ed  duties  before  he  entered  the  kingdom  ;  and  it  re- 
quired a  good  deal  of  addrefs  lo  prevent  himfelf  and 
his  attendants  from  being  made  Haves  ;  a  (late  to  which 
the  law,  it  was  faid,  condemned  them  for  the  commif- 
fion  of  this  unintended  crime.  He  was  at  lall  refcued 
from  Joag  by  a  nephew  of  the  king  of  KalTon.  Joag 
is  placed  by  Major  Rennel  in  14°  25'  N.  Lat.  and  9" 
46  W.  I-ong. 

IIAINSI,  is  the  name  given  by  the  Hottentots  to  a 
jiarticular  Ipeeies  of  antelope,  of  which,  according  to 
Vaillant,  no  author  has  yet  given  a  perfeft  defcription. 
It  is  called  by  the  Dutch  klipfpringer,  on  account  of 
the  eafe  with  which  it  leaps  from  rock  to  rock  ;  and 
indeed  of  all  the  antelopes  there  is  no  one  equal  to  it  in 
agility.  It  is  about  the  fiy.e  of  a  kid  of  a  ytar  old,  and 
of  a  yellowifli  grey  colour  ;  but  its  hair  has  this  pecu- 
liarity, that,  inftead  of  being  round,  pliable,  and  firm, 
like  that  of  moft  otlier  quadrupeds,  it  is  flat,  harili,  and 
fo  little  adherent  to  the  flcin,  that  the  flighted  frielion 
makes  it  fall  off.  Nothing  is  more  eafy,  therefore,  than 
to  deprive  this  animal  of  its  hair  :  dead  or  alive  it  is  the 
fame  ;  to  rub,  or  even  to  touch  the  animal,  is  fufficient. 
Another  peculiarity  of  this  Angular  hair  is  its  being  ex- 
tremely fragile;  fo  that  if  you  take  a  tuft  of  it  between 
your  fingers,  and  twid  it  with  the  other  hand,  it  will 
break  like  the  barbs  of  a  feather.  This  property,  how- 
ever, belongs  not  exelufivcly  to  the  hair  of  the  kainfi  ; 
fcir  our  author  fays  he  has  obferved  it  in  the  hair  of 
other  quadrupeds,  which  in  the  fame  manner  live  among 
the  rocks. 

This  antelope  differs  from  the  other  fpecies  alfo  in 
the  fhape  of  the  foot,  which,  indead  of  being  pointed 
like  theirs,  is  rounded  at  the  end  ;  and  as  it  is  always 
accudomed,  both  in  leaping  and  walking,  to  tread  with 
the  point  of  the  hoof,  without  reding  at  all  on  the  heel, 
it  leaves  a  print  didinguifhaljle  from  that  of  any  other 
antelope  in  Africa.  Its  fltfh  is  exqullitcly  flavoured, 
and  much  fought  after,  particularly  by  the  hunters. 

The  chace  of  the  kainfi  is  very  amufing.  It  is  true, 
it  is  fcarcely  pofTible  to  hunt  it  down  with  dogs,  as  it 
foon  efcapes  them  by  means  of  its  inconceivable  agility, 
and  gets  out  of  their  reach  on  the  point  of  fome  de- 
tached rock,  where  it  will  remain  whole  hours  fafe  from 
all  purfuit,  and  fufpended,  as  it  were,  above  the  abyfs. 
But  in  this  fituation  It  is  excellently  placed  for  the  ar- 
row or  the  ball  of  the  hu.itfman  ;  who  is  commonly  cer- 
tain of  fliooting  it  at  pleafure,  though  he  is  not  always 
able  to  come  at  it  when  killed.  We  fliall  give  our  au- 
thor's account  of  a  chace  of  the  kainfi  in  his  own 
words. 

"  I  was  hunting  (fays  he)  one  of  thefe  animals, 
when,  from  the  nature  of  the  place,  it  found  itfelf  fo 

prefled; 
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pictTcd  by  my  dogs,  as  to  be  on  the  poiot  of  being  run 
tlowu  and  taken.  There  were  apparently  no  means  of 
efcape  ;  fince  before  it  was  a  vail  perpendicular  rock, 
by  which  its  courfe  was  neccfTarily  flopped.  In  this 
wall,  however,  which  appeared  to  me  perteftly  fmooth, 
was  a  little  ridge,  projefting  at  moll  not  above  two 
inches,  which  the  kaiiifi  quickly  perceived,  and,  leaping 
upon  it,  to  my  great  aftonillinient  kept  itfelf^rm  (a). 
1  imagined  that,  at  any  rate,  it  niufl  foon  tumble  down; 
and  my  dogs,  too,  fo  tuUy  expefled  it,  that  they  ran  to 
the  bottom  of  the  rock,  to  be  ready  to  catch  it  when  it 
fell.  To  haften  Its  fall,  I  endeavo'ured  to  harafs  it,  and 
make  it  lofe  its  equilibrium  ;  and  for  this  purpofe  I 
pelted  it  with  (loues.  All  at  once,  as  if  gueiriiig  my 
c'dign,  it  coiiefted  its  whole  llrength,  bounded  over  my 
bead,  and,  tailing  a  few  paces  from  me,  darted  away 
with  the  utmoft  fpeed.  Notwithilanding  the  rapidity 
of  its  flight,  it  would  have  been  eafy  for  me  to  have  fliot 
it  ;  but  its  leap  had  fo  furpriled  and  amufed  me,  that  I 
gave  it  its  life."  This  was  generous,  it  the  ftory  be 
true. 

KAMT8CHATKA  is  inhabited  by  a  people,  who 
are  reprefented  in  the  Encyclop.tdia  as  pofTeffing  almoft 
every  quality  that  can  difgrace  human  nature.  We 
think  it  incumbent  upon  us  to  acknowledge,  in  this 
place,  that  a  much  more  favourable  pitlure  of  them  is 
drawn  by  La  Peroirfe  who  vifited  Kamtfchatka  in  Sep- 
tember 1787.  The  Ruflian  governor  made  the  com- 
•niodore  and  his  officers  remark  the  promifing  appear- 
ance of  feveral  fmall  fields  of  potatoes,  of  which  the 
feed  had  been  brought  ^rom  Irkoutfl<  a  few  years  be- 
fore ;  and  purpofed  to  adopt  mild,  though  infallible 
means,  of  making  farmers  of  the  Ruffians,  CofFacks,  and 
Kamtfchadales.  The  fmall-pox  in  i769fwept  away 
three-fourths  of  the  individuals  of  the  latter  nation, 
which  is  now  reduced  to  lefs  than  four  thoufand  per- 
fons,  fcattered  over  the  whole  of  the  peninfula  ;  and 
which  will  fpeedlly  difappear  altogether,  by  means  of 
the  continual  mixture  of  the  Ruffians  and  Kamtfcha- 
dales, who  frequently  intermarry.  A  mongrel  race, 
more  laborious  than  the  Ruffians,  who  are  only  lit  for 
•foldiers,  and  much  ftronger,  and  of  a  form  lefs  difgrace- 
ful  to  the  hand  of  nature,  than  the  Kamtfchadales,  will 
fpring  from  thefe  marriages,  and  fucceed  the  ancient  in- 
habitants. The  natives  have  already  abandoned  the 
yourts,  in  which  they  ufed  to  burrow  like  badgers  du- 
ring- the  whole  of  the  winter,  and  where  they  breathed 
an  air  fo  foul  as  to  occafion  a  number  of  dlforders.  The 
moft  opulent  among  them  now  build  i/has,  or  wooden 
houfes,  In  the  manner  of  the  Ruffians.  They  are  pre- 
cifely  of  the  fame  form  as  the  cottages  of  our  peafants; 
are  divided  into  three  little  rooms;  and  are  warmed  by 
a  brick  ftove,  that  keeps  up  a  degree  of  heat(B)  infup- 
portable  to  perfons  unaccullomed  to  It.  The  reft  pafs 
the  winter,  as  well  as  the  fummer,  in  balugans,  which 
are  a  kind  of  wooden  pigeon-houfes,  covered  with  thatch, 
and  placed  upon  the  top  of  pofts  twelve  or  thirteen  feet 
high,  to  which  the  women  as  well  as  the  men  climb  by 
means  of  ladders  that  afford  a  footing  very  infecure. 
But  thefe  latter  buildings  will  foon  difappear  ;  for  tlie 
Kamtfchadales  are  of  an  imitative  genius,  and  adopt  al- 


mofl  all  the  cuftoms  of  their  conquerors.  Already  the 
women  wear  tlieir  hair,  and  arc  alri;ioll  entirely  drefTed 
m  the  manner  of  the  Ruffians,  whofe  language  prevails 
in  all  the  ojirngs  ;  a  fortunate  clrcun^ftance,  fnice  each 
Kamtfciiadalian  village  fpoke  a  diffeient  jargon,  the  in. 
habitants  of  one  hamlet  not  underflanding  that  of  the 
next.  It  may  be  faid  In  praife  of  the  Ruffians,  that 
though  they  have  eftabliflied  a  defpotic  government  in 
this  rude  climate,  it  is  tempered  by  a  mlldnefs  and 
equity  that  render  its  inconveniences  unfelt.  llicy 
have  no  reproaches  of  atrocity  to  make  themfelves,  like 
tilt  Spaniards  in  Mexico  and  Peru.  The  taxes  they 
levy  on  the  Kamtfchadales  are  fo  light,  that  thev  carl 
only  be  contldered  as  a  mark  of  gratitude  towards  the 
fovereign,  the  produce  of  half  a  dav's  hunting  acquit- 
ting the  impolls  of  a  year.  It  Is  furprlllng  to  fee  in 
cottages,  to  all  appearance  more  miferable  than  thofe  of 
the  moll  wretched  hamlets  in  our  mountainous  prcv 
vinces,  a  quantity  of  fpecies  in  circulation,  which  ap- 
pears the  more  confiderable,  becaufe  it  exifts  among  fo 
fmall  a  number  of  inhabitants.  They  confume  fo  few 
commodities  of  Rulha  and  China,  that  the  balance  of 
trade  is  entirely  in  their  favour,  and-that  it  Isabfolutely 
necetfary  to  pay  them  the  difference  in  rubles.  Fin-s  at 
Kamtfchatka  are  at  a  much  higher  price  than  at  Can- 
ton ;  which  proves,  that  as  yet  the  market  of  Klatcha 
has  not  fek  the  advantageous  efFcft  of  the  new  channel 
opened  in  China. 

Our  authr,r  compares  Kamtfchatka,  with  refpeft  to 
climate  and  foil,  to  the  coaft  of  Labrador  in  the  vicinity 
of  the  StraitB  of  I'elle  Ille;  but  the  men,  like  the  ani- 
mals, are  there  very  different.  The  Kamtfchadales  ap- 
peared to  him  the  fame  people  as  thofe  of  the  bay  of 
Callrlcs,  upon  the  coall  ot  Tartar^-.  Their  mlldnefs  and 
their  probity  are  the  fame,  and  their  perfons  are  very 
little  different  They  ought  then  no  more  to  be  com- 
pared to  the  Efquimaux  Indians,  than  the  fables  of 
Kamtfchatka  to  the  martins  of  Canada. 

The  Greek  religion  has  been  ellabliibed  among  the 
Kamtfchadales  without  pcrfecution  or  violence,  and  with 
extraordinary  facility.  The  vicar  of  Paratounka  is  the 
fon  of  a  Kamtfchadale  and  of  a  Ruffian  woman.  He 
delivers  his  prayers  and  catechifm  with  a  tone  of  feeling 
very  much  to  the  talle  of  the  aborigines,  who  reward  . 
his  cares  with  cfferings  and  alms,  but  pay  no  tythes. 
The  canons  of  the  Greek  church  permittuig  priells  to 
marry,  we  may  conclude  that  the  morals  of  the  country 
clergymen  are  fo  much  the  better.  "  I  believe  them, 
however  (fays  Peronfe),  to  be  very  ignorant  ;  and  do 
not  fuppofe  that  for  a  long  time  to  come  they  wlil 
ftand  in  need  of  greater  knowledge.  The  daughter, 
the  wife,  and  the  tiller  of  the  vicar,  were  the  bell  dan- 
cers of  all  the  women,  and  appeared  to  enjoy  the  bell 
ftate  of  health.  The  worthy  pried  knew  that  we  were 
good  Catholics,  which  procured  us  an  ample  afperfion 
of  holy  water  ;  and  he  alfo  made  us  kifs  the  crols  that 
was  carried  by  his  clerk  ;  thefe  ceremonies  were  per- 
formed In  the  midft  of  the  village.  His  parfonage  houfe 
was  a  tent,  and  his  altar  In  the  open  air  ;  but  his  nfual 
abode  is  Paratounka,  and  he  only  came  to  St  Peter  and 
St  Paul's  to  pay  us  a  vifit." 

The 


Kjnif. 
fch:itka. 


(a)  This  we  think  incredible. 

(b)  Not  lefs  than  thirty  degrees  of  Reaumur's  thermometer. 


Kanem. 
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K«M(-        The  people  of  Kamtfchatka  have  inured  tlienifelves  be  very  exteiifive  ;  and  if  it  be  true,   as  we  learn  from 

fchatka,    (Q  j1,^  extremes  of  heat  and  cold.      It  is  well  known,  the  proceedings  of  the  African  Afl'ociation,  that  its  fo- 

that  tlieir  culloin   in  Europe,  as  well   as  in  Afia,  is  to  vereign  is  more  powerful  than  the  Emperor  ot  Morocco, 

go  into  vapour  baths,  come  out  covered  with  perfpira-  the  people  cannot  be  fuch  ablolute  brutes,   as  we  have 

tion,  and  immediately  roll  themfelves  in  the  (now.     The  rcprefented  them  in  the  article  referred  to  ;   for  the  fo- 

ojlrog  of  St  Peter  had  two  of  thcfe  public  baths,   into  vereign  of  brutes  would  have  no   power.      The  truth, 
which   our  author  went  before  the  fires  were   lighted. 


Kanr, 

KriTitufia. 


They  confift  ot  a  very  low  room,  in  the  middle  of  which 
is  an  oven  conlbufted  of  (tones,  without  cement,  and 
heated  like  thole  intended  to  bake  bread.  Its  arched 
Toofs  is  furrounded  by  feats  one  above  another  like  an 
amphitheatre,  for  thofe  who  widi  to  bathe,  fo  that  the 
heat  is  greater  or  Icfs  according  as  the  perlon  is  placed 
upon  a  liigher  or  lower  bench.  Water  thrown  upon 
the  top  of  the  roof,  when  heated  red  hot  by  the  fire 
underneath,  is  converted  initantlv  into  vapour,  and  ex- 
cites the  nioft  profufe  perlpiration.  Tlie  Kamtfchat- 
dales  have  borrowed  this  cullom,  as  well  as  many  others, 
from  their  conquerors  ;  and  ere  long  the  primitive  cha- 
raftcr  that  dillingiiilhed  them  fo  llrongly  from  the  Ruf- 
fians will  be  entirely  effaced. 

Our  author  deferibes  the  bay  of  Avatfcha  as  the  fi- 
ned, the  moll  convenient,  and  the  faftll,  that  is  to  be 
met  with  in  any  part  of  the  world.  The  entrance  is 
narrow,  and  (hips  would  be  forced  to  pafs  under  the 
guns  of  the  forts  that  might  be  eafily  erefted.  The 
bottom  is  mud,  and  excellent  holding  ground.  Two 
vaft  harbours,  one  on  the  eaftern  fide,  the  other  on  the 


The 
however  is,  that  vei7  little  is  yet  known   in  Europe  of 
Bornou  or  its  inhabitants. 

KANT  (Immanuel),  Royal  ProfelTor  of  Morals  and 
Metaphylles  in  the  Univerfity  of  Konigfberg,  publilhed 
(ume  years  ago  a  new  fyftem  of  Metaphyfics,  to  which 
he  gave  the  name  of  Cr'uical  Philosophy,  which  (ce 
in  this  Snpphmatt. 

KANTUFFA,  a  fpecies  of  thorn  peculiar  to  Abyf- 
finia,  is  thus  defcribcd  by  Mr  Bruce  :  The  branches 
(land  two  and  two  upon  the  (talk  ;  the  leaves  are  difpo- 
fcd  two  and  two  likewifc,  without  any  fingle  one  at  the 
point,  whereas  the  branches  bearing  the  leaves  part  from 
the  Iblk  :  at  the  immediate  joining  of  them  are  two 
thick  thorns  placed  perpendicular  and  parallel  alternate- 
ly ;  but  there  are  alfo  (ingle  ones  diflributed  iu  all  the 
interftices  throughout  the  branch. 

The  male  plant  has  a  one-leaved  perianthium,  divided 
into  five  fcgments,  and  this  falls  oif  with  the  flower. 
The  flower  is  compofed  of  five  petals,  in  the  middle  of 
which  rife  ten  (laniin:i  or  filaments,  the  outer  row  (hort- 
er  than  thofe  of  the  middle,  with  long  (ligmata,  having 
yellow  farina  upon  them.    The  flowers  grow  in  a  branch. 


wellern,  are  capable  of  contain!  g  all  the  (hips  of  the  generally  between  three  and  four  inches  long,  in  a  coni- 

French  and  Engh(h  navy.     The  rivers  of  Avatfcha  and  cal  difpofition,   that  is,   broader  at   the  bafe  than  the 

Paratounka  fall  into  this  bay,  but  they  are  choaked  up  point.      The  infide  of   the  leaves  are  a  vivid  green,  in 

with   fand-banks,   and  can  only  be  entered  at  the  time  the  outfide  much  lighter.      It  grows  in  form  of  a  bu(h, 

of  high  water.     The  village  of  St  Peter  and  St  Paul  is  with  a  mulutude  of  fmall  branches  rifing  immediately 

fituated  upon  a  tangue  of  land,  which,  like  a  jetty  made  from  the  ground,    and  is  generally    feven  or  eight   feet 

by   human  art,  forms  behind  the  village  a  little  port,  high.     Our  author  faw  it  when  in  flower  only,   never 

(hut  in  like  an  amphitheatre,  in  which  three  or  four  vef-  when  bearing  fruit.      It  has  a  very  (Irong  fmell,   refem- 

fels  might  lie  up  for  the  winter.     The  entrance  of  this  bling  that  of  the  fmall  fcented  flower  called  mignionet, 

fortofbafon   is  more  than  twenty-five  toifes  wide  ;  and  (own   in  vafes  and  boxes  in  windows,   or  rooms,  where 

nature   can  afford  nothing  more  fafe  or   commodious,  flowers  are  kept. 


Our  author  reprefents  the  kantuffaas  fo  very  trouble- 
forae,  that  it  renders  travelling  through  fome  places  of 
AbylTiaia  almofi:  irripolTible.  The  foldier  fcreens  him- 
felf  from  it  by  a  goat's,  a  leopard's,  or  a  lion's  flcin 
thrown  over  his  (houlders,  of  which  it  has  no  hold.  As 
his  head  is  bare,  he  always  cuts  his  hair  (hort  before  he 
goes  to  battle,  led  his  enemy  fliould  take  advantage  of 


On  its  fhore  the  Governor  propofed  to  lay  down  the 
plan  of  a  city,  which  fome  time  or  other  will  be  the  ca- 
pital of  Kamtfchatka,  and  perhaps  the  centre  of  an  ex- 
tenfive  trade  with  China,  Japan,  the  Phillippines,  and 
America.  A  vaft  pond  of  fre(h  water  is  fituated  north- 
ward of  the  fite  of  this  projected  city  ;  and  at  only 
three  hundred  toifes  diftance  run  a  number  of  ftream- 

lets,  the  eafy  union  of  which  would  give  the  ground  all  it;   but  the  women,   wearing  their  hair  long,   and  the 

the  advantages  necelTary  to  a  great   eftablifiiment.     Of  great  men,  whether  in  the  army  or  travelling  in  peace, 

thefe   advantages   Mr    Kafloft'   underftood    the    value;  being  always  clothed,  it  never  fails  to  incommode  them, 

"  but  firft  ((aid  he  a  thoufand  times  over)  we  mnft  have  whatever  fpecies  of  raiment  they  wear.  ^    If  their  cloak 

bread  and  hands,  and  our  fl;ock  of  both  of  them  is  very  is  fine  niudin,   the  lead    motion  againft  it  puts  it  all  in 

fmall."     He   had,   however,   given  orders,    which  an-  rags  ;  but  if  it  is  a  thick,   foft  cloth,  as  thofe  are  with 

nounced  a  fpcedy  union  of  the  other  ojlro^s  to  that  of  which  men  of  rank  generally  travel,  it  buries  its  thorns, 

»St  Peter  and  St  Paul,  where  it  was  his  intention  imme-  great  and   fmall,    fo  deep  in  it,   that  the  wearer  mud 

diately  to  build  a  church.     By   obfervation,    St  Peter  either  difmount  and  appear  naked,    which  to  principal 

and  St  Paul  was  found  to  be   in  53°    1'  N.   Lat.    and  people    is  a   great  difgrace,    or  elfe  much   time  will  be 

156'  30'  E.  Long,  from  Paris.  fpent  before  he  can   difengage  himfelf  from  its   thorns. 

KANEM,  is  the  name  given  by  Adrifi  to  the  king-  In   the  time  when    one  is  thus  employed,   it  rarely  fails 

dom  of  Bornou  in  Africa,  of  which  the  reader  will  find  to   lay  hold  of  you  by  the  hair,   and  that  again   brings 

fome  account  in  the  Encyclopedia  Britannka.      In  fome  on  another  operation,  full  as  laborious,  but  much  more 

particulars,  however,  that  account  is  incorreft.     The  painful,   than  the  other.     A  proclamation  is  therefore 

kingdom  of  Bornou  or  Kanem  muft  extend  farther  eaft  iifued,  every  year  immediately  before  the  king  commen- 

and   farther  north  than  it  is  there   faid  to  do  ;  for  ac-  ces  any  march,  in  thefe  words  :   "  Cut  down  the  kan- 

cording  to  the  lateft  and  beft  accounts,  its  capital  (lands  tu(fa   in  the  four  quarters  of  the  world  ;  for  I  do  not 

in  Lat.  24"  32',  Long.  22"  j7'.     The  empire  is  faid  to  know  where  I  am  going."     The   wild   animals,  both 

SuFPL.  Vol.  II.  Part  I.  G                                      birds 
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K.iffon.    birds  anil  beafls,  cfpecially  the  Guinea  fowl,  know  how     led  a  palaver  upon  ihe  Bufliiecn's  conduft,     The  faft 


Kanbn, 


'well  it  is  qualified  to  piotetl  them.  In  this  flicker,  the 
hunter  in  vain  could  endeavour  to  molell  them,  were  it 
not  for  a  hard-haired  dujr,  or  terrier  of  the  fmalleft  fr/.e, 
who  being  defended  from  the  thorns  by  the  roughnefs 
of  his  coat,  goes  into  the  cover,  and  brings  them  and 
the  partridges  alive  one  by  one  to  his  mailer. 

K'VSSON,  a  populous  kingdom  in  North  Africa, 
of  which  the  capital  Kooniaiiiry  is  placed  by  Major 
Rennel  in  r,}"  33'  N.  I-at.  and  8°  43'  W.  Lon.  The 
king  who  reigned  when   Mr  Park  was  in  the  country 


was  clearly  proved  againll  hnn  ;  and  he  was  fentenced 
to  be  fold  into  flavery,  or  to  find  two  Haves  for  his  re- 
demption, according  to  the  pkafure  of  the  complainant. 
The  injured  hufband,fiowever,  was  unwilling  to  proceed 
againil  his  friend  to  inch  extremity,  and  dcfircd  rather 
to  ha\e  him  publicly  flogged  before  the  governor's  gate. 
This  was  agreed  to,  and  the  fentence  was  immediately 
executed.  The  culprit  was  tied  by  the  hands  to  a  flrong 
Hake  ;  and  a  long  black  rod  being  brought  forth,  the 
executioner,  after  flourilhing  it  round  bis  head  for  fome 


was  extremely    kind    to   our  traveller,   though  his  fon  time,   applied  it  with  fuch    force  and  dexterity  to  the 

plundered  him  unmercilully,  like  other  rapacious  chief's  Buihreen's  back,  as  to  make  him  roar  until  the  woods 

of  tha-  favage  country.      From  the  top  of  a  high  hill,  refounded    with  his  fcreams.      The   furrounding   multi- 

at    fome   diliance   frimi  the   capital,   "  I  had   (fays  Mr  tude,   by    their  houting   and  laughing,  manilelled  how 

Park)  a  inoft  enchanting  profpeft  of  the  country.     The  much  thty  enjoyed  the  puniflimcnt  of  this  old  gallant  ; 

number  of  towns  and  villages,  and  the  extenfivc  cultiva-  and  it  is  worthy  of  remark,   that  the  number  of  llripes 

tion  around  them,   furpatftd  every  thing  I  had  yet  feen  was  precifely  the  fame  as  arc  enjoined  by  the   Mofaic 

in  Africa.      A  grofs  calculation   may  be  formed  of  the  \zw,  forty,  fave  one." 

number  of  inhabitants  in  this  delightful  plain,  by  confi-  The  method  of  converting  the  negro  nations  to  the 

dering  that  the  king  of  Kafl'on  can  raife  four  thoufand  religion  of  the  Arabian  Tmpoilor  is  a  very  fingylar  one  ; 

fighting  men  by  the  found  of  his  war  drum."  and  Mr  Park  faw  the  whole  people  of  Teefee  converted 

At  Teefee,  a  large  unwalled  town,  where  our  author  in  an  inftant.  During  his  refidence  in  that  town  an  em- 
refided  for  fome  days,  he  had  an  opportunity  of  obfer-  bad'y  of  ten  people  belonging  to  Almami  Abdulkader, 
ving  tlie  culloms  of  the  inhabitants,  who  confided  part-  king  of  Foota  Torra,  a  country  to  the  weft  of  Bondou, 
ly  of  Pagans  and  partly  of  Buflueens,  /.  e.  of  negroes  arrived  at  Teefee  ;  and  defiring  Tiggity  Sego  the  go- 
converted  to  Mahomedanifm.  Though  thefe  people  vernor  to  call  an  affembly  of  the  inhabitants,  announced 
polfefs  both  cattle  and  corn  in  abundance,  rats,  moles,  publicly  their  king's  determination,  to  this  effeft  : 
fquirrels,  fnakes,  loculls,  f<c.  are  eaten  without  fcruple  "  That  unlefs  all  the  '.leople  of  KafTon  would  embrace 
by  the  hlghell  and  lowell.  Another  cullom  ilill  more  the  Mahomedan  religion,  and  evince  their  converfion 
extraordinary,  is,  that  no  woman  is  allowed  to  eat  an  by  faying  eleven  public  prayers,  he  (the  king  of  Foota 
igg.  This  prohibition,  whether  arifing  from  ancient  fu-  Torra)  could  not  poffibly  (land  neuter  in  the  prcfent 
perftition,  or  from  the  craft Inefs  of  fonr\e  old  Bufhreen  conteft,  but  would  certainly  join  his  arms  to  thofe  of 
who  loved  eggs  himfelf,  is  rigidly  adhered  to  ;  and  no-  Kajaaga."  A  meflage  of  this  nature,  from  fo  powerful 
thing  will  more  affront  a  woman  of  Teefee  than  to  offer  a  prince,  could  not  fail  to  create  alarm  ;  and  the  inha- 
her  an  egg.  The  cuftom  is  the  more  fingular,  as  the  bitants  of  Teefee,  after  a  long  confultation,  agreed  to 
men  eat  eggs  without  fcruple  in  the  prefence  of  their  conform  to  his  good  pleafure,  humiliating  as  it  was  to 
wives,  and  Mr  Park  never  obferved  the  fame  prohibition  them.  Accordingly,  one  and  all  publicly  offered  up 
in  any  other  of  the  Mandingo  countries.  eleven  prayers,  which  were  eonfidered  a  fufficient  teiti- 

Our  author  was  prelent  at  a  palaver  held  by  the  go-  mony  of  their  having  renounced  Paganifm,  and  embraced 

vernor  of  Teefee  on  a  very  extraordinary  occafion  ;  of  the  doflrines  of  the  Prophet. 

which  we  (lull  give  his  account  at  full  length,  becaufe  Our   author  relates  a  ftory,   which  we  cannot   refufe 

it  fhows  how  free  men  are  reduced  to  flavery   in  North  ourfelves  the  pleafure  of  infeiting,  becaufe  it  exhibits  a 

Africa.     The   cafe   was  this  :   "  A  young  man,  a  Ka-  very    pleafing  pidture  of  the  affetlion  and  gratitude  of 

fir  of  confiderable  affluence,  who  had  recently  married  a  the  Pagan  negroes.      In  his  train  was  a  blackfmith,  who 

young   and   handfome  wife,   apphed   to  a  very    devout  hadlivedfomeyears  on  the  Gambia,  and  who  now  return- 

Bufhreen,  or  Muffulman  prieft,  of  his  acquaintance,  to  ed  to  his  own  country  Kajfou,    "  Soon  after  we  came  in 

procure   him  faphies  for  his  proteftion    during  the  ap-  fight  of  Jumbo,   his  native   town  (fays  Mr  Park),   his 

preaching  war.      The   Bufhreen  complied   with  the  re-  brother,  who  had  by  fome   means  been  appriled  of  his 

quefl  ;  and  in  order,  as  he  pretended,  to  render  the  fa-  coming,  came  out  to  meet  him,  accompanied  by  a  fing- 

phies  more  efficacious,  enjoined  the  young  man  to  avoid  ing  man  :   he  brought  a  horfe  for  the  blackfmith,  that 

any    nuptial  intercourfe   with  his  wife   for  the  fpace  of  he  might  enter  his  native  town  in  a  dignified  manner  ; 

fix  weeks.      Severe    as   the   injundfion    was,    the   Kafir  and  he  defired  each  of  us  to  put  a  good  charge  of  pow- 

ftriaiy   obeyed  ;   and  without  telling  his  wife  the  real  der  into  our  guns.     The  finging  man  now  led  the  way, 

<?aufe,  abfented  himfelf  from  her  company.      In  the  mean  followed  by  the  two  brothers;   and  we  were  prefently 

time  it  began  to  be  whifpered  at  Teefee,  that  the  Bufli-  joined   by   a    number  of  people  from    the   town,  all  of 

reen,  who  always  performed  his  evening  devotion's  at  whom   demonllrated   great   joy   at  feeing   their  old  ac- 

the  door  of  the  Kafir's  hut,  was  more  intimate  with  the  quaintance   the    blackfmith,   by  the  moll   extravagant 

young   wife  than    he  ought   to  be.      At  firft,   the  good  jumping  and  finging.      On  entering  the  town,  the  fing- 

hufband  was  unwilling  to  fufpeft  the  honour  of  his  fane-  ing  man  began  an  extempore  fong  in  praife  of  the  black- 

tified  friend,    and  one  whole  month  elapfed  before  any  fmith,  extolling  his  courage  in  having  overcome  fo  many 

jealoufy  rofe  in   his  mind  ;  but  hearing   the  charge  re-  difficulties  ;  and  concluding  with  a  ftrift  injunction  to 

peated,   he  at  laft  interrogated  his  wife  on  the  fubjeft,  his  friends  to  drefs  him  plenty  of  vifluals. 

who  frankly  confeffed  that  the  Buihreen  had  feduccd  her.  "  When  we  arrived  at  the  blackfmith's  place  of  refj- 

Hereupon  the  Kafir  put  her  into  confinement,  and  cal-  dence,   we  difmounted  and  fired  our  mufkets.     The 

meeting 
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K&flbn,    meeting  between  liim  and  his  friends,  was  very  tender  ; 

K-cite.  f^,f  thefe  rude  children  of  nativre,  free  from  reftraint,  dif- 
•  play  thfir  emotions  in  the  flrongeft  and  moft  imprefiive 
manner.  Amidft  thefe  tranfports  the  blacklmith's  aged 
mother  was  led  fortli,  leaning  upon  a  ftaff.  Every  one 
made  way  for  her  ;  and  flie  llretched  out  her  hand  to 
bid  her  fon  welcome.  Being  totally  blind,  (lie  llroked 
his  hands,  arms,  and  face,  with  great  care,  and  feemed 
highly  delighted  that  her  latter  days  were  blclTed  by  his 
return,  and  that  her  ears  once  more  heard  tlie  muiic  of 
his  voice.  From  this  interview  I  was  fully  convinced, 
that  whatever  difference  there  is  between  the  Negro  and 
European  in  the  conformation  of  the  nofc  and  the  co- 
lour of  the  (l<in,  there  is  none  in  the  genuine  fympathies 
and  charafterilUc  feelings  of  our  common  nature. 

"  During  the  tumult  of  thefe  coi.gratulations,  I  had 
feated  mylelf  apart,  by  the  tide  of  one  of  the  huts,  be- 
ing unwilling  to  interrupt  the  flow  of  filial  and  parental 
tendemefs  ;  and  the  attention  of  the  company  was  fo 
entirely  taken  up  with  the  blackfmith,  that  I  believe 
none  of  his  friends  had  obfcrved  me.  When  all  the  peo- 
ple prefent  had  feated  themfelves,  the  blackfmith  was 
defired  by  his  father  to  give  them  fome  account  of  his 
adventures  ;  and  filence  being  commanded,  he  began  ; 
and  after  repeatedly  thanking  God  for  the  fuccefs  that 
had  attended  him,  related  every  material  occurrence  that 
had  happened  to  him  from  his  leaving  KafTon  to  his  ar- 
rival at  the  Gambia  ;  his  employment  and  fuccefs  in 
thofe  parts  ;  and  the  dangers  he  had  efcapcd  In  return- 
ing to  his  native  country.  In  the  latter  part  of  his  nar- 
ration .he  had  frequently  occafion  to  mention  me  ;  and 
after  many  llrong  expreifions  concerning  my  kindnefs 
to  him,  he  pointed  to  the  place  where  I  fat,  and  ex- 
claimed, (7/?//c  ii5;y/V//y,  "  fee  him  fitting  there."  In  a 
moment  all  eyes  were  turned  upon  me  ;  I  appeared  like 
a  being  dropped  from  the  clouds  ;  every  one  was  fur- 
prifed  that  they  had  not  obferved  me  before  ;  and  a  few 
women  and  children  expreded  great  uneafmefs  at  being 
fo  near  a  man  of  fuch  an  uncommon  appearance.  By 
degrees,  however,  their  apprehcnfions  lubfided  ;  and 
when  the  blackfmith  alfured  them  that  I  was  perfedly 
inoftenfive,  and  would  hurt  nobody,  fome  of  them  ven- 
tured fo  far  as  to  examine  the  texture  of  my  clothes  ; 
but  many  of  them  were  (llll  very  fulplcious  ;  and  when 
by  accident  I  happened  to  move  myfelf,  or  look  at  the 
young  children,  their  mothers  would  fcamper  off  with 
them  with  the  greateft  precipitation..  In  a  few  hours, 
however,  they  ail  became  reconciled  to  me."  With 
thefe  worthy  people  our  author  fpent  the  greater  part 
of  two  days  in  fealling  and  merriment  ;  the  blackfmith 
accompanied  him  to  the  capital ;  and  declared,  that  he 
would  not  leave  him  while  he  refided  there. 

KEATE  (George,  Efq  ;  F.  R.  S.),  defcended  of 
an  ancient  and  honourable  familv,  was  born  about  the 
year  1729  or  1730,  and  received  his  education  at  King- 
ilon  fchool,  under  the  Rev.  Mr  Wo  idefon.  From 
thence  he  went  to  Geneva,  where  he  refided  fume  years  ; 
and  during  his  ftay  there,  became  acquainted  with  Vol- 
taire, with  whom  he  continued  to  correfpond  many 
years  after  he  returned  to  England.  After  finllhlng 
the  tour  of  Europe,  he  fettled  as  a  ftudent  in  the  In- 
ner Temple,  was  called  to  the  bar,  and  fometlmes  at- 
tended Weftmlnfter  Hall  ;  though  he  did  not  meet 
with  encouragement  enough  to  induce  his  perfeverance 
Jn  his  profefTion,  nor  indeed  does  it  feem  probable  that 
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he  had  fufficient  application  for  it.  His  firft  llteraiT-  Keate. 
performance  was  "  Ancient  and  Mo'  erii  Rome,"  a  v  " 
poem,  written  at  Rome  in  the  year  17^5,  printed  In  the 
year  1760,  and  received  with  conhderable  applaufe. 
The  next  year  he  publlflied  "  A  Short  Account  of  the 
Ancient  Hldory,  Prefent  Government,  and  Laws,  of 
the  Republic  of  Geneva,  8vo."  Tin's  work  was  com- 
piled  during  the  author's  refidence  at  Geneva  ;  Is  a  very 
ufeful  one  ;  and  is  dedicated  to  Monfieur  de  Voltaire  ; 
to  whom  he  fays,  "  When  I  refledl,  that  it  was  in  this 
Republic,  whofe  government  I  have  attempted  to  de- 
fcribe,  that  I  was  firll  introduced  to  your  acquaintance  ; 
when  memory  renews  the  hours  of  foclal  mirth  and  re- 
fined  entertainment  which  your  hofpitality  and  converfa- 
tion  afforded  me — I  cannot  but  rejoice  in  this  occafion 
of  exprefTing  my  gratitude  ;  proud  that,  as  your  friend- 
fhip  diflinguilhed  the  author  of  thefe  pages  in  a  foreign 
country,  your  name  may  at  home  adorn  his  labour." 
It  was  at  one  time  the  intention  of  Voltaire  to  tranllate 
this  account  into  French,  though  he  afterwards  relln. 
quilhed  the  defign. 

The  next  year,  1762,  he  produced  an  "  Epiftle  from 
Lady  Jane  Gray  to  Lord  Guildford  Dudley  :"  and  in 
1763,  "  The  Alps,"  a  poem  ;  the  fubjecl  of  which 
comprehends  all  that  chain  of  mountains  known  under 
the  general  name  of  the  Alps,  extending  from  Italy  t(j 
Germany,  and  from  France  to  Tyrol,  by  whatever  de- 
nomination  they  are  particularly  dlftingulflied.  Of  all 
the  poetical  works  of  Mr  Keate,  this  is  intitled  to  the 
highefl  pralfe  for  truth  of  defcription,  elegance  ofverfi- 
ficatlon,  and  vigour  of  fancy. 

Continuing  to  employ  the  prefs,  in  1764  he  publifh- 
ed  "  Nctley  Abbey,"  which  he  afterwards,  in  1769, 
enlarged  and  reprinted  :  and,  in  1765,  produced  "  The 
Temple  Student,  an  Epiflle  to  a  Friend  ;"  humourouf- 
ly  rallying  his  own  want  of  application  to  the  iludy  of 
the  law,  his  preference  of  the  belles  lettres,  and  his  confe- 
quent  want  of  fuccefs  in  his  profeffion.  The  death  of 
Mrs  Gibber  in  1766,  of  whofe  merits  as  an  attrefs  he 
entertained  the  highcll  opinion,  gave  occafion  for  a 
poem  to  her  memory,  which  celebrates  her  excellent 
performances  an  the  ftage,  and  laments  the  lofs  the  thea- 
tre would  fuilain  by  her  death. 

In  February  1769,  he  married  Mifs  Hudfon  ;  and 
about  the  fame  time  publlfhed  "  Ferncy  ;  an  epiille  to 
M.  de  Voltaire."  In  this  poem,  after  pralfing  with 
energy  the  vai  ious  beauties  ot  his  friend'spoetlcal  works, 
he  introduces  the  following  panegyric  on  Shakefpearc  ; 

Yes  !  jealous  wits  may  ftill  for  empire  ftrive, 
Still  keep  the  flames  of  critic  rage  alive  : 
Our  Shakefpearc  yet  fliall  all  his  rights  maintain, 
And  crown  the  triumphs  of  Eliza's  reign. 
Above  controul,  above  each  clalfic  rule. 
His  tut'refs  Nature,  and  the  world  his  fchool. 
On  toaring  pmious  borne,  to  him  w'as  given 
Th'  a;rial  range  of  Fancy's  brightell  heav'n  ; 
To  bid  wrapt  thouglit  o'er  noblell  heights  afpire, 
And  wake  each  pafllon  with  a  mnfe  of  fire. 
Revere  his  genius.     To  the  dead  be  juft. 
And  fpare  the  laurels  that  o'erfhade  the  dufl. 
Low  lleeps  the  bard,  in  cold  oljlrudion  laid. 
Nor  aflis  the  chaplet  from  a  rival's  head. 
O'er  the  drear  vault,  Ambition's  utmoft  bound. 
Unheard  fhall  Fame  her  airy  trumpet  found ! 

G  2  Unheari 
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Keatc.         Unheard  alike  ;  nor  grief  nor  tranfport  raife 
The  blaft  of  cenfurc  or  the  note  of  praife  ! 
As  Raphael's  own  creation  grac'd  his  hearfe, 
A'ld  (ham'd  the  pomp  of  ollentatious  verfe,  ^ 
Shall  Shakefpeare's  honours  by  himfelf  be  paid, 
And  Nature  perilli  ere  his  pictures  fade. 

This  eulogium  on  Shakefpenre,  in  an  cpiftle  to  Vol- 
taire, who  liad  laboured  fo  long  and  fo  ilreniioufly  to 
detraft  from  the  merit  of  our  immortal  bard,  fhews  that 
Mr  Keate  had  not  given  up  his  judgment  to  the  fage 
of  Ferney.  How  the  old  and  envious  fophifter  would 
relilTi  his  friend's  condud,  may  be  eafily  conceived.  His 
feelings  were  certainly  very  different  from  thofe  of  the 
mayor  andburgeifes  of  Stratford,  when,  in  confcquence 
of  this  panegyric  on  their  townfman,  they  complimented 
Mr  Keate  with  a  ftandifh,  mounted  with  fdver,  made  out 
of  the  famous  Mulberry  tree  planted  by  Shakefpeare. 

In  1775,  he  publiHied  "  The  Monument  in  Area, 
dia,"  a  dramatic  poem,  built  on  the  pifture  of  Pouflin, 
mentioned  by  Abbe  du  Bos  in  his  "  Critical  Refleftions 
on  Poetry  and  Painting." 

In  1779,  Mr  Keate  produced  one  of  his  moft:  fuc- 
cefsful  works,  entitled  "  Sketches  from  Nature  ;  taken 
and  coloured  in  a  Journey  to  Margate  ;"  2  vols  ijmo. 
This  performance,  allowing  it  to  be,  as  it  really  is,  an 
imitation  of  Sterne's  "  Sentimental  Journey  ;"  yet  con- 
tains fo  many  pleafing  delineations  of  life,  lo  many 
ftrokes  of  humour,  and  fo  much  elegance  of  compofi- 
tioH,  that  few  will  hefitate  to  give  it  the  preference  to 
any  other  of  Sterne's  imitators. 

In  1781,  hecolletled  his  poetical  works  in  two  vols, 
T  2mo,  and  added  feveral  new  pieces  not  before  printed. 
The  principal  of  thefe  was  "  The  Helvetiad,"  a  frag- 
ment, written  at  Geneva  in  the  year  1756.  In  the 
preface  to  this  performance  he  gives  the  following  ac- 
count of  it  :  "  During  a  long  ftay  I  many  years  fince 
made  at  Geneva,  I  vifited  moft  of  the  principal  places 
in  Switzerland.  The  many  fublimc  fccnes  with  which 
nature  hath  enriched  this  romantic  counti7  ;  the  tran- 
quillity and  content  with  which  every  individual  enjoys 
his  property ;  and,  above  all,  that  independence  of  mind 
which  is  ever  the  refult  of  liberty — animated  me  with 
fuch  veneration  for  the  firil  authors  of  that  freedom, 
,  whofe  figures  are  recorded  to  pofterity  either  by  fculp- 
ture  or  painting  in  the  public  parts  of  the  towns  thro' 
thofe  little  ftates,  that  my  enthufiafm  betrayed  me  into 
a  defign  of  writing  a  poem  on  this  fingular  revolution  ; 
the  argument  of  which  I  had  divided  into  ten  cantos., 
beginning  the  work  with  the  oppreffions  of  the  Houfe 
of  Auftria,  and  clofmg  it  with  the  battle  of  Mongar- 
ten  ;  by  which  thofe  injured  psople  finally  renounced 
its  ufurpation,  and  formed  among  themfclves  thofe  va- 
rious confederacies  that  ended  in  the  great  union  and 
alliance  of  the  prefent  thirteen  cantons.  When  I  had 
fettled  tlie  whole  plan  of  this  work,  I  occafionally,  as  I 
found  a  difpofition  in  myftlf,  took  up  any  part  of  the 
poem  which  at  the  moment  mod  invited  my  thoughts  : 
and  enjoying  at  this  time  fuch  an  intercourfe  with  M. 
de  Voltaire  as  afforded  me  a  ciinftant  accefs  to  him,  I 
acquainted  him  with  my  intention,  (hewing  him  the  ar- 
gument 1  had  drawn  out  for  the  conduft  of  the  whole 
defign.  He  kept  it  a  few  days  ;  and,  in  returning  it, 
told  me,  that  he  thought  the  great  objeft  of  the  piece, 
the  epifodes  connected  with  the  hillory,  together  with 
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the  fcenery  of  the  country,  prefcntcd  fubjefl  matter 
whereon  to  found  a  fine  poem  ;  "  but  the  time  (added' 
lie)  which  fuch  an  undertaking  will  require,  I  would  ra- 
ther counfel  you  to  employ  on  fubjtdls  that  might  more 
engage  the  public  attention  ;  for  fhould  you  devote 
yourlclf  to  the  completion  of  your  prefent  defign,  the 
Swifs  would  be  much  obliged  to  you,  without  being 
able  to  read  you,  and  the  rcfl  of  the  world  care  little 
about  the  matter."  Feeling  the  force  and  juftncfs  of 
the  remark,  Mr  Keate  laid  afide  his  plan,  and  probably 
never  refumed  it.  In  the  fame  year,  1781,  he  publifli- 
ed  "  An  Epiftle  to  Angelica  Kauffman." 

A  few  years  after,  he  became  engaged  in  a  long  and 
vexatious  law-fuit,  in  confequence  of  the  negleft  (to  fay 
the  leafl  of  it)  of  an  architect  who  profefTed  himfelf  to 
be  his  friend  ;  the  particulars  of  which  it  is  of  no  impor- 
tance to  detail.  At  the  conclufion  of  the  bufinefs,  he 
fhewed  that  his  good  humour  had  not  forfaken  him  : 
And  in  1787  he  gave  to  the  public  the  principal  cir- 
cumftances  of  his  cafe  in  a  performance,  entitled  "  The 
Diflreffed  Poet,  a  ferio  comic  Poem,  in  three  Cantos," 
4to,  with  fome  pleafantry,  and  without  any  acrimony. 

His  laft  work  did  infinite  honour  to  his  head  and  hjs 
heart,  as  well  as  to  the  liberality  of  the  boskfeller  for 
whom  on  the  title-page  it  was  faid  to  be  publifhed.  In 
the  year  1782,  the  Antelope  packet  was  fliipwrecked 
on  the  Pelew  ifiands,  where  the  commander.  Captain 
Wilfon,  and  his  crew  lived  fome  time  before  they  could 
get  off.  On  his  return  to  England,  the  Captain  was, 
for  fome  reafon  or  other,  refufed  the  command  of  ano- 
ther fhip  ;  and,  as  we  have  been  informed,  he  was  re- 
duced to  a  rtate  much  the  reverfe  of  affluence.  Thefe 
circumftances  being  communicated  to  Mr  Keate,  who 
was  flruck  with  admiration  of  the  manners  of  the  in- 
habitants of  the  Pelew  ifiands  (fee  Pelew  Islands, 
EncycW),  he  offered  to  draw  up,  for  the  benefit  of  Cap- 
tain Wilfon,  a  narrative  of  the  occurrences  which  took 
place  during  that  officer's  refidence  among  fo  lingular 
a  people.  This  he  executed  in  "  An  Account  of  the 
Pelew  Ifiands,  fituated  in  the  Weflern  Part  of  the  Pa- 
cific Ocean  :  compofed  from  the  Journals  and  Com- 
munications of  Captain  Henry  Wilfon  and  fome  of  his 
Officers,  who  in  Auguft  17S3  were  there  fhipwrecked, 
in  the  Antelope,  a  Packet  belonging  to  the  Honourable 
the  Eaft  India  Company,"  410  ;  a  work  written  with 
great  elegance,  compiled  with  much  care,  and  which, 
if  embellifhed  (as  it  has  been  infinuated)  with  fadts  bet- 
ter calculated  to  have  found  a  place  in  a  novel  than  a 
genuine  narrative,  mull  be  afcribcd  to  the  mifinforma- 
tion  of  thofe  who  were  aftors  in  the  fcene,  and  mull  fird 
have  deceived  before  they  obtained  credit.  We  men. 
tion  this  report  as  it  has  come  to  us,  without  any  at- 
tempt either  to  eflablifli  or  refute  it.  We  fhall  only 
add,  that  if  the  charge  is  well  founded,  Mr  Keate  (who 
undertook  the  talk  on  the  moil  difinterefted  principle, 
and  derived  no  advantage  whatever  from  the  work ) 
was  too  llurdy  a  morallll  to  have  had  any  hand  in  the 
impofition. — The  manulcript  was  offered  to  Mr  Dod- 
fley  for  300  guineas  ;  but  he  hefitated  to  give  for  it  io 
large  a  price,  when  another  bookfeller  undertook  to 
publifh  the  work  for  the  benefit  of  Mr  Wilfon  ;  and, 
we  have  reafon  to  believe,  paid  to  that  gentleman, 
within  the  compafs  of  a  year,  triple  the  fum  for  which 
the  manufcript  had  been  offered  to  Dodfley.  Such  con- 
duft reflefts  honour  on  the  London  trade. 

Befides 
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Befides  the  pieces  already  mentioned,  Mr  Keate  was 
'  the  author  of  many  Prologues  and  Epilogues,  fpoken 
at  Mr  Newcomb's  fchool  at  Hackney.  He  adapted 
his  friend  Voltaire's  "  Semiramis"  to  the  ftage  ;  but 
this  was  fuperfeded  in  1777  at  Drnry  Lane,  hy  a 
worthlcfs  trandation  of  as  worthlefs  an  author,  one  Cap- 
tain Ayfcough  ;  but  neither  this  nor  the  author  arc  dc- 
ferving  of  any  further  notice. 

We  Hiall  conclude  by  obferving,  that  Mr  Keate's 
life  paffed  without  any  viciflitudes  of  fortune  ;  he  in- 
herited an  ample  eilate,  which  he  did  not  attempt  to 
increafe  otherwife  than  by  thofe  attentions  which  pru- 
dence dictated  in  the  management  of  it.  He  was  hof- 
pitable  and  beneficent,  and  potTefled  the  good-will  of 
mankind  in  a  very  eminent  degree.  For  tlie  lall  year 
or  two,  his  health  vilibly  declinec  ;  but  on  the  day  he 
died,  it  appeared  to  be  fomewliat  mended.  His  death 
was  fudden,  on  the  27th  of  June  1797-  He  left  one 
da-ughter,  married  in  1796  to  John  Henderfon,  Efq; 
of  the  Adelphi.  At  the  time  of  his  death,  Mr  Keate 
was  a  Bencher  of  the  Temple,  and  a  very  old  member 
of  the  R.oyal  and  Antiquary  Societies,  of  both  of  which 
he  had  been  frequently  eleiSed  one  of  the  council. 

KENNICOTT  (Dr  Benjamin)  was  a  man  of  fuch 
eminence  in  the  learned  world,  that  every  thing  rela- 
ting to  him  mud  be  generally  intereftlng.  In  the  bio- 
graphical iketch  of  him  publiflied  in  the  Encyclopedia, 
we  have  acknowledged  ourfelves  unacquainted  with  the 
rank  and  charafter  of  his  parents ;  but  this  information 
has  been  fince  fupplied  by  a  very  candid  and  well-in- 
formed writer  in  the  Monthly  Magazine  ;  and  as  it  is 
accompanied  with  circnmflances  peculiarly  honourable 
to  the  Dcftor,  and  ought  therefore  to  be  preferved,  we 
Ihall  infert  it  in  this  place. 

"  The  parents  of  Dr  Kennicott  (fays  this  writer) 
were  honefl  charafters  :  His  father  was  the  parifli-clerk 
of  Totnefs,  and  once  maftcr  of  a  charity  fchool  in  that 
town.  At  an  early  age  young  Kennicott  fu(?ceeded  to 
the  fame  employ  in  the  fchool,  being  recommended  to 
it  by  his  remarkable  fobriety  and  premature  knowledge. 
It  was  in  that  fituation  he  wrote  the  verfes  to  the  ho- 
nourable Mrs  Courtney,  which  recommended  him  to 
her  notice,  and  that  of  many  neighbouring  gentlemen. 
They,  with  laudable  generofity,  opened  a  fubfcription 
to  fend  him  to  Oxford. 

"He  foon  there  diflinguifhed  htmfe!f,as  is  well  known. 
As  a  teftimony  of  the  truth  of  the  above  ftatement,  the 
following  is  a  copy  of  au  infcription  written  by  Dr 
Kennicott,  and  engraved  on  the  tomb  of  his  father  and 
mother.  The  writer  of  this  article  has  tranfcribed  it 
from  the  original  in  the  church-yard  of  Totnefs.  The 
tomb  is  more  elegant  than  perfons  in  their  iituation  are 
accuftomed  to  have  erecled,  and  was  thought,  perhaps, 
by  the  envious  to  be  fomewhat  oftentatious.  A  per- 
fonal  knowledge  of  the  Dodtor  induces  the  writer  of 
this  article  to  think,  that  it  was  rather  the  tribute  of  a 
good  and  grateful  mind,  and  of  the  pious  reverence  and 
love  which  he  entertained  for  the  authors  of  his  being. 


As  Virtue  ftould  be  of  good  report, 

facred 

be  this  humble  Monument 

to  the  Memory  of 

Benjamin  Kennicott,  Parilh  Clerk  of  Totnefs, 

and  Elizabeth  his  Wife: 
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The  latter 

an  Example  of  every  Chriftian  Duty  ; 

The  fi)rmtr, 

animated  with  the  warmed  Zeal, 

regulated  by  the  bell  good  feufe, 

and  both  conftantly  exerted 

for  the  Salvation  of  himfelf  and  others. 

Reader  ! 

Soon  Hialt  thou  die  alfo  ; 

and  as  a  Candidate  for  Immortality 

ftrike  thy  bread  and  fay, 

Let  me  live  the  life  of  the  Righteous, 

that  my  lad  end  may  be  like  his. 

Trifling  are  the  dates  of  Time 

where  the  fubjeft  is  Eternity. 

Erefted 

by  their  Son,  B.  Kennicott,  D.  D. 

Canon  of  Chrid-Church,  Oxford. 
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"  It  is  faid,  that  when  Dr  Kennicott  had  taken  or- 
ders, he  came  to  officiate  in  his  clerical  capacity  in  his 
native  town.  When  his  father  as  clerk  proceeded  to 
place  the  furplice  on  his  diouldcrs,  a  druggie  enfued  be- 
tween the  modedy  of  the  ion  and  the  honed  pride  of 
the  parent,  who  infided  on  paying  that  refpedl  to  his 
fon  which  he  had  been  accudomed  to  fhew  to  other 
•clergymen :  to  this  filial  obedience  was  obliged  to  fubmit. 
A  circumdance  is  added,  that  his  mother  had  often  de- 
clared die  fhould  never  be  able  to  fupport  the  joy  of 
hearing  her  fon  preach  ;  and  that  on  her  attendance  at 
the  church  for  the  fir|l  time,  die  was  k>  overcome  as  to 
be  taken  out  in  a  date  of  temporary  infeiifibility." 

KERMES  (fee  Coccus  llicis,  Eneycl.)  has  been 
proved  by  Profeffor  Beckmann  to  have  been  ufcd  .^s  a 
dye  from  very  remote  antiquity.  "  All  the  ancient 
Greek  and  Latin  writers,  he  fays,  agree,  that  kermes, 
called  by  the  latter  coccum,  perhaps  alfo  coccus,  and  oft- 
en granvm,  were  found  upon  a  low  (lirubby  tree,  with 
prickly  leaves,  which  produced  acorns,  and  belonged  to 
the  genus  of  the  oak  ;  and  there  is  no  reafon  to  doubt 
that  they  mean  coccum  i/lcis,  and  that  low  ever-green 
oak,  with  the  prickly  leaves  of  the  holly  [aqiiifolium), 
which  is  called  at  prefent  in  botany  quercus  ilex.  This 
aflertion  appears  more  entitled  to  credit,  as  the  ancients 
afiign  for  the  native  country  of  this  tree  places  where  it 
is  dill  indigenous,  and  produces  kennes. 

The  ufe  of  kermes  in  dyeing  feems  to  have  been  con- 
tinued through  every  century.  In  the  middle  ages,  as 
they  are  called,  we  meet  with  kermes  under  the  name  of 
vermiculus  or  •venniculum ;  and  on  that  account  cloth  dyed 
with  them  was  called  •vermiculala.  Hence  the  French 
word  vermeil,  and  its  derivative  vermilion,  as  is  well 
known,  had  their  extraftion  ;  the  latter  of  which  origi-  . 
nally  fignified  the  red  dye  of  kermes,  but  it  is  now 
ufed  for  any  red  paint,  and  alfo  for  fine  pounded  cinna- 
bar. 

KHAS,  in  Bengal,  lands  taken  into  the  hands  of 
government,  oppofed  to  the  management  of  Zemindars 
or  farmers.     See  Zemindar  in  this  Supplement. 

KHALSA,  in  Bengal,  fometimes  with  the  addition 
of  Shereefah,  the  department  of  land  and  revenues ;  the 
exchequer. 

KHERAJE,  in  Beng.il,  fignifies  driaiy  the  tribute 
paid  by  a  conquered  country  :  it  is  alfo  ufed  for  reve- 
nue in  general.. 

KHIDMUT,, 
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KHIDMUT,  office,  attendance,  employment,  fcr- 
ice. 
_,      KHIDMUTGAR,  a  waiting  man. 

KHI.SMUT,  portion  or  divifion. 

KHOMAR,  or  CoMAx,  a  Zemind:ir's  demefnc  land. 

KINCjPost,  or  Kina-Piece,  is  a  pitct  of  timln'r  fet 
iipwriglit  in  the  niiJdle,  between  two  principal  rafters, 
and  having  flruts  or  braces  going  from  it  to  the  middle 
of  each  rafter.  See  Roof,  Enrycl.  ;  and  Carpuntry, 
Sup;:!. 

KIPPIS  (Andrew,  D.  D.  F.  R  and  A.  S.),  was 
born  at  Nottingham,  March  28  (O.  S  )  1725.  His 
father,  a  refpeftable  tradcfman  of  that  town,  was  de- 
fcended"  from  the  Rev.  Benjamin  King  of  Oakham, 
Rntlandftiire,  an  ejefted  minifter  ;  and  his  mother,  Ann 
Ryther,  was  the  grand-daughter  of  the  Rev.  John  Ry- 
ther,  who  was  ejected  from  the  church  of  Feriiby,  in 
the  county  of  York.  In  the  year  1730,  he  loll  his 
father,  and  went  to  refide  with  his  grandfather,  An- 
drew Kippis  of  Seaford  in  Lincolnfhire.  He  received 
his  clafiical  education  at  the  grammar  fchool  in  that 
town  ;  but  what  contributed  moft  to  his  future  emi- 
nence, was  the  friendftiip  of  the  Rev.  Mr  Merrival, 
who  was  equalled  by  few  of  his  contemporaries  in  vari- 
ous branches  of  learning,  particularly  in  his  acquaint- 
ance with  the  claflics,  his  knowledge  of  ancient  and 
modern  hiftory,  and  his  refined  tafte  in  the  belles  lettres. 
Dr  Kippis  frequently  faid,  that  it  was  impoffible  for 
him  to  exprefs  his  obligations  to  this  friend  of  his 
youth.  In  1741  he  removed  to  Northampton,  and 
commenced  his  academical  lludies  under  Dr  Doddridge. 
After  a  refidence  of  five  years  at  the  academy,  he  was 
invited  by  feveral  congregations  to  become  tlieir  mini- 
fler.  Though  he  was  prefled  to  fettle  at  Dorchelter, 
and  had  been  chofen  their  minifter,  he  gave  the  prefe- 
rence to  an  invitation  from  Bofton  in  Lincolnfliire, 
where  he  went  to  reiide  in  September  1746.  Here  he 
continued  four  years  ;  and  in  November  1750,  accept- 
ed the  paftoral  charge  of  a  congregation  at  Dorking  in 
Surry.  The  congregation  meeting  in  Princes-Street, 
Weftmlnfter,  having  been  without  a  miniiler  about  two 
years,  he  was  chofen,  in  June  1753,  to  fucceed  the 
Rev.  Dr  Obadiah  Hughes.  On  the  21ft  of  Septem- 
ber following,  l.e  married,  at  Bofton,  Mifs  Elizabeth 
Bott,  one  of  the  daughters  of  Mr  Il'aac  Bott,  a  mer- 
chant of  that  place  ;  and  in  the  month  of  Ofkober  fix- 
ed his  refidence  in  Weftminfter.  In  June  1767,  he  re- 
ceived the  degree  of  D.  D.  from  the  univerfity  of  E- 
dinburgh,  on  the  unfoliclted  recommendation  of  the 
late  learned  ProfcfTor  Robertfon.  He  was  eleAed  a 
member  of  the  Society  of  Antiquaries  on  the  19th  of 
March  1778  ;  and  on  the  t-th  of  June  1779,  he  was 
chofen  a  fellow  of  the  Royal  Society.  In  both  Societies 
he  had  the  honour  of  being  in  the  council  two  years. 

Dr  Kippis  was  eminently  diftinguifiied  for  the  vir- 
tues and  accomplifhments  which  form  the  chief  orna- 
ments of  private  life.  With  a  fuavlty  of  manners  and 
urbanity  of  behaviour  peculiarly  attraftive,  he  united 
that  knowledge  of  men  and  books  which  rendered  his 
converfation  uncommonly  entertaining  and  iiiftrutlive 
to  the  circle  of  his  acquaintance  and  friends.  As  a  mi- 
nifter, he  was  not  lefs  eminent  for  his  proiound  acquaint- 
ance with  every  branch  of  theology  than  for  the  happy 
manner  in  which  he  applied  it  to  the  improvement  of 
thofi."  who  attended  his  miniltry,     Hia  fermons  were  re- 


markable for  perfpiculty,  elegance,  and  energy  ;  and 
his  elocution  was  unafieited  and  very  imprefllve,  parti, 
cularly  at  tlie  clofe  of  his  difcourfes.  But  the  fuperior  i 
powers  and  vigour  of  mind  which  he  derived  from  na- 
ture, and  which  he  had  cultivated  with  unremitting  di- 
ligence and  peculiar  fuccefs,  were  not  to  be  confined  to 
the  narrow  limits  of  private  life  and  tiie  duties  of  the 
paltoral  charge,  however  important  ;  they  were  defign- 
ed  for  more  extenfive  and  important  fervices  to  his 
country  and  to  mankind.  The  intercfts  of  literature, 
fcience,  and  religion,  have  received  from  the  exertion  of 
his  talents  as  a  writer  the  moft  eftentlal  advantages. 
His  fiift  efforts  in  literature  were  made  in  the  Gentle- 
man's Magazine,  a  ptriodical  publication  called  the  Li- 
brary, and  the  Monthly  Review  ;  to  each  of  which  he 
contributed  many  important  articles,  efpeclally  In  the 
hlftorlcal  and  philological  departments  of  the  laft.  He 
was  the  author  of  three  important  tradls,  viz.  "  A  Vin- 
dication of  the  Proteftant  DilTenting  Minifters,  &c." 
"  Oiifervations  on  the  late  Contefts  in  the  Royal  So- 
ciety ;"  and  "Confideratlons  on  the  Treaty  with  Ame- 
rica, &c."  His  improved  edition  of  Dr  Doddridge's 
Leftures  is  a  work  of  great  value  ;  and  "  The  Hiftory 
of  Knowledge,  Learning,  and  Tafte,  in  Great  Britain," 
prefixed  to  the  New  Annual  Regifter,  merits,  and  has 
received,  the  approbation  of  the  public.  He  publiftied 
at  different  times  feveral  fingle  fermons  ;  among  which, 
that  on  the  death  of  his  friend  the  Rev.  Mr  Laugher, 
is  Intitled  to  very  high  praife.  The  greater  part  of 
thefe  he  republilhed,  with  other  praftlcal  difcourfes,  in 
the  ^ear  1794  :  but  the  work  which,  next  to  the  ftu- 
dies  immediately  connefted  with  his  office  as  a  Chri- 
ftian  minifter,  engaged  his  principal  attention,  and  by 
which  he  has  long  been  diftinguifiied.  Is,  the  Improved 
edition  of  the  "  Biographia  Britannica."  In  this  great 
national  publication,  the  comprehenfivenefs  and  powers 
of  his  mind,  the  corredlnefs  of  his  judgment,  the  vaft 
extent  of  his  Information,  his  indefatigable  refearches 
and  unremitting  afiidulty,  his  peculiar  talent  of  appre- 
ciating the  merits,  and  analyzing  the  labours  of  the 
moft  eminent  writers,  and  his  unfliaken  Integrity,  unbi- 
affed  fidelity,  and  impartial  decifion  on  the  characters 
of  the  pWtfophcr,  ftatcfman,  poet,  fcholar,  and  di- 
vine, are  ftrongly  difplayed,  and  unlverfally  acknow- 
ledged. His  ftyle,  formed  on  the  models  of  Sir  Wil- 
liam Temple  and  the  clafBcal  Addifon,  is  remarkable 
for  Its  perfpiculty,  elegance,  and  purity  ;  and  gives  a 
peculiar  luilre  to  the  rich  ftores  of  knowledge  treafured 
in  the  volumes  now  publifhed.  This  work  has  given 
him  3  high  rank  amcng  the  literati  of  his  country,  and 
will  carry  down  his  name  with  diftinguifhed  reputation 
to  porterlty.      He  died  on  the  8th  October  1795. 

KLIP  Springer.     See  Kainsi,  Snppl. 

KOL  QuALL,  the  Abylfinian  name  of  a  tree,  which 
fome  botanitts  have  fuppofed  to  be  the  Euphorbia 
Offidncirtnn  of  LInnasus.  Mr  Bruce,  who  gives  the 
only  dtfcription  of  the  Kol-quall  that  we  have  feen,  is 
of  a  diffcrtiit  opinion  :  for  which  he  afiigns  two  reafons; 
the  firft  ia,  that  the  flower,  which  he  fays  is  rofaceous, 
is  compofed  of  feveral  petals,  and  I3  not  companitorm  ; 
and  the  fecond,  that  It  produces  no  fort  of  gum,  either 
fpontaneoufly  or  upon  Incifioii.  We  mull  acknow- 
ledge, that  we  entertain  fome  doubts  whether  our  au- 
thor was  at  due  pains  to  afcertain  this  fa6l  ;  and  thefd 
doubts  are  fuggefted  by  his  own  hiftory  of  the  tiee. 

His 
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K»l,  His  defcription  is  not  very  perfplcuous,  and  therefore, 
Kooiia  i^[i  ^vg  llioiild  milVepvcfent  his  meaning,  we  fliall  give 
•  it  in  his  own  words  : 

"The  firft  thing  that  prefented  itfclf  was  the  firft 
(hoot  of  this  extraordinary  tree.  It  was  a  finfrle  fblk, 
abont  fix  inches  mcafiired  acrofs,  in  eight  divifions,  re- 
gnlarly  and  beautifully  fcolloped  and  rounded  at  the 
top,  joined  in  the  centre  at  three  feet  and  a  half  high. 
Upon  tlie  outfide  of  thefe  feoliops  were  a  fort  oi  eyes 
or  fmall  knots,  out  of  every  one  of  which  came  five 
horns,  four  on  the  fides  and  one  in  the  centre,  fcarce 
half  an  inch  long,  fragil,  and  of  no  refinance,  but  ex- 
ceedingly (hiirp  and  pointed.  Its  next  procefs  is  to  put 
out  a  branch  from  the  firft  or  fecond  fcollop  near  the  top, 
others  fncceed  from  all  direftions  ;  and  this  (talk,  which 
is  foft  and  fncculent,  of  the  confiftence  of  the  aloe,  turns 
by  degrees  hard  and  ligneous,  and  after  a  few  years,  by 
multiplying  its  branches,  alTumes  the  form  of  a  tree,  the 
lower  part  of  which  is  wood,  the  upper  part,  which  is  fnc- 
culent, has  no  leaves  ;  thefe  are  fupplied  by  the  fluted, 
fcolloped,  ferrated,  thorny  fides  of  its  branches.  Upon 
the  upper  extremity  of  thefe  branches  grow  its  flowers, 
which  are  of  a  golden  colour,  rofaceous,  and  formed  of 
five  round  or  almoft  oval  petala  ;  this  is  fucceeded  by 
a  triangular  fruit,  firft  of  a  light  green  with  a  (light  caft 
of  red,  then  turning  to  a  deep  crimlon,  with  ftreaks  of 
white  both  at  top  and  bottom.  In  the  infide  it  is  di- 
vided into  three  cells,  with  a  feed  in  each  of  them  ;  the 
cells  are  of  a  grcenifti  white,  the  feed  round,  and  with 
no  degree  of  humidity  or  moifture  about  it  ;  yet  the 
green  leaves  contain  a  quantity  of  bluifh  watery  milk 
almoft  incredible. 

"  Upon  cutting  two  of  the  fineft  branches  of  a  tree 
in  its  full  vigour,  a  quantity  of  this  iffued  out,  which  I 
cannot  compute  to  he  lefs  than  four  Englifli  gallons  ; 
and  this  was  fo  exceedingly  cauftic,  that  though  1  waftt- 
ed  the  fabre  that  cut  it  immediately,  the  ftain  has  not 
yet  left  it. 

"  When  the  tree  grows  old,  the  branches  wither, 
and,  in  place  of  milk,  the  infide  appears  to  be  full  of 
powder,  which  is  fo  pungent,  that  the  finall  duft  which 
I  drew  upon  ftriking  a  withered  branch,  feenied  to 
threaten  to  make  me  fneeze  to  death,  and  the  touching 
of  the  milk  with  mv  fingers  excoriated  them  as  if  fcald- 
ed  with  boiling  water  ;  yet  I  everywhere  obfcrvcd  the 
wood-pecker  piercing  the  rotten  branches  with  its  beak, 
and  eating  the  infers,  without  any  impreffion  upon  its 
olfatlory  nerves." 

If  what  is  milk  in  a  young  tree  be  a  dry  powder  in 
one  that  is  old,  is  it  not  probable  that  the  milk  might 
by  evapor.ntion  be  reduced  to  the  conliftence  of  gum, 
and  tliat  the  kol-quall  may  be  at  moft  b\it  a  variety  of 
the  euphorbia  offic'inarum  ?  Fiom  our  author's  obfer- 
vation,  the  kol-quall  appeared  to  thrive  beft  on  poor, 
fandy,  ftony  earth,  at  no  great  diftance  from  the  fea. 
The  Ab)ffinians  employ  the  milky  juice  in  tanning  to 
take  off  the  hair  from  the  fl<ins,  and  they  make  no  o- 
ther  ufe  whatever  of  the  tree. 

KOONA,  a  fpecies  of  Echites  (for  which  fee  En- 
^ycL),  very  common  in  the  woods  of  North  Africa. 
It  IS  a  (hrub,  of  which  the  leaves,  when  boiled  with  a 
fmall  quantity  of  water,  yield  a  thick  black  juice,  into 
which  the  negroes  dip  a  cotton  thread.  This  thread 
they  fallen  round  the  iron  of  their  airows,  in  fuch  a 


manner  that  it  Is  almoft  impoffihle  to  extradl  the  arrow  Korsquaj- 
when  it  has  funk  beyond  the  barbs,  without  leaving  the         ^ 
iron  and  the  poifoned  thread  in  the  wound.    The  poifoa 
of  the  koona  is  faid  to  be  very  deadly. — Park's  Travels. 

KOR AQUAS,  a  tiibe  of  Hottentots  inhabiting  a 
dlftritt  of  South  Africa,  which  IVI.  V^illlnnt  places  on  the 
confines  of  the  Nimiqua  country  (S.-o  NiMicyjAS,  StippL). 
When  our  author  vilited  them,  the  whole  tribe  was  afl'em- 
bled  for  the  election  of  a  chief:  and  not  agreeing  among 
themielves,  fome  blood  had  been  flied,  and  much  more 
would  have  been  fhed,  had  they  not  unanimoufly  made 
choice  of  him.  When  he  firft  joined  them,  the  whol: 
horde  paid  attention  to  nothing  but  their  quarrel.  To  fee 
their  warmth,  one  might  have  fuppoftd  that  their  elec- 
tion was  a  matter  of  importance  to  the  whole  world, 
and  that  the  fate  of  mankind  was  about  to  depend  on 
their  chief.  All  fpoke  at  the  fame  time  ;  each  endea- 
voured to  drown  his  neighbour's  voice  by  his  own  ;  their 
eyes  fparkled  with  fury  ;  and  amidft  this  conlufion, 
while  they  threatened  each  other  in  turns,  the  noife 
thev  made  became  truly  dreadful. 

Unarmed,  and  without  any  precaution,  though  fur- 
rounded  by  this  enraged  multitude,  our  author  walked 
calmly  along  in  the  midft  of  them  ;  and  when  he  reach- 
ed the  kraal,  he  ordered  his  tent  to  be  immediately 
formed,  as  if  he  had  been  furrounded  by  friends  and  re- 
lations. This  appearance,  raifed  fuddenly,  and  as  if  by 
magic,  before  the  eyes  of  the  horde,  with  his  tufeesj 
horfes,  and  tent,  objects  which  were  all  new  to  them, 
filled  them  with  admiration.  Men,  women,  and  chil- 
dren, motionlefs,  and  with  their  mouths  wide  open,  all 
ftood  looking  at  them  with  profound  filence.  Anger, 
hatred,  and  every  violent  pafiion,  feemed  by  their  coun- 
teiiances  to  be  extinguilhed,  and  to  have  given  place  to- 
more  tranquil  emotions,  to  ignorant  furprife,  and  ftu- 
pid  aftoniftiment.  Infancy  is  naturally  curious  ;  it  is 
ftruck  with  every  thing  it  iecs  ;  and  the  favage,  in  this 
refpet\,  is  only  a  grown-up  child.  As  thefe  favages 
Icemed  to  wifli  that  he  would  permit  ~theni  to  examine 
more  clofcly  whatever  excited  their  admiration,  he  rea- 
dily condefcended  to  gratify  their  defire.  Tiiey  ap- 
proached, furveyed,  and  handled  every  thing.  But  the 
principal  objeft  of  general  curiofity  was  his  perfon. 
They  Icemed  as  if  they  would  never  be  fatisfied  with 
looking  at  his  drefs.  They  pulled  off  his  hat,  that  they 
might  the  better  examine  his  hair  and  his  beard,  which 
were  long.  They  even  half  unbuttoned  his  clothes  ; 
and  furprifed  to  fee  his  Ikin  white,  each  felt  it,  as  if 
defirous  to  afcertain  that  what  they  faw  was  real. 

This  comedy  continued  till  the  evening  ;  and  at 
length,  when  the  moment  of  feparation  arrived,  M.  Vail- 
lant  caufed  to  be  hinted  to  the  whole  company,  that  if, 
two  hours  after  lun  rife  next  morning,  they  flioulil  not 
be  agreed  refpefting  the  choice  of  a  chief,  he  would 
immediately  leave  them.  He  added,  however,  that  if, 
on  the  other  hand,  they  came  and  prefented  to  him  a 
chief,  eleftcd  by  general  confenl,  he  would  then  load 
them  all  with  prcfents,  and  beftow  on  him  a  diftinttion 
which  would  raiie  him  above  all  his  equals,  and  render 
the  horde  one  ot  the  moll  celebrated  in  the  whole  coun- 
try. "  But  what  was  my  hirprife  (fays  he)  when  I 
learned  the  fame  evening,  that  on  my  liead  the  burden 
of  the  crown  was  depofed  !"  He  acquiefccd,  however; 
alluring  them,  that  if  they  would  promife  to  be  obe- 
dient. 
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Kirsc^uni.  di'cnt,  he  would  give  them  the  only  chief  worthy  of  ru- 
"""^  li.'ig  them,  anil  of  making  thcni  Irippy. 

By  his  interpreters  he  had  learned,  that  the  choice  of 
the  majority  leaned  towards  one  Haripa,  a  man  about 
40  years  of  age  ;  tall,  well  made,  exceedingly  flroiig, 
and  confequer.tly  formed  by  nature  tor  ruling  the  feeble 
multitude.  He  therefore  named  Haripa  chief  ;  and  the 
people  appearing  to  approve  of  his  choice,  he  command- 
ed filcnce,  and  caiifing  the  new  monarch  to  approach, 
placed  on  his  head,  with  great  folemnity,  a  Dutch  gre- 
nadier cap,  of  which  tlie  copperplate  on  the  front  was 
ornamented  with  the  arms  of  Holland.  This  fymbol 
"viz.  a  liun  rampant,  having  in  one  of  his  fore-paws  fe- 
vcn  arrows,  and  in  the  other  a  naked  fabre,  could  not 
fail  to  pleafe  the  favages,  as  it  exhibited  a  reprefenta- 
tion  of  the  weapons  peculiar  to  them,  and  of  the  mod 
formidable  animal  of  their  country.  They  tellified 
their  admiration  in  the  mofl  cxpre^Uve  manner  ;  and 
imagined  that,  fuperior  to  kings,  the  white  man  during 
the  night  had  by  magic  made  this  crown,  merely  to  a- 
dorn  their  chief,  and  to  afford  them  pleafure.  Vaillant 
then  affixed  to  the  flcin,  which  formed  Haripa's  drefs, 
feveral  rows  of  glafs  beads  ;  gave  him  a  girdle  made  of 
a  firing  of  very  large  ones ;  ornamented  his  arms  with 
tin  bracelets,  and  fufpended  from  his  neck  a  fmall  pad- 
lock, (haped  like  a  butterfly,  the  key  of  which  had 
been  loft.  Such  padlocks,  made  in  the  form  of  animals 
of  evei-y  kind,  are  very  common  at  the  Cape.  They 
come  from  China  ;  and  are  brought  to  Africa  by  the 
captains  of  the  Company's  (hips  which  trade  in  the  In- 
dian feas. 

During  the  ceremony  of  inftallation,  the  whole  horde, 
dumb  and  motionlefs  through  admiration,  feemed  loll 
in  ecftacy.  Haripa  hlmfelf,  though  highly  gratified, 
did  not  dare  to  make  the  leall  movement,  and  obferved 
a  gravity  altogether  rifible.  When  the  inauguration 
was  finiflied,  and  he  was  completely  drelTed,  our  author 
prefented  him  with  a  mirror,  that  he  might  enjoy  the 
fatisfadtiou  of  furveying  hit  own  figure.  He  then  ihew- 
ed  him  to  tlie  people,  who  expreffed  their  joy  by  fiiouts 
and  applaufes  without  end. 

"  Ye  honeft  hearts  (fays  M.  Vaillant),  who  perufe 
this  account,  behold  what  it  coft  me  to  reftorc  peace 
among  a  whole  tribe,  and  to  prevent  them,  from  deftroy- 
ing  each  other  !"  From  this  moment  concord  was  re- 
eftablifiied  ;  univerfal  joy  prevailed  through  the  horde  ; 
and  they  inftantly  began  their  dancings,  which  continu- 
ed for  three  days  and  three  nights  without  intermilTion. 
They  killed  for  this  feftival  feveral  fat  iheep,  and  even 
two  oxen  ;  an  extraordinary  and  truly  aftonlfhing  mag- 
nificence among  a  people  who,  when  they  barter  one 
of  their  daughters  for  a  cow,  think  they  have  made  an 
excellent  bargain. 

Our  author,  wilhing  to  purchafe  fome  oxen  for  his 
waggons,  bought  them  at  the  price  of  a  nail  the  ox  ; 
and  thofe  who  had  the  good  fortune  to  make  fuch  an 
exchange  were  highly  fatisfied  with  their  bargain.  Nails 
and  fmall  bits  of  iron  were  indeed  of  real  value  to  them, 
to  point  the  arrows  and  affageys  with  which  they  (hot 
the  antelopes  that  abound  in  their  country,  and  conftl- 
tute  much  of  their  food.  Like  other  favages,  the  Ko- 
raquas  were  ready  to  pilfer,  and  appropriate  to  their 
own  ufe  whatever  they  found  pleafing,  or  fnited  to  ttieir 
purpofes.  They  attempted  to  carry  away  fome  of  our 
author's  effefts,  even  before  his  face  ;  and  to  prevent 
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their  rapacity,  he  was  obliged  either  to  wHtch  over,  or  Ko'oquni, 
to  depoiit  them  in  fome  place  offafety,  K-idina. 

The  Koraquas  are  much  taller  than   the  Hottentots         •     "' 
of  the  colonies,   though  they  appeared  evidently   to  be 
defctnded  from  the  lame  race,  having  the  fame  language 
and  culloms  with  their  neighbours  the  Nimiquas   (fee 
that  article),  who  are  certainly  of  Hottentot  extratliju. 

As  the  exccfhve  drynefs  of  the  country  renders 
fprings  very  rare,  the  Koraquas  would  be  unable  to  in- 
habit it,  had  they  not  found  the  means  of  remedying 
this  fcarcity  of  water.  For  this  purpufe  they  dig  in 
the  earth  a  kind  of  cillerns  or  rather  wells,  to  which 
they  defcend  gradually  by  fteps  ;  and  thefe  people  are 
the  only  African  nation  among  whom  our  author  ever 
found  the  fame  mark   of  indultry. 

As, their  wells  always  contain  little  water,  and  as 
none  is  to  be  loft,  they  take  care  tofecure  it  even  from  the 
birds,  by  clofing  up  the  mouth  of  the  hole  with  ftones 
and  the  branches  of  trees  ;  fo  that,  uulefs  one  knows 
the  fpot,  it  is  impoffible  to  find  it.  They  go  down 
into  it  every  day,  to  fetch  up  as  much  water  as  may 
be  neceflery  for  the  confumption  of  their  people  and 
cattle.  They  draw  it  in  a  kind  of  veffels  made  of  hol- 
lowed wood,  and  pour  it  into  the  flfins  of  buffaloes  or 
giraffes,  placed  in  a  concave  form  on  the  ground  to  hold 
it  ;  but  they  diftribute  it  with  the  utmoft  parfimony, 
and  never  draw  more  than  they  abfolutely  have  occallon 
for. 

Notwithftanding  this  ftri£l  economy,  the  wells  often 
become  dry  ;  and  in  that  cafe  the  horde  is  obliged  to 
remove  to  fome  other  place.  Among  all  the  weftern 
tribes,  therefore,  there  are  none  who  lead  fo  wandering 
a  life  as  the  Koraquas  :  the  confequence  of  which  is, 
that,  as  they  often  change  their  abode,  and  acquire  new 
neighbours,  they  muft,  in  fome  meafure,  adopt  the  cul- 
toms  of  the  nations  near  which  they  fix  their  rcfidence. 
Some  tribes  of  them  greafe  themfclvcs  like  the  Hotten- 
tots ;  while  others  tattoo  their  face,  breaft,  and  arms, 
alter  the  manner  of  the  Caffres.  It  is,  however,  to  be 
remarked,  that  the  fame  colour  is  not  employed  by  all 
tlie  Koraquas  ;  each  has  his  own,  according  as  caprice 
may  direct  him  in  his  choice,  and  it  generally  varies 
every  day  ;  which  renders,  as  one  may  fay,  the  inhabi- 
tants of  the  fome  horde  ftrangers  to  each  other,  and 
gives  them  a  motley  appearance,  as  if  they  were  dreffed 
for  a  mafquerade. 

KRISHNA  or  Crisna,  is  an  eaftern  river  of  con- 
fiderable  magnitude,  which  is  very  little  known  in  Eu- 
rope. We  have  the  following  account  of  it,  and  its 
tributary  waters,  and  the  countries  through  which  it 
flows,  in  Mr  Pennant's  view  of  Hindullan  : 

"  From  Gangapatam,  on  the  northern  mouth  of  the 
Pennar,  the  land  runs  due  north  as  far  as  Mottapilli, 
when  it  forms  a  flrong  curve  toward  the.  eaft  ;  tlie  point 
of  which  is  one  fide  of  the  great  river  Crifna,  in  about 
lat.  I  5°  43  .  Its  Delta,  which  winds  round  as  far  as 
Mafulipatam,  is  not  confiderable.  This  river  annually 
overflows  a  vaft  trail  of  country,  like  the  Indus  on  the 
weftern  fide  of  this  empire-,  and  like  all  the  other  great 
rivers  on  this  extenfive  coaft.  The  Crifna  rifes  from 
the  foot  of  the  weftern  Ghauts,  and  not  more  than  45 
miles  from  Severndrug,  on  the  weftern  coaft.  There  is 
another  branch  to  the  eaft,  that  rifes  ftill  more  norther- 
ly. On  that  fide  is  Sattara,  a  ftrong  fortrefs,  the  capi- 
tal of  the  Mahratta  ilate  in   the  time  of  the  rajahs  of 

Sivaji's 
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Kridmi.    Sivaji's  race.     It  was  taken  by  him  irt  1673.  and  found     600  yards  wide,   made   horrid   with  the  number   and   Kriflin*, 

"~"V—  to  1)0  the  depofitory  of  inimeiife  treafure  ;  at  that  time     rudencfs  of  the  varioiidy  formed  rocks,  which  are  never     ^^""'»- 
it  belonged  to  tlie  king  of  Vijapiir;   it  was  afterwards     covered  but  in  the  rainy  feafon.  • 

ufeJ  by  the  Mahrattas  as  the  loilgmcnt  of  their  riches,  "   Tlie  TungbudJra   is   anotlier   vaft  brancli  of  the 

and  aUb  as  a  retreat  for  the  more  dcfencelefs  inhabitants      Crifiia.      It  falls  into  it  in  lat.  16°  25',   and  originates 

extremely  fouth,  from  a  doubtful  fountain.  Towards 
its  lower  part  it  divides  into  three  or  four  fmall 
branches,  which  rife  remote  from  each  other;  tlie  moll 
foulheni  is  the  Curga  Nair's  country;  the  mod  north- 


of  Puna,  and  other  open  towns,  in  time  of  potent  inva- 
fions. 

"  The  river  continues  defcendiug  to  the  eaft.      In 
latitude   17''  is  Meritch,  a  ilrong  fortrcfs,   with   a  Jag- 


hirdar  territory,  conquered  from  its  owner  by  Hyder.      eru  from  the  head  ot  the  Ghauts  oppofite  to  Onor,  and 


In  lat.  16' 45',  a  fmall  river  difcharges  itfelf  into  the 
Crifna  from  the  north.  It  would  not  be  worth  men- 
tioning, but  that  Pannela,  a  fortrefs  of  vaft  llrength, 
was  made  bv  Sumbuji,  the  profligate  fon  of  Sivaji,  his 
refidence  juft  before  his  furprilal  in  1689,  betrayed  by 
Cablis  Khan,  the  vile  inftrunient  .of  his  plcafures,  cor- 
rupted by  Aurengzebe.     His  extravagant  love  of  wo 


fcarcely  20  miles  from  the  fea.  What  mull  give  this 
river  great  celebrity,  is  its  having  had  on  its  banks,  in 
lat.  15°  22',  the  fplendid  city  of  Vijanagar.  Feriflita 
fays,  that  it  was  founded  in  1344  by  Belaldeo  king  of 
the  Carnatic,  which  in  thofe  days  included  the  xvfhole 
peninfula.  It  was  vifited  by  Csefar  Frederick  a  Vene- 
tian travellar,  in  1565,  and  found  defened  and  ruinous. 


Informed  by  Cablis  that  a     having  been   facked  by  four  confederated  Mahomedari 


jjrinces  two  years  before,  on  which  its  monarch  had  re- 
tired to  Penuconda.  Frederick  fays  that  its  circumfe- 
rence  was  24  miles.  Mr  Reunel  has  given  us  a  view  of 
its  prefent  Itate  from  Lieutenant  Emitt,  who  vifited  it 
in   1792. 

"  The  ruins  of  Vijanagar  are  in  the  little  Sircar  of 
Anagundi,  which  does  not  extend  above  20  miles  a- 
round  this  valt  city.  It  is  very  fingular  that  that  little 
Sircar  is  now  poflefled  by  a  lineal  defcendant  of  Rama 
Rajah,  the  laft  great  monarch  of  Vijanagar,   and  its  at- 


nien  brought  on  him  ruin. 

Hindu  of  rank  and  great  beauty  was  on  the  road  to  be 
delivered  by  her  parents  to  her  huftjand,  according  to 
the  cuftom  of  the  Hindus,  he  inftantly  put  himfelf  at 
the  head  of  a  fmall  body  ot  horfe  to  carry  off  the  prize, 
and  ordered  Cablis  to  follow  at  a  diftance  for  his  pro- 
teftion,  in  cafe  of  accidents  in  that  lioftlle  time.  The 
traitor  had  given  notice  to  Aurengzebe  of  this  expedi- 
tion, who,  fending  a  body  of  cavalry,  furprifed  Sumbuji 
juft  as  he  had  difperfed  the  nuptial  proeeflion. 

"  Into  the  north  fide  of  the  Crifna,  in  lat.  j6°  20', 
falls  the  great  river  Kma,  after  a  courfe  of  350  miles.  It  tendant  nations  Canarine  and  Malabar,  uiiited  '00  year 
rifes  at  the  head  of  the  weilern  Ghauts,  parallel  to  Chaul  before  under  the  rule  of  Crifna  Deva.  Tippu  wifhed 
in  the  Concan,  and  not  above  50  miles  from  the  fea.  It  to  referve  this  liftle  trad  to  himfelf,  for  the  fatisfatlion 
dcfcends  rapidly  towards  the  foutheail.  In  lat.  17°  40'  of  generoufly  reftoring  to  the  defcendant  the  finall  re- 
it  receives  a  fmal!  river  from  the  well,  on  the  fouthern  lique  of  the  great  empire  of  his  anceftors.  He  is  de. 
banks  of  which  Hands  Vijapur,  the  capital  of  the  fa-  nied  the  title  of  Rajah  ;  inftead  of  which  he  has  the  di- 
raous  kingdom  of  the  fame  name,  now  poireffed  by  the  minuiive  Rail  beftowed  on  him.  This  is  fuitable  to  his 
Mahrattas,  but  once  governed  by  its  own  monarchs,  till  revenues,  which  do  not  exceed  two  lacs  of  rupees,  oi- 
conquered  by  Aurengzebe  in  1686.  It  was  of  great  2^,000  j'.er  annum,  with  the  empty  regality  of  a  mint 
extent,  and  readied  to  the  wellern  fea,  where  it  poflef-  at  Anagui.di."  In  the  remainder  of  its  courfe  the  Crif- 
icd  the  ports  of  Dabnl,  Vingorla,  and  Carapatan.  na  offers  nothing  remarkable. 

"  The  capital  Vijapur  is  fome  leagues  in  circuit,  feat-  KUARA,   is  a  beautiful  tree,  which  grovvs  in  the 

ed  in  a  fine  but  naked  country,  well  watered.    It  makes  fouth   and   fuuth-weft   parts  of   AbylTmia.      With   the 

a  fingular  appearance  from  an  adjacent  eminence,  filled  ebony  it   is    almoft  the  only  wood  of  the  province  of 

with  numbers  of  fmall  domes,  and  one  of  a  majellic  Kuara,  of  which  it  bears  the  name;   but  Mr  Bruce  af- 

iize.      It  was  once  a  city  of  great  fplendour,  and  filled  fures  us,  that  it  is  very  frequent  in   all  the  countries 

with  palaces,  mofques,  maufoleums,  and  public  and  pri-  where  there  is  gold.     "  It  is  (fays  he)  what  naturalifts 

Nate  buildings  of  great  magnificence;  many  of  thtni  are  call  a   CoraHoilendrori,  probably  from  the  colour  of  its 

lallen  to  ruin,  and  give  melanclioly  proofs  of  its  former  flowers  or  of  its  fruit,  both  equal  in  colour  to  coral.     Its 

Iplendour.    I  /hall  not  attempt  to  detail  them.    The  pa-  fruit  is  a  red  bean,  with  a  bjack  fpot  in  the  middle  of 

laces  of  the  kings,  and  accommodations  for  their  attcn-  it,/which  is  inclofed  in  a  round  capfula  or  covering,  of 

dants,  were  within  a  vaft  fort,  furrounded  with  a  ditch  a  woody  nature,  very  tough  and  liard.   This  bean  feerns 

100  yards  wide  ;  the  depth  appeared  to  be  great,  but  to  have  been  in   the  earlieft  ages  ufed  for  a  weight  of 

is  now  filled  with  rubbifli :   within  the  fort  is  the  cita-  gold  among  the   Shangalla,  and,  where  that   metal  is 

del.      Tavernier  fays,  that  the   great  ditch   was  filled  found, 'all  over  Africa;  and  by  repeated  experiments,  I 

with  crocodiles,  by  way  of  garrilon,  to  prevent  all  ac-  have  found  that,  from  the  time  of  its  being  gathered,  it 

cefs  by  water.      Lieutenant  Moor  has  his  doubts  about  varies  very  little  in  weight,  and  may  perhaps  have  been 

this,  imagining  that  there  never  was  any  water  in   this  the  very  beft  choice  that  therefore  could  have  been  made 

fofs.     That  fuch  garrifons  have  exifted   I   doubt   not.  between  the  colledors  and  buyers  of  gold. 
J  have  read  in  Purchas,  that  in  Pegu  the  foffes  of  for-  "  I  have  faid  this  tree  is  called  kuara,  which  fignifies 

tified  places  were  (locked  with  thole  tremendous  ani-  the  fun.      The  bean  is  called  carat,   from  which  is  dc- 

mals,  not  only  to  keep  out  enemies,  but  to  prevent  de-  rived  the  manner  of  efteeming  gold  as  fo  many  carats 

lertion.     This  pradice  has  certainly  been  of  great  aiiti-  fine.     From  the  gold  country  in  Africa  it  pafTcd  to  In- 

quity  in  fome  parts  of  India  :   Pliny  mentions  it  as  ufed  dia,  and  there  came  to  be  the  weight  of  precious  ftones, 

in  a  fair  city  of  the-Horatas,  a  people  I  cannot  trace.  efpecially  diamonds  ;   fo  that  to  this  day   in  India  we 

"  The  Crifna,  above  and  below  its  conflux  with  the  hear   it  commonly  fpoken   of  gold  or   diamonds,  that 

Bima,  IS  fordable  ;  and  a  few  miles  below  its  channel  is  they  are  of  fo  many  carats  fine  or  weight.     I  have  feen 
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Kumi.    ^  tliefe    beans    likewife    from    the    W<  ft- Indian    iflands.  could  luive  willied  to  land  upon  this  idand  ;  hut  as  we 

■*  They  are  jull  the  fame  fize,  but,   as  tar  as  I  know,  are  had  brought  the  (hip  to,  in  order  to  wait  for  thcfe  ca- ' 

not  yet  applied  to  any  ufc  there."  noes,  and  as  the  current  ftt  to  the  northward  with  ex- 

Thii;  is  a  very  different  account  from  the  orijrin  of  the  treme  rapidity,  we  had  drifted  a  great  way  co  leeward, 

term  Carat  from  what   we  have  given  in  the  Encyclo-  and  our  efforts  to   reach  it  would  perhaps  have  been  in 

ptilia  ;  but  the  reader  will  judg-e  for  himfelf  between  vain  :   btfides,  we  iiad  not  a  moment  to  lofe,  and  it  was 

the  two.  of  the  highell  importance  to  us  to  get  out  of  the  J  ipaii 

KUMI,  the  name  of  an   ifland  between  Japan   and  leas  before  the  month  of  June  ;  a  period  of  llorms  and 

China,  ot  which  Peroufe  writes  in  the  following  terms  :  hurricanes,   which  render  tliefe  feas  the  moft  dangerous 

"  On  the  5th  of  May,   at  one  o'clock  in  the  morning,  in  the  whole  world. 

we  made  an  ifland,   which  bore  north  north-eail  of  us  ;  "   It  is  clear,  that   veffcls  which   might  be  in   want 

we  paflTed  the  rell  of  the  night,  Handing  off  and  on,  un-  would  readily  provide  themfelves  with  proviiion,  wood, 

der  an  eafy  fail,  and  at  day-break  1  Ihaped  try  conrfe  fo  and  water,  in  this  ifland,  and  perhaps  even  cany  on  a 

as  to  run  along  the  weft,  coall  of  this  ifland,  at  the  di-  little  trade  ;  but  as    it  is  not  more  than  three  or  four 

ftance   of  half  a   league.     We   founded   feveral    times  leagues  in  circumference,  thtre   is  no  great  probability 

without  finding  bottom.     We  were  foon  fatisfied  that  that  its  population  exceeds  four  or  five  hundred  perfons; 

this   ifland   was  inhabited,   for  we  faw  fires  in  feveral  and  a  few  gold  needles  are  not  of  themfelves  a  proof  of 

places,   and   herds   of  o-ann    grazing  on    the   fea-fliore.  wealth."      Our  author,  by  obfervation,  found  the  lati- 

When  we  had  doubled  its  well  point,  which  is  the  moll  tude  of  Kumi  to  be  24°  33'  north  ;   its  longitude  120" 

beautiful  and  bell  inhabited  fide,  feveral  canoes  put  off  56'  eafl  from  Paris. 

from  the  fliore  in  order  to  obferve  us.    They  feemed  to  KURILES,  are  a  clufler  of  iflands,  of  which  fome 

be  extremely  in  fear  of  us  ;  their  curiofity  caufed  them  account  has  been  given  under  the  word  Kuril,  in  the 

to  advance  within  mullcet  fliot,  and  their  ditlrufl  made  Encyclopaedia.      In  addition  to  that  article,  the  follow, 

them  immediately  flee  away   with   fpeed.      Oar  Ihouts,  ing  particulars  are  worthy  of  notice  :   Of  the  2  I  iflands 

geftures,  figus  of  peace,  and  the  fight  of  fome  fluffs,  at  belonging  to  Ruffia,  which  are  dillinguiflied  from  each 

length  determined  two  of  the  canoes  to  come  alongfide  other,  not  by    names   but  by   numbers,  four  only   are 

of  us.      I  made  each  of  them  a  prefent  of  a   piece  of  inhabited,  viz.   thofe  which  are  called  the  firll,  the  fe- 

nankeen  and  fome  medals.      It  was  evident  that  thefe  cond,  the  thirteenth,  and  the  fourteenth.    The  lafl  two 

iflandcrs  had  not  left  the  coaft  with  any  intention  of  may  indeed  be  counted  only  as  one,  becaufe  the  inhabi- 

trafHcking  with  us,  for  they  had  nothing  to  offer  in  ex-  tants  all  pafs  the  winter  upon  N'^  14,  and  return  to 

change  for  our  prefents  ;  they  only  fattened  to  a  rope  N^  13  to  pafs  the  fummer  months.    The  others  arc  en- 

a  bucket  of  frelh  water,  making  figns  to  us,  that  they  tirely  uninhabited,  the  iflanders  only  landing  there  oc- 

flill  thought  themfelves  in  our  debt,  but  that  they  were  cafionally   from   their  canoes  for  the  fake  of  hunting 

going  afhore  to  fetch  provifion,  which  they  expreffed  foxes  and  otters.    Several  of  thefe  Jail  mentioned  iflands 

by  putting  their  hand  into  their  mouth.   Before  coming  are  no  better  than  large  rocks,  and  there  is  not  a  tree 

alongfide   the    frigate,   they   placed    their  hands   upon  on  any  one  of  them.      The  currents  are  very  violent  be- 

thcir  breaft,   and  raifed   their  arms   towards  tlie  fl<y  :  tween   the  iflands,  particularly  at   the  entrance  of  the 

thefe  geftures  were  repeated  by  us,  and  then  they  re-  channels,   feveral  of  which  are  blocked  up  by  rocks  on 

folved  to  come  on  board  ;  but  it   was  with  a  want  of  a  level  with  the  ffa.     The  population  of  the  four  inha- 

confidence,  which  was  ftrongly  expreffed  in  their  coun-  bited  iflands  amounts  at  moft  to  1 400  fouls,      '['he  in- 

tenance  during  the  whole  time.      They  neverthelefs  in-  habitants  are  very  hairy,  wear  long  beards,  and  live  en- 

vited  us  to  approach  the  land,  giving  us  to  underfland*  tirely  upon  feals,   fifli,  and  the  produce  of  the  chace. 

that  we  fliould  there  want  for  nothing.    Thefe  iflanders  When  vifited  by  M.  Peroufe,  they  had  juft  been  exemp- 

are  neither  Japanefe  nor  Chincie,  but,  fituate  between  ted  for  ten  years  from  the  tribute  ufually  paid  to  Ruf- 

thefe  two  empires,  they  feem  to  partake  of  both  people,  fia,  becaufe  the  number  of  otters  on  their  iflands  is  very 

Their  covering  was  a  fhirt  and  a  pair  of  cotton  drawers,  much  diminifhed.      Thefe  poor  people  are  good,  hofpi- 

Their  hair,  tucked  up  on  the  crown   of  the  head,  was  table,  and  decile,   and  have  all  embraced  the  Chriftian 

rolled  round  a  needle,  whir.h  feemed  to  us  to  be  gold  :  religion.    The  more  fouthern  and  independant  iflanders 

each  of  them  had  a  dagger,   the  handle  of  which  wts  fometimes  pafs  in  canoes  the  channels  that  feparate  them 

gold  alfo.      Their  canoes  were  made  out   of  hollowed  from  the  Ruffian  Kuriles,   in  order  to  give  fome  of  the 

trees,  and   they   managed  them   very   indifferently.     1  commodities  of  Japan  in  exchange  for  peltries. 
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Labdaffeba.  T     ABDASSEBA,  a  tribe  of  favage  Arabs  who  in-     that  we  fliall  give  an  account  of  the  manners  of  both    Labor*- 
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habit  the  defart  of  Sahara  in  Africa.     They  are     under  the  title  Ouadelims,  and  of  their  country  under  ^    ^°''^' 


the  moll  powerful  of  all  thofe  tribes  except  the  Ouade-     that  of  Sahara. 
lims ;  and  they  refemble  thefe  fo  much  in  every  thing,         LABORATORY,  is  an  apparatus  fo  necelTary  to 
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the  chernift,  that  every  contrivance  to  vender  it  more 
convenient,  or  to  Iclfen  the  expence  of  it,  mud  contri- 
bute greatly  to  the  advancement  of  fcience.  The  abi- 
hties  of  Mofveiiii  ahas  Gtiyton,  and  the  fucceis  with 
which  he  has  prolecutcd  the  ftndy  of  theiniftry,  are 
well  known  ;  and  therefore  his  different  methods  of  la- 
ving tinie  and  expence  in  making  chemical  experiments 
mull  be  worthy  of  the  notice  of  younjjer  cheniills. 

Ill  the  fecoiid  volume  of  the  memoirs  of  the  Ancient 
Academy  of  Dijun,  we  have  a  delcription  by  him  of  a 
box  containing  a  kind  of  portable  laboratory,  compofed 
of  a  lamp  v^'ith  three  wicks,  diipofed  in  the  ligure  of  an 
cquil.iteial  triangle,  to  form  an  internal  curicnt  of  air, 
with  fu|. ports  for  the  different  vclTels  of  digtflion,  diilll- 
lation,  evaporation,  &c.  He  made  a  folution  of  lilver 
with  common  aijua  fortis  and  the  metal  in  an  alloyed 
ilate,  which  anfwered  very  well  as  a  re-agent,  without 
having  occafion  for  any  other  utcniils  but  this  box  and 
apothecary's  phials,  wliich  arc  everywhere  to  be  found. 

This  apparatus,  how'tver,  was  confined  in  us  applica- 
tion, and  he  foon  thought  of  improving  it.  He  con- 
ftrurted  a  lamp,  on  tlie  principles  ot  Argand,  v.ith  three 
concentric  circular  wicks,  each  having  an  interior  and 
exterior  current  of  air.  The  cfftCl  furpaflVd  his  expec- 
tations with  regard  to  the  intenfity  of  the  heat  ;  but  it 
was  difficult  to  prevent  the  dellriiCiion  of  the  hard  folder 
round  the  wicks  ;  and  the  glafs  retorts  were  frequently 
melted  at  the  bottom,  and  disfigured.  It  was  attended 
with  other  inconveniences,  and  the  quantity  of  oil  con- 
fumed  was  great. 

A  fhort  time  afterwards,  it  occurred  to  him  to  fub- 
ftitute,  inflead  of  the  glafs  chimney  of  Argand's  lamp, 
a  cylinder  of  copper  with  an  indented  part  or  ledge  a 
few  millimetres  (fee  Revolution,  Encycl.  n"  183.)  a- 
bove  the  flame,  to  perform  the  office  of  the  indented 
ciiimney  of  glafs,  and  by  that  means  to  render  it  prafti- 
cable  to  raile  the  wick  to  a  certain  height  without 
fmoaking.  This  cylinder  has  three  branches  like  a  chaf- 
fing-difh.  By  this  apparatus  two  or  three  decilitres  of 
water  (about  halt  an  linglifh  wire  pint)  may  be  brought 
to  boil  in  a  copper  or  glafs  vefTcl  in  about  fix  or  ftvcn 
minutes.  It  has  ferved  for  a  number  of  operations;  but 
it  was  not  till  after  he  had  obfervtd  the  degree  of  heat 
obtained  from  the  lamp  in  its  ordinary  flate,  and  parti- 
cularly fince  he  had  fubflituted  inflead  of  the  metallic 
tube  a  chimney  of  glafs  cut  oft'  at  the  length  of  three 
centimetres  (rather  more  than  one  Englifli  inch)  above 
the  contraction,  that  he  perceived  all  the  advantages  it 
was  capable  of  affording;  and  that  by  means  of  a  move- 
able fiipport  for  the  reception  of  the  different  vefTels, 
which  may  be  fixed  at  pleafure  by  a  thumb-fcrew,  this 
lamp  furnace,  at  the  fame  time  that  it  gives  light,  and 
confequently  without  any  additional  expence,  may  with 
facility  be  ufcd  for  almoft  every  one  of  the  operations 
of  chemiflry  ;  fuch  as  digeflions,  folutiens,  cryflalliza- 
tions,  concentrations;  the  re&ification  of  acids ;  dillilla- 
tions  on  the  fand-bath,  or  by  the  naked  fire  ;  incinera- 
tions of  the  moll  refraclory  refiducs  ;  analyfes  with  the 
pneumatic  apparatus,  or  of  minerals  by  the  faline  fufion, 
&c.  "  I  have  not  (fays  he)  hitherto  met  with  any  excep- 
tion but  for  complete  vitritications  and  cupellations  ;  for 
even  the  diffillations  to  drynefs  may  be  performed  with 
fome  precautions,  fuch  as  that  of  transferring  the  matter 
into  a  fmall  retort  blown  by  the  enameller's  lamp,  and 
placing  its  bottom  on  a  little  fand-bath  in  a  thin  metal- 
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lie  difli."  The  fupport  here  mentioned  is  fimpiv  a  cop.  I  aliura- 
pcr  ring  eight  centimetres  (3,15  inch.)  in  diameter,  ^"'1-  , 
which  is  railed  or  lowered  by  Aiding  on  a  fteni  of  the  ' 
fame  metal.  Nothing  more  was  required  but  to  adaj)t 
it  to  tlie  I'quare  iron  tlem  which  p-iffes  tlirough  the  re- 
fervoir  of  the  lamp.  The  connexion  is  made  by  a  piece 
if  wood,  in  order  that  Ie)s  of  the  heat  might  be  dilper- 
fed.  As  the  lanip  itfclf  is  capable  of  being  moved  on 
its  fteni,  it  is  eafy  to  bring  it  nearer  or  remove  it  at 
pleafure  from  the  vtfi'cls,  which  remain  fixtd  ;  a  circum- 
ftance  which,  independent  of  the  elevation  or  depreirioii 
ot  fhe  wick,  affords  the  means  of  healing  the  retorts  by 
degrees,  ot  nioderatinj;  or  fupprefTing  the  fiie  iiiilantly, 
or  of  maintaining  it  for  fcveral  hours  at  a  conflant  or 
determinate  intenfity,  from  the  aimoll  infeiifible  evapo- 
ration of  cryllalli;'.able  lohitions  to  the  ebullition  of 
acids  ;  properties  never  pofrefled  by  the  athannr,  of 
which  cliemifls  have  boafted  fo  much  The  advantage 
of  thefe  will  be  properly  valued  by  tliofe  operators  who 
know  that  the  niofl  experienced  and  the  mofl  attentive 
chemifls  meet  with  frequent  accidents,  by  which  both 
their  veflels  and  the  products  of  their  operations  are  loll 
for  want  of  power  in  the  management  of  the  fire." 

For  the  analyfis  of  flon<s,  fuch  as  the  rryflal?  of  tin, 
the  fliortened  chimney  of  glafs  is  to  be  ufed  ;  and  the 
procefs  is  to  be  begun  by  placing  the  mixture  in  a  cap- 
fule  of  platina  or  (liver  2}  inches  in  diameter.  This 
capfule  is  to  be  placed  on  the  fnppert,  and  the  heat  re- 
gulated in  fuch  a  manner,  that  ebullition  fliall  tuke  place 
without  throwing  any  portion  of  the  matter  out  of  the 
vefTel.  As  foon  as  its  contents  are  pei  feftly  dry,  they 
are  to  be  transferred  into  a  very  thin  crucible  of  platina, 
of  which  the  weight  is  about  zy2j  grains  Englifli,  and 
its  diameter  one  inch  and  three-fourths.  This  crucible 
refts  on  a  fmall  fupport  of  iron  wire,  which  ferves  to 
contraft  the  ring  ;  and  the  wick  being  at  its  greatcft 
elevation,  with  the  ring  lowered  to  the  diftance  of  93; 
inches  from  the  upper  rim  of  the  chimney,  Guyton  pro- 
duced, in  lefs  than  twenty  minutes,  the  faline  fufion 
to  2  fuch  a  degree,  that  from  the  commencement  of  the 
operation  the  decompofitloii  proceeded  as  far  as  to  070 
of  the  mineral.  The  fame  apparatus,  that  is  to  fay, 
with  the  (hortened  chim.ney,  lervts  tor  oxidations,  in- 
cinerations, toi  refaftions,  and  diftillations  to  diynefs. 

In  fuch  operations  as  require  a  iefs  heat,  he  leaves 
the  lamp  with  its  large  chimney  abfoiutely  in  the  fame 
ftate  as  when  it  is  ufed  for  illumination  ;  and  by  railing 
and  lowering  either  the  ring  which  fupiports  tlie  veffei, 
or  the  body  of  the  lamp  if  the  vcd'cls  be  fixed  in  com- 
munication with  others,  he  graduates  the  heat  at  plea- 
fure. Vinegar  diflils  without  interruption  at  24  inches 
Englifh  from  the  upper  termination  of  the  chimney, 
that  is  to  fay,  7t  inches  Englilli  from  the  (lame.  Wa- 
ter is  made  to  boil  in  eight  minutes,  at  the  fame  height, 
in  a  glafs  velFel  containing  one  wine  pint  Englifh,  and 
is  uniformly  maintained  at  the  diflance  ot  8  J-  inches 
from  the  flame. 

"  I  mufl  not  in  this  place  (fays  our  author)  omit  to 
mention  a  flight  obfervation  which  this  procefs  has  af- 
forded, becaufe  it  may  lead  to  ufeful  applications,  and 
tends  to  point  out  one  great  advantage  of  this  niethod 
of  operating  ;  namely,  that  an  infinity  of  circumflanccs 
may  be  perceived,  which  might  not  even  be  fufpefted 
when  the  whole  procefs  is  carried  on  within  a  furnace. 
I  have  remarked,  as  did  likcwife  feveral  of  my  colleagues 
H  2  who 
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who  were  then  prtfcnt,  that  a  column  of  bubbles  con- 
ftantly  rofe  from  a  fixed  point  of  the  retort  on  one  fide  , 
of  the  bottom.  We  were  of  opinion,  that  fomc  parti- 
cle of  matter  was  in  that  place  incorporated  with  the 
glafs,  which  had  a  different  capacity  for  heat  from  that 
of  the  reft  of  the  glafs.  In  order  to  verify  this  conjec- 
ture, I  endeavoured  the  fullowiiig  day  to  ditlil  the  fame 
quantity  of  the  fame  water  in  the  fame  retort,  after  ha- 
■ving  introduced  a  button  of  cupelled  iilvtr,  weighing 
nine  decigrammes  (29I  grains).  At  the  commence- 
ment of  liie  operation  there  was  a  fmall  llream  of  bub- 
bles from  the  fame  point  as  before  ;  but  a  thort  time  af- 
terwards, and  during  the  whole  remaining  time  of  ope- 
rating, the  largcft  and  moft  incefTant  flream  of  bubbles 
rofe  from  the  circumference  of  the  button,  which  was 
often  difplaced  by  the  motion  ;  and  in  proportion  to  the 
time  the  produft  of  the  dillillation  was  fcnfibly  greater. 
Whence  we  may  conclude,  that  metallic  wire*  or  rods, 
ilittributed  through  a  mafs  of  water,  required  to  be  kept 
in  a  ftate  of  ebullition,  and  placed  a  little  below  its  fur- 
face,  would  produce,  without  any  greater  cxpence  of 
fuel,  nearly  the  fame  etTeCt  as  thofc  cylinders  filled  with 
ignited  matter  which  are  made  to  pafs  through  the 
boilers." 

We  have  related  this  fafl  in  Guyton's  own  words, 
or  at  Itaft  in  a  fai'-hful  tranflation  of  them  ;  and  we  are 
far  from  calling  it  in  qucftion,  for  it  is  a  faft  which  has 
been  often  obferved  :  but  we  tiiink  his  inference  from 
it  too  haflily  drawn.  It  is  not  conceivable  that  heat 
can  be  more  rapidly  conveyed  through  a  mafs  of  liquid 
by  the  conducting  power  of  metal,  than  by  a  free  circu- 
lation ;  but  we  agree  with  what  fcems  to  be  Mr  Nichol- 
fon's  opinion  *,  that  the  thin  ftratum  of  water  beneath 
the  button  becomes  more  fuddenly  and  violently  elartic 
than  elfewhere,  and  therefore  rifes  regularly  to  the  fur- 
face.  The  whole  of  this  phenomenon  the  reader  will 
find  explained  in  our  article  Steam,  Encycl.  n°  jo. 
But  this  is  a  digrcfiion. 

We  return,  therefore,  to  Guytoi/s  laboratoi;y,  of 
wliich  the  reader  will  form  a  dillinfl  notion  from  plate 
XXXIII.  where  fig.  I.  reprefents  the  whole  apparatus 
ready  mounted  for  diftillation,  with  the  lube  of  fafety 
and  a  pneumatic  receiver.  A  is  the  body  or  refcrvoir 
of  the  ufual  lamp  of  Argand,  with  its  fliade  and  glafs 
chimney.  The  lamp  may  be  raifed  or  lowered  at  plea- 
fure  by  means  of  the  ihuirb  fcrew  B,  and  the  wick  rifes 
End  falls  by  the  motion  of  the  fmall  toothed  wheel  pla- 
ted over  the  wallc  cup.  This  conftruftion  Is  moil  conve- 
nient, becaufe  it  affords  the  facility  of  altering  the  pofi- 
tion  of  the  fiame  with  regard  to  the  veflels,  which  remain 
fixed;  and  the  troublcfome  management  of  bended  wires 
above  the  flame  for  the  fuppurt  of  the  velTcls  is  avoided, 
at  the  fame  time  that  the  flame  itfclf  can  be  brought 
nearer  to  the  matter  on  which  it  is  intended  to  ad.  D, 
a  fupport  confiftiiig  of  a  round  ftem  of  brafs,  formed  of 
two  pieces  which  fcrew  together  at  about  two  thirds  of 
its  height.  Upon  this  the  circular  ring  E,  the  arm  F, 
and  the  nut  G  Aide,  and  are  fixable  each  by  its  refpec- 
tive  thumb-fcrew.  The  arm  alfo  carries  a  moveable 
piece  H,  which  fcrves  to  fufpend  the  veflels  in  a  conve- 
nient fituation,  or  to  fecure  their  pofition.  The  whole 
fupport  is  attached  to  the  fquare  iron  ftem  of  the  lamp 
by  a  piece  of  hard  wood  I,  which  may  be  fixed  at  any 
required  fituation  by  its  fcrew.  K  reprefents  a  ftand 
for  the  receivers.    Its  moveable  tablet  L  is  fixed  at  any 


required  elevation  by  the  wooden  icrew  M.  The  piece 
which  forms  the  foot  of  tliis  (land  is  fixed  on  the  board 
N  ;  but  its  relative  pofition  with  regard  to  the  lamp 
may  be  changed  by  iliding  the  foot  of  the  latter  be-  v 
tween  the  pieces  OO.  P,  another  ftand  for  the  pneu- 
matic trough.  It  is  raifed  or  lowered,  and  fixed  to  its 
place,  by  a  ftrong  wooden  fcrew  Q^  R  is  a  tube  of 
lafety,  or  reverfed  fyphon,  w  liich  ferves,  in  a  great  mea- 
fure,  to  prevent  the  bad  efTcils  of  having  the  veffels  ei- 
ther pertcftly  clofed,  or  perfectly  open.  Suppofe  the 
upper  bell-ftiaped  vcflel  to  be  nearly  of  the  fame  magni- 
tude as  the  bulb  at  the  lower  end  of  the  tube,  and  that 
a  quantity  of  water,  or  other  fuitable  fluid,  fomewhat 
kfs  than  the  contents  of  that  vefl'el,  be  poured  into  the 
apparatus  :  In  this  fituation,  if  the  elafticity  of  the  con- 
tents  of  the  veffels  be  lefs  than  that  of  the  external  air, 
the  fluid  will  defcend  in  the  bulb,  and  atmofpheiic  air 
will  follow  and  pafs  through  the  fluid  into  the  veffels  : 
but,  on  the  contrary,  if  the  elafticity  of  the  contents  be 
greater,  the  fluid  will  be  either  fuftained  in  the  tube,  or 
driven  Into  the  bell-diaped  vefltl  ;  and  if  the  force  be 
ftrong  enough,  the  gafeous  matter  will  pafs  through  the 
fluid,  and  in  part  efcape. 

Fig.  2.  Shews  the  lamp  furnace  difpofcd  to  produce 
the  faline  fufion  ;  the  chimney  of  glafs  fliortened  ;  the 
fupport  D  turned  down  ;  the  capfule  of  platina  or  filver 
S  placed  on  the  ring  very  near  the  flame. 

Fig.  3.  The  fame  part  of  the  apparatus,  in  which, 
inftead  of  the  capfnle,  a  very  thin  and  fmall  crucible  of 
platina  T  is  fubllituted,  andrefls  upon  a  triangle  of  iron 
wire  placed  on  the  ring. 

Fig.  4.   Exhibits  the  plan  of  this  laft  difpofition. 

LACERTA,  in  aftronomy.  See  Astronomv,  w 
4D&.  Encycl. 

LACMUS,  a  dye  ftuflf  prepared  by  the  Dutch  from 
the  Lichen  rocella,  which  fee  in  this  Supplement. 

LACSHA,  the  Indian  name  of  the  lac  infcdf,  which 
has  been  defcribed  in  the  Encyclupadm  under  the  title 
Coccus,  Species  5.  Since  that  article  was  publiftied, 
a  defcription  of  that  infe£t,  w  hich  is  more  to  be  depend- 
ed upon,  has  been  given  to  the  world  in  the  ftcond  vo- 
lume of  the  Afiatic  Refearches.  It  is  by  Mr  Rox- 
burg+i,  fuvgeon  on  the  Madras  eftablifliment,  and  was 
communicated  to  the  Society  by  Dr  James  Anderfon 
phyfician  at  Fort  St  George,  who  oblerves,  that  Mr 
Roxburgh's  difcovery  will  bring  the  laclha  as  a  genus 
into  the  clafs  Hem'iptera  of  Linnaeus. 

"  Some  pieces  of  very  frelh-looking  lac  (fays  Mr 
Roxburgh),  adhering  to  fmall  branches  of  miniofa  ci- 
nerea,  were  brought  me  from  the  mountains  on  the  20th 
of  November  I  789.  I  kept  them  carefully,  and  to- 
day, the  4th  of  December,  fourteen  days  from  the  time 
they  came  from  the  hills,  myriads  of  exceedingly  minute 
animals  were  obferved  creeping  about  the  lac,  and 
branches  it  adhered  to,  and  more  ftill  in"uing  froin  finall 
holes  over  the  furface  of  the  cells  :  other  fmall  and  per- 
forated e.xcrefccnces  were  obferved  with  a  glafs  amongft 
the  perforations,  from  which  the  minute  iiifeds  iflued, 
regularly  two  to  each  hole,  and  crowned  with  fome 
very  fine  white  hairs.  When  the  hairs  were  rubbed 
off,  two  white  fpots  appeared.  The  animals,  when  fingle, 
ran  about  pretty  brilkly,  but,  in  general,  they  were  k> 
numerous  as  to  be  crowded  over  one  another.  The 
body  is  oblong,  tapering  moll  towards  the  tail,  below 
plain,  above  convex,  with  a  double  or  flat  margin  :  la- 
terally 
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I.acfha.  terally  on  tlie  back  part  of  the  thoiax  are  two  fmall  tu-  ed  a  cell  wlience  I  tliouglit  the  winged  flics  had  come,  Lamanrn.^ 
■""V— ^  bercks,  which  may  be  the  eyes  :  the  body  behind  the  and  found  fcveral,  tight  or  ten,  nu.rt  in  it,  ftruggh'ng  to 
thorax  is  crofTed  with  twelve  rings:  legs  fix;  feelers  fhake  off  their  incumbrances ;  they  were  in  one  of  thofe 
(antenna;)  half  the  length  of  the  body,  jointed,  hairy,  utriciiU  mentioned  on  the  4th,  whicli  ends  in  two 
each  ending  in  two  hairs  as  long  as  the  antenna;:  rump,  mouths,  fiiut  up  with  fine  white  hairs,  but  one  of  then\ 
a  white  point  between  two  terminal  hairs,  which  are  as  was  open  for  the  exit  of  the  flics;  the  other  would  no 
lono-  as  the  body  of  the  animal.  The  mouth  I  could  doubt  have  opened  in  due  time  :  this  utriculus  I  found 
not  fee.  On  opening  the  cells,  the  fubrtance  that  they  now  perfedly  dry,  and  di\ided  into  cells  by  exceeding 
were  formed  of  cannot  be  better  defcribed,  with  refpetft  thin  partitions.  I  imagine,  before  any  of  the  flies  made 
to  appearance,  than  by  faying  it  is  like  the  tianfparent  their  efcape,  it  might  have  contained  about  twenty.  In 
amber  that  beads  are  made  of:  the  external  covering  of  thefe  minute  cells  with  the  living  flies,  or  whence  they 
the  cells  may  be  about  half  a  line  thick,  is  remarkably  had  made  their  efcape,  were  fmall  dry  daik-coloured 
flrong,  and  able  to  refill  injuries  :  the  partitions  are  comprefled  grains,  which  may  be  the  dried  excrements 
much  thinner:  the  cells  are  in  general  irregular  fquares,     of  the  flies." 

pentagons  and  hexagons,  about  an  eighth  of  an  inch  in  LAMANON  (Robert  Paul),    of  the  Academy  at 

diameter,  and  one  quarter  deep  :  they  have  no  comma-  Turin,  correfpondent  of  the  Academy  of  Sciences  at 
nication  with  each  other.  All  thofe  I  opened  during  Paris,  and  member  of  the  Mufcum  in  the  fame  city,  was 
the  time  the  animals  were  iiTuing,  contained  in  one  half,  born  at  Salon  in  Provence,  in  1752,  of  an  old  and  re- 
a  fmall  bag  filled  with  a  thick  red  jelly-like  liquor,  re-  fpefiable  family.  Being  a  younger  fon,  he  was  dellined 
plete  with  what  I  take  to  be  eggs  :  thefe  bags,  or  utri-  for  the  church,  and  fent  to  Paris  to  complete  his  theo- 
culi,  adhere  to  the  bottom  of  the  cells,  and  have  each  logical  ftudics  ;  but  getting  acquainted  with  the  philo- 
iwo  necks,  which  pafs  through  perforations  in  the  ex-  fophers  (as  they  called  themfelves),  he  foon  loft  all  reli'h 
ternal  coat  of  the  cells,  forming  the  fore  mentioned  ex-  for  the  ftudy  of  theology,  and  devoted  himfclf  to  the 
crefcerces,  and  ending  in  fome  very  fine  hairs.  The  phyfical  fciences,  efpecially  thofe  of  chemiftry  and  mi- 
other  half  of  the  cells  have  a  diftinft  opening,  and  con-  neralogy.  Into  the  church,  however,  he  got,  and  rofe 
tain  a*white  fubllance,  like  fome  few  filaments  of  cotton  to  the  dignity  of  canon  ;,  but  by  the  death  of  his  father 
rolled  together,  and  numbers  of  the  infcfts  themfelves  and  elder  brother,  having  acquired  the  right  of  directing 
ready  to  make  their  exit.  Several  of  the  fame  infcfts  his  own  future  exertions,  he  haftened  to  quit  a  profef- 
I  obferved  to  have  drawn  up  their  legs,  and  to  lie  flat:  Con,  towards  which  he  felt  no  partiality, 
they  did  not  move  on  being  touchetl,  nor  did  they  fliew  A  prelate,   then   in- high  favour  at  court,  hearing  of 

any  figns  of  life  with  the  greateft  irritation.  Lamanou's  intention  of  quitting  his  office  of  canon,  of- 

"  December  5.  The  fame  minute  hexapedes  continue  fered  him  a  confiderable  fum,  to  induce  him  to  refign  in 
ifliiing  from  their  cells  in  numbers:  they  are  more  live-  favour  of  one  of  his  dependents.  The  chapter  cf  Ar- 
ly,  of  a  deepened  red  colour,  and  fewer  of  the  motion-  les,  replied  our  young  ecckriailic,  did  not  fell  me  my 
lefs  fort.  'I'o-day  I  faw  the  mouth  :  it  is  a  flattened  benefice  ;  I  fiiall  therefore  reftore  it  in  the  fame  manner 
point  about  the  middle  of  the  breall,  which  the  little  that  I  received  it.  This  conduCl  was  certainly  merito- 
animal  projefls  on  being  comprefled.  rious  ;   and  his  eulcglft  Ponce  mentions  another  trait  of 

*'  December  6.   The  male  inftfts  I  have  found  to-day:     his  charatter,  whicli  fets  him  in  a  very  amiable  point  of 
a  few  of  them  are  conftantly  running  among  the  females     view  ;  he  refuled  to  accept  of  his  paternal  inheritanc--, 
mod  aftively  :   as  yet  they  are  fcarce  more,  I  imagine,     otherwife  than  as  an  equal  fliarer  with  his  brothers  and: 
than  one  to  5000  females,  but  twice  their  fize.      The     fillers.  v  ■ 

head  is  obtufe  ;   eyes  black,  very  large  ;  antennae  clava-  Thus  liberated  from  the  trammels  of  his  former  pro-- 

ted,  feathered,  about -^ds  the  length  of  the  body:  below  feffion,  Lamanon  ap-plied  himfclf  with  uncommon  ar- 
the  middle  an  articulation,  fuch  as  thofe  in  the  legs:  dour  to  lludy.  Eager  to  raife  the  awful  veil  that  con- 
colour  betwen  the  eyes  a  beautiful  fhining  green:  neck  ceals  from  our  eyes  the  fecrets  of  Nature  ;  perfuaded, 
very  Ihort  ;  body  oval,  brown:  abdomen  oblong,  the  that  even  the  greateft  genius  only  amnfcs  itfelf  with  falic 
length  of  body  and  head:  legs  fix:  wings  membranace-  fyilems  in  the  filcnce  of  a  cabinet;  convinced  of  the  nc- 
ous,  four,  longer  than  the  body,  fixed  to  the  fides  of  ceffity  of  much  and  various  obfervation,  and  of  furpri- 
the  thorax,  narrow  at  their  infertions,  growing  broader  fing  Nature  as  it  were  in  the  very  faft,  in  order  to  pe- 
for  4ds  of  their  length,  then  rounded;  the  anterior  pair  netrate  into  the  fublimity  of  her  operations;  — our  young 
is  twice  the  fize  oi  the  pofttrior  :  a  ftrong  fibre  runs  phllofophsr  travelled  through  Provence  ami  Daiiphine, 
along  their  anterior  margins  :  they  lie  flat,  like  the  and  fcaled  the  Alps  and  Pyrenees.  At  the  fight  of 
wings  of  a  commcn  fly  when  it  walks  or  refts:  no  hairs  thefe'vall  natural  laboratories  the  bent  of  his  nu'nd  burfk 
from  the  rump:  it  fprings  mo/l  aftively  to  a  confider-  fortli  inftantaneoufly  :  he  climbed  to  the  fummit  of 
able  diilance  on  being  touched  ;  mouth  in  the  under  rocks,  and  explored  the  abyfs  of  caverns,  weighed  the 
part  of  the  head  :  maxdls  tranfverfe.  To-day  the  fe-  air,  analyfcd  fpecimens,  and,  in  his  ardent  fancv,  having 
niale  iniedts  continue  ifiuing  in  great  numbers,  and  move     attained  the  fecrets  of  creation,  he  forr^ed  a  new  iyfteni  » 

about  as  on  the  4th.  ,  of  the  world.    On  his  return  home,  he  applied  with  ad- 

"  December  7.  The  fmall  red  infefts  flill  more  nu-  ditional  intereft  to  tlie  lludy  of  meteorology,  mineral  >- 
merous,  and  move  about  as  before  :  winged  infefts,  ftill  gy,  natural  philofophy,  and  the  other  braiiches  of  the 
very  few,  continue  active.     There  have  been  frtfh  leaves     hiftory  of  nature. 

Whilll  he  was  meditating  3  vifit  to  Paris  for  thepur- 
pofe,  as  his  eulogift  exprefles  himfclf,  of  conveiiing  with 
the  luminaries  of  fcience,  the  inhabitants  of  the  com- 
mune of  Salon,   ha\ing  loll  a  caufe   againll  their  lord, 

unani> 


and  bits  of  the  branches  of  both  Mimcfa  Cinerea  and 
CorinJa  put  into  the  wide  mouthed  bottle  wltli  them  : 
they  walk  over  them  indifierently,  witliout  fliewing  any 
preference,  or  inclination  to  work  or  copulate.  I  open- 
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I.imaron,  unanimoun.y  elcAed  Lamanon,  with  whofe  integrity  and 

•  abilities  they  were  well  acquiiiiitcJ,  to  ^o  and  foli.it  of 

the  council  the  repeal  of  an  iinjull  decree  that  had  been 

obtained  by  pailia'.ity.     The  reply  of  the  yoinit;  philo- 

fopher  on  this  otcafion  is  an  additional  proof  of  his  un- 
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which  had  at  fiift.   highly  intereftcd  him,  an  objeft  of  I-amanon,, 
public    utility  ;   not   forcfeeing,   that  one   day,   on   the 
plains  of  Fleurus,  it  would  be  the  caufe  of  rallying  and 
ellablifhing  viftorf  under   the   llandarda  of   I'lar.ce,   he 
returned  to   his   favourite   occupations.      Purfuinjr   liis 


common  difintereftednefs.      "  As  I  intend  (faid  he)  to     route  from  JPiedmnnt,  he  vilited  Italy,  and  returned  by 
{^o  to  Paris  on  buiincfs  of  my  own,  I  cannot   think  of     Swit/.erland,  where  he  expUned  the  Alps  and  afcended 


accc|)ting  your  offer  of  24  livres  daily  pay  :  a  twelfth 
of  this  fum  will  cover  the  cxtraorelinary  expences  ot  the 
journeys  that  I  (hall  be  obliged  to  make  to  Verfailles  on 
your  account."  He  had  the  fatisfaftion  of  complete 
faccefs  in  the  bnfinefs  thus  undertaken. 

Having  fiUisfied  his  curiolity  in  Paris,  he  went  over 
to  England.  During  the  padage,  though  much  incom- 
moded by  fea-fickncls,  and  in  imminent  hazard  of  being 
overwhelmed  by  the  tumbling  waves  of  a  very  flormy 
fea,  he  caufed  himfelf  to  be  tied  to  the  main-mall,  in 
order  to  contemplate  at  Icifure  fo  grand  and  fearful  a 
fpedtacle.  The  burlls  of  thunder,  the  howling  of  the 
wind,  the  brilliancy  of  the  lightning,  the  glancing  of 
the  fpray  which  covered  him  every  moment,  thefe  ob- 
jefts,  fo  terrible  to  an  ordinary  man,  threw  him  into  a 
kind  of  mental  intoxication,  and  he  has  often  declared 
that  this  day  was  the  mod  cxqnifite  of  his  whole  life. 

Convinced  that  the  friendfliip  of  an  eminent  man  ele- 
vates the  foul,  excites  generous  emulation,  and  becomes 
an  additional  ftinndus  to  one  whofe  delight  is  ftudy,  and 
whofe  moil  piefTing  want  is  an  objeft  on  which  to  place 
his  alfettion,  I^amanon  anxioufly  endeavoured  to  merit 
the  regard  of  Condorcet,  fo  well  known  by  his  ta- 
lents,  his  impieties,  his  rebellion,   and  his  misfortunes. 


the  fummit  ot  Mont  Blanc  :  thence  returning,  loaden 
with  the  fpoils  of  the  countries  which  he  had  traverfed, 
to  Provence,  he  employed  himfelf  in  the  arrangement 
of  the  interefling  fruits  of  his  journey. 

Of  the  fcrupnlous  exaftnefs  of  his  obfervations,  his 
tulogill  gives  tlie  following  inftance  :  "  Being  convin- 
ced that  the  plain  of  Crau,  divided  by  the  channel  of 
the  Durance,  had  formerly  been  a  lake,  he  wirtied  to 
be  abfolutely  alfured  of  it.  For  this  purpofe  he  col- 
lefted  a  fpecimen  of  each  of  the  ftones  that  are  to  be 
found  in  this  vail  plain  ;  the  number  of  thefe  he  found 
to  amount  to  nineteen  ;  then  tracing  the  courle  of  the 
river  towards  its  head,  near  the  frontiers  ot  Savoy,  he 
obferved,  that  above  each  jnnftion  of  the  tributary 
ftreanis  with  the  Durance,  the  variety  of  pebbles  di- 
niinilhed.  Afterwards  afcending  the  current  of  each 
of  thefe  fmaller  dreams,  he  difcovered  on  their  banks 
the  original  roek  of  every  pebble  that  overfpreads  the 
plain  of  Crau  ;  thus  incontellably  proving,  that  this 
plain  was  anciently  a  lake  formed  by  the  waters  of  the 
Durance,  and  the  llreams  that  fall  into  it.  If  all  philo- 
fophers  (fays  our  author)  would  conduiS  their  exami- 
nations with  equal  precifion,  certain  hypotheles,  more 
brilliant   than  folid,  would  not  tind  fo  many   admirers; 


This  academician,  jullly  conlidering  that  an  apodate  the  charm  of  imagination,  and  the  graces  of  dyle,  would 
prijd  would  be  ready  to  join  the  confpiracy  of  the  phi-  not  fo  often  encroach  upon  the  imprefcriptable  rights 
lofophids  againd  the  altar  and  the  thrinie,  received  La-     of  nature  and  truth." 


nianon  with  diilinftion,  and  at  length  admitted  him  to 
his  mod  intimate  friendlhip. 

During  the  three  fncceifive  years  that  Lamanon  fpent 
at  Paris,  he  followed  with  care  the  track  of  tliole  learn- 
ed foclcties,  of  which  he  had  been  eleifted  a  member. 
He  became  at  this  period,  together  with  Count  de  Ge- 


To  citizen  Ponce  this  appears  a  demondration  of  La- 
nianon's  theory  ;  but  we  cainiot  fay  that  it  does  io  to 
us.  It  may  be  a  kind  of  proof,  though  not  a  demon- 
dration, that  in  fonie  convulfion  of  nature  (tones  had 
been  rolled  from  the  rock,  and  the  plain  ot  Crau,  for  a 
time,    overflowed   by  the   Durance  ;    but  it  furcly  fur- 


btU'i,   and   fome   other  philofophers  and  artids,  one  of     nidies  no  evidence  of  that   plain's   having   ever  been  n 
the  founders  of  the  Muleum,   the   greater  part  of  the     permanent  lake.      It  may  have  been   fo  ;   but  fuch  invef- 


members  of  which  arc  now  reunited  in  the  open  fociety 
of  fciences,  letters,  and  arts,  at  Paris.  Among  the  dif- 
ferent papers  of  his  that  were  read  at  various  meetings 
cf  thefe  focietics.  Ponce  mentions  with  particular  ap- 
probation what  he  calls  a  notice  of  Adam  de  Crapone, 
an  eminent  hydraulic  engineer  ;  a  memoir  on  the  Cre- 
tins ;  a  memoir  on  the  theory  of  the  winds  ;  a  treatiie 
on  the  alteration  in  the  courfe  of  rivers,  particularly  the 
Rhone  ;  and  another  on  ;in  enormous  bone  belonging 
to  fome  cetaceous  filh,  that  was  dug  up  at  Paris,  in  lay- 
ing  the  foundations  of  a  houte  in  the  Rue  Daiiphine. 
We  have  not  feen  thefe  memoirs  ;  but  as  their  author 
was  the  friend  of  Condorcet,  and  fancied  that  he  had 
attained  the  fecrets  of  creation,  we  can  eafily  conceive 
their  tendencv. 


tigations  as  this  will  not  guard  philofophers  againd  the 
delafions  of  favourite  hypothefcs. 

It  was  at  the  time  when  Lamanon  was  preparing  for 
the  prels  his  great  work  on  the  Theory  of  the  Earth, 
that  the  French  government  conceived  the  vad  project 
of  completing  the  difcoveries  of  Captain  Cook;  the  aca- 
demy of  fciences  wai  entrnded  with  the  care  of  feletl- 
ing  men  capable  of  lettifying  our  notions  ot  the  fouth- 
ern  hemifphere,  of  improving  hydrography,  and  advan- 
cing the  progrels  of  natural  hidory.  Condcjrcct,  not 
knowing  any  one  better  qualiiied  for  this  lad  depart- 
ment than  Lamanon,  wrote  to  him  an  invitation  to  fnare 
the  danger  and  glory  of  this  great  enterprize.  He  ac- 
cepted with  eager  tranfport  a  propofal  that  lulfiUed  his 
highed  expeftations,   hadencd   to    Paris,   refuted   in   a 


Having  refolved  again  to  revifit  Svvltr.erland  and  I-  conference  with  the  miuiller  the  falary  that  was  offer- 

taly,  Lamanon  fird  went  to  Turin,  where  he  allied  him-  ed,  took  a  hady  leave  of  his  friends,  and  departed  for 

felf  to  the  learned  of  that   country.      During  his  day  Bred. 

there,  the  brilliant  novelty  difcovered  by  Montgolfier  On  the  id  of  Augud  1785,  the  armament  fet  fail 
was  occupying  the  attention  of  all  the  philofophers  of  under  the  orders  of  La  Peroufe,  an  experienced  corn- 
Europe.  Lamanon,  defirous  of  making  fome  experi-  mander,  whofe  patriotilm  and  fcientific  zeal  were  equal 
ments  of  this  kind  himfelf,  afcended  in  a  balloon  from  to  his  courage  and  good  fenfe,  and  who  had  already 
the  city  of  Turin;  but  not  perceiving  in  this  difcovery,  merited  the  public  confidence.    The  philofophers  of  all 

Europe 
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.ammon,  Europe  were  in  expeftation  of  tliofe  ufeful  di'fcoverieF,  combuftible  matter,  it  appears  to  be  of  foinc  confeoueiice     !•»' 

i.imp.     {[,g  probable  fruit  of  the  Zealand  talents  employed  in  what  the  nature  and   ftrurtiire  of  this  material  inav  be. '"'"" 

"~^  the   expedition.      The   beginning   of  the    voyage    was  It   is  certain  that  the  flame  alfordcd  by  a  wick   of  rulh 

profpcrous.      After  various  delays,  and  a  multitude  of  differs  vtry  coiillderably  from  that  afforded  by  cotton  ; 

cbfervations,  the   two   velFels  arrived   at    the  illand  of  though  perhaps  this  ditference  may,  in  a  great  menfure, 

Maouna,  one  of  the  fouthtrn  Archipelago.      The  im-  depend  on  tiic  relative  dimenlioiis  of  each.      And  if  we 

patient  Lamanon,  eager  to  aflTiire   himfclf  of  the  truth  may  judge  from  the  difTcrent  odour  in   blowing  out  a 

of  the  publilhcd  accounts  of  that   country,    debarked  candle  of  each  tort,  there  is  fome  reafon  to  fufpedl  that 

with  Laiiglc,  the  fecond  in  command.    At  the  moment  the  deconipolition  of  the  oil  is  not  effected  precifely  in 

of  their  return,  the  natives,   in   hopes  of  booty,   which  the  fame  manner  in  each.      We  have  alfo   fome  obfcure 

had  been  excited  by  the  number  of  prefents  that   tliey  accounts  of  prepared  wicks  for  lamps,  which  are  ftated 

had  received,   fei/.ed  upon  the   boats,  and  attacked  the  to  poffcfs  the  property  of  facilitating  the  combullion  of 

party.     Tlie  French  were  obliged  to  have   recourfe  to  very  impure  oils,  fo  that  they  (hall  burn  for  manv  hours 

arms  for  felfdefence,  and  a   defperate  combat  enfued.  without  fmoke  or  fmcll. 

Lamanon,  Lang'e,  and  ten  of  the  two  boats  crews,  fell  The   economical    wicks    of    M.   Legcr,    concerning 

a  facrihce  to  the  fury  of  thefe  barbarians.  which  a  report  was  prcfented  to  the  Academy  at  Paris 

Thus  pcriflied  I^amanon,  a  )Oung  man  ardent  in  the  I'l  1782  by  Condorcet,   Lavoifier,  and   Dc  MiUy,  were 

purfuits  of  fciencc,  to  a  high  degree  dilinterelled,  and  a  compofed  of  cotton  of  different  lizes  and  forms,  namely, 

zealot  in  what  he  thought  the  caufe  of  liberty.    He  re-  round  and  Hat,  according  to  the  life  they  were  intended 

fufed  the  lalary  which  was  allotted  to  him  when  he  v/as  to  ierve.     They  were  covered   with  a  fat  fuhllance    of 

appointed  to  this  unfortunate  expedition;  for  "  if  1  do  a  fuicU   not   difagreeable,   but  feebly  aromatic.      From 


i^ot  feel  fatislied  (faid  he)  on  board  the  vefTel  ;  if  my  in 
clination  or  curiofity  lead  me  to  quit  the  fliip,  —  I  fhould 
be  unhappy  if  any  power  in  the  world  had  acquired  the 
right  of  preventing  me."' 

According  to  M.  Ponce,-  Lamanon  feemed  born  to 
bring  about  a  revolution  in   fcience  :   the  depth  of  his 


the  trials  of  thefe  cojnmifTaries  it  was  afccrtained  :  i. 
Tliat  they  afforded  a  clearer  flame,  with  lefs  undulation. 
2.  That  they  confumed  fomewhat  lefs  oil ;  and,  ?.  That 
they  polfefled  the  remarkable  property  of  affording 
ncitlier  fmell  nor  fmoke,  however  common  the  oil  made 
ufe  of.     When  ufing  a  lamp  with  a  flat  wick,  we  have 


ideas,  the  energy  of  his  charafter,  the  fagacity  of  his  ourfelves  found  a  piece  of  clean  cotton  ilockintr  anfwer 

mind,  united  to  that  lively  curiofity  that  can  draw  in-  the  purpofe  better  than  the  cotton  wicks  whicli  are  fold 

itrudlion  out  of  any  thing,  and  leaves  nothing  unexplo-  in  the  fhups. 

red,  would  have  led  him  to  the  moft  valuable  difco-         The  accef's  of  air  is  of  the  latl  importance  in  every 

veries.      In  perfon  he  v,'zs  tall;  and  to  great  vivacity  procefs  of  combuftion.      When  a  lamp  is  fitted  up  with 

and  expre.Tion    of   feature   added   prodigious    flrength  a  very  lleiider  wick,  tht  flame  is  fmall,  and  of  a  brilliant 

and  aftivity  ;   in  a  word.  Nature  formed  him  with  fuch  white  colour  :   if  the  wick  be  larger,  the  combullion  is 

care,  as  if  (he  had  intended  him  for  one  of  thole  few  lefs  perfed,  and  the  flame  is  brown  :   a  Hill  larger  wick 

who  are  dellined  to  great  exploits.      His  llyle  was  ner-  not  only  exhibits  a  brown  flame,  but  the  lower  internal 

vous,  often  poetical,  without  lofing  fight  of  propriety,  part  appears  dark,  and  is  occupied  by  a  portion  of  vo 


latililed  matter,  which  does  not  become  ignited  until  it 
has  afcended  towards  the  point.  When  the  wick  is 
either  very  large  or  very  long,  part  of  this  matter  efcapes 
combuilion,  and  (liews  itfclf  in  the  form  of  coal  or 
fmoke.  The  diflerent  inteniity  of  the  ignition  of  flame, 
according  to  the  greater  or  lefs  fuj)ply  of  air,  is  remark- 
ably feeu  by  plajing  a  lamp  with  a  fmall  wick  beneath 


and  the  Uinguage  of  fentimtfnt  might  frequently  be  dif- 
covered  in  the  niidfl  of  llrong  and  llriking  expreflions  ; 
and  if  he  wanted  the  exqnilitcly  dazzling  polilh  of  dic- 
tion, he  was  eminently  gifted  with  the  precifion  of  lo- 
gical reafoning,  which  commands  attention  and  enforces 
perfualion. 

LAMP  (fee  Encycl.)  is  an  inftrument  compriling 
three  articles  which  demand  our  attention,  w's.  the  oil,  a  lliade  of  glafs  iiot°perfeaiy  clofed  below,  and  more  or 
the  wick,  and  the  fupply  of  air.  It  is  required  that  the  lefs  covered  above.  While  the  current  of  air  through 
oil  (hould  be  readily  inflammable,  without  containing  the  glafs  fliade  is  perfectly  free,  the  flame  is  white-  but 
any  fetid  fubftance  which  may  prove  offenlive,  or  muci-  in  proportion  as  the  aperture  above  is  diminiflied,'  the 
lage,  or  other  matter,  to  o'tflruft  the  channels  of  the  flame  becomes  brown,  long,  wavering,  and  fmoky  ;  it 
Journal,  „ick.  _Mr  Nicholfon  fays*,  that  he  knows  of  no  procefs  inllantly  recovers  its  origi.ial  whitenel's  when  tlie  op'en- 
j_'"  by  which  oils  can  be  meliorated  for  this  purpofe,  except      ing   is  again  enlarged.     The  inconvenience  of  a  t^iick 

that  of  wafhing  with  water  containing  acid  or  alkali,  wick  has  been  long  fince  obfcrved,  and  attempts  made 
Either  of  thefe  is  faid  to  render  the  mucilage  of  animal  to  remove  it  ;  in  fome  inffances,  by  fubilituti:ig  a  num- 
oils  more  foluble  in  water  ;  but  acid  is  to  be  preferred,  ber  of  fmall  wicks  inflead  of  a  larger;  and  in  others,  by 
becaufe  it  is  \th  difpofcd  to  combine  with  the  oil  it-  making  the  wick  flat  inftead  of  cylindrical.  The  rnoil 
felf.  Perhaps  oil  might  be  deprived  of  all  fetid  fmell  fcientific  improvement  of  this  kind,  though  perhaps  lefs 
m  burning,  by  being  made  to  pafs  through  Collier's  fimple  than  the  ordinary  purpofes  of  iffe  demand,  is 
filtering  apparatus,  defcribed  under  the  word  Filter,  the  well  known  lamp  of  Argand,  defcribed  in  the  En- 
in  this  SuppL  (ydopidla. 

The  office  of  the  wick  appears  to  be  chiefly,  if  not 


But  as  the   wicks  of  lamps  are  commonly  formed  of    occurred  to  others  as  early  as  to  him,  and  that  lamps. 

had 


hip. 
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principles  lon^  before  he     from  a  centre  in  ftraight  lines  in  all  dircftion?,  like  the 


L    A 

t  Snip.     li^J  heen  conraiKfted  on  h 

'""v—'^  },3(j  piililiilicd  an  account  of  his  lamp  to  the  world  (a) 

Many  ingenious  men  have  endeavoured  to  determine 

the  moll  economical  method  of  lighting  up  large  halls 

afld  worklioufes  by  means  of  dillereut  lamps  and  candles  ; 

and  when  the  expence  of  tallow  and  oil  is  confidered,  it 

vill  be  admitted  that  they  could  not  employ  their  time  from  that  given  point  where  their  rays  uniting  are  found 
in  a  manner  more  beneficial  to  the  poor  and  the  induf-  to  be  of  equal  dcnjity.  For,  putting  x  zz  the  intcnfity 
t^ious.      Among  otliers,  Count  Rum.ford  and  M.  Haf-     of  B,   if  P  repvefents  the  point  where  the  rays  from  A 


light  emitted   by  a  luminous  body,  its  intenfity  at  any  ' 
given  dlftance  from  that  centre  will  be  as  the  fquare  of 
that  diRance  inverfcly  ;  and  hence  it  is  clear,  that  the 
intenfities  of  the   lights   in    queftion,  at  their  fources, 
inuft   be  to  each  otlier  as  the  fquares  of  their  diitances 


and  from  D  meeting-  are  found  to  be  of  equal  deiifity  or 
flreugth,  and  if  the  diltance  of  A  from  P  be  ^  rn,  and 
the  dillance  of  B  from  the  fame  point  P  =  n  ;  then,  as 

the  intenfity  of  the  light  of  A  at  P  is  =  — j,   and  the 


■fenfratz  have  turned  their  attention  to  this  fubjetl;  and 
the  refults  of  their  invciligations  are  worthy  of  notice. 
To  the  Count,  a  method  occurred  formealuring  the  re- 
I'Uive  quantitieSiof  light  emitted  by  lamps  of  different 
conftructions,  which  is  at  once  fimple  and  accurate.    It 

13  as  follows  :  „ 

Let  the   two  burning   lamps,  or  other  lights  to  be  intenfity  of  the  light  of  B  at  the  fame  place  =:  —,  and 
Compared,  be  called  A  and  B  ;  and  let  them  be  placed 

at    equal   heights  upon  two  light   tables,   Or  moveable  35  it  is  -^  =  -^  by  the  fuppofition,  it  will  he  x  :  y:  : 

ilands,  in  a  darkened  room  j  let  a  Iheet  of  clean  white  ,       ,  '"          " 

paper  be   equally  fpread  out,    and   faftened   upon    the  '"    '•  "  • 

vainfcot,  or  fide  of  the  room,  at  the  fame  height  from  That  the  fliadows  being  of  equal  denfity  at  any  given 

tlie  floor  as  the  lights;  and  let  the  lights  be  placed  over-  point,  the   intenfities  of  the  illuminating  rays  mull  of 

311-ainft  this  Iheet  of  paper,  at  the  dillance  of  fix  or  eight  neccflity  be  equal   at  that  point   alfo,  is  hence  evident 

feet  from  it,  and  fix  or  eight  feet  from   each  other,  in  that  the  total  abfence  of  light  being  perfeft  blacknefs, 

fuch  a  manner,  that  a  line  drawn  from  the  centre  of  the  and  the   fhadow  correfponding  to  one  of  the  lights  in 

paper,  perpendicular  to  its  furface,  Ihall  bifeft  the  angle  queflion  being  deeper  or  fainter,  according  as  it  is  more 

formed  by  lines  drawn   from   the  lights  to  that  centre;  or  lefs  enlightened  by  the  (.ther,  wiien   the  iTiadows  are 

in  which  cafe,  confidering  the  (heet  of  paper  as  a  plane  equal,  the  intenfities  of  the  illuminating  rays  mud  be 

fnecnkim,  the  one  light  will  be  precifely  in  the  line  of  equal  likewife. 

rcfledlion  of  the  other.  In  removing  the  lights,  in  order  to  bring  the  fhadows 

This  may  be  eafily  performed,  by  aftually  laying  a  to  be  of  the  fame  denfity,  care  mud  be  taken  to  recede 

piece  of  a  looking-glafs,  fix  or  eight  inches  fquare,   flat  from,  or  advance  towards,  the  centre  of  the  paper  in  a 

upon  the  paper,  in  the  middle  of  it  ;  and  obferving,  by  ilraight  line,  fo  that  the  one  light  may  always  be  found 

means  of  it,  the  real  lines  of  refledlion  of  the  lights  from  exaftly  in  the  line  of  refledlion  of  the  other  ;  otherwife 

that  plane,  removing  it  afterwards,  as  foon  as  the  lights  the  rays  from  the  different  lights  tailing  upon  the  paper, 

are  properly  arranged.     When  this  is  done,  a  fmall  cy-  and  confequently  upon  the  fliadows,  at  different  angles, 

linder  of  wood,  about  one-fourth  of  an  inch  in  diame-  will  render  the  experiment  fallacious, 

ter,  and  fix  inches  long,  muft  be  held  in  a  vertical  pofi-  When  tliC  intenfity  of  one  ilrong  light  is  compared 

tion,  about  two  or  three  inches  before  the  centre  of  the  with  the  intenfities  of  feveral  fmall'-r  lights  taken  toge- 

(lieet  of  paper,  and  in  fuch  a  manner,  that  the  two  fha-  ther,   the  fmallcr  lights  (hould  be  placed  in  a  line  per- 

dows  of  the  cylinder,  correfponding  to  the  two  lights,  pendicular  to  a  line  drawn   to  the  centre  of  the  paper, 

mav  be  diflintlly  feen  upon  the  paper.  and  as  near  to  each  other  as  poffible  ;  and  it  is  likewile 

if  thefe  fhadows  fhould  be  found  to  be  of  unequal  neceffary  to  place  them  at  a  greater  dillance  from  the 
denfities,  which  will  almoft  always  be  the  cafe,  then  that  paper  than  when  only  fingle  lights  are  compared, 
light  whofe  correfponding  fliadow  is  the  denfeft  mull  In  all  cafes,  it  is  ablolutely  neceffary  to  take  the 
be  removed  farther  off,  or  the  other  mull  be  brought  greatell  care  that  the  lights  compared  be  properly  trim- 
nearer  to  the  paper,  till  the  denfities  of  the  fliadows  ap-  med,  and  that  they  burn  clear  and  equally,  otherwife 
pear  to  be  exaClIy  equal  ;  or,  in  other  words,  till  the  the  refults  of  the  experiments  will  be  extremely  irregular 
denfities  of  the  rays  from  the  two  lights  are  equal  a< //■><?  and  inconclufive.  It  is  ailonidii.ig  what  a  difference 
fiirf/iee  of  the  paper ;  when,  the  diftances  of  the  lights  there  is  in  the  quantities  of  light  emitted  by  the  fame 
from  the  centre  of  the  paper  being  meafured,  the  fquares  candle,  when  it  burns  with  its  greateft  brilliancy,  and 
of  thofe  diftances  will  be  to  each  other  as  the  real  in-  when  it  has  grown  dim  for  want  of  fnuffing.  But  as 
tenlities  of  the  lights  in  queflion  at  their  fources.  this  diminution  of  light  is  progrcffive,  and  as  the  eye 

If,  for  example,  the  weaker  light  being  placed  at  the  infenfibly  conforms  to  the  quantity  of  light  aftually  pre- 

diftance  of  four  feet   from  the  centre   of  the  paper,   it  fent,  it  is  not  always  taken  notice  of  by  the  fpedtators; 

Ihould  be  found   neceffary,  in   order  that  the  (hadows  it  is  neverthelefs  .very  confiderable,  in  faft,  as  will  be 

may  be  of  the  fame  denfity,  to  remove  the  flronger  light  apparent  to  any  one  who  will  take  the  trouble  to  make 

to  the    dillance  of  eight  feet  from  that  centre,   in  that  the  experiment  ;  and  fo  great   is  the  flnftuation  in  the 

cafe,  the  real  intenfity  of  the  ftronger  light  will  be  to  quantity  of  light  emitted  by  burning  bodies,  lamps,  or 

that  of  the  weaker  as  8'  to  4^ ;  or  as  64  to  16  ;  or  4  to  candles,  in  all  cafes,  even  under  the  moil  favourable  cir- 

I  ;  and  fo  for  any  other  diftances.  cumftances,  that  this  is  the  fource  of  the  greateft  diffi- 

It  is  well  known,  that  when  any  quality  proceeds  culties  which   our  author  met  with  in  determing  the 

relative 


(a)  One  of  thefe  was  employed  in  the  college  of  Glafgow,  by  the  ledurer  on  chemiftry,  fo  long  ago  as  1766. 
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I  im;\     reUitlve   intc-iifuies  of  lights  by  the  method  here  pio- 
— ~>~~~  pofcd. 

To  afcertain  by  th!s  mtthocl  the  comparative  dciifi- 
tics,  or  i;itcnfities,  t,f  the  light  of  the  h.ooa  and  o!  that 
of  a  caidlc,  tlic  moon's  dir«.£i;  rays  muft  be  rcci-ived  tip- 
oi)  a  plane  white  furfacc,  at  an  angle  of  incidence  of 
about  6>'',  and  the  candle  placed  in  the  line  of  the  re- 
fieclioii  of  the  moon's  ra)S  from  this  uirface  ;  when  the 
fiiaJowb  of  the  cylinder,  correfponding  to  tlie  moc.n's 
light  and  to  that  of  the  c?.ndle,  being  brought  to  be  of 
equal  denlity,  by  removing  the  candle  farther  off,  or 
Liinging  it  nearer  to  tlie  centre  of  the  white  plane,  as 
the  occ;illon  n;3y  require,  ihe  intenlity  of  the  moon's 
ligiit'vvill  be  eqiud  to  that  of  the  candle  ut  iSe  given 
di/iarce  of  the  Ciin  He  Jrn.n  the  plane. 

To  afcertain  the  ii.tcjifr.y  ef  the  light  of  the  heavens, 
by  day  or  by  night,  thisligiit  muft  be  let  into  a  daiken- 
cd  room  through  a  lon^'tube  "olackentd  on  the  infide, 
when  its  Intenfity  may  bt  ccmpaicd  with  that  of  a  candle 
or  lamp  by  the  method  above  deicribed. 

The  Count,  however,  has  contrived  an  apparatus  for 
afcertaining  the  intenfily  of  iht  fun's  li^ht,  compared 
with  the  light  emitted  by  ary  artificial  illuniinator,  with 
much  greater  accuracy  than  it  can  be  done  by  this  Am- 
ple method.  That  apparatus  we  dial!  dcfcribe  under 
the  title  PHoroMErtR.  in  this  S;:p/>i'emiiil  ;  and  in  the 
mean  time  we  proceed  to  lay  before  our  readers  the  re- 
fjlts  of  his  experiments  as  they  relate  to  economy  in  the 
I  produiSlion  of  artificial  light. 

)fthere-  The  brilliancy  of  Argand's  lamp  is  not  only  unrival- 
uiveqiian-j|.j^  but  the  invention  is  in  the  higheil  degree  ingenious, 
o'fum  d'  ''"^  ''"■  '■'ftrument  ufeful  for  many  purpofcs  ;  but  llill, 
nd  orii>;htto  judge  of  its  real  merits  as  an  illuminator,  it  was  ne- 
mitted,  b;  ceflary  to  know  whether  it  gives  more  light  than  another 

"  'V"        lamp  in  propsrtion  to  the  oil  con  fume  J.     This  point  he  de- 
mand »  •       ,  •       1      r  11       • 
■            ,    termmed  m  the  tolluwing  manner  : 

IT  a  la^lp        Having  placed  an  Argand's  lamp,  well  trimmed,  and 
inthcconi-burning  with  its  greatelf  brilliancy,  before   his pholome- 
I " "a -'"     ''''"'  ^'"^  over  againft  it  a  very  excellent  common  lamp, 
vith  a  ri-    ^^'''''   ^    riband   wick   about   an    inch   wide,   and   which 
md  wick,  burnt  with   a  clear   bright  flame,   without   the  leafl  ap- 
pearance of  fmoke,   he  found  the  inteufities  of  the  light 
emitted  by  the  two  lamps  to  be  to  each  other  as  17956 
to  9063 ;  the  denlities  ot  the  (Iiadows  being  equal  when, 
the  y\rgand's  being  placed  at  the  dillance  of  134  inches, 
the  common  lamp  was  placed   at  the  'diilance  of  95,2 
inches^,  from  the  field  of  the  photometer. 

Both  lamps  having  been  very  exaftly  weighed  when 
they  were  lighted,  they  were  now  (without  being  re- 
moved from  their  places  before  the  photometer)  caufed 
to  burn  with  the  fame  brilliancy  juft  30  minutes  ;  they 
were  then  extinguiflied  and  weighed  again,  and  were 
found  to  have  confumcd  of  oil,  the  Argand's  lamp 
tVVt'  ^"'^  the  common  lamp  -g\%\,  of  a  Bavarian 
pound. 

Now,  as  the  quantity  of  light  produced  by  the  Ar- 
gand's lamp,  in  this  experiment,  is  to  the  quantity  pro- 
duced by  the  common  lamp  as  17956  to  906^,  or  as 
187  to  ;co,  while  the  quantity  of  oil  confumed  by 
the  former  is  to  that  confumed  by  the  latter  only  in 
the  ratio  of  253  to  163,  or  as  155  to  100,  it  is  evident 
that  the  quantity  of  light  produced  by  the  combuftion 
of  a  given  quantity  of  oil  in  an  Argand's  lamp  is  great- 
er than  that  produced  by  burning  the  fame  quantity  in 
SuppL.  Vol.  II.  Part  I, 


a  com  non  lamp,    in  the  ratio  of  1J<7  to  155,  or  as  130      I  amp. 
to  85.  ^— -^ 

The  faviiig,  therefore,  of  oil  which  aiifes  from  ma- 
king ufe  of  an  Argand's  lamp  inllcad  of  a  common 
lamp,  in  the  pri^duction  of  light,  is  evident  ;  and  it  ap. 
peais,  from  this  experiment,  that  that  laving  cannot 
amount  to  lefs  than'  fifteen  per  cent.  How  far  the  ad- 
vantage  of  this  fuviiig  may,  under  certain  circiimftaiices, 
be  counterba.anced  by  inconveniences  that  may  attend 
tiie  making  ule  ot  this  improved  lamp,  our  author  does 
not  pretend  to  deteiniine.  , 

The  Count    made  a   coiifiJeiable   number  of  experi-Of  the  re- 

meiito  to  determine  tlie  relative  quantities  of  light  einit-'f^'^l"'"'' 

ted    by  an  .Ugand's  lamp  and  a  common  wax-canule  ;  I"'."  ""^ .. 

J  .u  1        J    1        1-     1  •         1  ,       ''Knt  emit, 

and  tfie  general  reli.lt  ot   them  is,  that  a  common  Ar- lej  by  an 

gaud's  lamp,   buniing   with   its   ufual   brightnefs,  gives  Argand's 

about  as  much  light  as  nine  good  wax-cuiuiies  ;  but  the'"">P  ^"^ 

fizes  and  qualities  of  candles  are   fo  various,  and   the''?' ^ '°"'' 

light  produced  by  the  fame  candle   fo  fiuc'tuating,  tiiatca„jie. 

It  13  very  difficult  to  afcertain,   with  any  kind  of  preci- 

fion,  what  a  common  wax-candle  is,  or  how  much  light 

it  ought  to  give.     He  once  found  that  his   Argand's 

lamp,   when  it  was  burning  with  its  grealeil  brilliancy, 

gave  twelve  times  as  much  light  as  a  gooo  wax. candle 

^ths  of  an  inch  in  diameter,  but  never  more.  « 

To  determine  to  what  the  ordinary  variations  in  theOf  the  flue, 

quantity    of  light   emitted   by   a   common    wax-candle '"^'.'""«  "^ 

might  amount,  he  look  fueh  a  candle,  and,  lirhtiiirr  it, ''^^'''2';'. 

1        J  •-  i_    r  I         1  ,  ".    ^  ^      'cmi'Tca  by 

placed  It  before  the  photometer,  and  over  againft  it  an  candles. 

Argand's  lamp,   which  was  burning  with  a  very  fteady 

flame  ;  and  ineafuring  the  intenlity  of  tiie  hght  emitted 

by  the  candle  from  time  to  time,  during  an  hour,  the 

candle  being  occafionally  fnuffcd  when  it  appeared  to 

Hand  in  need  of  it,  its  light  was  found  to  vary  from  100 

to  about  60.      The  light  of  a  waxcaiidle  of  an  inferior 

quality   was  flill  more  unequal  ;   but  even   this  was  but 

trifling,  compared  to  the  inequalities  of  the  light  of  a 

tallow-candle. 

All  ordinary  tallow-candle,  of  rather  an  inferior  qua- 
lity, having  been  juil  fnuffed,  and  burning  with  its 
grcatell  brilliancy,  its  light  was  as  too  ;  in  eleven  mi- 
nutes it  vvas  but  39  ;  after  eight  minutes  more  had 
elapfcd,  its  light  was  reduced  to  23  j  and  in  ten  minutes 
more,  or  twenty-nine  minutes  afterit  had  been  lafl  fnuff- 
ed,  its  light  vvas  reduced  to  16-  Upon  being  again 
fnufTed,  it  recovered  its  original  brilliancy,  loc.  . 

In  Older  to  afcertain  the  relative  quantities  of  bees  Of  the  re- 
wax    and  of  olive-oil  confumed,  in  the  produdiion  of '!".'"^1"^"- 

light,.  the  Count  proceeded  in  the  foUovviiiii- manner  :  I'""  °^ 

H-  J     J  1       r  .,       ^-     ,  ^  bees-wax, 

aving  provided  an   end  of  a  wax-candle  H|tthe  befl:tallnw, 
quality,  ,68  of  an   inch   in  diameter,    and  <But   fourolivc-o'il, 
inches  in  length,  and  a  lamp  with  five  fm^dl  wicks,  which  "I"=-';''* 
he  had  found  upon  trial  to  give   tiie   fame  quantity  off"^^^^"^^ 
light  as  the  candle,  he  weighed  very  exactly  the  candlecorfumed - 
and  the  lamp  filled  with  oil,  and  then,  placing  them  at  in  the  pro- 
equal  diftances  (forty  inches)  before  the  field  of  the  pho- 'i"'^'""-"'^ 
toraeter,  he  lighted  them  both  at  the  fame  time  ;  and,''^'''' 
after  having  caufed  them   to  burn   with  precilely  the 
fame  degree  of  brightnefs  ju/i  one  complete  hour,   he  ex- 
tinguiflied   them  both,  and,  weighing  them  a  fecond 
time,   he  found  that  ico  parts  of  wax  and  129  parts  of 
oil  had  been  confumcd- 

Hence   it  appears,  that   the   confumption   of   bees- 
wax is  to  the  confumption  of  olive-oil,   in  the  prodi>c- 
I  tioii 
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Lamp,     tion  of  the  fame  given  quantity  of  light,   as  ico  is  to 
*  129. 

In  this  experiment  no  ciicumilance  was  neglected  that 
could  tend  to  render  the  refult  of  it  conclufive  ;  care 
was  taken  to  AiufF  the  candle  very  often  with  a  pair  of 
fliarp  fciffars,  in  order  to  make  it  burn  coiiftantly  witli 
the  lame  degree  of  brilliancy  ;  and  the  light  of  the  lamp 
was,  during  the  whole  time,  kept  in  the  moil  exact 
equilibrium  with  the  light  of  the  candle,  which  was 
cafily  done  by  occafionally  drawing  out,  a  4ittle  more 
or  lefs,  one  sir  more  of  its  five  equal  wicks.  Thefe 
wicks,  which  were  placed  in  a  right  line,  perpendicular 
to  a  line  drawn  from  the  middle  wick  to  the  middle  of 
the  field  of  the  photometer,  were  about  t'o'^  of  =*"  '"<^^ 
in  diameter  each,  and  ^^th  of  an  inch  trom  each  other ; 
and,  when  they  were  lighted,  their  flames  united  into 
line  broad,  thin,  and  very  clear,  white  flame,  without 
I  he  leaft  appearance  of  fnioke. 

In  order  to  afcertaiii  the  relative  confumptlon  of  olive- 
oil  and  rape-oil,  in  the  production  of  light,  two  lamps, 
like  that  juft  defcribed,  were  made  ufe  of  ;  and,  the  ex- 
periment being  m.ade  with  all  poffible  care,  the  con- 
fumplion  of  cliveoil  appeared  to  be  to  that  of  rape-oil, 
in  the  produftion  of  the  fame  quantity  of  light,  as  129 
is  to  125. 

The  experiment  being  afterwards  repeated  with  olive- 
oil  and  very  pure  linfeed  oil,  the  conlumption  of  olive- 
oil  appeared  to  be  to  that  of  linfeed  oil  as  129  to  120. 

The  experiment  being  twice  made  with  olive-oil  and 
•with  a  tallow-candle  ;  once  when  the  candle,  by  being 
often  fnuffed,  was  made  to  bl.rn  conftanlly  with  the 
grcate'if  pofiible  bvilliancy,  and  once  when  it  was  fnufl"- 
v-d  to  burn  the  whole  time  with  a  very  dim  light,  owing 
to  the  want  of  fnufTing  ;  the  refults  of  thefe  experiments 
were  very  remarkable. 

When  the  candle  burnt  with  a  clear  bright  flame, 
the  confumptlon  of  the  olive-oil  was  to  the  conlumption 
of  the  tallow  as  r  29  is  to  lOI  ;  but  when  the  candle 
burnt  with  a  dim  light,  the  confumption  of  the  olive-oil 
was  to  the  confumption  of  the  tallow  as  129  is  to  229. 
So  that  it  appeared,  from  this  laft  experiment,  that  the 
tallow,  inftcad  of  being  nearly  as  productive  of  light  in 
its  combiiftion  as  bees  wax,  as  it  appeared  to  be  when 
the  candle  was  kept  conftantly  well  fnuffccj,  was  now, 
when  the  candle  was  fuffered  to  burn  with  a  dim  light, 
bv  far  lefs  to  than  oil. 

But  this  is  not  all  ;  what  is  tliU  more  extraordinary 
is,  that  the  very  fame  candle,  burning  with  a  long  wick, 
and  a  dim  light,  aftually  confumed  more  talloiu  than 
■when,  being  properly  inuft'ed,  it  burnt  with  a  clear 
bright  flame,  and  gave  near  threee  times  as  much  light. 

To  be  enabled  to  judge  of  the  relative  quantities  of 
light  aftually  produced  by  the  candle  in  the  two  experi- 
ments, it  will  fuffice  to  know,  that  in  order  to  counter- 
balance this  light  at  the  field  of  the  photometer,  it  re- 
quired, in  the  former  experiment,  the  confumption  of 
141  parts,  but  in  the  latter  only  the  confumption  of  64 
parts,  of  olive  oil.  But  in  the  former  experiment  no, 
and  in  the  latter  1)4,  parts  of  tallow  were  aftually  found 
to  be  confumed.  Thefe  parts  were  8  i92ths  of  a  Bava- 
rian pound. 

From  the  refults  of  all  the  foregoing  experiments,  it 
appears  that  the  relative  expence  of  the  undermention- 
ed inflammable  fubilances,  in  the  produftion  of  light,  is 
as  follows : 


Bees- wax. 


Tallov 


F.qu:>l  PJrts 
ill  Weight. 

A  good  waxcandle,  kept   well 

fnufixd,   and    burning   with   a 

clear  bright  flame,      ...         loO 

L   good   tallow  candle,   kept   well 

fnuflfcd,    and   burning  with  a 

bright  flame, ici 

The   fame    tallow-candle,    burning 

very  dim  for  want  of  fnuffing,     229 
Oliveoil.   Burnt  in  an  Argand's  lamp,     .      .      110 
The  fame  burnt  in  a  common  lamp, 
with  a  clear  bright  flame,  with- 
out fmoke, 129 

Burnt  in  the  fame  manner,      .     .      125 


I.sniji, 


Rape  oil. 
L.infeed-oil. 


Likewife 
manner. 


burnt    in    the    fame 


120 


V7ith  the  foregoing  table,  and  the  prices  current  of 
the  therein  mentioned  articles,  the  relative  prices  of  light 
produced  by  thofe  different  materials  may  very  readily 
be  computed. 

In  the  year  1795,  Mr  J.  H.  Haffenfratz  was  em- 
ployed by  the  French  government  to  make  a  feries  of 
experiments  to  determine  the  moft  economical  method 
of  procuring  light  from  the  different  combuftible  fub- 
ilances ufually  employed  for  that  purpofe.  The  mate- 
rials of  his  experiments  were,  wax,  fpermaceti,  and  tal- 
low-candles,  filh-oil,  oil  of  colcfeed,  and  of  poppy-feeds. 
In  ufing  thefe  oils,  both  the  Argand  and  common  lamps  ■ 
were  employed.  The  wicks  of  the  latter  were  round, 
containing  thirty-fix  cotton  threads.  The  tallow  and 
fpermaceti  candles  were  mould,  fix  to  the  pound.  The 
wax-candles  five  to  the  pound.  Mr  Hafl'cnfratz  ufed 
the  fame  method  with  Count  Rumford  for  determining- 
the  comparative  intenfity  of  the  lights. 

Count  Rumford,  as  we  have  feen,  ufed  the  Argand 
lamp  as  a  ftandard  for  comparifon  ;  but  as  the  intenfity 
of  its  light  varies  according  to  the  height  of  the  wick, 
Mr  Haffenfratz  preferred  a  wax-candle,  making  ufe  of 
it  foon  after  it  was  lighted.  When  two  luminous  bo- 
dies, of  different  intenfities,  are  put  in  comparifon  with 
each  other,  the  fliadows  are  of  two  colours.  That  from 
the  weakefl  light  is  blue,  and  from  the  flrongeft,  red. 
When  the  lights  of  two  different  combuftible  bodies 
are  compared,  they  are  either  red  or  blue  in  .t  com- 
pound ratio  of  the  colour  and  intenfity.  Thus  in  com- 
paring the  fhadows  from  different  luminous  bodies,  they 
will  be  red  or  blue  refpeftively,  in  the  following  order  : 

Light  of  the  fun, 

of  the  moon, 

——  of  Argand  lamps, 
— —  of  tallow-candles, 

of  wax  ditto, 

■  of  fpermaceti  ditto, 

of  common  lamps. 

That  is  to  fay,  when  a  body  is  illuminated  by  the 
fun  and  by  any  other  luminous  fubftance,  the  fhadow 
of  the  former  is  red,  and  of  the  latter,  blue.  In  like 
manner,  the  fhadow  from  an  Argand  lamp  is  red,  when 
placed  by  that  of  a  tallow- candle,  which  is  blue. 

The  following  table  will  ftiew,  according  to  Mr  Haf- 
fenfratz, the  proportional  diftance  that  different  lumi- 
nous bodies  fhould  be  placed  at  to  produce  an  equally  in- 
tenfe  (hadow  from  the  fame  objeft.    The  fecond  column 

gives 
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gives  the  proportional  intenfity  of  each  h'ght,  which  is 
'  known  to  be  in  proportion  to  the  fquarcs  of  the  Jillan- 
ccs  of  luminous  bodies  giving  the  fame  depth  of  (liadow. 
The  third  column  Ihews  tlie  quantity  of  combuftible 
matter  confumed  in  tlie  hour  by  each  mode  of  giving 
light,  vihich  Mr  Haffcnfrat?.  calculates  from  the  average 
of  many  repeated  experiments. 


Argand  "j 
lamps  ! 
with     J 

Common 
lamps 
with 


oil  of  poppyfeed 

of  tithes 

I  —  of  colefeed 


1 


oil  of  colefeed 

—  of  tithes 

—  of  poppyfeed 


0 

c 
10.000 

1 

C 
0 

^  u    0 

10 

23 

23 

10 

lO.OOC 

23-77 

23-77 

9.246 

«-J49 

14.18 

16.59 

6-774 
6.52( 

4.588 
4.556 

8.81 
9.14 

19.2 

20.06 

5-9'7 

3-501 

7.C5 

20.14 

5-9'7 

3-5°  • 

0.23 

26.37 

J-473 

2.99,- 

•54 

25.17 

5-473 

2.995 

8.23 

27.48 

4-275 

1.827 

9-54 

Si 

Spermaceti  candle 
Old  tallow  candle 
New  ditto 
Wax  candle 

The  relative  quantity  of  combuftible  matter  required 
to  produce  equal  lights  at  equal  diflances,  may  be  ob- 
tained by  a  fimple  rule  of  proportion  from  the  above 
data.  Thus,  if  a  given  intentity  of  light,  exprelfed  by 
q.501,  has  been  produced  by  a  confumption  of  9.23  of 
fpermaceti  in  the  hour,  the  fame  luminous  body  will 
jiroduce  a  light  of  10.000,    by  confuming   in  tlie  fame 

time  a  quantity  of  fpermaceti  =  — '■ iS-A=:z6.iy. 

3-501 
Therefore  we  may  add  to  the  table  a  fourth  column,  ex- 

preffing  the  quantity  of  combuftible  which  each  body 
muft  confume  to  produce  a  light  of  xo.ooo.   . 

From  what  has  been  laid  down,  it  will  alfo  a])pear 
that  the  number  of  lights  required  to  produce  a  c^iven 
light,  will  be  as  follows  :  To  produce  a  light  equal  to 
ICO  Argand  lamps,  burning  poppyfeed  oil,  it  will  re- 
iQuire 

100  Argand  lamps  with  fifli-oil 

J  1 7  Ditto       do.     with  colefeed  oil 

218  Common  lamps  with  colefeed  oil 

219  Ditto         do.     with  fifh  oil 

285  Ditto         do.     with  poppyfeed  oil 
285  Spermaceti  candies 
333  Tallow  ditto 
546  Wax  ditto. 

Mr  HafTenfratz  next  takes  notice  of  the  comparative 
price  of  thefe  articles  ;  by  which  he  finds,  that  in  Paiis 
the  moil  expentive  light  is  that  produced  from  wax- 
candles ;  and  the  motl  economical  that  from  oil  of  cole- 
feed burned  in  Argand  lamps. 

The  chief  difference  between  the  Argand  and  com- 
mon lamp  is,  that  in  the  latter  much  of  the  oil  is  vola- 
tilized without  combuftion,  and  hence  the  unpleafant 
fmell  which  it  produces  ;  whereas  in  the  former,  the 
heat  is  fo  great  at  the  top  of  the  wick,  that  all  the  oil 
>s  decompofed  in  paffing  through,  the  difpolition  of  the 
wick  allowing  the  free  accefs  of  air  to  aflfitf  combuftion. 
It  ftiouid  therefore  follow,  that  the  Argand  lamp  con- 


fumes  lefs  fuel  to  produce  a  given  light  than  the  com- '-nic-iniire 
inon  lamp,  and  this,  as  we  have  feen,  is  the  opinion  of  ,  ^,,(j.j.„ 
Count  Rumford.  Yet  (Mr  HatTenfratz  obfervcs)  there  ^ — li 
are  two  circtimftances  that  prevent  the  full  effeft  of  the 
complete  combuftion  in  the  Argand  lamp.  The  one 
is,  that  the  glafs  cylinder  abfirbs  a  part  of  the  rays  of 
light  as  they  pafs  through  ;  the  other,  ihat  the  coliinm 
ot  light  proceeding  from  the  inner  furtace  of  tin:  v  ick, 
is,  in  part,  loft,  by  being  obliged  to  pafs  through  that 
from  the  outer  iurtace.  Count  Rumford  allows  the  lirll 
caufe  of  diminution  of  light,  and  eftimates  it  at  .1854, 
but  not  the  latter.  The  author  of  this  memoir,  in  re- 
peatingCountRumford's  experiments,  afferts,  that  when 
two  candles  are  placed  fo  that  the  light  ot  the  one  is 
obliged  to  pafs  through  that  of  the  other,  the  fum  of 
the  light  fo  produced  is  not  fo  ilrong  as  when  they  are 
placed  fide  by  fide  ;  for  in  the  firll  cafe,  a  part  of  the 
hindmoft  light  is  abforbed  by  the  foremoft. 

LANCASHIRE.  In  the  account  which  we  have 
given  of  that  county  in  the  Encyclopedia,  an  obliging 
ci>rrefpondent  has  pointed  out  to  us  tome  miftakes.  He 
atfures  us  that  the  fea-coail,  where  we  underftood  the 
atmofphere  to  be  loaded  with  fucli  exhalations  as  pro- 
duce malignant  and  intermitting  fevers,  is  remarkably- 
healthy  ;  and  he  fpeaks  from  experience,  having  lived 
on  that  coalt  for  forty  years.  He  affures  us  likewife, 
that  the  Duke  of  Bridgcwater's  inland  navigation  was 
begun  foon  after,  if  not  before,  the  year  1736,  and  that 
he  (the  writer),  fo  early  as  1764,  was  one  of  a  party 
who  tailed  up  the  fough  or  edit  a  conllderable  way  to 
fee  how  the  coals  were  worked.  The  fame  correfpon. 
dent  has  pointed  out  a  few  millakes  in  our  account  of 

LANCASTER,  the  capital  of  the  county.  "  That 
town  (he  fays)  carries  on  no  trade  whatever  witii  North 
America,  but  a  very  confiderable  one  with  Jamaica  ani 
the  other  Weft  India  ifiands,  in  vcffels  of  from  100  t» 
500  tons  burthen.  It  exports  to  thefe  ifiands  all  lucii 
Britilh  manufactures  as  they  have  occafion  for,  Irifh  li- 
nens, and  ialted  provifions  of  all  kinds,  fuch  as  Iriil'.  beef, 
pork,  butter,  &c.  It  trades  alfo  to  the  B.dtic,  Portu- 
gal, Hamburgh,  &c.  to  a  large  amount  ;  ai;d  fome  of 
its   ftiips  with   their  cargoes   have   of  late  been   worth  ' 

from  L.60  to  L.8o,OjO  llerling.  It  has,  however,  no 
communication  by  water  with  the  rivers  JMerfey,  Dee, 
&.C.  as  we  have  faid  ;  the  canal  reaching  as  yet  no  far- 
ther than  to  near  Preftou  in  Lancafliire."  Tlie  com- 
munication with  thefe  livers  is  indeed  intended  to  be 
completed  ;  but  whether  the  fchenie  be  pradieable  is, 
according  to  our  correfpondent,  very  uncertain. 

LANTERN.  See  £nf)'(7.  — Sir  George  Staunton 
informs  us,  that  of  the  Chinefe  lanterns,  fome  were  fuch 
as  we  have  defcribed,  viz.  compofed  of  thin  filk  gauze, 
painted  or  wrought  in  needlework  with  figures  of  birds, 
infects,  flowers,  or  fruit,  and  llretched  on  neat  frames 
of  wood.  Others,  however,  were  very  different,  being 
entirely  made  of  horn.  Thefe  were  fo  thin  and  trant- 
parent,  that  they  were  taken  at  firft  for  glafs  ;  a  mate- 
rial to  which,  for  this  purpofe,  the  horn  is  preferred  by 
the  Chinefe,  as  cheaper,  lighter,  lefs  liable  to  accident, 
and,  in  cafe  of  accident,  more  cafily  repaired  ;  many  of 
them  were  about  two  feet  in  the  diameter,  and  in  the 
form  of  a  cylinder,  with  the  ends  rounded  off,  and  the 
edges  meeting  in  the  point  to  whicli  the  fufpcnding 
cords  were  tied.  Each  lantern  confided  of  an  uniform 
piece  of  horn,  the  joints,  or  feams,  being  rendered  in- 
I  2  viable 
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Lantern,  vifible   by  an   art  found  out   by  tlie   Chiiicfe  ;   among  jlcadcmy    of  Sconces   at    SincUiolm   for   tlie   year  I -9": 

^"""•""^  whom,  thf  vail  number  of  iucli  la.iltriiS  ulcd   in  their  Ne:ir  Naples   the  lapis  fungifer   is  found    in  the  chalk- 

dwelling  houfts  and  temples,  as  well' as  on  tlie  occalions  hills  like   a  white    ftalacfites,    intei  mixed  with  a  great 

of  their  tellivalsand  proeeiriuns,  have  led  to  many  trials  many  tine  roots  of  (hrubs  ;  and  near  Florence  there  is  a 

for  iir.provl.ig  their  coi.llruction.      The  horns  general-  fpecles  ot  it,  confilling  ot  hardened  turf,  which  is  dug 

ly  employed  arc   thofe  of  Iheip  and  goats.      The  ufual  up  near  volcanoes.    The  author  made  experiments  with 

metliod  of  maiia'ing  them,  uccoiding  to  the  informa-  a  piece  procured  from  Italy,  and  found  that  lOO  parts 

tion  obtained   upon  the   fpot,    is  to  bend  them  by  im-  contain   from  45  to  a6  filiccous  earth,    33  argillaceous 

meriion  ill  boiling  water,  after  which  ihcy  aic  cut  open  earth,    7   calcareous   earth,  and   20  calx   of  iron,  with 

and  fljtteiitd  ;   they  then  eafily  feale,    or  are   fcparaied  foine  white   magnefia   and  vegetable  alkali       It   is  well 

into  two  or  three  lliiii  lamince  or  plates.     In  order  that  known,   that  when  this   friable  fpecies  of  itone   is  pre- 

thefe  plates  fl.onld  be  made  to  join,  they  are  expoled  to  fctvtd  in  cellars  and  moillened  with    water,  it  produces 

the  penetrating  eflvCl  of  ileam,  by  which  tiiey  are  ren-  abundance   of  eatable  mufhrooms,   which   in    Italy  are 


dcre'd  almoll  perfeCily  foil.  In  tni;,  Hate  the  edges  of 
the  pieces  to  be  joined  arc  carefuUy  ieraped  and  (lanted 
off,  fo  as  that  the  pieces  overlappi.ig  each  other  (hall 
not  together  exceed  the  thicknels  of  the  plate  in  any 
other  part.  By  applying  the  edges,  thus  prepared, 
immediately  to  each  other,  and  prelfing  them  with  pin 


highly  efteemed  and  brought  to  the  liill  tables.   Hence 
the  origin  of  its  name. 

LARDIZABALA,  a  new  genus  of  plants  belong, 
ing  to  the  diac'ta  hexanilria  of  Linnxus.  It  is  a  native 
of  Chili,  and  is  thus  deferibed  in  Peroufe's  Voyage, 
from  drawings  fent  to  France  by  La  Martiniere.      The 


cers,   they  intimately   adhere,  and,  incorporating,   foim  leaves  are  alternate,  on  footilalks  inflated  at  their  bafe. 

one   fubHance,   fimilar   in    every   refpeft   to  the   other  £ach  leaf  is  biternate,  that  is  to  fay,  it  is  divided  into 

parts;  and  thus  uniform  pieces  of  horn  may  be  picpa-  three  leaflets,   each  of  which   is   again  fubdividtd   into 

red   to    almoft   any  extent.      It   is  a  contrivance  little  three  oval   iharp-pointed   folioles,  which,  when  young, 

known  eUewhere,   however  firaple  the   proccfs  appears  are  entire,  but  afterwards  become  obfcurely  lobed    The 

to  be  ;   and  perhaps  fome  minute   precautions  arc  omit-  flowers,  difpofed   in  finiple  and  pendent  chillers,  grow 

ted  in  th;  general  defcriplion,   which  may   be  effential  towards  the  top  of  the  Item  and  of  the  branches,  in  the 

to  its  complete  fuccefs.  axiilx  of  the  leaves.     The  plant    is  dioecius.      At   the 

Such  lanterns  as  thefe  would  be  very  proper  for  mi-  bafe  of  each  duller  of  bloffoms  are  two  fmall,  rounded, 


litary  llore-houfes  ;  and  Rochon  of  ilm  Natioinil  Iiijlhuie 
■was  employed,  fuice  the  commencement  of  the  prefent 
war,  to  make  them,  if  he  could,  for  the  marine  ftore- 
houfes  of  France.     While  he  was  thus  engaged,  how- 


oval,  floral  leaves. 

Male  Flower. —  Calyx  formed  of  fix  expanding 
leaves,  oblong  oval,  and  obtufe,  of  which  the  three  out- 
ermoft  are  the  large'.l.      Corolla  compofed  of  fix  (harp 


ever,  it  occurred  to  him  that  he  might  fupply  the  pref-     lanceolated  petals,   oppofite   to,   and   fhorter  than,   the 
iinn-  wants  of  the  navy  without  horn,  merely  by  filling     leaves  of  the  calyx.  A  cylinder  riles  from  the  centre  of 
up  the    interftices   of  wirecloth    with  fine   tranfpareut     the  flower  of  the  length  of  the  petals,  terminated  by  fix 
glue.      In   carrying  this  thought  into  execution,  he  at     oblong  bilocular  anthers,  which  open  from  below, 
firil  tinned  the  iron  wires  of  the    fieve-cloth   he  made  Female    Flower. — Calyx,   fimilar   to   that   of  the 

ufeof;  but  after .vardi  fcnmd  it  more  convenient,  in  male  flower,  but  larger.  Corolla  inferted  beneath  the 
every  refpefl,  to  give  it  a  flight  coating  of  oil  paint  to  pillil,  compofed  of  (ix  petals,  rarely  entire,  but  general- 
preferve  it  from  rull.  The  glue  he  made  ufe  of  was  af-  ly  bifid  or  trifid  at  their  fummit:  ihorter  than  the  leaves 
forded  by  boiling  the  clippings  of  parchment  with  the  of  the  calyx.  Stamina  fi^,  having  the  fame  infertion 
air-bladders  and  membranes  of  fea-filh  ;  materials  which  as  the  corolla;  filaments  dillinc^,  broad,  very  (hort,  lur- 
he  ufed,  not  from  any  notion  that  they  were  preferable  rounding  the  pift;il ;  anthers,  fix,  upright,  oblong,  acu- 
to  ifin^lLifs,  but  becaufe  they  were  the  cheapell  he  could  minated,  barren.  Seed  bud,  cells,  from  three  to  fix,  ob- 
procure.  He  added  the  juice  of  garlic  and  c;.der  to  his  long,  gibbous  on  the  outfide,  of  nearly  t!*e  length  of 
compofition,  in  fuch  proportions  as  he  found  to  com-  the  corolla  ;  llyles  none  ;  itigmata,  fitting,  oblon'g,  per- 
munieate  great  tenacity,  and  fomewhat  more  of  tranf-  manent.  Berries,  equal  in  number  to  the  cells,  oblong,, 
parence  than  it  would  have  polTelTed  without  them.  In-  acuminated  (divided  into  fix  cells,  containing  feveral 
to  this  traufparent  and  very  pure  glue  or  fizc  he  plun-     angular  feeds.      Flora  Peruviana). 

ged  his  wire-cloth,   which  came  out  with  its  interlliees  The    general    charafter  of  the  lardlzabala  evidently 

filled  with  the  compound.  It  is  rcquifite  that  the  fize  places  this  new  genus  among  the  family  of  the  nurifber- 
(hould  pofTefs a  determinate  lieatandconfiilence,concern-  me,  to  which  it  is  related  by  its  climbing  ilalk,  its 
ing  wliich  experience  alone  mull  guide  the  operator.  bunches  of  dioecious  flowers,  by  its  fix  petal?,   ftaniina, 

When  this  prepared  wire-clotli  is  fi.std  in  tlie  Ian-  and  leaves  of  its  calyx,  by  its  piftil,  compofed  of  from 
tern,  it  mufl;  be  defended  from  moifl:iii-e  by  a  coating  of  three  to  iix  cells,  which  contain  as  many  feeds.  It  dif- 
pure  drying  linfeed  oil  ;  but  even  in  this  (late  it  is  not  fcrs  from  the  known  genera  of  this  order  only  in  its 
fit  to  be  expofed  to  the  weather.  The  eafe  with  which  fruit,  which,  inllead  of  being  monofpermous,  contains 
thefe  lanterns  are  repaired  ia  cafe  of  accident,  by  a  feveral  feeds.  This  charafter,  which  requires  the  in- 
fli"ht  coating  of  glue,  is  pointed  out  as  a  great  advan-  troduclion  of  a  new  fedlion  into  the  menifpcrmit, 
tage  by  the  inventor  ;  who  likewife  informs  us,  that  llrcngthens  the  relation  of  this  family  to  the  next  order 
they  were  ufed  in  the  expedition  to  Ireland  as  fignal-.  of  the  anonm.  In  faft,  the  greater  part  of  the  genera 
lanterns,  though  contrary  to  his  wiflies.  of  the  anona-,   as  they  have  in   the  fame  flower  fevera^ 

LAPIS  Fungifer,  a  fpecies  of  earth  found  near  fruits,  with  numerous  feeds,  diifer  in  this  particular 
Rome,  Naple?,  and  Florence,  of  which  the  following  from  all  the  genera  of  the  menifpermas  ;  and  by  placing 
account  is  taken  from  the  AVo*  7'rjn/<«9'(o;«o/'//j^i?o)'u/     between    them   the  lardizabala,   we  eftabli(h  a  natural 

tranfition. 
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trar.fition.  In  order  to  confirm  tlieff  refjr.iblances,  it 
only  remains  to  examine  the  inlide  of  the  fruit,  and  par- 
_,  ticularly  the  llruCture  of  the  feeds.  Thofe  of  tlie  me- 
nifpermae  are  rcniform,  at  leall  on  the  infuie,  incloled  in 
a  hinged  pericarpinni,  and  containing  in  tlieir  upper 
part  a  very  fmall  dicotyledonus  embryo.  The  chatac- 
ters  that  we  have  given  of  the  lardizabala  lender  pro- 
bable a  finillar  ItmCture  in  its  feeds. 

LARMIER,  in  a-rhiteiiture,  a  flat  fqiiarc  member 
of  the  cornice  beluw  the  cimaliiim.  and  jets  out  tarthcll  ; 
being  fo  called  from  its  ufe,  which  is  to  dilperfe  the 
water,  and  caufe  it  to  f;il!  at  a  riitlance  from  the  wall, 
drop  by  drop,  or,  as  it  were,  by  tears,  /armi  in  I'lei/ch 
Ijgnifying  a  tear. 

LATUS  Primaru'M,  a  right  line  drawn  throiigli 
the  vertex  of  the  fection  of  a  cone,  within  the  fame,  and 
parallel  to  the  bale. 

Latvs  Re3um.      See  Conic  Seflions.     Encycl. 
Latvs  Tranjverjutn  of  the  hyperbola,   is  the  right 
line  between  the  vertices  of  the  two  oppofite  fettions, 
or  that  part  of  their  common   axis  lying  between  the 
two  oppufite  cones.- 

LAVA.  Li  addition  to  the  obfcrvations  of  Sir 
William  Hamilton,  Bergman,  Formes,  and  Dalniieu, 
on  the  compojition  of  different  lavas,  which  have  been 
given  in  X.he  Encyclopntdia,  we  cannot  refule  ourielves 
the  pleafure  of  noticing,  in  this  place,  thole  of  Sir 
James  Hall.  From  a  number  of  wclldeviled  experi- 
ments, Sir  James  thinks  himltlf  warranted  to  conclude, 
that  lava  and  whinftone  are  iutn'niically  the  fame  lub- 
ilance  ;  and  that  their  apparent  differences  arife  wholly 
from  the  circumftances  under  which  they  have  pafTed 
from  a  liquid  to  a  folid  ftate  The  lavas,  it  is  well 
known,  have  been  cooled  rapidly  in  the  open  air, 
and  the  whins  (according  to  Dr  Hutton's  theory, 
which  Sir  James  ieems  willing  to  adopt)  llowly  in  the 
bowels  of  the  earth. 

Though  we  are  far  from  adopt incr  that  theory  in  all 
its  parts,  to  which  we  think  infuperable  objections  may 
be  made  (fee  Earth,  Eniyd.  n"  120),  we  admit,  that 
the  experiments  of  Sir  James  Hall  go  far  to  eltablilh 
the  identity  of  lava  and  whinftone.  Thefe  experiments 
■were  made  upon  feven  different  fpecics  of  whinltone 
and  iix  lavas,  of  which  four  were  broken  from  the  cur- 
rents of  Etna  and  Vefuvius  by  Sir  James  himfclf.  Each 
ot  the  original  whinllones  was  reduced,  by  fufion  and 
fubfeqnent  rapid  cooling,  to  a  ftate  of  perfedf  gljfs. 
This  glals,  being  agam  placed  in  the  furnace,  was  iub- 
jedted  to  a  fecond  fulion.  The  heat,  being  then  redu- 
ced to  a  temperature  generally  about  28'^  of  Wedge- 
wood,  was  maintained  ftationary  for  fome  hours  ;  when 
the  crucible  was  either  immediatciv  rem.ovtd,  or  allow- 
ed to  cool  with  the  furnace.  The  conlequence  was, 
that  in  every  cafe  the  fubllance  had  lolt  the  charader 
of  glafs,  and  by  cryflalllzation  had  affumed  in  all  re- 
fpedts  that  of  an  original  whinlfone.  It  mull  be  owned, 
that  in  molt  cafes  the  new  produrtion  did  not  exadtly 
relemble  the  particular  original  from  which  it  was  form- 
ed, but  iome  other  original  of  the  fame  clafs  ;  owing 
to  accidental  varieties  in  the  mode  of  refrigeration,  and 
to  chemical  changes  which  unavoidably  took  place  du- 
ring the  procefs.  In  the  cafe,  however,  of  the  rock  of 
Edinburgh  caftle,  and  of  that  of  the  bafaltic  columns 
of  StafFa,  the  artificial  fubltances  bear  a  complete  re- 
femblance  to  their  originals,  both  in  colour  and  tex- 
ture. 
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The  lavas  were  now  treated  in  the  fame  way,  and      tava, 
were  each,  by  fufioa  and  rapid  cnolij.g,  nduced,  as  the  Lave  fier. 
whii.llones  had  been,  to  glrfs      This  glafs,  when  fufed         v-     ' 
again  and  cooled  flowly,   yielded   the  larr.e  kind  ofcry. 
ftallizcd,  ftony,  or  earthy  mafiiss,  completely  refembling 
an  original  wliin  or  lava. 

Although  the  internal  ftrudture  of  lava  was  thus  ac- 
coiinted  tor,  yet  Sir  James  was  embarralled  with  the 
Itate  of  its  external  furface  ;  which,  though  cooled  in 
contaft  with  the  open  air,  is  feldom  or  never  vitreous, 
holding  an  intern.ediate  flatlou  between  glals  and  Hone; 
but  this  d'fficulty  was  removed  by  a  circumltance  which 
took  place  in  the  courfe  of  ihefe  experiments.  It  was 
found  that  a  fmall  piece  uf  glafs  of  any  of  the  lavas,  or 
of  fcveral  of  the  whins  being  introduced  into  a  muffle, 
the  temperature  of  which  was  at  any  point  between  the 
20th  and  the  iz\  degree  of  Wcdgewocd's  fcale,  the 
glafs  became  quite  foft  in  the  fpace  of  one  minute;  but, 
being  allowed  to  remain  till  the  end  of  a  fecond  minute, 
it  was  found  to  have  become  hard  throughout  in  confe- 
qnence  of  a  rapid  cr^'ftallization,  to  have  loft  its  character 
of  glifs,  and  to  have  become  by  12  or  14  degrees  more 
infulit'le,  being  unaffefted  by  any  heat  under  30,  though 
the  glafs  had  been  fulib'.e  at  iS'  or  at  16".  This  aecouiit- 
ci  tor  the  fcoiia  on  the  furface  of  lavas  ;  for  the  fub- 
ftance  even  at  the  furface,  being  in  contact  with  the 
flowing  ftreani,  and  furrounded  with  heated  air,  could 
not  cool  with  exciffive  rapidity  :  and  the  experiment 
fhews,  that  ihould  aiiy  part  of  the  mafs,  in  defcending 
heat,  employ  more  than  one  or  two  minutes  in  cooling 
from  2  2  to  20,  it  would  infallibly  lofe  its  vitreous  cha- 
rafter. 

Independently  of  any  allufion  to  fyftem  or  to  general 
theory.  Sir  James  Hall  flatters  himlelf  that  thele  expe- 
riments may  be  of  fome  importance,  by  tin  plifying  the 
Riftory  of  volcanoes;  and,  above  all,  by  fjpcifeding 
fome  very  extraordinary,  and,  he  conceives,  unphilofo- 
phical  opinions  advanced  with  regard  to  volcanic  heat, 
which  has  bfen  ftated  as  pofPefling  very  little  intenfity, 
a.id  as  adting  by  fome  ocult  and  inconceivable  influence, 
or  with  the  help  of  Iome  invillble  agent,  fo  as  to  pro- 
duce liquidity  without  fulion.  TliefL-  fuppolitions, 
which  have  been  maintained  fcrioully  by  Iome  of  the 
moft  celebrated  naluralills  in  Europe,'  have  originated 
from  the  difficulty  of  accounting  for  the  ftony  charac- 
ter of  lavas  when  compared  with  that  of  glafs,  which/ 
they  aflume  in  conlequence  of  fulion  In  our  furnaces. 
But  now  he  hc/pes  we  may  be,  relieved  from  the  necef- 
fity  of  fuch  violent  efforts  of  imagination,  fincc  the  phe- 
nomena have  been  fully  accounted  for  by  the  fimple, 
though  unnoticed,  principle  ot  refrigeration,  and  have 
been  repeated  again  and  again  with  cafe  and  certainty 
in  a  fmall  chamber  furnace. 

LAVOISIER  (Antoine  Laurent),  was  born  in  Pa- 
ris  on  the  26tli  (<f  Auguft  1743.  His  father,  who  di- 
rected his  education,  was  opulent,  and  fpared  no  coll 
for  his  improvement.  The  youth  fhewed  a  decided 
tafte  for  the  phyfical  fciences.  In  1764,  government 
having  propofed  an  extraordinary  premium  for  the  belt 
and  cheaptll  mode  of  lighting  the  ftreets  of  a  large  city, 
Lavoifier  obtained  the  gold  medal  ;  and  his  memoir, 
full  of  nice  inveftigation,  was  printed  by  the  Academy. 
Into  that  body  he  was  received  on  the  i_;th  May  1768, 
in  fpite  of  a  formidable  oppofiticn  ;  and  to  its  fervice 
he  ever  after  devoted  bis  labours,  and  became  one  of  its 
moll  ufeful  alfociates  and  coadjutors. 

His 
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iLcivoitier.  His  attention  was  fiicct  ffively  occtipitJ  with  every 
»~"  lirancli  of  pliylical  and  mathematical  feienee.  The  pre- 
tended converfioii  of  water  into  tarth,  the  analyfis  of 
gyplum  in  the  neighbourhood  of  Paris,  the  cryftalhza- 
tion  of  fahs,  the  elTefts  produced  by  the  ^qraiiife  tic  Irjupe 
ivf  tl:c  garden  of  tlie  Infanta,  the  jirojift  of  bringing 
water  from  I'Yvette  to  Paiis,  the  congelation  of  water, 
and  tlie  phenomena  of  ihundcr  and  the  aurora  borealis — 
all  occupied  his  attention. 

Jounuys,  undertaken  in  concert  with  Guettard  into 
every  diftridl  of  France,  enabled  him  to  procure  num- 
berltfs  materials  towards  a  dcfcription  of  the  lithologi- 
cal  and  minera.logic!'.l  empire  ;  tiicie  he  arranged  into  a 
kind  of  chart,  which  wanted  little  of  being  completed. 
They  ferved  alfo  as  a  foundation  for  a  more  labori- 
ous work  of  his  on  the  revolutions  of  the  globe,  and 
the  formation  of  Couches  de  la  Terre  ;  a  work  of  which 
two  beautiful  flcetches  are  to  be  feen  in  the  Memoirs  of 
the  French  Academy  for  1772  and  17S7.  All  the 
fortune  and  all  the  time  of  Lavoifier  were  devoted  to 
the  culture  of  the  fciences  ;  nor  did  he  feem  to  have  a 
preponderating  inclination  for  any  one  in  particular,  un- 
til an  event,  fuch  as  feldom  occurs  in  the  annals  of  the 
human  mind,  decided  his  choice,  and  attached  hira 
thenceforth  exclufively  to  chemillry — a  purfuit  which 
has  fmce  rendered  his  name  immortal. 

The  important  difcovery  of  gafes  was  juft  an- 
nounced to  the  philofophical  world.  Black,  Prieftley, 
Scheele,  Cavcndidi,  and  Macbride,  had  opened  to  phy- 
fiologifts  a  fort  of  new  creation  ;  they  had  commenced 
a  new  era  in  the  annals  of  genius,  which  was  to  become 
equally  memorable  with  thofe  of  the  compafs,  printing, 
elettricity,  &c. 

It  was  about  the  year  1770  that  Lavoifier,  (Iruck 
witli  the  importance  and  grandeur  of  this  difcovery, 
turned  his  attention  to  this  incxhauftible  fountain  of 
truths,  and  inftantly  perceived,  by  a  kind  of  inftintt,  the 
glorious  career  which  lay  before  him,  and  the  influence 
V.  hich  this  new  fcience  would  neceflarily  have  over  the 
vvh.ole  train  of  phyfical  refearches.  Of  thofe  who  had 
preceded  him,  the  moil  indefatigable  experimenter  wae 
Prieftley  :  but  faAs  the  moft  brilliant  remained  frequent- 
ly unprodudlive  in  his  hands  :  on  every  occafion  he  was 
ready  to  frame  fome  crude  hypothefis,  which  as  haftily 
he  abandoned.  Lavoifier  was  imbued  with  the  true 
fpirit  of  induflive  philofophy  ;  his  obfervations,  emi- 
nently precile  and  luminous,  always  pointed  to  general 
views.  In  1774,  he  publidud  his  chemical  opufcules, 
which  contained  a  very  neat  hillory  of  all  that  had  been 
done  with  refpeft  to  gafes,  and  concluded  with  the  au- 
thor's capital  experiments,  by  which  it  was  proved, 
that  metals,  in  calcination,  derive  their  augmentation  of 
V  eight  from  the  abforption  of  air.  Soon  afterward,  he 
fhcwed,  in  oppofition  to  Prieftley,  that  nitrous  acid  is 
compofed  of  air  ;  a  remark,  of  which  the  importance 
appeared  in  the  fequel.  His  ingenuity  as  a  chemiit 
was  now  fo  well  known,  that  in  1776  Turgot  employ- 
ed him  to  infpecl  the  manufafture  of  gun-powder.  He 
introduced  fome  valuable  improvements,  and,  fuppvef- 
iing  the  odious  vifits  in  quell  of  the  materials  of  falt- 
petre,  he  yet  quintupled  its  produce.  The  gun-powder 
would  now  carry  120  toifes,  when  formerly  it  would 
not  reach  90.  This  fuperioiity  was  indeed  acknow- 
ledged in  the  laft.  war. 

It  had  been  alledged,  that  by  frequent  diftillation  wa- 


ter is  converted  into  earth.  This  queftion  Lavoifjer  Lavnifiof, 
refolved  in  177S,  having  fiiewn  that  the  earthy  lediment  ■r—^ 
was  owing  to  the  continual  erofion  of  the  internal  fur- 
face  of  the  retort.  In  that  lame  year  he  made  a  more 
intcrclling  difcovery  ;  namely,  that  the  rcfpirable  por- 
tion of  the  atmofpiiere  is  a  conftituent  principle  of  all 
acids,  and  which  he  therefore  denominated  oxygen  ;  a 
molt  important  fail,  and  the  firft  great  ttep  towards  the 
new  chemillry  ;  which  the  corapolition  of  water,  alcer- 
tained  in  1783,  triumphantly  completed. 

Lavoiiler  polTeffcd  decifive  advantages  over  his  con- 
temporaries  j  he  iludied  a  geometrical  accuracy  of  in- 
veiligation  ;  and  his  wealth  enabled  him  to  make  expe- 
riments on  a  large  fcale,  and  to  ufe  inllruments  of  the  / 
moft  perfedl  conilruttion.  He  was  able  to  hold  in  his 
houfe,  twice  every  week,  afftmblies,  to  which  he  invi- 
ted every  literary  cbarafter  that  was  moft  celebrated  in 
geometrical,  phyfical,  and  chemical  ftudies  ;  in  thtfe 
■inllrudlive  eonverfatioties,  dilculTions,  not  unlike  kich  as 
preceded  the  firll  eftablifliment  of  academies,  regularly 
took  place.  Here  the  opinions  of  the  moft  eminent  li- 
terati in  Europe  were  canvaffed  ;  paftages  the  moft  ftri- 
king  and  novel,  out  of  foreign  writers,  were  recited  and 
animadverted  on  ;  and  theories  were  compared  with  ex- 
periments. Here  learned  men  of  all  nations  found  eafy 
admiffion  ;  Prieftley,  Fontana,  Blagden,  Ingenhoufz, 
Landriani,  Jacquin,  Watt,  Bolton,  and  other  illuftriout 
phyfiologifts  and  chemifts  of  England,  Germany,  and 
Italy,  found  themfelves  mixed  in  the  fame  company 
with  La  Place,  La  Grange,  Borda,  Coufin,  Meunler, 
Vandermonde,  Monge,  Morveau,  and  Berthollet.  Hap- 
py  hours  pafted  in  theie  learned  interviews,  wherein  no 
fubjeft  was  left  uninveftigated  that  could  poffibly  con- 
tribute to  the  progrefs  ot  the  fciences,  and  the  amelio- 
ration and  happinefs  of  man.  One  of  the  greateft  be- 
netits  refulting  from  theie  affemblages,  and  the  influenca 
of  which  was  foon  afterwards  felt  in  the  academy  itfelf, 
and  confequently  in  all  the  phyiical  and  chemical  works 
that  have  been  publiihed  for  the  laft  twenty  years  in 
France,  was  the  agreement  eilablifhed  in  the  metiiods 
of  reafoning  between  the  natural  philofophers  and  tlie 
geometricians.  The  precifion,  the  feverity  of  ftyle,  the 
philofophical  method  of  the  latter,  was  infenilbly  tranf- 
fufed  into  the  minds  of  the  former;  the  philofophers 
became  difcipllned  in  the  taftics  of  the  geometricians, 
and  were  gradually  moulded  into  their  reierablance. 

It  was  in  the  aifemblage  of  thefe  talents  that  Lavoi- 
fier embelliihed  and  improved  his  own.  When  any  nevvr 
refult  from  fome  important  experiment  prefented  itfelf, 
a  refult  which  threatened  to  influence  the  whole  theo- 
ry of  the  fcience,  or  which  contradidled  theories  till 
then  adopted,  he  repeated  it  before  this  feleft  fociety. 
Many  times  fucceflively  he  invited  the  fevered  objec- 
tions of  his  critical  friends  ;  and  it  was  not  till  after  he 
had  furmounted  their  objettions,to  the  conviftion  and  en- 
tire perfuaiion  of  the  fociety;  it  was  not  till  after  he  had 
removed  from  it  all  myilery  and  obfcurity,  that  he  ven- 
tured to  announce  to  the  world  any  difcovery  of  his 
own. 

At  length  he  combined  his  philofophical  views  into 
a  confiftent  body,  which  he  publiihed  in  1789,  under 
the  title  of  Elements  of  Chemtftry  ;  a  book  which  is  a 
moft  beautiful  model  of  fcientific  compofition,  clear,  lo- 
gical, and  elegant.  It  would  be  foreign  to  our  purpofe 
to  attempt  an  expofition  of  the  principles,  or  to  expa- 
tiate 
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.voifier.  ti'ate  on  the  merits,  of  this  celebrated  fyftem  ;  which, 
-v~~"  within  tlie  fpace  of  a  very  few  years,  has  been  ahnoil 
iiniverfally  adopted,  and  which,  if  not  the  genuine  in- 
terpretation of  nature,  approaches  as  near  to  it  as  the 
prefent  ftnte  of  knowledge  will  permit.  See  Chemis- 
try in  this  SuppUniLn!. 

The  lafl,  but  not  the  lead  ufeful,  of  Lavoifitr's  phi- 
lofophical  refearches,  on  the  Perfpiration  of  Animals, 
was  read  to  the  Academy  on  the  4th  May  1791,  and 
of  which  part  was  publilhed  in  the  volume  for  1790. 
He  found,  by  feme  delicate  experiments,  made  in  con- 
junttion  with  Seguin,  that  a  man  in  24  hours  perfpires 
45  ounces ;  that  he  confumes  ^^  ounces  of  vital  air  ; 
that  he  difcharges  from  the  lungs  8  cubic  feet  of  car- 
bonic acid  gas,  of  which  one-third  is  carbon  and  two- 
thirds  are  oxygen  ;  that  the  weight  of  water  difchar- 
ged  from  the  lungs  amounts  to  23  ounces,  of  which  3 
are  hydrogen  and  20  oxygen,  exchifive  of  6  ounces  of 
■water  already  formed,  loll  in  pulmonary  perfpiration. 
Thcfe  difcoveries  were  direfted  to  the  improvement  of 
medicine. 

We  have  mentioned  the  affiitance  which  Lavoifier 
received  while  he  was  digelling  his  new  fyftem  of  che- 
miilry  ;  but  we  mull  add,  that  to  him  pertains  cxclu- 
flvely  the  honour  of  a  founder.  His  own  genius  was  _ 
his  fole  conduflor,  and  the  talents  of  his  aflociates  were' 
chiefly  ufeful  in  illuflrating  difcoveries  he  himfclf  had 
made  ;  he  full  traced  the  plan  of  the  revolution  he  had 
been  a  long  time  conceiving  ;  and  his  colleagues  had 
only  to  purfue  and  execute  his  ideas. 

In  the  twenty  volumes  of  the  Academy  of  Sciences, 
from  1772  to  1793,  are  40  memoirs  of  Lavoifier,  re- 
plete with  all  the  grand  phenomena  of  the  fcicnce  ;  the 
doftrine  of  combuih'on,  general  and  particular  ;  the  na- 
ture and  analyfis  of  atmofpherical  air  ;  the  formation 
and  fixation  of  elaftic  fluids  ;  the  properties  of  the  mat- 
ter of  heat;  the  compolltion  of  acids  ;  the  augmenta- 
tion of  the  ponderofity  of  burnt  bodies  ;  the  dcconipn- 
fition  and  recompofitlon  of  water;  the  diflblution  of 
metals;  vegetation,  fermentation, and  aniroalization.  For 
more  than  15  years  confecutive,  Lavoifier  purfued,  with 
unrtiaken  conftancy,  the  route  he  had  marked  out  for 
himfelf,  without  making  a  fmgle  falfe  ftep,  or  fuffering 
his  ardour  to  be  damped  by  the  numerous  and  increa- 
fing  obftacles  which  conftantly  befet  him. 

Many  were  the  fervices  rendered  by  Lavoifier,  in  a 
public  and  private  capacity,  to  manufadlurts,  to  the 
Iciences,  and  to  artills.  He  was  treafurer  to  the  Aca- 
demy after  BufTon  and  Tillct,  and  introduced  economy 
and  order  into  the  accounts.  He  was  alfo  a  member 
of  the  Board  of  Confultation,  and  took  an  aftive  fliare 
in  whatever  was  going  forwards.  When  the  new  fyf- 
tem of  meafures  was  agitated,  and  it  was  propofed  to 
determine  a  degree  of  the  meridian,  he  made  accurate 
experiments  on  the  cxpanfion  c;f  metals,  and  conflruft- 
ed  a  metalline  thermometer.  By  the  National  Conven- 
tion he  was  confulted  on  the  means  of  improving  the 
manufafture  of  affignats,  and  of  increafing  the  difficul- 
ties of  forffinij  them. 

Like  a  good  citizen,  Lavoifier  turned  his  thoughts 
to  political  economy.  Between  the  years  1778  and 
1785,  he  allotted  240  arpents  in  the  VcnJomois  to  ex- 
perimental agriculture,  and  increafed  the  ulnal  produce 
by  Qne-half.     In  1791,  he  was  invited  by  the  Confti- 
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tuent  Affembly  to  digell  a  plan  for  fimph'fyJng  the  col-  Lavoifier 
leiElion  of  the  taxes.   This  gave  occafion  to  an  excellent      i-"d. 
report,   afterwards  printed  with   the  title  of  Territorial 
Riches  of  France.     At  this  time,  alfo,  he  was  appointed 
commilTionary  of  the  national  treafury,   in   which  he  ef- 
fected fome  beneficial  reform^. 

During  the  horrors  of  the  Robel'iiierrcan  diflator- 
fhip,  Lavoifier  told  La  Lande  that  he  fovcfaw  he  (hould 
be  ftrippcd  of  his  jnoperty,  but  that  he  would  work 
for  his  bread.  The  profeffion  of  apothecary  would  have 
fuited  him  the  bed.  But  his  doom  was  already  fixed. 
On  the  8th  of  May  1794,  confounded  with  28  farmers- 
general,  he  fufi'ered  on  the  fcaffold,  merely  becaufe  he 
was  rich  ! 

Lavoifier  was  tall,  and  of  a  graceful  fprightly  appear- 
ance. He  was  mild,  fociable,  obliging,  and  extremely 
aftive  ;  and  in  his  manners  he  was  unafFeftedly  plain 
and  fimple.  Many  young  men,  not  bltfled  with  the 
gifts  of  fortune,  but  incited  by  their  genius  to  woo  the 
Iciences,  have  confeiTed  their  obligations  to  him  for  pe- 
cuiiiary  aid  ;  many,  alfo,  were  the  unfortunate  whom 
he  relieved  in  filence,  and  without  the  oftentation  of 
virtue.  In  the  communes  of  the  department  of  the 
Loir  and  Char,  where  he  pofTeffed  confiderable  edates,  . 
he  would  frequently  vifit  the  cottages  of  indigence  and 
diftrefs  ;  and  long  will  his  memory  be  cherilhtd  there. 
But  his  reputation,  influence,  virtues,  and  weafth,  gave 
him  a  great  preponderance,  which  unfortunately  prevo- 
ked  the  jealouiy  of  a  crew  of  homicides,  who  made  a  • 
fport  of  facrificing  the  lives  of  the  bcft  of  men  to  a  fan- 
guinary  idol. 

This  great  and  good  man  married,  in  1771,  Marie- 
Anni-Pierette  Paulze,  daughter  of  a  farmer-general ;  a 
woman  whofe  wit  and  accomplifliments  conilituted  the 
charm  of  his  life  ;  who  affifted  him  in  his  labours,  and 
even  engraved  the  figures  of  his  laft  work. 

LEAD.  See  that  article,  Encycl,  and  Chemistry- 
Index  in  this  Supplement.  It  is  well  known  that  lead 
generally  contains  a  portion  of  filver,  and  fometimes  of 
gold  ;  and  that  there  are  occafions,  particularly  in  af- 
faying,  when  it  is  of  importance  to  have  it  freed  from, 
thefe  metals.  For  accomplirtiing  thefe  purpofes  diffe- 
rent procelfes  have  been  propofed  ;  but  the  following, 
by  Pet.  Jac.  Hjelm,  as  it  is  the  Icall  exptnfive,  promifes 
to  be  the  moft  ufeful: 

Litharge  (fee  Encycl.)  was  the  fubftance  on  i^-hich 
this  chemilt  made  his  experiments,  and  his  principal  ob- 
ject was  to  free  it  frojn  all  mixture  of  filver.  This  was 
accompliflied  in  the  following  manner  :  He  placed  a 
crucible,  in  which  half  a  pound  of  litharge  found  good 
room,  and  which  was  fitted  with  a  clofe  cover,  in  a 
wind  furnace  filled  with  dead  coals.  He  then  put  in- 
to the  crucible  3  mixture  of  four  ounces  of  potafh  and 
the  fame  quantity  of  powder  of  flint.  When  the  whole 
was  wsll  melted  by  ilrengthening  the  draught,  and  ma- 
king the  coals' glow,  he  took  off  the  cover,  and  laid 
hold  of  the  crucible  with  a  pair  of  tongs,  in  order  to 
take  it  out,  and  to  fuffer  this  very  fufible  glafs  to  cover 
the  infide  of  the  crucible,  to  fecure  it  from  the  glifs  of 
the  lead  which  he  meant  to  melt  in  it.  The  fuperflu- 
ous  glafs  was  poured  out  ;  the  crucible  again  placed  on 
its  foot,  and  half  a  pound  of  litharge  thrown  into  it 
with  a  fliovel.  The  cover  was  placed  upon  it  while  the 
litharge  was  melting ;    and   when   it    was    thoroughly 

glowing 


LED 


r  72  1 


LED 


l■■^.v^;      glor.int^  w!tl\  fluid,  chaivoM  dud  w  as  ^hci  info  the  un- 
Ltdyard.   (.„vered  cnicibk-  lliroiigU  a  fRvc,   fo  that  tlic  furfcice  of 
^""^  tlie  litharge  was  complcti-ly  covered  witl.  it.      This  im- 

mediattly  iiiodiiced  an  eirevvefctnce,  and  the  rifiiig  of 
buhbltf,  by  rmraiis  of  the  fcparation  of  the  air  occafion- 
ed  by  the  iediiftion  of  the  lead.  During  this  procefs, 
the  cover  was  put  on,  and  a  few  coals  tiirown  into  the 
furnace:  when  thefe  were  buriit,  every  thing  in  the 
crucible  was  quiet,  and  the  melted  mafs  was  poured  in- 
to a  warm  conical  mould.  The  crucible  was  then  again 
filled  with  half  a  pound  of  the  fame  kind  of  litharge, 
and  put  into  the  furnace,  and  charcoal  ('uft  was,  fevcral 
times  lifted  over  the  melted  furface,  till  it  was  well  co- 
vered before  the  mafs  was  thrown  out,  a  fufficierit  fpice 
being  every  time  left  for  the  effervefceace.  The  firil 
mafs  had,  in  the  n-,eau  time,  become  cool,  and,  on  exa- 
mination, contained  four  ounces  of  lead  at  the  bottcm, 
and  litharge  at  the  top.  When  this  litharge  was  re- 
duced with  potaflies  and  wine  llune,  the  lead  thence  ob- 
tained, which  weighed  2^  ounces,  was  found  to  contain 
lefs  than  one-half  grain  of  filver  in  the  pound.  In  the 
fecond  mafs  there  was  found  fomewhat  more  than  fix 
ounces  of  lead,  which  contained  all  the  filver  that  had 
been  before  niixed  with  the  litharge,  becaufe  in  the  lead 
which  bad  been  reduced  from  the  litharge  in  the  above 
manner,  there  were  no  perceptible  traces  of  filver.  This 
lead  wis  then  melted  over  a  flow  fire,  and  call  into  bars, 
which  were  rolled  fmooth,  and  formed  into  maffcs  of  a 
known  weight,  to  be  ufed  for  afTaying  gold  and  filver, 
and  for  oilier  purpofes  of  the  fame  kind.  All  thefe 
meltings  were  made  in  one  crucible,  which,  according 
to  evei-y  appearance,  remained  unhurt.  If  the  fame  ex- 
periments were  made  with  red  lead,  the  like  refult  would 
infaUibly  follow. 

Wiih  the  fame  view  of  obtaining  lead  free  from  fil- 
ver, he  mehtd,  in  the  like  manner,  half  a  pound  of  white 
lead,  which  produced  half  an  ounce  of  lead.  When  the 
litharge  il-inding  over  it  w?-S  revived,  the  lead  obtained 
was  itil!  found  to  contain  too  much  filver.  He  there- 
fore precipitated  another  half  pound  of  white  lead  by 
charcoal  powder,  after  the  lead  that  fell  from  it  had 
been  feparated  ;  and  tiieii  it  produced,  by  reviving,  a 
mafs  of  lead  \oithout  any  mixture  of  filver. 

LED  YARD  ( ),  the  celebra'ed,   though 

unfortunate,  traveller,  was  a  native  of  North  America, 
but  of  what  province  we  have  not  learned.  We  are 
equally  ignorant  of  tlie  year  of  his  birth,  and  the  rank 
of  his  parents  ;  but  have  no  reafon  to  think  that  they 
were  opulent.  From  his  early  youth  he  difplayed  a 
flrong  propenfity  to  vifit  unknown  and  favage  countries; 
and  to  gratify  that  propenfity,  he  lived  for  feveral  years 
with  the  American  Indians,  whofe  manners  and  habits 
he  feemed  in  fome  degree  to  have  acquired.  After- 
wards he  failed  round  the  world  with  Captain  Cook  in 
the  humble  ftation  of  a  corporal  of  marines  ;  and  on  his 
return,  he  determined  to  traverfe  the  vail  continent  of 
America,  from  the  Pacific  to  the  Atlantic  Ocean. 

This  delign  being  frullrated  by  his  not  obtaining  a 
paflage  to  Nootka  Sound,  he  determined  to  travel  over 
land  to  Kamfchalka.  With  this  view  he  went  over  to 
Oftend,  with  only  ten  guineas  in  his  pocket,  and  pro- 
ceeded by  the  way  of  Denmark  and  the  Sound  to  the 
capital  of  Sweden,  and  endeavoured  to  crofs  the  Gulph 
of  Bothnia  on  the  ice  ;  but  finding,  when  he  came  to 
the  middle,  that  the  water  was  not  frozen,  he  walked 


round  the  gulph  to  Pcteifbuigli.  Here  ht:  fum;  1  Lim-  '. 
felf  \\ithoirt  (lockings  or  fiiocs;  but  protuied  relief  from  " 
the  Portuguefe  amba.TjJor,  and  obtained  leave  to  pro- 
ceed with  a  ditjchmeiit  ot  ilores  to  Vakutz.  IK  made 
this  journey  of  fix  thoufand  miles,  and  there  met  Mr 
Billengs,  ar  Engl'lhman^  whom  he  had  known  on  board 
Captain  Cook's  fliip.  From  thence  he  went  to  Oc^a- 
kow,  on  the  coall  of  the  Kamlchatka  Sea;  but  bei.ig 
too  late  to  embaik  that  \  e^r,  returned  to  Yakut/,  to 
winter.  Here  he  was,  on  frme  fufpicion,  leizcd,  convey- 
ed on  a  fledge  through  Northern  Tartary,  and  left  on 
the  frontiers  of  the  Polifli  dominions.  In  the  midll  of 
poverty,  rags,  and  difeafe,  he  however  reached  Koningf- 
burgh,  where  lie  found  friends  that  enabled  him  to  rei,eh 
England. 

On  his  arrival  in  London,  he  waited  on  Sir  Jofcpli 
Banks,  on  whofe  credit  he  had,  in  his  dillrefs,  received 
at  difterint  times  25  guineas.  Sir  Jofc]^h  communica- 
ted  to  him  the  views  of  the  African  Airuclation,  and 
pointed  out  the  route  in  which  they  wiflied  Africa  to 
be  explored.  On  his  engaging  at  once  in  the  enter- 
prife,  Sir  Jofeph  aflved  him  when  he  would  be  able  to 
fet  out.  "  To-morrow  morning,''  replied  Ledyard, 
without  hefitation.  At  this  interview  the  prefidiiit  of 
the  Royal  Society  declares,  that  lie  was  flrutk  with  the 
Hgure  of  the  man,  the  breadth  of  his  died,  the  open- 
nefs  of  his  countenance,  and  the  rolling  of  liis  t)e. 
Though  fcarcely  exceeding  the  middle  fize,  Ills  figure 
indicated  great  ftiength  and  acllvity.  Defpifing  the 
accidental  dillinflions  of  fociety,  he  feemed  to  legard 
no  man  as  his  fuperior;  but  his  manners,  though  coarfe, 
were  not  difagreeable.  His  uncultivated  genius  was 
original  and  comprehenfive.  From  the  native  energy  of 
his  mind,  he  was  adventurous,  curious,  and  unappalled 
by  dangers  ;  while  the  {Irength  of  his  judgment  united 
caution  with  energy.  The  track  pointed  out  to  him 
was  from  Ciiro  to  Senanr,  and  thence  weftvvard  in  the 
latitude  and  fuppofed  direftion  of  the  Niger. 

He  was  not  ignorant  that  the  taflc  "iTigned  him  was 
arduous  and  big  with  danger;  but  inftead  ot  Ihrlnkliig 
from  it,  he  faid,  on  the  d;iy  of  his  departure,  "  1  ..la 
accuftonied  to  hardfhips  ;  I  have  known  both  hunger 
and  nakednefs  to  the  utiru'll  extremity  of  human  fulter- 
ing ;  I  have  knowivwhat  it  is  to  have  food  given  me  as 
charity  to  a  madman;  and  I  have  at  times  been  obliged 
to  flielter  myfelf  under  the  miferies  of  that  charafter  to 
avoid  a  heavier  calamity.  My  dillrtfles  have  been  greater 
than  I  ever  owned,  cr  ever  will  own  to  any  man.  Such 
evils  are  terrible  to  bear,  but  they  never  yet  had  power 
to  turn  me  from  my  purpofe.  If  I  live,  I  will  faithful- 
ly perform,  in  its  utmoft  extent,  my  engagement  to  the 
Society  :  and  If  I  pcrilh  in  the  attempt,  my  honour  will 
be  fafe  ;   for  death  cancels  all  bonds." 

After  receiving  his  inllrudlions  and  letters  of  recom- 
mendation, this  intrepid  traveller  failed  fioai  London  on 
the  33th  of  June  1788  ;  and  in  36  days  arrived  at  A- 
lexaiidria.  Proceeding  to  Cairo,  where  !ie  arrived  Au- 
gud  the  17th,  he  vifited  the  flave  markets,  and  conver- 
fed  with  the  travelling  merchants  of  the  caravans.  Thefe 
fources  of  information,  generally  negledfed  by  travel- 
lers, enabled  him  to  obtain,  at  a  very  fmall  expence,> 
more  corredl  Information  concerning  the  African  na- 
tions and  their  trade,  the  pofition  of  places,  the  nature 
of  the  counti-y,  the  manner  of  travelling,  &c.  than  could 
have  been  ealily  obtained  by   any  other  method.     He 

thus 
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iytrA.  tints  learned,  tliat  the  Arabs  of  the  tkfert  have  an  in-    that  they  are  ever  enclined  to  be  gay  and  cheerrul,  ti-  Le.Iyard 
-Y~~^  vhici'bic  attachment  to  liberty,  thoupjh  it  is  fiiigular  that     morons  and  modeft  ;  and  that  they  do  not  helitate,  like 


they  liave  no  word  to  cxjirels  liberty  \n  tlicir  language. 
The  Mahomtdans  of  Afiica  are  a  trading,  fupcrllitious, 
and  warlike  fet  of  vagabonds.      He  favv  near  200  black 


man,  to  perform  a  generous  aClion.      Not  haughty,  not 
fur: 


they   are  full  of  courtefy, 

.le,  in  general,  to  err  than 

flaves  exuofcd  to  fale,   «  ho  had  been  brought  from   the     man  ;   but  in    general  alio  more  virtuous,    ar:d  perform^ 

interior  parts  of  Africa  ;  their  appearance  favagc,  but     ing  more  good  aftions  than  he.     To  a  woman,  whetliei 


arrogant,   not   luperciiious  ; 
and  fond  of  fjciety  ;   more  liat 


not  like  prifoners  of  war  ;  they  had  head  ornaments, 
and  their  hair  plaited  in  detached  plaits  of  great  length. 
Another  parcel,  which  had  come  from  Darfoor,  were 
niolUy  women  ;  and  the  beads,  and  fome  other  orna- 
ments which  they  wore,  were  Venetian.  They  were 
well  formed,  quite  black,  had  the  true  Guinea  face,  and 
curled  hair.  Mr  Led)ard  was  informed,  that  the  king 
of  Senaar  was  a  merchant,  and  concerned  in  the  cara- 
var.s  ;  that  20,00c  negro  flaves  are  imported  into  Egypt 


annually,      .■\niorig  fome 

a  bright  olive  colour,  but  their  heads  uncommonly  form  • 
ed,  the  forehead  the  narrowcft,  longell,  and  mod  protu- 
berant he  ever  faw. 

The  Senaar  caravan  is  tlie  mod  rich;  that  of  l)\r- 
foor  is  not  equally  fo,  though  it  trades  with  almoll  the 
fame  commodities.  Befides  (laves,  ti.efe  are  gum,  ele- 
phants teeth,  camels,  and  olbichfeathers  ;  for  which 
ai'e  received  in  exchange  trinkets,  foap,  antimony,  red 
linen,  razors,  fciffars,  mirrors,  and  beadf.  Wangara, 
to  which  the  caravans  alio  trade,  was  reprt  Tented  to  Mr 


civilized  or  lavage,  1  never  ad'lreffed  myfelf,  in  the  Ian. 
guage  of  decency  and  friendlhip,  without  receiving  a 
decent  and  fiiendly  anfwer.  With  man  it  has  often 
been  otherwife.  In  wandering  over  the  barren  plains 
of  inhofpitable  Deninark,  tlirough  honeft  Sweden,  and 
frozm  Lapland,  rude  and  churlifli  Finland,  unprincipled 
Rviilla,  and  the  wide  fpread  regions  of  the  wandering 
Tartar  ;  if  hungry,  dry,  cold,  wet,  of  fick,  the  women 
have  ever  been  iriendly  to  me,  and  nniforinly  fo.  And 
fla\es,   he  faw  three  of     to  add  tc  this  virtue  (fo  worthy  the  ajipellation  of  be- 


nevolence), tliefe  adlions  have  been  performed  in  fo  free 
and  kind  a  manner,  that  if  1  was  dry,  I  drank  the  fwect- 
eft  draught  ;  and  if  hungry,  I  eat  the  coarftit  morfcl 
with  a  double  relifii."  For  a  fuller  ac;count  of  Ledy/ii-rl, 
fee  The  TraiifaOions  of  the  /Ifr'icim  AJjoc'uUion,  or  .,•/  I'tew 
of  I  he  Late  Dfoveries  in  jljr'ua 

HvptRBOLic  LEGS,  are  the  ends  of  a  curve  line 
that  partakes  of  the  nature  of  the  hyperbola,  or  havirig 
afymptots,  v 

LEMINGTON  Priors,  is  a  village  two  miles  eaft 


Ledyard  as  a  kingdom  producing  ranch  gold  ;  but  the  of  the  town  of  Warwick,  f.imous  for  its  mineral  waters, 
king  feems  to  intermiddle  with  commerce  as  well  as  the  One  fait  fpring,  which  rifes  near  the  church  yard,  has 
potentate  of  Senaar  ;  for  in  order  to  deceive  ftrangers.  been  long  known,  as  well  as  another  which  riles  in  the 
and  prevent  them  from  gueffing  at  the  extent  of  his  bed  of  the  river  ;  but  the  nioft  remarkable  fpring  was 
riches,  he  was  reported  to  vary  continually  the  gold  ufed  difcovercd  in  the  year  1790.  The  waters  of-  both 
in  barter,  which  it  is  his  province  to  regulate,  and  of  fprii^gs  have  been  analyzed  with  great  accuracy  by 
which  he  iflues  at  one  time  a  great  quantity,  and  at  William  Lambe,  M.  A.  late  Fellow  of  St  John's  col- 
others  little  or  none.  A  caravan  goes  from  Cairo  to  ledge,  Cambridge,  who  has  given  us  the  iVdlowing  fy- 
Fezran,  which  they  call  a  journey  of  fifty  days  ;  and  as  noptical  table  ol  the  fubllauccs  contained  in  lheu<  : 
the  caravans  travel   about  zo  miles  a  day,   the  diftance 

mull  be  about  1    co  miles  ;  from  Fezzan  to  Tombufloo  Cafeous  Fluids  conlained in  a  U'ine-gallon  in  Cubic  inches, 
is  1800  miles;  from  Cairo  to   Senaar  about   600  miles. 


Hepatic  gas 

A%otic  gas 
Carbonic  acid  gas 


WATER    OF    THE 
NEW     SPRING. 

Too  fmall  to  be 

mcafured. 
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WATER    OF    TH^E 
OLD    SPRING. 

Ton  fmatl  to  be 
menfured. 

3 


Solid  contents  of  a  IVine-galloa  in  Grains. 


Such  was  the  information  which  Mr  Ledyard  deri- 
ved from  the  merchants  eif  the  caravans  in  Egypt  ;  but 
when  he  was  about  to  verify  it  by  his  own  obfei  vations, 
and  had  announced  to  the  Afloclation  that  his  next  dif- 
patch  would  be  dated  from  Senaar,  he  was  feized  with  a 
bilious  complaint,  which  fruftrated  the  fliill  of  the  moll 
eminent  phjllcians,  and  put  a  period  to  his  travels  and 
his  life  at  Cairo.  It  is  needlcfs  to  fay  how  much  his 
death  was  regretted,  or  how  well  he  was  qualified  for 
the  ar\iuous  enterp.ife  iu  which  he  had  engaged.  The 
perlon  who,  with  fuch  fcanty  iunds,  could  penetrate 
the  frozen  regions  cf  Tartary,  fubfill  among  their  cliur- 
H(h  inhabitants,  and  ingratiate  himfelf  with  the  ferocious 
Moors  of  Egypt,  could  hardly  have  failed  to  obtain  a 
kind  reception  from  tlie  gentle  and  hofpitable  Negro, 
had  no  untoward  circumllance  intervened.  At  Senaar, 
indeed,  his  riik  would  have  been  great  ;  and  Mr  Bruce 
was  decidedly  of  opinion,  that  a  man  fo  poorly  attended 
as  Mr  Ledyard,  could  never  have  made  his  efcape  from  Muriat  of  magnefia 
that  treacherous  and  ferocious  people.  Muriat  offoda 

The  obfervations  of  this  accurate  obferver  on  the  fe-     Sulphat  of  Soda 
male  charafter,  though  they  have  been  repeatedly  quot-     Sulphat  of  lime 
ed  in   other  works,   are  well  entitled   to  a  place  here  ; 
and  with  them  we  Ihall  conclude  this  fl<etch  of  his  life  :  In   the    courfe  of  his    experiments,   for   which   \Ve 

"  1  have  alviays  (fays  he)  remarked,  that  women  in  all     muft    refer  to    the    original    memoir,   in    Tranfadlions 
countries  are  civil  and  obliging,   tender  and  humane  ;     of  the  Mancheller  Society,  Mr  Lambe  thinks  he  difco- 
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vercd    tlie    origin  uf  tlvj   muriatic  acid.     He  fo'ji^d    a     and  to  convert  the  extremity  of  this  into  a  Iplifnile  by     Ifnfrf, 
coincidence,    very    unexptfttd,   between    tlie  hepatifed     mellintr  it  at  the  flsme  of  a  candle.      But  this  glafs  con- ^     ^*<'- 
fohiticn   of  iron    and   the  oxygenated   mnriat    of  iron,     tains  lead,    which  is  difpolcdto  becoinc   opake  by  par-         •""" 
"  I  had  almoft   concluded    (fays  he),  from  the  refem-     tial  reilu^tioa,  unkfs  the  management  be  very  carefully 
blance  between  the  pronerties  of  this  fait  and  the  phe-     attended  to.      We    are  informed,   however,   by  Mr  Ni- 

cholfon,  that  the  hard  glafs  ufed  for  windows  feldoni 
fails  to  afford  excellent  fphernles.  This  glafs  is  of  a 
clear  briglit  green  colour  when  feen  edgewife.  A  thin 
piece  was  cut  from  the  edge  of  a  pane  of  glafs  jefs  thaw- 
one-tenth  of  an  inch  broad.  This  was  held  perpendi- 
cularly by  the  upper  end,  and  the  (lame  of  a  candle  was 
direfted   upon   it  by   the  blow-pipe   at  the   diftance  of 


noincna  of  the  water,  that  the  water  contains  this  very 
fait.  Now,  I  conclude',  that  they  contain  a  matter,  be 
it  what  it  may,  produced  by  the  aftion  of  lKp:;tic  gas 
en  iron.  But  thtv  are  the  very  fame  fafts  which  form 
the  balls,  upon  which  etch  feparate  inference  is  built. 
Does  it  not  follow,  then,  as  a  neceilary  conitquence, 
that   the  hepatifed  folution    itfelf  contains  a  muriat  of 


iron  highly  oxygenated,  and  that  therefore  in  /his  p.-ocefs  about  an  incii  from   the  lower  end.      The  glafs  became 

muriatic  acid  is  gcKcrafcJ  ?  This  conclufion   feemed  au-  foft,   and  the  lower  piece  defcended  by  its  own  weight ' 

thorifed  by  reafon,  and  experiment  haj  confirmed  it."  to  the  didance  of  about  two  feet,  where  it  remained  fuf- 

LEMNISCATE,  the  name  of  a  curve  in  the  form  pended   by  a  thin  thread  of  glafs  about  one   five-hnr,- 

of  the  figure  of  8.  dreth  of  an  inch  in  diameter.     A  part  of  this  thread  was 

LEMON  Juice,  is  an  article  of  fuch  harmlefs  lux-  applied  endwife  to  the  lower  blue  part  of  the  flame  of 

ury,  and  in  fome  cafes  of  fuch  real  utility,  that  many  of  the  candle  witiiout  the  ufe  of  the  blow-pipe.     The  ex- 

our  readers  will  be  pleaftd  to  know  a  Cmiplc  method  by  tremity   immediately  became  white-hot,   and  formed   a 

which  they  may  obtain  it  in  great  purity.      In  tlie  arti-  globule.       I'he  glafs  was  then  gradually  and  regularly 

cle  Chemistry  [Supj>I.),  w  476,  we  liave  fhewn  from  thriifl  towards  the  flame,   but  never  into  it,   until  the 

Kcheele  and  Dize,  how  to  obtain  the  citric  acid  perfcdl-  globule  was  fufheiently  large.     A  number  of  thcfe  were 

ly  pure,  and  in  th.e  form  of  cryftah  ;  but  here  we  mean  made  ;  and  being  afterwards  examined,  by  viewing  their 


nothing  more  than  to  ihcw  how  it  may  be  completely 
feparated  from  that  flimy  fnbflance  with  which  it  is 
always  mixed  in  the  lemon,  without  allowing  it  time  to 
fpoil  or   to  acquire    any   dif;;grecable  tafle  during  the 


focal  images  with  a  deep  magnifier,  proved  very  bright, 
perfcft,  and  round.  This,  as  the  ingenious  author  ob- 
fcrves,  may  prove  an  acceptable  piece  of  information  to 
thofe  eminent   men   (and  there  are  many  fucli),   whofe 


feparation.     Tliis   we  are   enabled  to  do  by  M.  Brug-  narrow  circumilances,  or  remote  fituations,  arc  obliged 

nafelli,  who,   in    the   fecond   volume  of  the  yfnnali   ds  to  have  rccourfe  to  their  ownikilland  ingenuity  for  ex- 

Chiinia,   informs  us,   that  he   txprefled  in   the  common  pcrimental  implements. 

manner  the  juice  of  perfeflly  ripe  lemons,  and  flrained  Ground  Li^■SF.s,  are  fuch  as  are  ground  or  rubbed  in. 

it  through  a  piece  of  linen.      In  lialf  an  hour  he  flrain-  to   the    defued    fhape,    and   then    pohfhed.      Different 

td  it  again,  to   free  it  from  a  little    flimy  matter  which  fhapes  have  been  propofed  for  lenfes  ;   but  in  the  article 

had   fettled  at  the  bottom  of  the  veffel.      He  then  ad'l-  Optics,  n"  251  {Ericyc/.),h  has  been  fhewn  that,  after 

ed  to  the   juice  a  certain  quantity  of  the  ftrongefl  fpirit  all,   the   fpherical  is~  the   mofl   practically   ufefuL      By 

of  wine,   and  preferved  the   mixture  for  fome  days  in  a  many  of  the  methods  of  grinding,  however,    the  artifi- 

well-corked  bottle.      During  that  time  there  was  a  con-  cer,  with  his  utmoft  care,  can  only  produce  an  approxi- 

fiderable  depofit,  which  to  all  appearance  was  of  a  flimy  mation  to  a  truly  fpherical  figure  ;   and,  indeed,  gentle- 

ratnre,  and   which  he  feparated  by  fihering  paper.      If  men  have,  for  the  mod  part,  nothing  to  depend  on  for 

ihe    fluid  was    too  thick  to  pafs  tlirough   tlie  filter,  he  the  fphericity  of  the  lenfes  of  their  telcfcopes,  but  the- 

diluted  it   again  with  fpirit  of  wine.       After  this  ope-  care  and   integrity  of  the  workmen.      In  the  4iff  vo- 


ration,  the  depofit  remained  on  the  paper,  which  was 
entirely  covered  with  it  ;  and  he  obtained,  in  the  veffel 
placed  below,  the  purefl  acid  of  Itioons  combined  with 
fpirit  of  wine. 

If   it  be  required  to  obtain  the  acid  perfectly  pure. 


lume  of  the  TranfaSIons  of  the  Royal  Society  of  Lon- 
don, a  machine  is  defcribed  by  Mr  Samuel  Jenkins, 
which,  as  it  is  contrived  to  turn  a  fphere  at  one  and 
the  fame  time  on  two  axes,  cutting  each  other  at  right 
angles,  will  produce  the  legment  of  a  true  fphere  merc- 
pothing  is  neccffary  but  to  feparate  from  it  the  fpirit  of  ly  by  turning  round  the  wheels,  and  that  without  any 
■wine,  which  can  be  bell  effedted  by  evaporation.  The  care  or  fl<ill  in  the  workmen.  The  following  defcrip- 
acid  of  the  lemons  affumes,  after  it  has  been  freed  from  tion  of  this  machine  will  enable  our  readers  fully  to 
the  fpirit  of  v/ine  and  the  moifture  com.bined  with  it,  a  compreliend  its  conflrutfion,  and  the  mode  of  uiing  it:  pi,te 
yellov^ifh  colour,  and  becomes  fo  llroiig,  that  by  itstaile  A  is  a  giube  covered  with  cement,  in  which  are  fixed  XXXIt> 
it  may  be  confidered  as  a  mineral  acid.  the  pieces  of  glafs  to  be  ground.     This  globe  is  faflen- 

It  is  not  necefTar/  to  evaporate  the  fpirit  of  wine  in  ed  to  the  axis,  and  turns  with  the  wheel  B.  C  is  the 
a  clofe  veffel,  if  the  exptrlni<rt  is  made  only  on  a  fmall  brafs  cup  which  polifhes  the  glafs  :  this  is  faflened  to 
fcale  ;  nor  is  there  any  danger  that  in  open  veffels  any  the  axis,  and  turns  with  the  wlieel  D.  The  motion  of 
of  the  acid  will  be  lofl,  as  it  is  too  fixed  to  be  votaliti-  the  cup  C,  therefore,  is  at  right  angles  with  the  motion 
fed  by  the  fame  degree  of  heat  at  which  fpirit  of  wine  of  the  globe  A  ;  whence  it  follows  demonftrably,  that 
evaporates.  This  acid  has  peculiar  properties,  which  tlie  pieces  of  glafs  ground  by  this  double  motion  inufl 
deferve  fanher  examination.  be  formed  into  the  fegments  of  fpheres. 

LENSES  (fee  Lens  and  Dioptrics,  Encycl.),  are  LEO  X.  is  a  pontiff  to  whom  learning,  and  art,  and 
either  blown  or  ground.  fcience,  are  fo  deeply  indebted,  that  not  to  give  a  fketch 

Blwwn  LhhSFs  are  ufed  only  in  the  fmgle  microfcope  ;  of  his  life  and  charatler,  in  a  Work  of  this  kind,  would 
and  the  ufiial  method  of  making  them  has  been  to  draw  be  an  unpardonable  omiffion.  A  charafter  of  him  is  in- 
cut a  fine  thread  of  the  foft  white  glafs  called  cryjlal,     deed  given  in  the  Encyclopxdia ;  but  it  is  fo  far  from  the 

truth, 
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ttutli,  that  it  is  difficult  to  conceive  tfcc  prejudices  under 
-'wliicli  he  mud  have  laboured  by  \vhi)iu  fuch  a  libel  was 
drawn  up. 

Leo,  whofe  name,  before  liis  elcvr.tinn  to  the  pontifi- 
cate, was  Giovaiuii  cU  M.ilJci,  was  the  iccond  fon  of  Lo- 
renzo de  Medici,  jullly  ityled  the  Magnificent.  In  the 
L'fe  of  that  great  man  publiflied  in  this  Supplement,  the 
jcaJer  will  fee  by  wJiat  means,  and  for  what  purpofe,  he 
aot  Giovanni  raifed  to  the  dignity  of  cardinal  at  fo  tar- 
!v  a  period  of  life  ;  and  in  the  elegant  work  of  Rofcoe, 
10  which  we  there  refer,  he  will  find  fuch  inllruAions 
of  Lorenzo  to  the  cardinal  as  mull  have  made  a  deep 
impreflion  on  his  y^iuthful  mind. 

Speaking  of  his  promotion,  Lorenzo  fays,  "  The  firfl 
thing  that  1  would  fuggeft  to  you  is,  that  yoo  ought 
to  be  grateful  ;o  God,  and  continually  to  recoUeft  that 

•  it  is  not  througli  your  merits,  your  prudence,  or  your 
fcilicitude,  that  this  event  has  taken  place,  but  tiirough 
his  favour  which  you  can  repay  only  by  a  pious,  chajle, 
and  exemplary  life  ;  and  that  your  obligations  to  the  per- 
formance of  thefe  dutfes  are  fo  much  the  greater,  as  in 
your  early  years  you  have  given  fome  reafonalle  expecla- 
t:on  that  your  riper  age  may  produce  fuch  truits.  It 
would  indeed  be  highly  difgraceful,  and  as  contrary  to 
your  duty  as  to  my- hopes,  if  at  a  time  when  others  dif- 
play  a  greater  ihare  of  reafon,  and  adopt  a  better  mode 
of  life,  you  (honld  forget  the  precepts  cf  your  youth,  and 
forfakethe  path  in  which  you  have  hitherto  trodjen." — 
"  I  well  know  (continues  Loren/o),  that  as  you  are 
now  to  refide  at  Rome,  that  fink  of  all  iniquity,  the  dif- 
ficulty of  eondufting  youifelf  by  thele  admonitions  will 
be  increafed.  The  influence  of  example  is  itfclf  preva- 
lent ;  but  you  will  probably  meet  with  thofe,  who  will 
particularly  endeavour  to  corrupt  and  incite  you  to  vice  ; 

•  becaufe,  as  you  yourlclf  may  perceive,  your  ea  ly  at- 
tainment of  fo  great  a  dignity  is  not  obferved  without 
fnvy,  and  thole  who  could  not  prevent  your  receiviiig 
that  honour,  will  fecretly  endeavour  to  dimiaiih  it,  by 
inducing  you  to  forfeit  the  good  eflimation  of  the  pub- 
lic."— "  You  are  not  unacquainted  with  the  great  im- 
portance of  the  charafter  which  you  have  to  fullain  ; 
■i'or  you  well  know,  that  all  the  Chrillian  world  wgnld 
profper  if  the  cardinals  were  what  they  ought  to  be  ; 
becaufe  in  fuch  a  cafe  there  would  always  be  a  good 
pope,  upon  which  the  tranquillity  of  Chriftendom  fo 
materially  depends." 

As  this  was  a  confidential  letter  from  Lorenzo  to  his 
fon,  the  firft  of  thefe  CKtradls  furniflies  very  fiifficient  e- 
vidence,  that  Giovanni  had  been  at  lead  a  well  behaved 
boy,  diligent  in  his  ftudies,  and  regular  in  his  conducT;  ; 
and  without  fuppofing  him  remarkably  religious,  the 
"admonitions  of  Inch  a  father,  aided  by  his  own  ambi- 
tion and  love  of  letters,  would  furcly  guard  him  againll 
fuch  grofs  licencioufnefs  as  that  of  which  he  is  accufed 
in  the  Encyclopedia.  How  much  he  revered  his  father, 
is  apparent  from  tbe  letter  which  he  wrote  to  iiis  bro- 
ther immediately  after  Lorenzo's  death.  "  What  a  fa- 
ther (fays  he)  have  we  loft  !  How  indulgent  to  his  chil. 
dren  !  Wonder  not,  then,  that  I  grieve,  that  I  lament, 
that  I  find  no  reft.  Yet,  my  brother,  I  -have  fomc  ccn- 
Tolation  in  reflefting  that  I  have  thee,  whom  I  (liall  al- 
ways regard  in  the  place  of  a  father,"  Surely  this  is 
-Rot  the  language  of  a  grofs  fenfualift,  or  of  one  who 
could  foon  forget  tbe  falutary  admonitions  of  fuch  a  pa- 
tent as  Lorenzo  de  Medici,     But  it  is  needlefs  to  infer 
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the  decency  ofliia  cliaratSier  by  fuch  reafonings  as  tlief;.       t»i. 
The  (lory  publiflied  in  the  Encyci>p.tdia,  of  the  manner  '''~ 

in  which  the  Cardinal  dv  Medici  obtained  the  tiara,  c.iii- 
not  ])ofrihly  be  true.  Tlie  reader,  who  (liall  turn  to  the 
article  Pope  in  that  Work,  will  (ind  that  tlie  conclave, 
when  fitted  up  for  an  eledtion,  is  fo  large  a  place,  that: 
we  may  fafely  affirm,  that  had  the  cardinal's  ulcer  riif- 
charged  matter  fo  fetid  as  to  poifon  all  the  cells,  the  af- 
Icrtion  of  the  phyficlans  would  have  been  verified,  and 
that  in  the  then  llate  of  the  healing  art,  the  new  pope- 
could  not  have  furvived  a  month.  Let  it  be  remember- 
cd,  too,  that  Leo,  at  bis  acccffion,  was  not  30,  but  37 
years  of  age,  and  that  he  had  long  ruled  in  Florence 
with  fovereign  fway  by  the  fame  means  wliicli  had  up- 
held the  authority  of  his  father.  The  follies  of  youth, 
therefore,  had  he  ever  been  remarkable  for  fuch  follies, 
inuil  have  been  over  with  him  ;  and  in  fuch  a  ftate  as 
Florence  he  could  not  have  maintained  the  authority  of 
Lore-nzo,  without  exhibiting  not  only  Lorenzo's  libera- 
lity, but  likewife  his  decency  of  mannerp. 

The  next  charge  brought  againlt  Leo  in  the  Ency- 
clopttilia,  is,  that  he  pLibiilhed  general  indulgencies 
throughout  Europe  ;  and  this  is  fo  expreffed  as  to  leal 
the  ill  informed  reader  to  fuppofe,  either  that  no  fuch 
indulgencies 'had  ever  been  publiflied  by  any  of  his 
predecefi'ors,.  or  that  there  was  foniething  peculiarly 
fcandalous  in  Leo's  mode  of  publilhing  them.  Botli 
luppofitions,  however,  are  erroneous.  The  hiilorian  of 
the  council  of  Trent,  who  certainly  was  not  partiiil  to  the 
court  of  Rome,  or  to  the  diiperiling  power  of  the  pope, 
has  (hewn,  that  the  pniclice  of  railing  money,  by  the 
publication  ot  indulgencies,  had  prevailed  ever  fince  the 
year  i  1  00  ;  that  many  former  popes  had  raifed  money 
in  this  manner  for  purppfes  much  lefs  laudable  than 
thofe  which  Leo  had  in  his  eye  ;  and  tliat  the  real  caufe 
of  Luther's  attack  upon  Leo's  indulgencies  was,  that 
they  were  preached  thro'igh  Saxony  by  the  Dominican 
friars  ;  whereas  the  preaching  of  former  indulgencies 
had  been  committed  to  the  hermits  of  St  Augullijie,  the 
order  to  which  Luther  hirafelf  belonged  ! 

Leo  is  likewife  accufed  io  the  F.nc^clr.pirdia  of  beinT 
a  profeiTed  infidel,  and  of  having  called  Chriftianity  "  a 
fable  very  profitable  for  him  and  his  predeeelFors."  But 
of  the  trutli  of  this  accufation  there  lecnis  nut  to  be  the 
(hadow  of  evidence.  Leo  had  too  much  fenfe  to  utter 
exprelTions  of  tliis  kind,  even  had  he  been  an  unbeliever 
in  his  heart  ;  for  he  could  not  podibly  expedt  that  his. 
indulgencies  and  pardons  would  be  purcbafed,  had  he 
declared  in  fuch  llrong  terms  that  they  were  of  no  va- 
lue. Father  Paul  indeed  fays,  that  he  was  not  a  deep 
divine,  or  fo  pious  as  fome  of  his  predecefFors  ;  but  he 
affirms,  that  he  adorned  the  papacy  with  many  admirable 
qualities  ;  that  he  was  learned,  aff"able,  liberal,  good ; 
that  he  delighted  in  healing  differences,  and  that  his 
equal  had  not,  for  many  years,  filled  the  chair  of  St  Peter. 
Stirely  this  is  not  the  charatier  of  a  profane  iriidel  ! 

Leo  has  been  charged  with  railing  his  own  family  to 
grandeur  at  the  cxpencc  of  juftice  ;  and  of  dealing 
treacheroufly,  in  order  to  effeCl  this  purpofe,  both  with 
tlie  Emperor  and  with  the  French  king.  But  tlie  charge 
is  either  falfe  or  greatly  exaggerated.  He  loll  no  op- 
portunity indeed  of  aggrandizing  his  relations,  well 
knowing,  that  in  order  to  fecure  to  them  any  lafting  be- 
nefit, it  was  neccffary  that  they  fliould  be  powerful 
enough  to  defend  themfelves^  after  his  death,  from  the 
K  %  rapacious 
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rapacious  aims  of  fucceeiling  pontiffs  ;  but,  in  profeeu- 

ting  this  plan,  he  was  fo  far  from  afting  tyrannically  or 

'  injurioufly  toothers,  that  during  his  pontificate,  the  pa- 
pal dominions  enjoyed  a  degree  of  tranquillity  fuperior 
to  any  other  Italian  llate.  During  the  contells  that 
took  place  between  the  empenn-  and  the  French  king, 
fo  far  from  afting  treachcroully.  he  dillinguillied  hinifelf 
by  his  moderation,  his  vigilance,  and  his  political  ad- 
drefs  ;  on  which  account  he  is  juftly  celebrated  by  an 
•  Dr  ffo-  eminent  hillorian  of  our  own*,  as  "  the  only  prince  of 
iirt/ai.  (i^j  ggg  ^vho  obferved  the  motions  of  the  two  contend- 
ino-  monarchs  with  a  prudent  attention,  or  who  difcover- 
ed  a  proper  folicitude  for  the  public  fatety." 

We  trull  that  no  zealous  Proteftant  will  think  we 
have  employed  our  time  ill,  in  vindicating  the  charafter 
of  this  fplendid  pontiff;  for  good  learning,  and,  of 
courfe,  true  religion,  are  more  indebted  to  Leo  X.  than 
to  any  other  individual  of  the  age  in  which  he  lived,  his 
father  Lorenzo  alone  excepted. 

Lfo  Minor,  the  Liltle  Lion,  a  conftcllation  of  the 
northern  hemifphere,  and  one  of  the  new  ones  that  were 
formed  out  of  what  were  left  by  the  ancients,  under  the 
name  of  Stella  Itiformes,  or  unformed  ftars.  See  As- 
tronomy, n'^  406.  Encycl. 

LESLIE  (Charles),  was  a  man  fo  eminent  for  his 
learning,  his  talents,  and  his  piety,  that  a  fuller  account 
of  him  than  that  which  is  given  iu  the  Eiicyclopitdta 
muft  be  acceptable  to  our  Chriftian  readers.  He  was 
the  fecond  fon  of  Dr  John  Lellie  bilhop  of  Clogher  in 
Ireland,  who  was  defcended  from  an  ancient  family  in 
the  north  of  Scotland,  and  being  an  admirable  fcholar, 
rofe  to  the  dignity  of  bilbop  of  Orkney  in  his  own 
country,  whence  he  was  tranflated,  in  1633,  to  Raphoe 
in  Ireland,  and  afterwards,  in  i65i,  to  the  fee  of 
Clogher. 

Our  author  vi'as  born  in  Ireland,  but  in  what  year 
we  have  not  learned.  A  ludicrous  ftory  goes  indeed  of 
his  having  been  begotten  in  prifon,  and  of  his  father 
having  faid  that  be  hoped  he  would  in  confequence  be- 
come the  greateft  fcourge  of  the  covenanters  that  Great 
Britain  or  Ireland  had  ever  feen.  This  ftory,  with  all 
its  circnmftances  as  told  to  us,  can  hardly  be  true  ;  but 
we  think  it  could  not  have  been  fabricated,  had  not 
Charles  Leflie  been  born  within  a  year  of  Cromwell's 
conqueft  of  Ireland,  when  the  good  bilhop,  having  fuf- 
tained  a  iiege  in  his  caftle  of  Raphoe  againft  that  arch 
rebel,  was  fome  time  kept  in  clofe  confinement. 

We  are  equally  ignorant  of  the  fchool  where  he  was 
educated  as  of  the  year  of  his  birth  ;  but  we  know  that 
he  had  his  academical  education  in  Trinity  College, 
Dublin,  where  he  took  the  degree  of  ma.ler  of  arts.  In 
the  year  1671,  he  loft  his  father,  when  he  came  over  to 
England,  and,  entering  himftlf  in  the  Temple,  ftudied 
law  for  fome  years,  but  afterwards  rtllnquiflicd  it  for 
the  ftudy  of  divinity.  In  1680,  he  was  admitted  into 
holy  orders;  and,  in  1687,  was  made  chancellor  of 
Connor. 

About  this  period  he  rendered  himfelf  particularly 
obnoxious  to  the  popilh  party  in  Ireland,  by  his  zealous 
oppofition  to  them,  which  was  thus  called  forth.  Ro- 
ger Boyle,  bilhop  of  Clogher,  dying  in  1687,  Patrick 
JiWfl/i/Vfl/Tyrrel  was  made  titular  Popifh  bidiop,  and  had  the  re- 
Vmimary,  venues  of  the  fee  afligned  him  by  king  James.  He  fet 
up  a  convent  of  friars  in  Monaghan  :  and,  fixing  his  ha- 
bitation there,  held  a  public  vilitation  of  his  clergy  with 


great  folemnity  ;  when,  fome  fubtile  logicians  attending 
him,  he  was  fo  inlolent  as  to  challenge  the  Proteftant  "^ 
clergy  to  a  public  difputation.  Leflie  undertook  the 
taflc,  and  performed  it  to  the  fatisfadion  of  the  Frotef- 
tants  ;  though  it  happened,  as  it  generally  does  at  fucli 
contells,  that  both  lides  claimed  the  vittory.  He  af- 
terwards held  another  public  difputation  with  two  cele- 
brated Popifh  divines,  in  tlie  church  of  Tynan,  in  the 
diocefe  of  Armagh,  before  a  very  numerous  affembly  of 
perfons  of  both  religions  ;  the  ilfue  of  which  was,  that 
Mr  John  Stewart,  a  Popifh  gentleman,  folemnly  re- 
nounced the  errors  of  the  church  of  Rome. 

As  the  Papifls  had  got  poffeffion  of  an  Epifcopal  fee, 
they  engrofftd  other  offices  too  ;  and  a  Popifli  high- 
fheriff  was  appointed  for  the  county  of  Monaghan. 
This  proceeding  alarmed  the  gentlemen  in  that  county  ; 
who,  depending  much  on  Leflie's  k?iowledge  as  a  juftiee 
of  peace,  repaired  to  him,  then  confined  by  the  gout 
to  his  houfe.  He  told  them,  that  it  would  be  as  illegal 
in  them  to  permit  the  fheriff  to  aift  as  it  would  be  in 
him  to  attempt  it.  But  they  infilling  that  he  fhould 
appear  himfelf  on  the  bench  at  the  next  quarter  feffious, 
and  all  promiling  to  Hand  by  him,  he  was  carried  thither 
with  much  difficulty  and  in  great  pain.  When  the 
fherifF  appeared,  and  was  taking  his  place,  he  was  an<ed 
whether  he  was  legally  qualified  ;  to  which  he  anfwered 
pertly,  "  That  he  was  of  the  king's  own  religion,  and 
it  was  his  Majelly's  will  that  he  fhould  be  fheriff." 
Lefii:  replied,  "That  they  were  net  inquiring  into  his 
Majefty's  religion,  but  whether  he  (thepretended  flieriff) 
had  qualified  himfelf  according  to  law,  for  aiding  as  a 
proper  officer  ;  that  the  law  was  the  king's  will,  and 
nothing  elfe  to  be  deemed  fuch  ;  that  his  fubjefts  had 
no  other  way  of  knowing  his  will,  but  as  it  is  revealed 
to  them  in  his  laws  ;  and  it  muft  always  be  thought  to 
continue  fo,  till  t.he  contrary  is  notified  to  them  in  the 
fame  authentic  manner."  Upon  this,  the  bench  una- 
nimoufly  agreed  to  commit  the  pretended  fheriff,  for  his 
intrufion  and  arrogant  contempt  of  the  court.  Leflie 
alfo  committed  fome  officers  of  that  tumultuous  army 
which  the  Lord  Tyrconnel  raifed  for  robbing  the 
country. 

In  this  fpirited  conduct  Leflie  afted  like  a  found  di- 
vine and  an  upright  magiftrate  ;  but  though  he  thought 
himfelf  authorifed  to  refift  the  illegal  mandates  of  his^ 
fovereign,  like  many  other  great  and  good  men,  he  dif- 
tinguifhed  between  aflive  and  paflive  obedience,  and 
felt  not  himfelf  at  liberty  to  transfer  his  allegiance  from 
that  fovereign  to  another.  Refufing  therefore  to  take 
the  oaths  to  king  William  and  queen  Mary,  he  was  de- 
prived of  all  his  preferments;  and  in  1689  he  removed 
with  his  family  to  England,  where  he  publifhed  the  fol- 
lowing works,  belldes  thofe  already  noticed  in  the  En- 
cyclopedia ;  I,  Anfwer  to  Archbifhop  King's  State  of 
the  Proteftants  in  Ireland.  2.  Callandra,  concerning 
the  new  Affociations,  &c.  1703,  4to.  3.  Rehearfals  ; 
at  firll  a  weekly  paper,  pubhlhed  afterwards  twice  a- 
week  in  a  half-fheet,  by  way  of  dialogue  on  the  affairs 
of  the  times  ;  begun  in  1704,  and  continued  for  fix  or 
fcven  years.  4.  The  Wolf  ftripped  of  his  Shepherd's 
Clothing,  in  Anfwer  to  Moderation  a  Virtue,  1704, 
4to.  The  pamphlet  it  anfwers  was  written  by  James 
Owen.  5.  The  Bifhop  of  Sarum's  [Burnet's^  proper- 
Defence,  from  a  fpeech  faid  to  be  fpokcn  by  him 
againft  occafional  conformity,  1 704,  4to.     6.  The  nevir 
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<rnic.     AtTociatlon  of  tliofe  called  Moderate  Clmrclimen,  &c. 

-V— ^  occalioned  by  a  pamphlet,  entitled,  Tlie  Danger  of 
Pritilcraft,  1705,  410.  7.  The  new  Affociation,  part 
2d,  1705,  4to.  8.  The  Principles  of  Diflenters  con- 
ccrninjj  Tck-ration  and  occafional  ConforniitVi  17°5> 
4to.  9.  A  warning  for  the  Church  of  England,  1706, 
4to.  Some  have  doubted  whethtr  thefe  two  pieces 
were  his.  ic.  The  good  old  Caiife,  or  L}'ing  in 
Truth  ;  being  a  fecond  Defence  of  the  Bifliop  of  Sarum 
from  a  fecond  Speech,  &c.  1 7  10.  For  this  a  warrant 
was  iffued  out  againll  Leflie.  11.  A  Letter  to  the 
Ilidiop  of  Sarum,  in  Anfwer  to  his  Sermon  after  the 
Queen's  Death,  in  Defence  of  the  Revolution,  1715. 
12.  Salt  fur  the  Leech.  13.  The  Anatomy  of  a  Ja- 
cobite. 14.  Gallienus  redivivus.  15.  Delenda  Car- 
thago. 16.  A  Letter  to  Mr  William  Molyneux,  on 
his  Cafe  of  Ireland's  being  bound  by  the  Englilh  Afts 
of  Parliament.  17.  A  Letter  to  Julian  Jolmfon.  18. 
Several  TraiSls  againft  Dr  Higden  and  Mr  Hoadly. 
19.  A  Difcourfe,  fhewing  who  they  are  tluat  are  now 
qualified  to  adminifter  Baptifin.  20.  The  Hiftory  of 
Sin  and  Hercfy,  Sec.  1698,  8vo.  21.  The  Truth  of 
ChriiUanity  demonftrated,  in  a  Dialogue  between  a 
Chriilian  and  a  Deill,  17  1  i,  8vo. — Againll  the  Papills  : 
'  22.  Of  private  Judgnient  and  Authority  in  Matters  of 
1  '  Faith.  23.  The  Cafe  itated  between  the  Church  of 
Rome  and  the  Church  of  England,  Sec.  1 71 3.  34. 
The  true  notion  of  the  Catholic  Church,  in  Anfwer  to 
the  Bilhop  of  Mcaux's  Letter  to  Mr  Nellon,  iScc. 

Befidts  thefe,  he  publifhed  the  four  following  Trafls: 
2J.  A  Sermon  preached  in  Chefter,  againft  Marriages 
in  different  Communions,  1702,  8vo.  This  fermon  oc- 
cafioned  Mr  Dodwell's  difcourfe  upon  the  fame  fubjetf . 
26.  A  DifTertation  concerning  the  Ufe  and  Authority 
of  Ecclefiaftical  Hiftory.  27.  The  Cafe  of  the  Regal 
and  the  Pontificate.  28.  A  Supplement,  in  Anfwer  to 
a  Book,  entitled,  The  regal  Supremacy  in  Ecclefiafti- 
cal  Affairs  afTerted,  &c.  Thefe  two  laft  pieces  were 
occafioned  by  the  difpute  about  the  rights  of  convoca- 
tion, between  Wake,  &c.  on  one  fide,  and  Atterbury 
and  his  friends,  among  whom  was  Leflie,  on  the  other. 
It  is  laid  by  the  authors  of  the  Biographical  Dic- 
tionary, that,  in  confequence  of  a  publication  of  his, 
entitled,  "  The  hereditary  right  of  the  crown  of  Eng- 
land afTerted,"  he  was  under  the  neccffity  of  leaving 
the  kingdom  ;  and  that  he  repaired  to  the  Pretender  at 
Bar  h  due,  where  he  was  allowed  to  ofBciate,  in  a  pri- 
vate chapel,  after  the  rites  of  the  church  of  England  ; 
and  where  he  endeavoured,  though  in  vain,  to  convert 
the  Pretender  to  the  Proteftant  religion. 

That  he  repaired  to  Bar  le  due,  and  endeavoured  to 
convert  to  the  church  of  England  him  whom  he  confi- 
dered  as  the  rightful  fovereign  ,of  Engl.ind,  is  indeed 
true  ;  but  we  have  reafon  to  believe  that  this  was  not 
in  confequence  of  his  being  obliged  to  leave  the  king- 
dom. There  is,  in  the  firlt  place,  fome  grounds  to  be- 
lieve, that  "  The  hereditary  right  of  the  crown  of  Eng- 
land atferted"  was  not  written  by  him;  and  there  is  ftill 
in  exiftence  undoubted  evidence,  that,  in  confequence 
of  his  great  fame  as  a  polemic,  he  was  fent  to  Bar  Is 
due  for  the  exprefs  purpofe  of  endeavouring  to  convert 
the  fon  of  James  II.  by  fome  gentlemen  of  fortune  in 
England,  wlio  wifhed  to  fee  that  prince  on  the  throne 
of  his  anceftors.  The  writer  of  this  article  had  the  ho- 
aour,  16  or  17  years  ago,  to  be  known  to  the  grands 
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daughter  of  one  of  thofe  gentlemen — a  lady  of  the  Leflie*. 
ilrittell  veracity  ;  and  from  her  he  received  many  anec-  ^"^ 
dotes  of  I>c{]ie  and  his  alTociates,  which,  as  he  did  not 
then  forcfie  that  he  ihould  have  the  piefent  occafion 
for  them,  he  has  fulfered  to  flip  from  his  memory. 
1'hat  lady  is  flill  alive,  and  we  have  reafon  to  believe 
is  in  poficnion  of  many  letters  by  Leflie,  written  in  con- 
fidence to  her  grandfather,  both  from  B.ir  le  due  and 
from  St  Germains  ;  and  by  the  account  which  Ihe  gave 
of  thefe  letters,  Leflie  appears  to  iiave  confidered  his 
prince  as  a  weak  and  incorrigible  bigot,  though,  in 
every  thing  but  religion,  an  amiable  and  accompliflied 
man.  This  may  have  been  his  genuine  character  ;  for 
we  all  know  that  it  was  the  tharafterof  his  father  :  but 
it  is  not  of  him  that  we  are  writing. 

Mr  I.,eflie  having  remained  abroad  from  the  year 
17091111  1721,  returned  that  year  to  England,  refol- 
ving,  whatever  the  confequences  might  be,  to  die  in  his 
own  country.  Some  of  his  friends  acquainting  Lord 
Sunderland  with  his  purpofes,  implored  his  protection 
for  the  good  old  man,  which  his  Lordfliip  readily  and 
generoufly  promifed.  Mr  Lcllie  had  no  fooner  arrived 
in  I..ondon,  than  a  member  of  the  houfe  of  commons 
ofHcioufly  waited  on  Lord  Sunderland  with  the  news, 
but  met  with  fuch  a  reception  from  his  Lurdlhip  as  the 
malice  of  his  errand  deferved.  Our  author  then  went 
over  to  Ireland,  where  he  died  April  i  ^.  1722,  at  his 
own  houle  at  Glaflough  in  the  county  of  Monaghan. 

His  character  may  be  funimed  up  in  a  few  words. 
Confummate  learning,  attended  by  the  lowell  humility, 
the  ftrifteft  piety  without  the  leall  tinfture  of  moj-ofe- 
nefs,  a  converfation  to  the  laft  degree  lively  and  fpirited,- 
yet  to  the  laft  degree  innocent,  made  him  the  delight 
of  mankind,  and  leaves  what  Dr  Hickes  fays  of  him 
unqucftionable,  that  he  made  more  converts  to  a  found 
faith  and  holy  life  than  any  other  man  of  our  times. 

A  charge,  however,  has  been  lately  brought  againft 
him  of  fuch  a  nature,  as,  if  well  founded,  mull  detraft 
not  only  from  his  literary  fame,  but  alfo  from  his  inte- 
grity. "  The  ihort  and  eafy  method  with  the  Deills" 
is  unqueftionably  his  moft  valuable,  and  apparently  his 
moft  original  work;  yet  this  traft  is  publilhed  in  French 
among  the  works  of  the  Abbe  St  Real,  who  died  in 
1692  ;  and  therefore  it  has  been  faid,  that  unlefs  it  was 
publiihed  in  Englifli  prior  to  that  period,  Charles  Leflie 
mull  be  confidered  as  a  fliamclefs  plagiary. 

The  Engliflr  work  was  certainly  not  publiftied  prior 
to  the  death  of  Abbe  St  Real  ;  for  the  firll  edition 
bears  date  July  17th  1697  ;  and  yet  many  reafons  con- 
fpire  to  convince  us,  that  our  countryman  was  no  pla- 
giary. There  is  indeed  a  ftriking  fimilarity  between  the 
Englifh  and  the  French  works  ;  but  ihis  is  no  complete 
proof  that  the  one  was  copied  from  the  other.  The  ar- 
ticle Philoloov  in  the  Eneyel'jpadia  BriUinnica,  of 
which  Dr  Doig  is  the  author,  was  publilhed  the  very 
fame  week  with  Dr  Vincent's  differtation  on  the  Greek 
verb.  It  was  therefore  impoffible  that  cither  of  thefe 
learned  men,  who  were  till  then  ftrangers  to  each  others 
names,  could  have  ftolen  aught  from  the  other  ;  and  ytt 
Dr  Vincent's  derivation  of  the  Greek  verb  bears  as  llri- 
king  a  refemblance  to  Dr  Doig's  as  the  Abbe  St  Real's 
work  does  to  Charles  Leflie's.  In  the  article  Miracle 
{Eneycl.),  the  credibility  of  the  gofpel  miracles  is  cfta« 
blifhed  by  an  argument,  which  the  author  certainly  bor- 
rowed   from  no    mao,    and  which    the    lale  Principal 
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Ktil;?.  .Campbell  fonfidered  as  oi  Iginal  ;  yet  within  half-a-)cav 
'~'^v~~~  of  the  puLliciition  of  that  article,  thi.'  credibility  of  the 
gofpel-iniracles  was  treated  in  the  very  fame  manner  by 
F.  Sayers,  M.  D.  though  there  is  in  his  difllrtation 
complete  internal  evidence  that  he  had  not  leen  the  ar- 
t'cle  in  the  Enci/clopiaihi.  Not  many  months  ago,  the 
author  of  this  i'cetch  reviewed,  in  one  of  the  journals, 
the  work  of  a  friend,  which  was  at  the  fame  time  re- 
viewed in  another  journal,  that  at  this  moment  he  has 
never  f:;en.  Yet  he  has  been  told  by  a  friend,  who  is 
much  verfant  in  that  kind  of  reading,  and  knows  no- 
thing of  his  concern  with  either  review,  that  the  book 
111  queilion  muft,  in  both  journals,  have  been  reviewed 
l3y  the  fame  hand  ;  becaufe  in  both  the  fame  charafler 
is  given  of  it  in  almoft  the  very  fame  words  ! 

After  thefe   inftances  of  apparent  plagiarifm,  which 
we  know  to  be  onl^  apparent,   has  any  man   a  right  to 
fay   that  Charles  Lcdic  and  the  Abbe    St  Real  miglit 
not  have  treated  their  fubjecl  in  the  way  that  they  have 
.  d':)ne,  without  either  borrowing  from  the  other  ?     The 

coincidence  of  arrangement  and  reafoning  in  the  two 
works  is  indeed  very  furprifing  ;  but  it  is  by  no  means 
io  furprifing  as  the  coincidence  of  etymological  deduc- 
tions which  appears  in  the  works  of  the  Doftors  Doig 
and  Vincent.  The  divines  reafon  from  the  acknowledged 
laws  of  human  thought  ;  the  reafonings  of  the  gramma- 
rians, with  all  due  deference  to  their  fuperior  learning, 
we  cannot  help  confidering  as  fometimes  fanciful. 

But  this  is  not  all  that  we  have  to  urge  on  the  fub- 
jc(£l.  If  there  be  plagiarifm  in  the  cafe,  and  the  iden- 
tity of  titles  looks  very  like  it,  it  is  infinitely  more  pro- 
bable that  the  editor  of  St  Real's  works  ftole  from  Lef- 
lie,  than  that  Leflie  ftole  from  St  Real,  unlefs  it  can  be 
proved  that' the  works  of  the  Abbe,  and  this  work  in 
particular,  were  publifiied  before  the  year  1697.  At 
that  period,  the  Englifh  language  was  very  little  read 
or  underftood  on  the  continent  ;  whilft  in  Britain  the 
French  language  was,  hj  fcholan,  as  generally  under- 
ifood  as  at  prefent.  Hence  it  is,  that  fo  many  French- 
men, and  indeed  foreigners  of  different  nations,  thought 
themfelves  fafe  in  pilfering  fcience  from  the  Britifli  phi- 
k'fophcrs*  ;  whilft.  there  is  not,  that  we  know,  one  well 
authenticated  inftance  of  a  Britifh  philofopher  appro- 
priating to  himfelf  the  difcovcries  of  a  foreigner.  If, 
then,  fuch  men  as  Leibsitz,  John  Bernoulli,  and 
Des  Cartes,  trufting  to  the  improbability  of  detec- 
and  Hffr-  tion,  condefcended  to  pilfer  the  difcoveries  of  Hooke, 
''"'•'""^''  Ne.wton,   and   Harriot,    is   it  improbable  tliat  the 
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editor  of  the  works  of  St  Real  would  claim  to  his  friend 
a  celebrated  traft,  of  which  he  knew  the  real  author  to 
be  obnoxious  to  the  government  of  his  own  country, 
and  therefore  not  likely  to  have  powerful  friends  to 
maintain   his  right"? 

But  farther,  Burnet,  bidiop  of  Sarum,  was  an  excel- 
lent fcholar,  and  well  read,  as  every  one  knows,  in  the 
works  of  foreign  divines.  Is  it  conceivable,  that  this 
prelate,  when  fmarting  under  the  lafh  of  Leflie,  would 
have  let  flip  fo  good  an  opportunity  of  covering  with 
difgrace  his  niolt  formidable  antagonift,  had  he  known 
that  antagonift  to  be  guilty  of  plagiarifm  from  the 
writings  of  the  Abbe  St  Real  ?  Let  it  be  granted, 
however,  that  Burnet  was  a  ftranger  to  thefe  writings 
and  to  this  plagiarifm  ;  it  can  hardly  be  fuppofed  that 
L«   Clare  was  a  ftranger  to   them  likewifc.     Yet  this 
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author,  whcr,  for  reafoos  beft  known  to  hiniTelif,  he 
chofe  (1706)  to  depreciate  the  argument  of //jf  y/jort 
mclhoi!,  and  to  (rnduce  its  author  as  ignorant  of  ancient 
hiftory,  and  as  having  brouglit  forward  his  four  m?.rks 
for  no  other  purpolc  than  to  put  the  decoiiful  traditiors 
of  Popeiy  on  the  fame  looting  with  the  molt  authentic 
dotlrines  of  the  golpel,  does  not  fo  much  as  irfmuate 
that  he  borrowed  thefe  marks  from  a  Popiili  abbe, 
though  fuch  a  charge,  could  he  h.ivc  eftabliflied  it,  w  uld 
have  fcrved  his  purpofe  more  than  all  his  rude  raili'igs 
and  invective.  But  there  was  no  room  for  fuch  a  charge. 
In  the  fccond  volume  of  the  wofks  of  St  Real,  publifh- 
ed  in  1757,  there  is  indeed  a  traft  entitled  Mithode 
Conrte  rl  A'tfJe  pnur  combattre  let  Dei/les  ;  and  tlieie  can 
be  little  doubt  but  that  the  publilher  wifhed  it  to  be 
conlidered  as  the  work  of  his  countryman.  Unfortu- 
nately, however,  for  his  defign,  a  catalogue  of  the  Ab- 
be's works  is  given  In.  the  firft  volume  ;  and  in  that  ca- 
talogue the  MelLoJe  Courte  et    It  fee  is  not  mentioned. 

We  have  dwelt  thus  long  011  The  Short  and  Eajy  Ah- 
thod  "jjilb  the  Detjls,  becaufe  it  is  one  of  the  .^bleft 
works  that  ever  was  written  in  proof  of  the  Divine 
origin  of  the  Jewifh  and  Chriftian  Scriptures  ;  a  work 
of  which  the  merit  is  acknowledged  by  Lord  Boling- 
broke,  and  which,  as  has  been  obferved  ellewhere,  (fee 
Theolooy,  n*  16.  Encycl.)  Dr  Conyers  Middleton 
confefles  to  be  unanfwerable.  If  by  men  of  icience  we 
be  thought  to  have  fpent  our  time  well  in  vindicating 
the  rights  of  our  illuftrious  philofophers  Hooke  and 
Newton,  to  difcoveries  which  have  been  unjuftly  claim- 
ed by  the  philofophers  of  Germany  and  France;  we  will 
not  furely  l)y  the  friends  of  Chriftianity  be  thought  to 
have  employed  our  time  ill  in  vindicating  Leflie's  claim 
to  this  decilive  argument  in  fupport  of  our  holy  religion. 

LEVER,  the  hrft  of  the  mechanical  powers,  for  the 
properties  of  which  fee  Mechanics  ;  and  for  a  demon- 
ftration  of  its  fundamental  property,  fee  Steel  yard, 
both  in  the  Encyclopizdia. 

LICENSER  OF  BOOKS  (fee  Liberty  of  the  Prefs, 
JLncycL),  has  been  an  officer  in  almoft  every  civilized  na- 
tion, till  the  end  of  the  laft  century  that  the  office  was 
abolithed  in  Great  Britain.  Profeflbr  Beckmann,  with 
his  ufual  induftry*,  has  proved,  that  fuch  an  office  was  *  Hilary  ^ 
eftabliflied  not  only  in  the  Roman  Empire,  but  even /ii""''«", 
in  the  republic,  and  in  the  free  ftates  of  ancient  Greece. '°''  3°" 
At  Athens,  the  works  of  Protagoras  were  prohibit- 
ed ;  and  all  the  copies  of  them  which  could  be  coUeft- 
ed  were  burnt  by  the  public  crier.  At  Rome,  the 
writings  of  Nnina,  which  had  been  found  in  his  grave, 
were,  by  order  of  the  fenate,  condemned  to  the  fire, 
becaufe  they  were  contrary  to  the  religion  which  he 
had  introduced.  As  the  populace  of  Rome  were,  in 
times  of  public  calamity,  more  addicted  to  luperftition 
than  feenied  proper  to  the  government,  an  order  was 
iffued,  that  all  fuperftitious  and  aftrological  books 
(hould  be  delivered  into  the  hands  of  the  praetor.  This 
order  was  often  repeated ;  and  the  empe^■or  Auguftus 
caufed  more  than  twenty  thoufand  of  thefe  books  to  be 
burnt  at  one  time.  Under  the  fame  emperor  the  fati- 
rical  works  of  Lablenus  were  condemned  to  the  fire, 
which  was  the  firft  inftance  of  this  nature  ;  knd  it  is  re- 
lated as  fomething  fingular,  that,  a  few  yearl  after,  the 
writings  of  the  perfon  who  had  been  the  catife  of  the 
order  for  that  purpofe  ihared  the  like  fate,   and  were 

alfo 
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fvter,  alfo  publicly  burnt.  When  Ci-emi'.tiii3*  Cordiis,  in  Iiis  Oiictllarii  or  Ruccllarii,  Rnfcellai  or  Rucellal,  feveral  l.'nhrn. 
i.-hei>.  lildorr  callcj  C.  Cafiius  the  lall  of  the  Romans,  the  fe-  of  whom  have  dltUnguilhed  thcmfelves  as  ftatcfmen  and 
"'""'  nate,  in  order  to  flatter  Tiberius,  caiifed  the  book  to  l.e  men  of  ieiters.  This  family  are  defcended  from  a  Gcr- 
burnt  ;  but  a  number  of  copies  were  faved  by  being  con-  man  nobleman,  named  Ferro  or  Frcderigo,  who  lived  in' 
cealed.  Antiochus  Epiphanes  caiiftd  the  books  of  the  tiie  beginning  of  the  twelfth  century.  One  of  his  de- 
Jews  to  be  burnt  ;  and  in  the  firil  centuries  of  our  a:ra  Icendants,  in  the  year  1300,  carried  on  a  great  trade  in 
the  books  of  the  Chrifti;ins  were  treated  with  equal  fe-  the  Levant,  by  which  he  acquired  coiilidcralile  riches, 
verity,  of  which  Arnobius  bitterly  complains.  We  are  and  returning  at  length  to  Florence,  with  his  fortune, 
told  by  Euftbius,  that  Dioclefian  caufed  the  facred  firlt  made  known  in  Europe  the  art  of  dyeing  with 
Scriptures  to  be  burnt.  After  the  fpreading  of  the  argul.  It  is  faid,  that  a  little  before  his  return  from 
Chrillian  religion  the  clergy  exercifed,  againft  books  tlie  Levant,  happening  to  make  water  on  a  rock  cuver- 
that  were  either  unfavourable  or  difagreeable  to  them,  ed  with  this  mols,  he  obferved,  that  the  plant,  which 
the  fame  feverity  which  they  had  cenfured  in  the  hea-  was  there  called  nfpio,  or  refpc,  and  in  Spain  orciglia, 
thens  as  foolidi  and  prejudicial  to  their  own  caufe.  acquired  by  the  urine  a  purple,  or,  as  others  fay,  a  red 
Soon  after  the  invention  of  prititing,  laws  began  to  colour.  He  therefore  tried  teveral  cxperiirents  ;  and 
be  made  for  fubje&'ng  books  to  examination  ;  a  regula-  when  he  had  brought  to  pcrfeiSiion  the  art  of  dyeing 
tiou  propofed  even  by  Plato  ;  and  which  has  been  wifh-  wool  with  this  plant,  he  made  it  known  at  Florence, 
ed  for  by  many  fince.  Our  author  gives  a  great  deal  where  he  alone  pradlifed  it  fur  a  confidcrable  time,  to 
of  curious  information  on  this  important  fuhjeft,  which  the  great  benefit  of  the  ftate.  From  this  ufeful  inven- 
our  limits  do  not  permit  us  to  repeat  ;  but  it  is  appa-  tion,  the  family  received  the  name  of  Oricellarii,  from 
rent  frwm  his  work,  that  the  liberty  of  the  prefs  is  but  which,  at  laft,  was  formed  Rucellai."  The  Pi  ofeflbr, 
a  modern  privilege  ;  and  that  it  has  not  been  enjoyed  however,  does  not  believe  that  this  Florentine  difcover- 
completely  in  anv  country  but  this  happy  iiland.  ed  the  dye  by  means  of  the  above-mentioned  accidert, 
LICHEN  (fee  Encycl.),  is  a  genus  of  Plants,  of  but  that  he  learned  the  art  in  the  Levant,  and  on  h]s 
which  the  motl  vjluable  fptcies  fecms  to  be  the  Lichen  return  taught  it  to  his  countrymen. 
RoCELL*,  or  Jigol.  As  that  fpecies  has  not  been  no-  "  Our  dyers  do  not  purchafe  raw  argol,  but  a  paltc 
ticed  in  the  article  referred  to,  the  following  account  of  made  of  it,  which  the  French  call  orfeiUs  en  fate.  Tne 
it  from  ProfefTor  Beckmann  will  be  acceptable  to  many  preparation  of  it  was  for  a  long  time  kept  a  fecret  by 
of  our  readers  :  the  Florentines.  The  perfon  who,  as  far  as  1  know. 
It  is  found  in  abundance  in  fonie  of  the  ifiands  near  made  it  firil  known  was  Rofctti  ;  who  as  he  himfelf 
the  African  coatl,  particuLiily  in  the  Canaries,  and  in  tells  us,  carried  on  the  trade  of  dyer  at  Florence.  Seme 
feveral  of  the  ifiands  in  the  Archipelago.  It  grows  up  information  was  afterwards  publiflied  concerning  it  by 
right,  partly  in  flngle,  partly  in  double  ilems,  which  are  Imperati  *  and  Micheli  the  botanift  f .  In  later  times  *  '''.' 
about  two  inches  in  height.       When  it  is  old,  thet'e  this  art  has  been  much  praftifed  in  France,  England, 


ftems  are  crowned  with  a  button  fometimes  round,   and     Holland.    Many  druggitts,  inftead  of  keeping  this  pafle 
fomctinies  of  a  flat  form,  which  Tournefort,  very  pro-     in  a  moifle  ftate  with  urine,  as  they  ought,  fuffcr  it  to 
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le  Plaiitarum 
very  pro-     m  a  moute  itate  witn  urine,  as  they  ought,  fuffcr  it  tofw"'  ¥^<" 

perly,  compares  to  the  excrefcences  on  the  arms  of  the     dry,  in  order  to  fave  a  little  dirty  work.      It  then  has'"'"'' 

fepia.     Its  colour  is  fometimes  a  light,  and  fometimes    the  appearance  of  a  dark  violet  coloured  earth,  with  here 

a  dark  grey.     Of  this  mofs,  with  lime,  urine,  and  alka-     and  there  fome  white  fpots  in  it. 

line  falts,   is  formed  a  dark  red  pafle,  which  in   com-  "  The  Dutch  (continues  our  author),  who  have  found 

out  better  metlicds  than  other  nations  of  manufacturing 
many  commodities,  fo  as  to  render  them  cheaper,  and 
thereby  to  hurt  the  trade  of  their  neighbours,  are  the 
inventors  aUo  of  lacmus,  a  preparation  of  argol,  called- 
orfdile  en  pkrre,  which   has  greatly  lefFened  the  ufe  of 


merce  has  the  fame  name,  and  which  is  much  ufed  in 
dyeing.  That  well-known  fubflance  called  lacmus  is  alfo 
made  of  it. 

Theophraftus,    Diofcorides,    and    their    tranfcriber 
Pliny,  gave  the  name  of  Phycos  ihalajfwn,  or  pontion,  to 

this  plant,  which,  notwithftandiiig  its  name,  is  not  a  fea  tbat  en  pSte,  as  it  is  more  eafily  tranfparted  and  pre- 
■yreed  but  a  mofs  ;  as  it  grew  on  the  rocks  of  different  iei  ved,  and  titter  for  ufe  ;  and  as  it  is  befides,  if  not 
ifiands,  and  particularly  on  thofe  of  Crete  or  Candia.  cheaper,  at  leafl  not  dearer.  This  art  confifls,  un- 
it had,  in  their  time,  been  long  ufed  for  dyeing  wool  ;  doubtcdly,  in  mixing  with  that  commodity  fome  lefs 
and  the  colour  it  gave  when  frefh  was  fo  beautiful,  that  valuable  fubflance,  which  either  improves  or  does  not 
it  excelled  the  ancient  purple,  which  was  not  red,  as  much  impair  its  quality,  and  which,  at  the  fame  time, 
many  fuppofe,  but  violet.  Pliny  tells  us,  that  with  this  increafcs  its  weight  (a).  TJius  do  they  pound  cinnabar 
mofs  dyers  gave  the  ground  or  firil  tint  to  thofe  cloths  and  fmalt  finer  than  other  nations,  and  yet  fell  both 
which  they  intended  to  dye  with  the  coftly  purple,  thele  articles  cheaper.  Tiius  do  they  fift  cochineal,  and 
When  it  was  firfl  employed  as  a  dye  by  the  moderns,  fell  it  cheaper  than  what  is  unfiftcd. 
3S  not  fo  certain,  though  the  Profeffor  has  proved,  we  "  It  was  for  a  lung  time  believed,  that  the  Dutch 
think  completely,  that  it  miifl  have  been  at  leafl  as  early  prepared  their  lacmus  from  thofe  linen  rags  which  in 
as  the  beinning  of  the  14th  century.  the  fouth  of  France  are  dipped  in  the  juice  of  the  croUn 
"  Among  the  oldell  and  principal  Florentine  fami-  Unciurium  ;  but  at  prefcut,  it  is  almofl  certainly  known, 
bes   (fays  he),  is  that  known   under  the  name  of  the  that  orfeillc  en piu  is  the  principal  ingredient  in  orjViUe. 


(a)  As  dry  lacmus  is  much  cheaper  than  moifl,  it  may  be  readily  fuppofed  that  it  is  adulterated  with   fand 
and  other  fubftances.      Vakntm  Uijtoiia  Jimpl'idum.     Francf.  ad  Mocn.  1716.  fol.  p.  152. 
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I/pht.     fn  picrrc  that  is  in  lacm\is  ;  an<l  for  tin's  curious  iiifor-  of  liis  jiaprr,   he  afcertains  the  projiortinn  which  the   1 

"~">'"~~'  niatiun   we  arc  iiuUbtnl  to  Ft-rbcr.      But  whence  arifcs  angle  of  injh&ion  bears  to  that  of  <le/!eaion  at  equal  iii- 

the  fmcll  of  the  hcniiis,    whicli  appears  fo  like  that   of  ciikuces,  and  the  proportion  which  the  dilTcrcnt  ^i-x//!//-  _ 

the  Florentine  iri'.  ?"      Some  of  th;  latter  may,  perhaps,  lilits  of  the  diflercnt  rays  bear  to  one  another, 
be  mixed  with  it  ;   for  our   aulhiu- thinks,   that   he  has  UMBERS,  in   artillery,  a  fort  of  advanced  train, 

obferved  in   it  fruall  indofloluble  particles,    which   may  joined   to  the  carriage  of  a  cannon  on  a   march.      It  is 

have  been  bits  of  the  roots.      Thj  addition  of  this  fub-  compofed  ot  two  (hafts,  wide  enough  to  receive  a  horfe 

•     fiance  can  be  of  no  ufe  to  improve  the  dye  ;  but  it  may  between    them,   called  the  JiUcl  horfi  :   thefe  fliafls  are 

increafe  the  weight,  and  give  tlie  lack  more  body  ;   and  joined  by  two  baraof  wood,   and  a  bolt  of  iron  at   one 

end,    and  mounted   on  a  pair  of  rather  fmall  wheels. 


I' 
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perhap,;  it  may  be  employed  to  render  imperceptible 
fome  unplcafant  fmeli,  for  which  purpofe  the  roots  ot 
that  plant  are  ufed  on  many  other  occafions. 

LIGHT,  it  lias  been  obferved  in  the  article  Che- 
mistry, n°  319.  (Sii/fL),  confills  of  rays  differently 
flexible.  This  was  eftablilhed  by  fome  well  deviled  ex- 
periments made  by  Henry  Brougham,  Elq  ;  of  which 
it  may  be  proper  to  give  an  account  here. 

In  the   lirft  experiment,  he  darkened  his  chamber  in 


Upon  the  axle-tree  rifes  a  ilrong  iion  fpike,  which  is 
put  into  a  hole  in  the  hinder  part  of  the  train  of  the 
gun  carriage,  to  draw  it  by.  But  when  a  gun  is  in  ac- 
tion, the  limbers  are  taken  off,  and  run  out  behind  it. 

LiMitfii  Problem.,  denotes  a  problem  that  has  but 
one  folution,  ur  fome  determinate  number  of  iolutions  : 
as  to  delcribe  a  circle  through  three  given  points  that 
do  not  lie  in  a  right  line,  which  is  limited  to  one  folu- 


the  ufual  way,  and  let  a  beam  of  the  fun's  light  into  it  tion   only  ;  to   divide  a  parallelogram  into    tw  o   equal 

through  the  hole  of  a  metal  plate  fixed  in  the  (butter  of  parts  by  a  line  parallel  to  one  tide,  which  admits  of  two 

the  window,  ^^th  of  an  inch  in  diameter.      At  the  hole  folutions,  according  as  the  line  is  parallel  to  the  length 

within  the  room  he  placed  a  prifm  of  glafs,   of   which  or  breadth  of  the  parallelogram  ;   or  to  divide  a  triangle 

the   refracfing  angle  was  41;    degrees,  and  which   was  in  any  ratio  by  a  line  parallel  to  one  fide,  which  is  liiiiit- 

everywhere   covered   with  black  paper,   except   a  fmall  ed  to  three  folutions,  as  the  line  may  be  parallel  to  any 

part  on  each  fide  ;  and  through  this  part  the  light  was  of  the  three  fides. 

refrafted  fo  as  to  forpi  a  diftind  fpeftrumon  a  chart  at  LOCAL  Frobltm,  is  one  that  is  capable  of  an  in. 

fix  feet  diftance  from  the  window.      In  the  rays,  at  two  finite  number  of  different  folutions;  becaufe  the  point, 

feet   from  the  prifm,  he  placed  a  black  unpolilhed  pin,  which  is  to  folve  the  problem,  may  be  indifferently  taken 

of  which  the  diameter  was  ts  "f  an   inch,    parallel  to  within  a  certain  extent  ;  as  fuppofe  any  where  in  (uch 

the  chart,  and  in   a  vertical  pofitiou.      The   (liadow  of  a  line,  within  fuch  a  plane  figure,  &c.  which  is  called  a 

the  pin   was  found  in  the  fpettrum  ;  and  this  fhadow  geometrical  I.ociis. 
had  a  confideiable  penumbra,   which  was  broadeft  and         A  local  problem  is  _/?m/i/f,   when  the  point   fought  is 


moft  diftinft  in  the  violet  part,  narrowed  and  moil  con- 
fufed  in  the  red,  and  of  an  intermediate  thicknefs  and 
diftinftnefs  in  the  intermediate  colours.  The  penumbra 
was  bounded  by  curvilinear  fides,  convex  towards  the 
axis  to  which  they  approached  as  to  an  afymptote,  (o 
as  to  be  nearell  to  it  in  th;  place  of  the  lead  refrangi 


in  a  right  line  ;  plane,  when  the  point  fought  is  in  the 
circumference  of  a  circle  ;  folid,  when  it  is  in  the  cir- 
cumference of  a  conic  fcftion  ;  or  furfoliil,  when  the 
point  is  in  the  perimeter  of  a  line  of  a  higher  kind. 

I>OCT,  the  plural  of 

LOCUS,  a  line  by  which  a  local  or  indeterminate  pro- 


ble  rays.  By  moving  the  prii'm  on  its  axis,  and  caufing  blem  is  folved  ;  or  a  line  of  which  any  point  may  equaU 
the  colours  to  afcend  and  defcend  on  anybodies  that  ly  folve  an  indeterminate  probkin.  See  Algiera, 
were   ufed  inftead  of  the  pin,-  the  red,   wherever  they     Eiicycl. 


fell,  made  the  leall,  and  the  violet  the  greated,  fliadow. 
In  the  next  experiment,  a  fcreen  was  fubdituted  in 
the  place  of  the  pin*;  and  this  fcreen  had  a  large  hole, 
on  which  was  a  bn'fs  plate,  pierced  with  a  imall  hole 
^'jd  of  an  inch  in  diameter.  While  an  afhdant  moved 
the   prifm   (lowly   on  its  axis,  the   author  obft-rved  the 


LOGISTIC  CuKVE,  the  fame  with  Logarithmic 
Curve,  for  which  fee  Encycl. 

l.,OGISTICS,  or  lyOGisTicAi  yi'rilhmelic,  a  name 
fomctimes  enployed  for  the  arithmetic  of  Itxagefiniai 
fractions,  ufed  in  idlronomical  computations. 

The  fame  term  has  been  ufed  for  the  rules  of  comjni- 


roun'd  image  made  by  the  dilferent  rays  pafling  through  tations  in  algebra,   and  in  other  fpecies  of  arithmetic  : 

the  hole  to  the  chart  ;  that  made  by  the  i-ed  was  great-  witnefs  the  logidics  of-Vieta  and  other  writers. 

ed,  that  of  the  violet  lead,    and  that  of   each  interme-  Shakerly,  in  his  TaluLi'  Brilatm'me,  has  a  table  of  lo- 

diate  ray  was  of  an  intermediate  fize.      AVIien  the  fliarp  garithms  adapted  to  fexagelima!  fradions,  and  which  he 

blade  of  a  knife  was  held  at  the  back  of  the  hole,   "  fo  calls  Logidical  Logarithms  ;   and  the  expeditious  arith- 

as  to  produce  the  fringes  mentioned  by  Grimaldo   and  metic,    obtained  by  means  of  them,    he  calls  Logidical 

Newton,    thefe,  fringes  in   the  red    were   broaded   and  Arithmetic. 

mod  moved  inwards  to   the   (hadow,   and  mod  dilated  Lihyav  LOTUS  has  been  deferibed  i^.Ewj'r/.^  under 


when  the  knife  was  moved  over  the  hole  ;  ,and  the  hole 
itfelf  on  the  chart  was  mcne  dilated  during  the  motion 
when  illuminated  by  the  red  than  when  illuminated  by 
any  other  of  the  rays,  and  lead  of  all  when  illuminated 
by  the  violet." 

From  thefe  two  experiments,  the  author  infers  "  that 


the  title  Riiamnus  j  but  the  following  additional  par- 
ticulars  from  Mr  I'ark  will  be  acceptable  to  our  botani- 
cal readers  : 

The  lotus  is  very  common  in  all  the  countries  which 
our  author  vifited,  and  he  had  an  opportunity  to  make 
a  drawing  of  a  branch  in  flower,  of  which  an  engraving 


the  rays  of  the  fun's  light  differ  in  degree  of  flexibility,  is  publilhed  in  his  travels,  that  with  his  permiffion  we 

and  that  thofe  which  are  lead  refratigible  are  mojl  itifexi-  have  copied  (fee  Plate  XXX.).     The   lotus  produces 

bk."      From  other  experiments  he  concludes,  that  the  fruit    which    the   negroes   call   tomlerongs.     Thefe   are 

mojl  wfexille  rays  are  alfo  mojl  defexiblc.     In  the  fequel  fmall  farinaceous  berries,  of  a  yellow  colour  and  deli 
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cious  tafte.  Tliey  arc  much  efteemed  br  the  natives, 
who  conviTt  thtni  into  a  fort  of  broad,  by  expofpng 
thtm  for  fome  days  to  the  fun,  and  afterwards  pound- 
ing them  gently  in  a  wooden  mortar,  until  the  farina- 
ceous part  of  the  herry  is  feparated  from  the  ilone 
This  meal  is  then  mixed  with  a  little  water,  and  formed 
into  cakes;  which,  when  dried  in  the  fun,  refemble  in 
colour  and  flavour  the  fweetell  gingerbread.  The 
(tones  are  afterwards  put  into  a  vefl'el  ot  water,  and 
Jhaken  about  fo  as  to  feparate  the  meal  which  may  Hill 
adhere  to  them  :  this  communicates  a  fweet  and  agree- 
able  talle  to  the  water,  and,  with  the  addition  of  a  little 
pounded  millet,  forms  a  pleafant  gruel  called  fnndi, 
which  is  the  common  breakfall  in  many  parts  of  Luda- 
mar,  during  the  months  of  February  and  March.  The 
fruit  is  rollcfted  by  Ipreading  a  cloth  upon  the  ground, 
and  beating  the  branches  with  a  Itick.  Our  author 
thinks  there  can  be  little  doubt  of  this  being  the  lotus 
mentioned  by  Phny,  as  the  food  of  the  Lybiaii  Loto- 
phagi.  An  army  may  very  well  have  been  fed  with 
the  bread  made  of  the  meal  of  the  fruit,  as  is  faid  by 
Pliny  to  have  been  done  in  Lybia  ;  and  as  the  tafte  of 
the  bread  is  fweet  and  agreeable,  it  is  not  likely  that  the 
foldiers  would  complain  ot  it. 

LOWANG,  a  Chinefe  ifland  of  fome  extent  in  the 
neighbourhood  of  the  CHUSAN-Ifles,  which  fee  in  this 
Supplement. 

LOXODROMIC  Curve,  or  Spiral,  is  the  fame  as 
the  rhum.b  line,  or  path  of  a  fhip  failing  always  on  the 
fame  courfe  in  an  oblique  direftion,  or  making  always 
the  fame  angle  with  every  meridian.  It  is  a  fpecies  of 
logarithmic  fpiral,  defcribed  on  the  furface  of  the  fphere, 
having  the  meridians  for  its  radii. 

LOXODROMICS,  the  art  or  method  of  oblique 
failing,  by  the  loxodromic  or  rhumb  line. 

LUCIOLE,  a  name  given  in  the  Hnnales  Je  Chimle 
to  the  L/iuPYRis  Ital'ica  (.See  Lampvris,  EncycL). 
According  to  Dr  Carradori,  the  light  of  the  luciole 
does  not  depend  on  the  influence  of  any  external  caufe, 
but  merely  on  the  will  of  thofe  infefts.  While  they  fly 
about  at  freedom,  their  fhinmg  is  very  regular  ;  but 
when  they  are  once  in  our  power,  they  Ibine  very  irre- 
gularly, or  do  not  fliine  at  all.  When  they  are  molert- 
ed,  they  emit  a  frequent  light,  which  appears  to  be  a 
mark  of  their  refentment.  When  placed  on  their  backs, 
they  fliine  almofl  without  interruption,  making  continu- 
al efforts  to  turn  themlelves  from  that  pofition.  In  the 
day-time  it  is  neceffary  to  torment  them  in  order  to  make 
them  fliine  ;  and  thence  it  follows,  that  the  day  to  them 
is  the  feafon  of  rcpofe.  The  luciole  emit  light  at  plea- 
fure  from  every  point  of  their  bellies,  which  proves  that 
they  can  move  all  the  parts  of  their  vifcera  independent- 
ly of  each  other.  They  can  alfo  render  their  phofpho- 
refcence  more  or  lefs  vivid,  and  continue  it  as  long  as 
they  pleafe. 

A  flight  compreflion  deprives  the  luciole  of  their 
power  of  ceafmg  to  fliine.  The  author  is  inclined  to 
believe,  that  the  movement  by  which  they  conceal  their 
light  is  executed  by  drawing  back  their  phofphoric  fub- 
ftance  into  a  particular  membrane  or  tunic.  He  fuppo- 
fes  alfo,  that  the  fparkling  confifts  in  a  trembling  or 
ofcillation  of  the  phofphoric  mafs.  He  is  of  opinion, 
that  there  is  no  emanation  of  a  phofphoric  fubftance, 
and  that  the  whole  phenomenon  takes  place  in  the  in- 
terior part  of  the  luminous  vifcera.     When  the  IhiniDg 
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is  at  its  greafeft  degree  of  height,  it  is  fo  ftrong  that  a  I.uc'ole. 
perfon  may  by  it  eafily  diftinguifli  the  hours  on  the  "^"V""* 
fmallell  watch,  and  the  letters  of  any  type  whatever. 

The  phofphoric  part  of  the  luciole  does  not  extend 
farther  thin  to  the  extreme  rings  of  the  belly.  It  is 
there  enclofed  in  a  covering  compofed  of  two  portions 
of  membranes,  one  of  which  forms  the  upper,  and  the 
other  the  lower,  part  of  the  belly,  and  which  are  joined 
together.  Behino  this  receptacle  is  placed  the  pholpho- 
rus,  which  refembles  a  paile,  having  the  fmell  of  garlic, 
and  very  little  tafle.  The  phofphoric  matter  iflues  from 
a  fort  of  bag  on  the  flighted;  prefTure  ;  when  fqueezed 
out,  this  matter  lofes  its  fplendour  in  a  few  hours,  and 
Is  converted  Into  a  white  dry  fubftance.  A  portion 
of  the  phofphoric  belly  put  into  oil,  fhone  only  with  a 
feeble  light,  and  was  foon  extinguiflicd.  In  water,  a 
like  portion  fhone  with  the  fame  vivacity  as  in  the 
air,  and  for  a  much  longer  time.  The  author  thence 
concludes  that  the  pholphorcfcence  of  the  luciole  is 
not  the  effcA  of  flow  inflammation,  nor  of  the  fixation 
of  azotic  gas,  as  the  oil  in  which  they  Ihine  does  not 
contain  a  fingle  air-bubble  :  btfldes,  the  pholphorus  of 
thefe  infefts  Ihines  in  a  barometrical  vacuum.  The  ob- 
fervation  made  by  Fofter,  that  the  luciole  ditfufed  a 
more  vivid  light  in  oxygen  gas  than  in  atmolphcric 
air,  does  not,  according  to  Carradori,  depend  upon  a 
combullion  more  animated  by  the  inlpiration  of  this 
gas,  but  on  the  animals  feeling  themielves,  while  in 
that  gas.  In  a  better  condition.  "  Whence,  then,  arifes 
(fays  the  author)  the  phofphoric  light  of  the  luciole  ? 
I  am  of  opinion  (adds  he),  that  the  light  is  peculiar, 
and  Innate  in  thefe  Infedls,  and  feveral  other  produdtious 
are  peculiar  to  other  animals.  .-s  fome  animals  have 
the  faculty  of  accumulating  the  eleftric  fluid,  and  of 
keeping  it  coudcnied  in  particular  organs,  to  diflufe  it 
afterwards  at  pleafure,  there  may  be  other  animals  en- 
dowed with  the  faculty  of  keeping  in  a  condenfed  flatc 
the  fluid  which  conftltutes  light.  It  Is  poflible,  that 
by  a  peculiar  organlfatlon  they  may  have  the  power  of 
extradting  the  light  which  enters  into  the  compi.fition 
of  their  food,  and  of  tranfmitting  it  to  the  refervoir  def- 
tined  for  that  purpofe,  which  they  have  in  their  abdo- 
men. It  is  not  even  ImpofTible  that  they  may  have  the 
power  to  extraft  from  the  atmofpheric  air  the  luminous 
fluid,  as  other  animals  have  the  power  of  extracting 
from  the  fame  air,  by  a  chemical  proeefs,  the  fluid  of 
heat." 

Carradori  difcovertd,  that  the  phofphorefcence  of  the 
luciole  IS  a  property  independent  of  the  life  of  thefe 
animals,  and  tha^  it  is  chitflj'  owing  to  the  toft  ftate  of 
the  phofphoric  fubftance.  Its  light  Is  fufpended  by 
diyliig,  and  it  is  again  revived  by  foftening  it  in  water  ; 
but  only  after  a  certain  time  of  deficcation.  Reaumur, 
Beccaria,  and  Spallanzani,  obferved  the  fame  thing  in 
regard  to  the  pholadcs  and  the  viedufa. 

By  plunging  the  luciole  alternately  into  lukewarm 
and  cold  water,  they  fliine  with  vivacity  in  the  former, 
but  their  light  becomes  extinft  In  the  latter;  which, 
according  to  the  author,  depends  on  the  altc  iiate  agree- 
able and  difagreeable  fenfation  which  ihey  experience. 
In  warm  water  their  light  dilajipears  gradually.  Dr 
Carradori  tried  on  the  luciole  and  their  phofphorus  the 
aftion  of  different  faline  and  fpirituous  liquors,  in  which 
they  exhibited  the  fame  appearances  as  other  phofpho- 
ric aoimals.  Thefe  lall  experiments  prove  that  the 
L  phofphoric 
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Lt:dainat.  pliofphoric  matter  of  the  luciok  is  only  foliible  in  wa- 

LUDAMAR,  a  MoorKh  kingdom  in  the  interior  of 
Africa,  of  which  the  capital  Benorm  is  placed  by  Ma- 
jor Rennel  in  15°  N.  lat.  and  6°  50'  W.  Long.  It 
has  for  its  northern  boundary  the  great  defart  (lee  Sa- 
hara in  this  Supplement),  and  is  defcribcd  by  Mr  Park 
as  little  better  than  a  dcfcrt  itfclf.  Onr  traveller  was 
taken  captive  on  the  confines  of  this  kingdom,  and  car- 
ried to  the  camp  of  the  king,  where  he  was  fubjefted 
to  the  cruelU-ft  indignities  that  the  malice  of  bigottcd 
Moors  could  invent.  He  was  not  fuffered  to  travel  be- 
yond the  camp  ;  though  he  moved  as  it  moved,  and  of 
courfe  faw  a  confiderable  part  of  the  country,  and  had 
an  opportunity  of  obferving  the  manners  of  the  people. 
•'  The  Moors  of  Ludamar  fubfift  chiefly  on  the  flefh  of 
their  cattle  ;  and  are  always  on  the  extreme  of  either 
gluttony  or  abftinence.  In  confequence  of  the  frequent 
and  fevere  fails  which  their  religion  enjoins,  and  the 
toilfome  journeys  which  they  fometimes  undertake  acrofs 
the  defert,  they  are  enabled  to  bear  both  hunger  and 
thirft  with  fiuprifmg  fortitude  ;  but  whenever  opportu- 
nities occur  of  fatisfying  tlieir  appetite,  they  generally 
devour  more  at  one  meal  than  would  ftrve  an  European 
for  three.  They  pay  but  little  attention  to  agricul- 
ture ;  purchafing  their  corn,  cotton  cloth,  and  other 
neceflaries,  from  the  Negroes,  in  exchange  for  fat, 
which  they  dig  ftom  the  pits  in  the  Great  Defert. 

"  The  natural  barrennefs  of  the  country  is  fuch,  thst 
it  furnifhes  but  few  materials  for  manufafture.  The 
Moors,  however,  contrive  to  weave  a  ftrong  cloth,  with 
which  they  cover  their  tents  ;  the  thread  is  fpun  by 
their  women  from  t1ie  hair  of  goats  :  and  they  prepare 
the  hides  of  their  cattle  fo  as  to  furnifh  faddles,  bridles, 
pouches,  and  other  articles  of  leather.  They  are  like- 
wife  fufficiently  Ikilful  to  convert  the  native  iron,  which 
they  procure  from  the  Negroes,  into  fpears  and  knives, 
and  alfo  into  pots  for  boiling  their  food  ;  but  their  fa- 
bres  and  other  weapons,  as  well  as  their  fire-arms  and 
ammunition,  they  purchafe  from  the  Europeans,  in  ex- 
ehange  for  the  Negro  flaves  which  they  obtain  in  their 
predatory  excurfions.  Their  chief  commerce  of  this 
kind  is  with  the  French  traders  on  the  Senegal  river." 

The  Moors  of  this  country  have  Angular  ideas  of  fe- 
iTiinine  perfeftion.  The  gracefulnefs  of  figure  and  mo- 
tion, and  a  countenance  enlivened  by  expreffion,  are  by 
no  means  effential  points  in  their  ftandard  ;  with  them 
corpulence  and  beauty  appear  to  be  terms  nearly  fy- 
norymous.  A  woman,  of  even  moderate  pretenfions, 
muft  be  one  who  cannot  walk  without  a  flave  under 
each  arm  to  fupport  jier  ;  and  a  perfeft  beauty  is  a  load 
for  a  camel.  In  confequence  of  this  prevalent  tafte  for 
unwieldinefs  of  bulk,  the  Moorifh  ladies  take  great  pains 
to  acquire  it  early  in  life  ;  and  for  this  purpofe  many 
of  the  young  girls  are  compelled  by  their  mothers  to 
devour  an  immenfe  quantity  of  food,  and  drink  a  large 
bowl  of  camel's  milk  every  morning.  It  is  of  no  im- 
portance whether  the  girl  has  an  appetite  or  not,  the 
ineat  and  tlie  drink  muft  be  fwallowed  ;  and  obedience 
is  frequently  enforced  by  blows.    This  Angular  pra6Uce, 


inftead  of  producing  indigeftion  and  difeafe,  foon  covers 
the  young  l;;dy  with  that  degree  of  plumpnefs,  which, 
in  the  eye  ot  a  Moor,  is  perfei^tion  itfclf.  ^ 

"  Although  the  wealth  of  the  Moors  confifts  chiefly 
in  their  nnmcrous  herds  of  cattle  ;  yet,  as  the  paitoral 
life  docs  not  afford  tall  employment,  the  majority  of 
the  people  are  perteftly  idle,  and  fpend  the  day  in  trif- 
ling convcriation  about  their  horfes,  or  in  laying  fchemes 
of  depredation  on  the  Negro  villages. 

"  The  ufual  place  of  rendezvous  for  the  indolent  is 
the  king's  tent,  where  great  liberty  of  fpeech  feems  to 
be  exercifed  by  the  company  towards  each  other.  While 
in  fpcaking  of  their  chief,  they  exprefs  but  one  opinion. 
In  praile  of  their  fovereign,  they  are  unanimous.  Songs 
are  compofed  in  his  honour,  which  the  company  fre- 
quently fing  in  concert  ;  but  they  arc  fo  loaded  with 
grofs  adulation,  that  no  man  but  a  Moorilh  defpot 
could  hear  them  without  bluOiing.  The  king  is  dif- 
tinguifhed  by  the  finenefs  of  his  drefs,  which  is  compo- 
fed of  blue  cotton  cloth  brought  from  Tombuftoo,  or 
white  linen  or  mullin  from  Morrocco.  He  has  likewife 
a  larger  tent  than  any  other  perfon,  with  a  white  cloth 
over  it  ;  but  in  his  ufual  fntercourfe  with  his  fubjefts, 
all  diflinftions  of  rank  are  frequently  forgotten.  He- 
fometimes  eats  out  of  the  fame  bowl  with  his  camel- 
driver,  and  repofes  himfelf,  during  the  heat  of  the  day, 
upon  the  fame  bed. 

"  The  military  ftrength  of  Ludamar'confifts  in  ca- 
valry. They  are  well  mounted,  and  appear  to  be  very 
expert  in  fl<irmifliing  and  attacking  by  iurprife.  Every 
foldier  furnillies  his  own  horfe,  and  finds  his  accoutre- 
ments, confining  of  a  large  fabr«,  a  double  barrelled 
gun,  a  fniall  red  leather  bag  for  holding  his  balls,  and  a 
powder-horn  flung  over  the  fhoulder.  He  has  no  pay, 
i)or  any  remuneration  but  what  arifes  from  plunder. 
This  body  is  not  very  numerous  ;  for  when  Ali  the  king 
made  war  upon  Bambara,  our  author  was  informed  that 
his  whole  force  did  not  exceed  2000  cavalry.  They 
conftitute,  however,  by  what  he  could  learn,  but  a  very 
fmall  proportion  of  his  Moorifh  fubjefls.  The  horfes 
are  very  beautiful,  and  fo  highly  efleemed,  that  the 
Negro  princes  will  fometimes  give  from  twelve  to  four- 
teen flaves  for  one  horfe." 

■  Cut  off  from  all  intercourfe  with  civilized  nations, 
and  boailing  an  advantage  over  the  Negroes,  by  polTef- 
fing,  though  in  a  very  limited  degree,  the  knowledge- 
of  letters,  the  Moors  of  Ludamar  are  at  once  the  vain- 
eft  and  proudelt,  and  perhaps  the  moft  bigotted,  fero- 
cious, and  intolerant  of  all  the  nations  on  the  earth  ; 
combining  in  their  charai51er  the  blind  fuperliition  of 
the  Negro  with  the  favage  cruelty  and  treachery  of 
the  Arab.  It  was  with  the  utmofl  difficulty  that  our 
author  made  his  efcape  from  tiiis  inhofpitable  people. 

LUPUS,  the  jyolf,  a  fouthern  conflellation,  joined 
to  the  Centaur,  containing  together  19  ftars  in  Ptolo- 
my's  catalogue,  but  24  in  the  Britannic  catalogue. 

LYNX,  a  conflellation  of  the  northern  hemifphere, 
compofed  by  Hevelius  out  of  the  unformed  liars.  In 
his  catalogue  it  confifts  of  19  ftars,  but  in  the  Britan- 
nic 44. 
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MACHINERY. 


THE  denomination  Machine  isnow  Tulgarly  given  to 
a  great  vaiiety  of  fubjefts,  which  have  very  little 
analogy  by  which  they  can  be  clafTod  with  propriety  un- 
der any  one  name.     We  fay  a  travelling  machine,  a  ba- 
thing machine,  a  copying  machine,  a  thrafhing  machine, 
an  ekftrical  machine,  &c.  &:c.     The  only  circnniftance 
in  which  all  thefe  agree  feems  to  be,  that  their  conllnic- 
tion  is  more  complex   and  artificial   than   the  utenlils, 
tools,  or  inilruments  which  offer  themfelves  to  the  firil 
thoughts  of  uncultivated  people.     They  are  more  arti- 
ficial than  the  common  cart,  the  bathing  tub,  or  the  flail. 
In  the   language  of  ancient   Athens   and    Rome,    the 
term  was  applied  to  every  tool  by  which  hard   labour 
of  any  kind  was  performed  ;   but   in   the  language  of 
modern  Europe,  it  feems  reftrifted  either  to  fuch  tools 
or  inftruments  as  are  employed  for  executing  lome  phi- 
lofophical  purpofe,  or  of  which  the  conftruftion   em- 
ploys the  iimple  mechanical  powers  in  a  confpicuous 
manner,  in  which   their  operation   and  energy  engage 
the  attention.     An  eleftrical  machine,  a  centrifugal  ma- 
chine, are  of  the  firft  clafs  ;   a  thralhing  machine,  a  fire 
machine,  are  of  the  other  clafs.      It   is  nearly  fyiiony- 
mous,  in  our  language,  with  engine  ;  a  term  altogether 
modern,   and  in    fome  meafure   honourable,   being  . be- 
llowed only,  or  chiefly,  on   contrivances  for  executing 
work  in  which  ingenuity  and  mechanical  fl<ill  are  mani 
feft.      Perhaps,   indeed,   the  term  engine  is  limited,  by 
careful  writers,  to  machines  of  confiderable  magnitude, 
or  at  lead  of  confiderable  art  and  contrivance.      We  fay, 
with   propriety,   fteam-engine,   fire-engine,    plating  en- 
gine, boring  engine  ;   and  a  dividing  machine,  a  copy- 
ing  machine,   &c.      Either  of  thefe  terms,  machine  or 
engine,   are  applied  with  impropriety  to  contrivances  in 
which  fome  piece  of  work  is  not  executed  on  materials 
which  are  then  faid  to  be  manufaftnred.     A  travelling 
or  bathing  machine  is  fnrely  a  vulgarifm.     A  machine  or 
engine  is  therefore  a  tcol  ;   but  of  complicated   coii- 
Itruftion,  peculiarly  fitted  for  expediting  labour,  or  for 
performing  it  according  to  certain  invariable  principles  : 
And  we  fliould  add,  that  the  dependence  of  its  efficacy 
on  mechanical   principles  mult  be  apparent,  and  even 
confpicuous.      The  contrivance   and   erection   of  fuch 
works  conftitute  the  profeffion  of  the  engineer  ;  a  pro- 
feflion  which  ought  by  no  means  to  be  confounded  with 
tliat  of  the  mechanic,  the  artifan,  or  manufatturer.   It  is 
one  of  the  artes  Uberales ;   as  defervin:'  of  the  title  as 
medicine,  furgery,  architefture,  painting,  or  fculpture. 
Nay,  whether  we  confider  the  importance  of  it  to   this 
ilourifliing  nation,  or  the  fcienec  that  is   neceflary  for 
giving  eminence  to   the   profeflTor,    it   is  very  doubtful 
whether  it  ihould  not  take  place  of  the  three  lall  named, 
and  go  pari  pajfu  with  furgery  and  medicine.     The  in- 
confiderate  reader,  who  perufes  Cicero  de  Oratore  with 
tatisfaftion,  is  apt  to  fmile  at  Vitruvius,  who  requires  in 
his  architect  nearly  the  fame  accompliftimtnts  which  Ci- 


cero  requires  in  his  orator.  He  has  not  recoUefled,  or 
perhaps  did  not  know,  that  the  profefliun  of  an  arclii- 
teft  in  the  Auguftan  age  was  the  moft  reipcttable  of  all 
thofe  which  were  not  eflentially  conneiled  with  the  ma- 
nagement of  ftate  affairs.  It  appears  that  the  archi- 
tcfts  were  all  Greeks,  or  the  pupils  of  Greeks,  altoge- 
ther different  from  the  members  of  the  Collegium  Mura- 
riorum,  the  corporation  of  builders  and  mafons.  The 
architecture  of  temples,  ftadiums,  circufes,  amphithea- 
tres, feems  to  have  been  monopoliftd,  by  ftate  authori- 
ty, by  a  fociety  which  had  long  fubfilled  in  Afia,  con- 
nedled  by  certain  myfterious  bonds,  botli  civil  and  reli- 
gious. We  find  it  in  Syria  ;  and  we  learn  that  it  was 
brought  thither  from  Perfia  in  very  ancient  limes.  From 
thence  it  fpread  into  Ionia,  where  it  became  a  very  emi- 
nent and  powerful  affociation,  under  the  particular  pro- 
teftion  of  Bacchus,  to  whom  the  members  had  ereftcd 
a  magnificent  temple  at  Teos,  with  a  vaft  eilaLliiliment 
of  priefts  and  priefteflTts,  confiiling  of  perfons  of  the  firlt 
rank  in  the  ftate.  They  were  the  fole  builders  of 
temples  and  ftadiums  throughout  all  Greece  and  the- 
Leffer  Afia  ;  and  the  contradlors  for  the  machinery  that 
was  employed  in  the  theatres,  and  in  the  great  temples, 
for  the  celebration  of  the  high  myfteries  of  paganifm. 
By  the  imperfeft  accounts  which  remain  of  the  Eleufi- 
nian  and  other  myfteries,  it  appears,  that  this  machi- 
nery mull  have  been  immenfe  and  wonderful,  and  mull 
have  required  a  great  deal  of  mechanical  (kill.  This 
indeed  appears,  in  the  moft  convincing  manner,  to  any 
perfon  who  refledls  on  the  magnificent  ftruftures  which 
they  eredled,  which  excite  to  this  day  the  wonder  of  the 
world,  not  only  on  account  of  their  magnificence  and 
incomparable  elegance,  but  alio  on  account  of  the  me- 
chanical knowledge  that  feems  indifpenfably  neceffary 
for  their  ercttion.  This  will  ever  remain  a  myftery. 
There  are  no  traces  of  fuch  knowledge  to  be  found  in 
the  writings  of  antiquity.  Even  Viiruvius,  writing  ex- 
prefsly  on  the  fubjefl,  has  given  us  nothing  but  what 
is  in  the  lowtft  degree  of  elementary  knowledge. 

This  affociation  of  the  Dionyliacs  undoubtedly  kept 
their  mechanical  fclence  a  profound  fecret  from  the  un- 
initiated, the  profane.  Tlicy  were  the  engineers  of  an- 
tiquity, aid  Vitruw'us  was  perhaps  not  one  of  the  ini- 
tiated. He  fpcaks  of  Myro  and  other  Greek  architeds 
in  terms  otielpcCl  which  border  on  veneration.  Per- 
haps the  modern  aflociation  ot  free  mafuns  is  a  remain 
of  this  ancient  fraternity,  continued  to  our  times  by  the 
company  of  builders,  who  eretled  the  catiiedrals  and 
great  conventual  churches.  No  one  who  confidcrs  their 
works  with  fcientific  attention,  can  doubt  of  their  being 
deeply  veried  in  the  principles  of  mechanics,  and  even  its 
more  refined  branches.  They  appear  to  have  carried  the 
art  of  vault-roofing  almoll  to  its  acme  of  perfcilion  ;  tar 
outftripping  their  Grecian  inrtruftors  in  their  knowledge 
of  this  moll  delicate  branch  of  their  art. 

L2  It 
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It  were  greatly  to  be  widied  that  fome  fuch  inftitu- 
tion  did  yet  exift,  where  men  might  be  induced  by  the 
mod  powerful  motives  to  accomplKh  themfelves  in  the 
knowledge  neceflary  for  attaining  eminenee  in  their  pro- 
feflion.^ 

We  have  been  informed  (and  we  thought  our  autho- 
rity good),  that  our  gracious  Sovereign  has  fignilied  his 
intention  of  patronifing  an  inftitutioii  of  this  kind.  We 
heard,  that  it  was  propofed  to  inllitute  degrees  fimilar 
to  our  univerfity  degrees,  and  proceeding  on  fimilar 
conditions  of  a  regular  education  or  (bunding,  which 
would  enfure  the  opponunitUs  of  information, .aiid  alfo 
on  an  examination  of  the  proficiency  of  the  candidate. 
This  examination,  being  condufted  by  perfons  eminent 
in  the  profefiion,  perhaps  Hill  exerciling  it.  would  pro- 
bably be  ferious,  becaufe  the  fuccefsful  candidate  would 
immediately  become  a  rival  practitioner.  Such  an  inili- 
tulion  would  undoubtedly  prevent  many  grofs  impofi- 
tions  by  uidettered  mill-wrights  and  pump-makers,  who 
now  feldom  appear  under  any  name  but  that  of  engi- 
neer, although  they  are  frequently  ignorant  even  of  the 
elements  of  mechanical  fcierce,  and  are  totally  unac- 
quainted with  the  higher  mathematics  ;  without  which 
it  is  abfolutely  impoffible  for  them  to  contrive  a  ma- 
chine well  fuitcd  to  the  intended  puropofe,  or  to  fay 
with  any  tolerable  precifion  what  will  be  the  perform- 
ance of  the  engine  they  have  erefted.  Yet  thefe  are 
queftions  fufceptible  of  accurate  folution,  becaufe  they 
depend  on  the  unalterable  laws  of  matter  and  motion. 

All  who  have  a  juft  view  of  the  unfpeakable  advan- 
tages which  this  highly  favoured  land  polTefles  in  the 
fnperiority  and  aftivity  of  its  manufaftures,  and  who 
know  how  much  of  this  fuperiority  (hould  be  afcribed 
to  the  great  improvements  which  have  been  made  in 
praftical  mechanics  within  thefe  laft  thirty  years,  will 
join  us  in  wifhing  fuccefs  to  fome  fuch  inftitution  as 
that  now  mentioned. 

We  were  naturally  led  to  thefe  refleftions  when  we 
turned  our  thoughts  to  machinery  in  general,  and  ob- 
ferved  what  is  done  in  this  country  by  the  native  ener- 
gy of  its  inhabitants,  unafiifted  by  fuch  fcientific  in- 
ftruftions  as  they  might  have  expefted  from  the  pupils 
of  a  Newton,  their  countryman,  under  the  patronage  of 
the  bed  of  Sovereigns,  eminently  knovi'ing  in  thefe 
things,  and  ever  ready  to  encourage  thofe  fciences  and 
arts  which  have  fo  highly  contributed  to  the  national 
profperity.  What  might  not  be  reafonably  expefted 
from  Britifh  aftivity,  if  thofe  among  ourfelvcs  who 
have  knowledge  and  leifure  had  been  at  the  fame  pains 
with  the  members  of  the  foreign  academies  to  cultivate 
the  Newtonian  philolophy,  and  particularly  the  more 
refined  branches  of  mechanics,  and  to  deduce  from  their 
fpeculations  maxims  of  conltruftion  fitted  to  our  fitua- 
tion  as  a  great  manufatluring  nation?  But  fuch  know- 
ledge Is  not  attainable  by  tlioie  who  are  acquainted  only 
with  the  imperfedl  elements  contained  in  the  publica- 
tions  read  by  the  bulk  of  our  praflitioners.  Much  to 
this  purpofe  has  been  done  on  the  continent  by  the 
moft  eminent  mathematicians  ;  but  from  want  of  indi- 
vidual  energy,  or  perhaps  of  general  fecurity  and  pro- 
tection, the  patriotic  labours  of  thofe  gentlemen  have 
not  done  the  fervice  to  their  country  which  might  have 
been  reafonably  expefted.  Indeed,  their  dilTertations 
have  generally  been  fo  compofed,  that  only  the  learned 
eould  fee  their  value.     They  feem  addreffed  only,  or 
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chiefly,  to  fuch  ;  but  it  is  to  thofe  authors  that  our 
countrymen  generally  have  recourfe  for  information 
concerning  every  thing  in  their  profefllon  that  rifes 
above  mere  elementary  knowledge.  The  books  in  our 
language  which  profefs  to  be  fyftems  of  mechanics 
rarely  go  beyond  this  :  they  contain  only  the  principles 
of  equilibrium.  Tlitfe  are  abfolutely  iiecefTary  for  the 
knowledge  of  machines  ;  but  they  are  very  far  indeed 
from  giving  what  may  be  called  a  praftical  knowledge 
of  •working  machinery.  This  is  never  in  a  ftate  of  equi- 
librium. The  machine  muft  move  in  order  to  work. 
There  muft  be  a  fuperiority  of  impelling  power,  beyond 
what  is  merely  fufficient  for  balancing  the  refillance  or 
contrary  aftion  of  the  work  to  be  performed.  The 
reader  may  turn  to  the  article  Statics  in  the  Encycla- 
piedia  Britann'tca,  and  he  will  there  fee  fome  farther  ob- 
fervations  on  this  head.  And  in  the  article  Mecha- 
nics he  will  find  a  pretty  ample  detail  of  all  the  ufual 
doftrines,  and  a  defcription  of  a  coiifiderable  variety  of 
machines  or  engines,  accompanied  by  fuch  obfervations 
as  are  neceffary  for  tracing  the  propagation  or  tranf- 
mifRon  of  preffure  from  that  part  of  the  machine,  to 
which  the  natural  power  is  applied,  to  the  working 
part  of  the  machine.  Along  with  thefe  two  articles, 
it  will  be  proper  to  read  with  peculiar  attention  the  ar- 
ticle Rotation. 

By  far  the  greateft  number  of  our  moft  ferviceable 
engines  confiit  chiefly  of  parts  which  have  a  motion  of 
rotation  round  fixed  axes,  and  derive  all  their  energy 
from  levers  virtually  contained  in  them.  And  thefe 
afting  parts  are  alfo  material,  requiring  force  to  move 
them,  over  and  above  what  is  neceflary  for  producing 
the  afting  force  at  the  working  part  of  the  machine. 
The  modifications  which  this  circumftance  frequently 
makes  of  the  whole  motions  of  the  machine,  are  indica- 
ted in  the  article  Rotation  in  an  elementary  way  ; 
and  the  propofitions  there  Inveftigated  will  be  found 
almoft  continually  involved  in  the  complete  theory  of 
the  operation  of  a  machine.  Laftly,  it  will  be  proper 
to  confider  attentively  the  propofitions  contained  in  the 
article  Strength  of  Materials,  that  we  may  combine 
them  with  thofe  which  relate  wholly  to  the  working  ef 
the  machine  ;  becaufe  it  is  from  this  combination  only 
that  we  difcover  the  drains  which  are  excited  at  the 
various  points  of  fnpport,  and  of  communication,  and 
in  every  member  of  the  machine.  We  fuppofe  all  thefe 
things  already  underftood.  j 

Our  objeft  at  prefent  is  to  point  out  the  principles  The  chief 
which  enable  us  to  afcertain   what  will  be  the  precife  queftion  ia 
motion  of  a  machine  of  given  conftruclion,  when  aftua- *""'"* 
ted  by   a  natural  power  of  known    intenfity,   applied 
to  a  given  point  of  the  machine,   while  it  is  employed 
to  overcome  a  known  refillance  afting  at  another  point. 
To  abbreviate  language,  we  (hall  call  that  the  impelled 
POINT  of  the  machine  to  which  the  pitlTure  of  the  mo- 
ving power  is  immediately   applied  ;   and  we  may  call 
that  the  working   point,  where  the  refillance  arifing 
from  the  work  to  be  performed  immediately  a6ts. 

To  confider  this  important  fubjeft,  even  in  its  chief 
varieties,  requires  much  more  room  than  can  be  allowed 
in  an  undertaking  like  ours,  and  therefore  we  muft  con- 
tent ourfelves  with  a  very  limited  view  ;  but  at  the  fame 
time,  fuch  a  view  as  fliall  give  fufficient  indication  of  the 
principles  which  fliould  direft  the  praftical  reader  in 
every  important  cafe.   We  Ihall  confider  thofe  machines 

which. 
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which  perform  their  motiont  round   fixed  axes  ;   thefe 

bein)(  by  far  the  moft  luiitierous  and  important,  becaiile 

thev  involve  in  their  conilrudlion  and  operations  all  the 

I         leading  principles. 

he  proper      That  we  may  proceed  fecurely,  it  is  ncccfTary  to  have 

xafurc  ol  ^  prccife  and   adequate   notion  of  moving  force,  as  ap- 

'"''*"'"' plied  to  machinery,   and  of  its  meafures.      We  think. 

neZ"'    this  peciiliarly  necefTary.      Different    notions  have  been 

entertained  on  this  fubjeil  by  Mr  Leibnitz,  Des  Cartes, 

and  other  eminent  mechanicians  of  the  lalt  century  ; 

and  their  fnccelfors  have  not  yet  come  to  an  agreement. 

Nay,  fome  of  the  moll  eminent  pratlitioners  of  the  pre- 

fcnt  times   (for  we   mull  include   Mr  Smeaton  in   the 

number)  have  given   meafures  oi   mechanical  power  in 

machinery  which  we  think  inaccurate,  and  tendi.ig  to 

erroneous  conclufions  and  maxims. 

We  take  for  the  meafure  (as  it  is  the  effeft)  of  ex- 
erted mechanical  power  the  quantity  of  motion  which 
it  produces  by  its  uniform  exertion  during  fome  given 
time.  We  fay  uniform  exertion,  not  becaufe  this  uni- 
formity  is  neccflary,  but  only  becaufe,  if  any  variation 
of  the  exertion  has  taken  place,  it  mull  be  known,  in: 
order  to  judge  of  tlie  power.  This  would  ncedlefsly 
complicate  the  calculations  ;  but  in  whatever  way  the 
exertion  may  have  varied,  the  whole  accumulated  exer- 
tion is  ftill  accurately  meafured  by  the  quantity  of  mo- 
tion exifting  at  the  end  of  the  exertion.  The  reader 
mud  perceive  that  this  is  the  fame  thing  that  is  expref- 
fed  in  the  article  Dynamics  of  this  Supplement,  n"  90. 
by  the  area  of  the  figure  whofe  abfcifia  or  axis  repre- 
fents  the  time  of  exertion  ;  and  the  ordinates  are  as  the 
preffures  in  the  different  inttants  of  that  time,  the  whole 
being  multiplied  by  the  number  of  particles  (that  is,  by 
the  quantity  of  matter),  becaufe  that  figure  rcprefents 
the  quantity  of  motion  generated  in  one  particle  of 
matter  only.  All  this  is  abundantly  clear  to  perions 
eonverfant  in  thefe  difquifitions  ;  but  we  wifli  to  carry 
along  with  us  the  dillinft  conceptions  of  that  ufeful 
clafs  of  readers  whofe  profeffion  engages  them  in  the 
conftruftion  and  employment  of  machines,  and  to  whom 
fuch  difcuffions  are  not  fo  familiar.  We  muft  endea- 
vour therefore  to  juftify  our  choice  of  this  meafure  by 
appealing  to  familiar  fafts. 

If  a  man,  by  preffnig  uniformly  on  a  mafs  of  matter 
for  five  feconds,  generates  in  it  the  velocity  of  eight 
feet  per  fecond,  we  obtain  an  exacl  notion  of  the  pro- 
portion of  this  exertion  to  the  mechanical  exertion  of 
gravity,  when  we  fay  that  the  man's  exerted  force  has 
been  precifely  one-twentieth  part  of  the  attion  of  gra- 
vity on  it  ;  for  we  know  that  the  weight  of  that  body 
(or,  more  properly,  its  heavinefs)  would,  in  five  feconds, 
have  given  it  the  velocity  of  1 60  feet  per  fecond,  by 
aAing  on  it  during  its  fall.  But  let  us  attend  more 
clofely  to  what  we  mean  by  faying  that  the  exerted 
force  is  one-twentieth  of  the  exertion  of  gravity.  The 
only  notion  we  have  of  the  exertion  of  gravity  is  what 
we  call  the  weight  of  the  body — the  pr;;iTure  which  we 
feel  it  make  on  our  hand.  To  fay  that  this  is  20  pounds 
weight,  does  not  explain  it  ;  becaufe  this  is  only  the  ac- 
tion of  gravity  on  another  piece  of  matter.  Both  pref- 
fures are  the  fame.  But  if  the  body  weighs  20  pounds, 
it  will  draw  out  the  rod  of  a  fteelyard  to  the  mark  20. 
The  rod  is  fo  divided,  that  the  20th  part  of  this  pref- 
fure  will  draw  it  out  to  i.  Now  the  faft  is,  that  if 
the  man  preffes  on  the  nuafs  of  20  pounds  weight  with 
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a  fpring  fteelyard  daring  five  Teconds,  and  if  during 
that  time  the  rod  of  the  fteelyard  was  always  at  the 
mark  I,  the  body  will  have  acquired  the  velocity  of 
eight  feet  per  fecond.  This  Is  an  acknowledged  fiA. 
Therefore  we  were  right  in  faying,  that  the  man's  ex- 
ertion is  one-twentieth  of  the  exertion  of  gravity.  Ai.d 
fince  we  believe  the  weight  of  bodies  to  be  proportional 
to  their  quantity  of  matter,  all  matter  being  equally 
heavy,  we  may  fay,  that  the  man's  exertion  was  equal 
to  the  action  of  gravity  on  a  quantity  of  matter  whofe 
weight  is  one  pound.  We  cxpreis  it  much  more  fami- 
liarly, by  faying,  that  the  man  exerted  on  it  the  pref- 
fure  of  one  pound  ot  matter,  or  the  force  of  one 
pound. 

In  this  manner,  tlie  motion  communicated  to  a  mafs 
of  matter,  by  acting  on  it  during  fome  time,  informs 
us  with  accuracy  of  the  real  mechanical  force  or  prel- 
fure  which  has  been  exerted.  This  is  judged  to  be 
double  when  twice  the  velocity  has  been  generated  in 
the  fame  mafs,  or  where  the  fame  velocity  has  been  ge- 
nerated in  twice  the  mafs  ;  hecaule  we  know,  that 
a  double  prefl'ure  would  have  di.ne  either  the  one  or  the 
other. 

But  farther  :  We  know  that  this  prcffure  is  the  ex- 
ertion ;  we  have  no  other  notion  of  our  own  force  ;  and 
our  notion  of  gravity,  of  elafticity,  or  any  other  natu- 
ral force,  is  the  fame.  We  alfo  know  that  the  conti- 
nuance of  this  exertion  fatigues  and  exhaulUour  Itrength 
as  completely  as  the  moft  violent  motion.  A  dead  pull, 
as  it  is  called,  of  a  horfe,  at  a  poft  fixed  in  the  ground, 
is  a  ufual  trial  of  his  ftrength.  No  man  can  hold  out 
his  arm  horizontally  for  much  more  than  a  quarter  of 
an  hour  ;  and  the  exertion  of  the  laft  minutes  gives  the 
moft  diftrefiing  fatigue,  and  difables  the  (houlder  from 
aflion  for  a  confiderable  time  after.  This  is  therefore 
an  expenditure  of  mechanical  power,  in  the  ftrift  pri- 
mitive fenfe  of  the  word.  Of  this  expenditure  we  have 
an  exacl  and  adequate  efFefl  and  meafure  in  the  quan. 
tity  of  motion  produced  ;  that  is,  in  the  produiSl  of  the 
quantity  of  matter  by  the  velocity  generated  in  it  by 
this  exertion.  And  it  muft  be  particularly  noticed,  that 
this  meafure  is  applicable  even  to  cafes  where  no  motion 
13  produced  by  the  exertion  ;  that  is,  it  we  know  that 
the  exertion  which  is  jull  unable  to  fturt  a  block  of 
ftone  lying  on  a  fmooth  ftone  pavement,  but  would  ftart 
it,  if  increaftd  by  the  fmalleil  addition;  and  if  we  know 
that  this  would  generate  in  a  fecond  32  feet  of  velocity 
in  100  pounds  of  matter — we  are  certain  that  it  was  a 
prefTure  equal  to  the  weight  of  this  loo  pounds.  It  is 
a  good  meafure,  though  not  immediate,  and  may  be 
uled  without  danger  of  miftake  when  we  have  no 
other. 

The  celebrated  engineer  Mr  Smeaton,  in  his  excel- j^^  g„jj_ 
lent  diflertation  on  the  power  ot  water  and  wind  to  ton's  me»» 
drive  machinery,  and  alfo  in  two  other  diftertations,  alKure. 
publiftied  in   the  Philofopliical  I'ranfaAions,  and  after- 
wards in  a  little  volume,  has  employed  another  meafure, 
both  of  the  expenditure  of  mechanical  power,  and  of 
the   mechanical  effeA   produced.       He  fays,   that  the 
weight  of  a  body,  multiplied  by  the  height  thro'  which 
it  defcends,  while  driving  a  machine,  is  the  only  proper 
meafure  of  the  power  expended  ;  aud  that  the  weight, 
multiplied  by  the  height  through  which  it  is  uniformly 
raifed,  is  the  only  proper  meafure  of  the  effeft  produ- 
ced.    And  he  produces  a  large  train  of  accurate  expe- 

rimentSi 
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riments  to  prove  that  a  certain  weight,  defcending 
through  a  certain  fpace,  :>.l\vays  pioduces  the  lame  ef- 
feft,  whether  it  hasdefcendcJ  iwiftly  or  flowly,  employ- 
ing h'ttle  or  much  time. 

Had  this  ciiiinciit  engineer  propofed  this  as  a  ])opii- 
lar  meafure,  of  eafy  comprehcnilon  and  remembrance, 
and  as  well  accommodated  to  tlic  ufes  of  thule  engaged 
in  the  conftrudlion  of  machines,  when  rellritted  to  a 
certain  clafs  of  cafes,  it  might  have  anfwered  very  good 
purpofcs  ;  but  the  author  is  at  pains  to  recommend  it 
to  the  philofophers  as  a  neeeflary  correftion  of  their 
theories,  which  he  fays  tends  to  mifiead  the  artifts.  His 
own  reafonings  terminate  in  the  fame  conclufion  with 
Mr  Leibnitz's,  namely,  that  the  power  of  producing  a 
mechanical  efFeft,  and  the  tfteQ;  produced,  are  propor- 
tional to  the  fquare  of  the  velocity.  The  difference  juft- 
ly  due  to  Mr  Snieaton's  authority,  and  the  influence  of 
his  name  among  thofe  who  are  likely  to  make  the  nioft 
life  of  his  inftrudions,  render  it  neceffary  for  us  to  exa- 
mine this  matter  with  fome  attention. 

Mr  Smeaton  was  led  to  the  adoption  of  this  nieafui-e 
by  his  profeflional  habits.  Raifmg  a  weight  to  a  height 
is,  in  one  fliape  or  another,  the  general  talk  of  the  ma- 
chines he  was  employed  to  ereft  ;  and  we  may  add,  the 
opportunities  of  expending  the  mechanical  powers  of 
nature  which  are  in  our  command,  are  generally  in  this 
proportion.  A  certain  daily  fupply  of  water,  coming 
from  a  certain  height,  is  our  beft  opportunity,  and  may 
very  properly  be  faid  to  be  expended. 
4  This  being  the  general  cafe,  the  meafure  was  obvious, 

Examined, 2nd  natural,  and  good.  The  power  and  efteCl  were  of 
the  fame  kind,  and  miifi  be  meafures  of  each  other  ;  at 
Icaft  in  thofe  circumftances  in  which  they  were  fet  in 
oppolition.  Yet  even  here  Mr  Smeaton  was  obliged  to 
make  a  reflriftion  of  his  meafures  :  "  The  height  thro' 
which  a  hoAy  Jlowly  and  equably  defcended,  or  to  which 
it  was  raifed."  And  why  was  this  limitation  neceffary  ? 
"  Becaufe  in  rapid  or  accelerated  motions,  the  inertia  of 
^*g^  T°  bodies  occafioned  fome  variation*."  But  this  is  too 
vague  language  for  philofophical  difquifition.  Befidcs, 
what  is  meant  by  this  variation  ?  What  is  the  ftandard 
from  which  the  unreftrifted  meafure  varies  ?  This  iland- 
ard,  whatever  it  is,  is  the  true  meafure,  and  it  was  need- 
lefs  to  adopt  any  other.  Now,  the  ilandard  from 
which  Mr  Smeaton  eftimates  the  deviation,  is  the  very 
meafure  which  we  with  to  employ,  namely,  the  quantity 
of  motion  produced.  Stridly  fpeaking,  even  this  is 
not  the  immediate  meafure.  The  immediate  nieaiure  is 
that  faculty  which  we  call  preffure.  This  is  the  inter- 
medium perceivable  in  all  produftions  of  motion  ;  and 
it  is  alfo  the  intermedium  of  mechanical  effttl,  even  when 
motion  is  not  produced  ;  as  when  the  weight  of  a  body 
bends  a  fpring,  or  the  elafticity  of  a  body  fupports  an- 
other preffure.  Hovv  ft  operates  in  all  or  any  or'  thefe 
cafes,  we  know  not  ;  but  we  know  that  all  thefe  mea- 
fures of  preffure  agree  with  each  other.  A  double 
quantity  of  motion  will  bend  a  Ipring  doubly  Itrong, 
will  raife  a  double  weight,  will  withtland  any  double 
preffure,  &c.  &c.  In  fhort,  preffure  is  the  immediate 
agent  in  every  mechanical  phenomenon.  It  penetrates 
bodies,  overcoming  their  tenacity  ;  it  overcomes  fric- 
tion ;  it  balances  preffure ;  it  produces  motion.  Mr 
Smeaton's  meafure  is  only  nearly  true,  in  any  cale,  and 
in  all  cafes  it  is  far  from  being  exa6l  in  the  firll  inilants 
of  the  motion,  during  its  acceleration  or  retardation. 
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We  have  already  noticed  the  complete  expenditure 
of  animal  power  by  continued  preffure,  even  when  mo. 
tion  is  not  produced  :  the  only  difficulty  is  to  conneft 
ithis  in  a  niealurable  way  with  the  power  which  the  fame, 
exertion  has  of  generating  motion  in  a  body. 

When  a  man  lupports  a  weight  for  a  lingle  inftant, 
he  certainly  balances  the  preffure  or  ailion  of  gravity  on 
that  body  ;  and  he  continues  this  aftion  as  long  as  he 
continues  to  fupport  it  :  and  we  know  that  if  this  body 
were  at  the  end  of  a  horizontal  arm  turning  round  a 
vertical  axis,  the  fame  effort  which  the  man  exerted  in 
merely  carrying  the  weight,  if  now  exerted  on  the  bo- 
dy, by  pufhing  it  horizontally  round  the  axis,  will  ge- 
nerate in  it  the  fame  velocity  which  gravity  would  ge- 
neraite  by  its  falling  freely.  On  this  authority  therefore 
we  lay,  that  the  whole  accumulated  atlion  of  a  man, 
when  he  has  juft  carried  a  body  whofe  weight  is  30 
pounds  for  one  minute,  is  equal  to  the  whole  exertion 
of  gravity  on  it  during  that  minute  ;  and  if  employed, 
not  to  counteratl  gravity,  but  to  generate  motion, 
would  generate,  during  the  minute,  the  fame  motion 
that  gravity  would,  that  is,  60  X  32  feet  velocity  per 
fecond,  in  a  mafs  of  30  pounds.  There  would  be  30 
pounds  of  matter  moving  with  the  velocity  of  1920  feet 
per  fecond.  We  would  exprefs  this  produftion  or  ef- 
feft  by  30  X  1920,  or  by  57600,  as  the  meafure  of  the 
man's  exertion  during  the  minute. 

But,  according  to  Mr  Smeaton,  there  is  no  expendi- 
ture  of  power,  nor  any  production  of  mechanical  effect, 
in  thus  carrying  30  pounds  for  a  minute  ;  there  is  no 
produtt  of  a  weight  by  a  height  through  which  it  is 
equably  raifed  ;  yet  fuch  exertion  will  completely  ex- 
hauft  a  man's  ftrength  if  the  body  be  heavy  enough. 
Here  then  is  a  cale  to  which  Mr  Smeaton's  meafure 
does  not  readily  apply  ;  and  this  cafe  is  important,  in- 
cluding all  the  attions  of  animals  at  a  dead  pull. 

But  let  us  conlider  more  narrowly  what  a  man  really 
does  when  he  performs  what  Mr  Smeaton  allows  to  be 
the  production  of  a  meafurable  mechanical  effett.  Sup- 
pole  this  weight  of  30  pounds  hanging  by  a  cord  which 
paffes  over  a  pulley,  and  that  a  man,  taking  this  cord 
over  his  Ihoulder,  turns  his  back  to  the  pidley,  and  walks 
away  from  it.  We  know,  that  a  man  of  ordinary  force 
will  walk  along,  raifingthis  weight,  at  the  rate  of  about 
60  yards  in  a  minute,  or  a  yard  every  fecond,  and  that 
he  can  continue  to  do  this  for  eight  or  ten  hours  from 
day  to  day  ;  and  that  this  is  all  that  he  can  do  without 
fatigue.  Here  are  30  pounds  raifed  uniformly  it^o  feet 
in  a  minute  ;  and  Mr  Smeaton  would  exprefs  this  by 
30  X  icSo,  or  ;_)00,  and  would  call  this  the  meafure  of 
the  mechanical  effett,  and  alfo  of  the  expenditure  of 
power.     This  is  very  different  from  our  mealure  57600. 

But  this  is  not  an  accurate  and  complete  account  of         5 

the  man's  aBisn  on  the  weidit,  and  of  the  whole  etfeft  '*";'  ^P™ 
1         1       rr.      ,  •        1     £-     1  •       r  ,-1  to  be  mat 

produced.      1  o   be  convmced  ot  this,    iuppoie  liiat  ^  ^^xsxe. 

man  A  has  been  thus  employed,  while  another  B,  walk- 
ing along  fide  of  him  at  the  lame  rate,  fuddenly  takes 
the  rope  out  of  his  hand,  frees  him  of  the  talk,  and  con- 
tinues to  raife  the  weight  without  the  Imallcll  change  on 
its  velocity  of  alcent.  What  is  the  attion  of  B,  and 
whether  is  it  the  fame  with  that  of  A  or  not  ?  It  is  ac- 
kiiuwiedged  by  all,  that  the  exertion  of  B  againft  the 
load  is  precifcly  equal  to  30  pounds.  If  he  holds  the 
I  ope  by  a  fpring  fteelyard,  it  will  Hand  conHantly  at 
the  mark  30.      B  exerts  the  fame  aftion  on  the  load  as 

when 
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when  he  fimply  fupports  it  from  falling  back  into  the 
pit.  It  was  moving  with  the  velocity  of  three  teet  per 
fecond  when  he  took  hold  of  the  rope,  and  it  would 
continue  to  move  with  that  velocity  if  any  thing  could 
annihilate  or  counteraft  Its  gravity.  If  thercfoic  there 
was  no  aiAioii  when  a  perfon  merely  carried  it,  tliere  is 
none  at  prefent  wheji  it  is  rifing  i8o  feet  in  a  minute. 
The  mail  does  indeed  work  more  than  on  that  occafion, 
but  not  againll  the  load  ;  his  additional  work  is  walk- 
in'',  the  motion  of  his  own  body,  as  a  thing  prcvioufly 
necelTary  that  he  may  continue  to  fupport  the  load, 
that  he  may  continue  his  mechanical  effort  as  it  follows 
him.  It  appears  to  yield  to  him  :  but  it  is  not  to  his 
efforts  that  it  yields  ;  its  weight  completely  balances 
thofe  efforts,  and  is  balanced  by  them.  It  was  to  a 
sreaUr  effort  of  the  man  A  that  it  yielded.  It  was 
then  lying  on  the  ground.  He  pulled  at  the  cord, 
gradually  perhaps  increafing  his  pull  till  it  was  juil  equal 
to  its  weight.  When  this  obtains,  the  load  no  longer 
preffcs  on  the  ground,  but  is  completely  carried  by  the 
rope.  But  it  does  not  move  by  this  effort  of  30  pounds  ; 
but  let  him  exert  a  force  of  31  pounds,  and  continue 
this  for  three  (cconds.  He  will  put  it  in  motion  ;  will 
accelerate  thac  motion  ;  and  at  the  end  of  three  feconds 
the  load  is  riling  with  the  velocity  of  three  feet  ger  fe- 
cond. The  man  feels  that  this  as  much  fpeed  as  he 
can  continue  in  his  walk  ;  he  therefore  flackens  his 
pull,  reducing  his  aAlon  to  30  pounds,  and  with  this 
aiilion  he  walks  on.  All  this  would  be  diftinctly  per- 
ceived by  means  of  a  fteelyard.  Tlie  rod  would  be 
pulled  out  beyond  30,  till  the  load  acquired  the  uni- 
form velocity  Intended,  and  after  this  it  would  be  ob- 
ferved  to  fhrink  back  to  30. 

More  is  done  therefore  than  appears  by  Mr  Sinea- 
ton's  meafure.  Indeed,  all  that  a])pears  in  it  is  the  ex- 
ertion neceffnry  for  continuing  a  motion  already  produ- 
ced, but  which  would  be  immediately  cxtinguldicd  by 
a  contrary  power,  which  muft  therefore  be  counteract- 
ed. 1  his  meafure  will  not  apply  to  numberlcfs  cafes  of 
the  employment  of  machines,  where  there  is  no  fuch  op- 
pofing  power,  and  where,  notwithllanding,  mechanical 
power  muft  be  expended,  even  according  to  Mr  Smea- 
ton's  meafureraent.  Such  are  corn  mills,  boring  mills, 
and  many  others. 

How  then  comes  it  that  Mr  Smeaton's  valuable  ex- 
periments concur  fu  exactly  in  ihewing  that  the  fame 
quantity  of  water  defcending  from  the  fame  height,  al- 
ways produces  the  fame  cffctf  (as  hemeal'ured  It),  what- 
ever be  the  velocity  ?  In  the  tirft  place,  all  his  experi- 
ments are  cafes  where  the  power  expended-  and  the 
work  performed  are  of  the  fame  kind  :  A  heavy  body 
defcends,  and  by  its  preponderancy  raifts  anotlier  heavy 
body.  But  even  this  would  not  enfure  the  preeile  a- 
greement  obftrved  in  his  experiments,  if  Mr  Smeaton 
were  not  careful  to  exclude  from  his  calculations  all  that 
motion  where  tlicre  Is  any  acceleration,  and  all  the  ex- 
penditure of  water  duiing  the  acceleration,  and  to  ad- 
mit  only  thofe  motions  that  are  fcmibly  uniform.  In 
moderate  velocities,  the  additional  prcffure  required  for 
the  firil  acceleration  is  but  an  infignliicant  part  of  the 
whole  ;  and  to  take  thefe  accelerated  motions  into  the 
account,  would  have  embarraifed  the  calculations,  and 
•  perhaps  confufed  many  of  the  readers.  We  fee,  in  the 
inftance  now  given,  that  the  addition  of  one  ponudcon- 
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tinned  for  three  fecoods  only,  was  all  that  was  neccf- 
fary. 

Mr  Smeaton's  meafurement  is  therefore  abundantly 
txaft  for  prailice  ;  and  being  accommodated  to  the  cir- 
cumllances  moll  likely  to  engage  the  attention,  is  very 
proper  for  the  inllrudllon  of  the  numerous  praftitioners 
in  all  nianufafturing  countries  wiio  are  employed  for 
ordinary  ereftions  ;  but  it  is  improperly  propofed  as  an 
article  effential  to  a  jull  theory  of  mechanics,  and  there- 
fore it  was  proper  to  notice  It  in  this  place.  Befides, 
there  frequently  occur  moll  important  cafes,  in  whicli 
the  motion  of  a  machine  is,  of  necefiity,  defultory,  al- 
ternately accelerated,  and  retarded.  We  (hould  not  de- 
rive all  the  advantages  in  our  power  from  the  firft  m.o- 
ver,  if  we  did  not  attend  particularly,  and  chiefly,  to 
the  accelerating  forces.  And  in  every  cafe,  the  improve- 
ment, or  the  proper  employment  of  the  machine,  is  not 
attained,  if  we  are  not  able  to  difcriminate  between  the 
two  parts  of  the  mechanical  exertion  ;  one  of  them,  by 
which  the  motion  is  produced  and  accelerated  to  a  cer- 
tain  degree  ;  and  the  other,  by  which  that  motion  is 
continued.  We  muft  be  able  to  appreciate  what  part 
of  the  effeiEl  belongs  to  each.  But  it  is  now  time  to 
proceed  to  the  important  queftion. 

What  ivill  be  the  precife  motion  of  a  machine  of  given 
conftru3ion,  a&uated  by  a  power  of  known  iiiienjity  and 
manner  of  ading,  and  oppofed  by  a  known  rejijlance  ? 

In  the  folucion  uf  this  queftion,  much  depends  on  the, 
nature  of  botli   power   and  refiftance. 

conlideration  of  machines,  no  attention  is  paid  to  anyed  in  a  ma- 
differences.  The  intenfity  of  the  prefTures  is  all  that  it  isch  ne  at 
necefTary  to  regard,  in  order  to  ftate  the  proportion  of ''""^''• 
prcffure  which  will  be  exerted  in  the  various  parts  of 
the  machine.  The  prefTures  at  the  impelled  and  work- 
ing points,  combined  with  the  proportions  of  the  ma- 
chine, neceffarily  determine  all  the  reft.  Preffure  being 
the  fole  caufe  of  all  mechanical  aftlon  among  bodies, 
any  preffure  may  be  fubftituted  for  another  that  is  equal 
to  It  ;  and  the  preffure  which  is  moil  familiar,  or  of 
eafieft  confideration,  may  be  ufed  as  the  reprefentative 
of  all  others.  This  has  occnfioned  the  mechanical  wri- 
ters to  make  ufe  of  the  preffure  of  gravity  as  the  ftand- 
ard  of  comparifon,  and  to  reprefent  all  powers  and  refift- 
ances  by  weights.  However  proper  this  may  be  in 
their  hands,  it  has  hurt  the  progrefs  of  the  fcicnce. 
It  has  rendered  the  ufual  elementary  treatifes  of  mecha- 
nics very  imperfeCl,  by  limiting  the  experiments  and  il- 
luftrations  to  fuch  as  can  be  fo  reprefented  with  tVicility. 
This  has  limited  them  to  the  ftate  of  equlllb.ium  (in 
which  condition  a  working  machine  is  never  found), 
becaule  illuftrations  by  experiment  out  of  this  flatc  are 
neither  obvious  nor  eafy.  It  has  alfo  prevented  the 
ftudents  of  mechanics  from  accompllfhing  themfdves 
with  a  mathematical  knowledge  required  for  a  fuccefs- 
ful  profecution  of  the  lludy.  The  moft  elementary 
geometry  is  iufBcient  for  a  thorough  nnderftanding  of 
equilibrium,  or  the  dotlrlnes  of  ftatlcs  ;  but  true  me- 
chanics, the  knowledge  of  machines  as  inllruments  by 
which  work  is  performed,  requires  more  refined  mathe- 
matics, and  is  inacceffible  without  it. 

Had  not  Newton  or  others  improved  mathematics- 
by  the  invention  of  the  Infinitefimal  analylis  and  calcu- 
lus, we  muft  have  relted  contented  with  the  difcoverleg 
(really   great)  of  Galileo  and  Huyghens.     But  New- 
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ton,  fua  matheft  faeem  pr,tferenle,  opened  a  boundlefs 
field  of  inveiligation,  and  lias  not  only  given  a  magnifi- 
cent and  brilliant  fpecimen  of  the  difcoveries  to  be  made 
in  it,  but  has  alfo  traced  out  the  particular  paths  in 
which  we  are  to  find  the  folution  of  all  quettions  of 
prafilical  mechanics.  This  he  has  done  by  fhewing 
another  fpecifS  of  equilibrium,  indicated,  not  by  the 
ceflation  of  all  motion,  but  by  the  uniformity  of  mo- 
tion ;  by  the  ceffation  of  all  acceleration  or  retardation. 
As  the  extinftion  of  motion  by  the  aftion  of  oppofite 
forces  is  afTumed  by  us  as  the  indication  of  the  perfedl 
equalit)  of  thofe  forces  ;  fo  the  extinction  of  accelera- 
tion (hould  be  received  as  the  indication  of  fomething 
equal  and  oppofite  to  the  force  which  was  known  to 
have  caufed  the  acceleration  ;  and  therefore  as  the  indi- 
cation of  an  equilibrium  between  oppofite  forces,  or  tlfe 
of  the  ceffation  of  all  force. 
7  This  new  view  of  things  was  the  fource  of  all  our 

Mechanical  (Jjftlnfi.  notions  of  mechanical  forces,  and  gave  us  our 
•qiulibtium ^j^jy  unexceptionable  marks  and  meafures  of  them. 
The  39th  propofition  of  the  firft  book  of  Newton's 
Principles  of  Natural  Philofophy,  and  its  corollaries, 
contain  almoft.  the  whole  dodrine  of  aftive  mechanical 
nature,  and  are  peculiarly  applicable  to  our  prefent  pur- 
pofe,  becaufe  they  enable  us  to  comprehend  in  this  me- 
thantcal  equUibrium  (fo  different  from  the  JIatical)  every 
circumllance  in  which  thofe  preffures  which  are  exerted 
by  natural  powers  differ  from  each  other,  and  vary  in 
their  aAion  on  the  impelled  and  working  points  of  a 
machine.  Indeed,  when  we  recollect  that  the  opera- 
tions of  our  machines  are  the  fame  on  board  a  (hip  as 
on  Ihore,  and  that  all  our  machines  are  moving  with  the 
ground  on  which  they  ftand,  we  mufl  acknowledge,  that 
even  ordinary  ftatics  Is  only  an  imperfedl  view  of  an 
equilibriuin  aaiong  things  which  are  in  motion  ;  and 
this  (hould  have  taught  us  that,  even  in  thofe  cafes 
where  nothing  like  equilibrium  appears,  an  equilibrium 
may  ftiU  be  ufcfiiUy  traced. 
8  In  the  ftatical  confideration  of  machines,  the  quantity 

Didindionsof  preffure  is  all  that  we  need  attend  to.  But  in  the 
muft  be  the  jjjg^i^^ijj^,^]  difcuffion  of  their  operations,  we  mufl  attend 
made  in  the  ,    .     ,.„.    ,, .  •     ,  •    .  j  v        11   u 

nature  of     'o  '^eir  dillniciions  in  kind  :   and  it  will  by  no  means 

the  powers  be  fufficient  to  reprefent  them  all  by  weights  ;  for  their 
applied  to  diftinftion  in  kind  is  accompanied  by  great  differences 
Working      ji^  j|jj.jj.  ,„3„nfr  of  atting  on  the  machine.      Some  natu- 
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ral  powers,  in  order  to  continue  their  aftion  on  the  im- 
pelled point  of  the  itiiichiiie,  mull  at  the  fame  time  put 
into  motion  a  quantity  of  matter  external  to  the  ma- 
chine, in  which  thel'e  powers  rcfide  ;  and  this  mult  be 
made  to  follow  the  impelled  point  in  its  motion,  and 
not  only  follow,  but  contiiiue  to  prefs  it  forward  ;  or, 
this  matter,  thus  continually  put  into  motion,  mull  be 
fucceffively  applied  to  different  points  of  the  raathiiie, 
which  become  impelled  points  in  their  turn.  This  is 
the  cafe  with  a  weight,  with  the  aftion  of  a  fpring,  the  ac- 
tion of  animals,  the  action  of  a  Itreara  of  water  or  wind, 
and  many  other  powers.  A  part  of  the  natural  mecha- 
nical powers  mull  therefore  be  employed  in  producing 
this  external  motion.  This  Is  fomctimes  a  very  confi- 
derable  part  of  the  whole  natural  power.  In  fome 
cafes  it  is  the  whole  of  it.  This  obtains  in  the  aftion 
of  a  defccnding  weight,  lying  on  the  end  of  a  lever  and 
preffing  it  down,  or  hanging  by  a  cord  attached  to  the 
machine. 
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There  is  alfo  an  important  diftinftion  in  the  manner 
in  which  this  external  motion  is  kept  up.      In  a  weight 
employed  as  the  moving  power,   the  .irtnating  preffuie 
feems   to  rclide  in   the  matter  itielf ;  and  all  that  is  lie. 
ceffary   for  continuing  this  prelfure  is  merely  to   con- 
tinue the  connexion  of  it  with  the  machine.      But  in 
the  aflion  of  animals  it  may  be  very  different  :   A  man 
pudiing  at  a  Capllan  bar,  muft  firll  of  all  walk  as  faff  as 
the  bar  moves  round,  and  this  requires  the  expenditure 
of  his  mufcular  force.      But  this  alone  will  not  render  his 
aftion   an  effeftive  power:   He  mull  alfo^r^  forward 
the  capftan  bar  with  as  much  force  as  he  has  remaining 
over  and  above  what  he  expends  in  walking  at  that  rate. 
The  proportion  of  tliete  two  expenditures  may  be  very 
different  in  different  circiimllanccs  ;   and  in  the  judicious 
feleition  of  luch  clrcumltanccs  as  nip.ke  the  tirftof  thtfe 
as  inconfiderable  as  poffible,  lies  much  of  the  (kill  and  la- 
gacity  of  the  engineer.      In  the  common  operation   of 
thrafhlng  corn,  much  more  than  half  of  the  man's  pow- 
er is  expended  in  giving  the  neceffary  motion  to  his  own 
body,   and  only   the  remainder  is  employed  in   urging 
forward  the  fwiple  with  a  momentum  fulficient  for  (ba- 
king off  the  ripe  grains  from   the  (talk.     We  had  fuffi- 
cient  proof  of  this,  by  taking  off  the  fwiple  of  the  flail, 
and  putting  the  fame  weight  of  lead  on  the  end  of  the 
ftaff,   and  then   cauling  the  hind  to   perform  the  ufual 
motions  of  thrafhing  with  all  the  rapidity  that  he  could 
continue  during  the  ordinary  hours  of  work.   We  never 
could  find  a  man  who  could  make  three  motions  in  the 
fame  time  that  he  could  make  two  in  the  ufual  manner, 
fo  as  to  continue  this  for  half  an  hour.      Hence  we  mutt 
conclude,   that    half   (fome  will  fay   two-thirds)    of  a 
threfher's  power  is  expended  in  merely  moving  his  own 
body.      Such  modes  of  animal  aftion   wlll^herefore  be 
avoided   by  a  judicious   engineer  ;  but   to  be  avoided, 
their  inconvenience  mull  be   uiidci  ftood.     More  of  thia 
will   occur    hereafter.      In  other  cafes  we  are  almoll, 
(never  wholly)  free  from  this  unprofitable  expcnditme 
of  power.     Thus,   in  the  ffeam  engine,   the  operallun 
requires   that  the  external  air  follow  the  pillon  down 
the  cylinder,    in  order  to  continue  its  prelfure.      But 
the  force  neceffary  for  fending  in  this  rare  fluid  into  the 
cylinder  with  the  neceffary  velocity,  is  fiich  an  infigni- 
cant  part  of  the  whole  force  which  is  at  our  command, 
that   it  would  be  ridiculous  affectation  in  any   engineer 
to  take  it  into  account  ;  and  this  is  one  great  ground  of 
preference  to  this  natural  power.      The  lame  thing  may 
be  laid  of  the  afrtion  of  a  ftrong  and  light  fpring,  which 
is  therefore  another  very  eligible  tirtt  mover  for  ma- 
chinery.     The  ancient   artiUerills  had  difcovcred   this, 
and  employed  It  In  their  warlike  engines. 

W'e  mull  alfo  attend  to  the  nature  of  the  reliftance 
which  the  work  to  be  performed  oppofesto  the  motion 
of  our  machine.  Sometimes  the  work  oppoles,  not  a 
iimple  ohilruction,  but  a  real  refiftance  or  reaftion, 
which,  if  applied  alone  to  the  machine,  would  eaufe  it 
to  move  the  contrary  way.  This  always  obtains  in 
cafes  where  a  heavy  body  Is  to  be  raifed,  where  a  fpring 
is  to  be  compreffed,  and  in  fome  other  cafes.  Very  often, 
however,  there  is  no  fuch  contrary  attion.  A  flour 
mill,  a  faw  mill,  a  boring  mill,  and  many  fuch  engines, 
exhibit  no  reaction  of  this  kind.  But  although  fuch 
machines,  when  at  reft  or  not  impelled  by  the  firft  mo- 
ver, fullain  no  preffure  in  the  oppofite  diredion,  yet 

they 
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tliev  will  not  acquire  any  motion  whatever,  unkfs  tlioy 
be  hnpelled  by  a  puwer  ot  a  certain  determinate  inten- 
fity.  Thus  in  a  law  mill,  a  certain  force  mull  be  im- 
preiTcd  on  the  teeth  of  the  faw,  that  the  coliefion  of 
the  fibres  of  the  timber  may  be  overcome.  This  re- 
quires that  a  certain  force,  determined  by  the  propor- 
tions of  the  machine,  be  imprtlTed  on  the  impelled 
point.  If  this,  ami  no  more,  be  applied  there,  a  force 
will  be  excited  at  the  teetli  of  the  faw,  which  will  ha 
Jttiuet]\e  cohefion  of  the  wood,  but  will  not  overcome-  it. 
The  machine  will  contlnne  at  rell,  and  no  work  will  be 
performed.  Any  addition  of  force  at  the  impelled  point, 
will  ocoalion  an  addition  to  the  force  excited  in  the 
teeth  of  the  faw.  The  cohelion  will  be  overcome,  the 
machine  will  move,  and  work  will  be  performed.  It  is 
only  il\h  afidilioii  to  the  impelling  power  that  gives  mo- 
tion to  the  machine  ;  the  rell  being  expended  merely  in 
balancing  the  cohefion  of  the  woody  fibres.  While 
therefore  the  machine  is  in  motion,  performing  work, 
we  mufl-  confider  it  as  actuated  by  a  force  imprelTed  on 
the  impelled  point  by  the  natural  power,  and  by  ano- 
ther ading  at  the  working  point,  fnrniflied  by  or  de- 
rived from  the  refiilance  ol  the  work. 

Again  :  It  not  unfreqnently  happens,  that  there  is 
not  even  any  fuch  refiftance  or  obftruftiuu  excited  at 
the  working  point  of  the  machine  ;  the  whole  refiil- 
ance (if  we  can  v\'lth  propriety  give  it  that  name)  ariles 
from  the  necefiity  of  giving  motion  to  a  quantity  of 
inert  and  Inaftlve  matter.  This  happens  in  urging 
round  a  heavy  fly,  as  in  theccjining  prefs,  in  the  punch- 
ing engine,  in  drawing  a  body  along  a  horizontal  plane 
without  friftion,  and  a  few  fimilar-  cafes.  Here  the 
fmallell  force  whatever,  applied  at  the  impelled  point, 
will  begin  motion  in  the  machine  ;  and  the  ivbolc  force 
fo  applied  is  confumed  in  this  fervice.  Such  cafes  are 
rare,  as  the  ultimate  performance  of  a  machine  ;  but 
occafionally,  and  for  a  farther  purpofe,  they  frequently 
occur  ;  and  it  is  neceffary  to  confider  thcin,  becaufe 
there  are  many  of  the  molt  important  applications  of 
machinery  where  a  very  confiderable  part  of  the  force 
is  expended  in  this  part  of  the  general  ta'k. 

Such  are  the  chief  circumftances  of  dillindlion  among 
the  mechanical  powers  of  nature  which  mull  be  attend- 
ed to,  in  order  to  know  the  motion  and  performance  of 
a  machine.      Thefe  never  occur  in  the  llatical  confider- 
ation  of  the  machine,  but  here  they  are  of  chief  im- 
portance, 
e  inertia      ^""^  farther:   The  aftion   of  the   moving  power  Is 
he  ma    transferred  to  the  working  point  through  the  parts  of 
ne  itfelf  ^  machine,  which  are  materia!,  inert,  and  heavy.      Or, 
•jifcde    '°  defcrihe  it  more  accurately,  before  the  necelfary  force 
can  be  excited  at  the  working  point  of  the  machine,  the 
various  connecting  forces  mull  be  exerted  in  the  diffe- 
rent parts  of  the  machine  ;  and  in  order  that  the  work- 
ing point  may  follow  out  the   impreflion  already  made, 
all  the  conneding  parts  or  limbs  of  the  machine  mud 
be  moved,  in  different  diredlions,  and  with  different  ve- 
locities,    Force  Is  neceffary  for  thus  changing  the  ftate 
of  all  this  mattci-,   and    frequently  a  very  confiderable 
force.     Time  mull  alio  elapfe  before  all  this  can  be  ac- 
complilhed.     This  often  confumes,  and  really  waftes,  a 
great  part  of  the  Impelling  power.     Thus,  in  a  crane 
worked  by  men  walking  in  a  wheel,  it  acquires  motion 
by  flow  degrees  ;  becaufe,   in   order  to  give  fufScient 
room  for  the  aftion  of  the  number  of  men  or  cattle  that 
Svppt.  Vol.  II.  Part  I. 
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are  neceffary,  a  very  capacious  wheel  muH  be  employed, 
containing  a  great  quantity  of  inert  matter.  All  of 
this  mull  be  put  in  motion  by  a  very  moderate  prepon- 
derance of  the  men.  It  accelerates  (lowly,  and  the  load 
is  railed.  When  it  has  attained  the  required  height, 
all  this  matter,  now  in  confiderable  motion,  mull  be 
llopjjcd.  This  c.tnnot  be  done  in  an  inltant  with  a 
jolt,  which  would  be  very  inconvenicrit,  and  even  hurt- 
ful ;  it  is  therelorc  brought  to  reft  gradually.  This 
alio  confuines  time  1  nay,  the  wheel  mull  get  a  inotion 
in  the  contrary  diredlon,  that  the  load  may  be  lowered 
into  the  cart  or  lighter.  This  can  only  be  accomplilli- 
ed  by  degrees.  Tlicn  the  tackle  mull  he  lowered  down 
again  for  another  load,  which  alio  mull  be  done  gra- 
dually. All  this  waftes  a  great  deal  both  of  time  ai;d 
ot  force,  and  renders  a  walking  wheel  a  very  improper 
form  for  the  firft  mover  of  a  crane,  or  any  machine 
whofe  ufe  requires  fuch  frequent  changes  of  motion. 
The  faine  thing  obtains,  although  in  a  lower  degree,  in 
the  fteam  engine,  where  the  great  beam  and  pump  rods, 
fometimes  weighing  very  many  tons,  mull  be  made  to 
acquire  a  very  britk  motion  in  oppofite  direftlons  twice 
in  every  working  llroke.  It  obtains,  in  a  greater  or  a 
lefs  degree,  in  all  engines  which  hive  a  reciprocating 
motion  in  any  of  their  parts.  Pump  mills  are  of  necel- 
fity  fubjedled  to  this  inconvenience.  In  the  famous  en- 
gine at  Marly,  about  \^  of  the  whole  moving  pott'er  of 
lome  of  the  water  wheels  is  employed  in  giving  a  reci- 
procating motion  to  a  fet  of  rods  and  chains,  which 
extend  from  the  wheels  to  a  ciftern  about  three-fourths 
of  a  mile  diftant,  wha'e  they  work  a  fet  of  pumps. 
This  engine  is,  by  fuch  injudicious  conftrudlon,  a  mo- 
nument of  magnificence,  and  the  ftruggle  of  ignorancff 
with  the  unchangeable  laws  of  Nature.  In  machines, 
all  the  parts  ot  which  continue  the  diredion  of  their 
motions  unchanged,  the  inertia  of  a  great  mafs  of  mat- 
ter does  no  harm;  but,  on  the  contrary,  contributes  to 
the  ftcadinefs  of  the  motion,  in  fpite  of  fmall  inequali- 
ties  of  power  or  refiftance,  or  unavoidable  irregularities 
of  force  in  the  interior  parts.  But  in  all  recicrocations, 
it  is  highly  prejudicial  to  the  performance  ;  and  there- 
fore conftruAions  which  admit  fuch  reciprocation  with- 
out neceffity,  are  avoided  by  all  intelligent  engineers. 
The  mere  copying  artift,  indeed,  who  derives  all  his 
knowledge  from  the  common  treatifes  of  mechanics, 
will  never  fufpctt  fuch  imperfeftions,  becaufe  they  do 
not  occur  in  the  llatical  confidcration  of  machines.  jg 

Lallly,  no  machine  can  move  without  a  inutual  rub  And  its 
bing  of  its  parts,  at  all  points  of  communication  ;  fuchf''''^t'°"' 
as  the  teeth  of  wheelwork,  the  wipers  and  lifts,  and  the 
gudgeons  of  its  different  axes.  In  many  machines,  the 
ultimate  taflc  performed  by  the  working  point,  is  either 
fridion,  or  very  much  refembler  it.  This  is  the  cafe 
in  polifhing  mills,  grinding  mills,  nay,  in  boring  mills, 
faw  mills,  and  others.  A  knowledge  of  fridion,  in  all 
its  varieties,  feems  therefore  abfolutely  neceffary,  even 
for  a  moderate  acquaintance  with  the  principles  of  ma- 
chinery. This  is  a  very  abftrufe  fubjed;  and  allhough 
a  good  deal  of  attention  has  been  paid  to  it  by  fome 
ingenious  men,  we  do  not  think  that  a  great  deal  has 
been  added  to  our  knowledge  of  it;  nor  du  the  experi- 
ments which  have  been  made  feem  to  vis  well  calculated 
to  lead  us  to  a  diftind  knowledge  ot  its  nature  and  mo- 
difications. It  has  been  confidcred  chiefly  with  a  view 
to  diniinilh  It  as  much  as  poffible  in  the  communicating 
M  parti 
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parts  of  machinery,  and  to  obtain  fome  ger.eral  rules    in  the  iinfjr/.  article  Rotation,  no  64.  and  iTiall  tlicre- 
ior  afccrtaining  the  quantity  of  what   unavoidably  re-     fore  ufe  it  here. 


montons. 


mains.  Mr  ^V  inoiitons,  of  the  Royal  Academy  of 
Sciences  at  Paris,  gave  us,  about  the  beginning  of  this 
centurv.  the  cliicf  information  that  we  have  on  the  fub- 
jeft.  He  difcoveved,  that  the  obllruction  which  it  gave 
to  motion  was  very  nearly  proportional  to  the  force  by 
whii'h  the  rubbing  iurfaces  are  prelTtd  together.  Thus 
he  found,  that  a  iMvoth  oaken  board,  laid  on  another 
finooth  board  of  the  fume  wood,  reqaires  a  force  nearly 
equal  to  one  third  of  what  prelTcs  the  furfaces  toge- 
tlier.  Uilferent  fubflances  required  difTcicnt  propor- 
if  tions. 
Meafurecf  Y{^  ;,lf,,  found,  that  ne'ther  the  extent  of  the  rub- 
"  J'  bing  furfaces,  nor  the  velocity  of  the  mniion,  made  any 
confiderable  variation  on  the  obilruttion  to  motion. 
Tliefe  were  curious  and  unexpedted  refults.  Subfe- 
quent  obfervations  have  made  (everal  correiftions  necef- 
fary  in  all  thefe  propofitions.  This  fubjeCt  will  be 
more  particularly  confidered  in  another  place  ;  but  fince 
the  deviations  from  Mr  Amontons's  rule  are  not  very 
confiderable,  at  leaft  in  the  cafes  which  occur  in  this 
general  confideration  of  machines,  we  (hall  make  ufe  of 
it  in  the  mean  time.  It  gives  lis  a  very  eafy  method 
of  eftimating  the  efFedl  of  fritlion  on  machines.  It  is  a 
certain  proportion  of  the  mutual  preifure  of  the  rubbing 
furfaces,  and  therefore  muft  vary  in  the  fame  propor- 
tion with  this  prefl'ure.  Now,  we  learn  from  the  prin- 
ciples of  ftatics,  that  whatever  prefTures  are  exerted  on 
the  impelled  and  working  point  of  tlie  machine,  all  the 
prefTures  on  its  different  parts  have  the  fame  conftant 
proportion  to  thefe,  and  vary  as  thefe  vary :  Therefore 
the  whole  friftion  of  the  machine  varies  in  the  fame  pro- 
portion. But  farther,  fince  it  is  found  that  the  fric- 
tion does  not  fenfibly  change  with  the  velocity,  the 
force  which  is  juft  fufficieut  to  overcome  the  friftion, 
and  put  the  loaded  machine  in  motion,  muft  be  very 
nearly  the  fame  with  the  force  expended  in  overcoming 
the  friftion  while  the  machine  is  moving  with  any  velo- 
city whatever,  and  performing  work.  Therefore  if  we 
deduft  from  the  force  which  jull  puts  the  loaded  ma- 
chine in  motion  that  part  of  it  which  balances  the  re- 
aftion  of  the  impelled  point  occafioned  by  the  rclillance 
of  the  work,  or  which  balances  the  relillance  of  the 
work,  the  remainder  is  the  part  of  the  impelling  power 
whicli  is  employed  in  overcoming  the  friction.  If  in- 
deed the  aftual  refilling  preffure  of  the  work  varies  with 
the  velocity  of  the  working  point,  all  the  prefTures,  and 
all  the  frictions  in  the  different  communicating  parts  of 
the  maclune,  vary  in  the  fame  proportion.  But  the  law 
of  this  variation  of  working  refiftance  being  known,  the 
frlftion  is  again  .iifcertained. 

We  can  now  flate  the  dynamical  equilibrium  of  for- 
ces in  the  working  machine  in  two  ways.  We  may 
either  confider  the  efTicicnt  impL-lling  power  as  dimi- 
niflied  by  all  that  portion  which  is  expended  in  over- 
coming  the  frittion,  and  which  only  prepares  the  ma- 
chine tor  performing  work,  or  we  may  confider  the  im- 
pelling power  as  entire,  and  tlie  work  as  increafed  by 
the  friftion  of  the  machine  ;  that  is,  we  may  fuppofe 
the  macliine  without  fridlion,  and  that  it  is  loaded  with 
a  quantity  of  additional  rcfiflance  ailing  at  the  work- 
ing point.  Either  of  thefe  methods  will  give  the  fame 
refult,  and  each  has  its  advantages.     We  took  the  lafl 


method  in  the  flight  vitw  which  we  took,  of  this  Cubjeft    impelled  point  to  overcome  it 


Suppofing  now  this  previous  knowledge  of  all  thefe 
variable  circumllances  which  affed  the  motion  of  ma- 
chines of  the  rotative  kind,  fo  that,  for  any  momentary 
pofition  of  it  while  performing  work,  we  know  what 
are  the  prtcife  prcfiures  atling  at  the  impelled  and 
working  points,  and  the  conltruftion  of  the  machine, 
on  which  depend  the  fridion,  and  the  momentum  of 
its   inertia    (expreffcd    in    the    article    Rotatio.s    by 

J P ''')  >  ^V"^  3'<^  ""w  in  a  condition  to  determine  its  mo- 
tion, or  at  leall  its  momentary  acceleration,  competent 
to  that  pofition.      Therefore, 

Let  there  be  a  rotative  machine,  fo  conftruded,  that  Comroli- 
while  it  is  performing  work,  the  velocity  of  its  impelled  tion  of  tlie 
point  is  to  that  of  its  working  point  as  m  to  n.      It  [sformiij? 
Kzfy  to   demonftrate,    from  the   common  principles  of^JJ^"  ^1"^ 
flatics,   that  if  a  fimple  wheel  and  axle  be  fubllitutcdf„rmancc 
for  it,  having  the  radius  of  the  wheel  to  that  of  the  of  a  ma- 
axle  in  the  fame  proportion  of  m  to  n,  and  having  the'^'^'"'- 
fame  momentum  of  fridion  and  inertia,  and  aduated  by 
the  fame  prefTures  at  the  impelled  and   working  points, 
then  the  velocities  of  thefe  points  will  be  precifely  the 
fame  as  in  the  given  machine. 

Let  p  rcprtient  the  intenfity  (which  may  be  meafured 
by  pounds  weight)  of  the  prefTure  exerted  in  the  mo- 
ment at  the  impelled  point  ;  and  /•  exprefs  the  preffure 
exerted  at  the  working  point  by  the  refillance  oppofed  , 
by  the  work  that  is  then  performing.  This  may  arife 
from  the  weight  of  a  body  to  be  railed,  from  the  cohe- 
fion  of  timber  to  be  fawed,  &c.  Any  of  thefe  refiflan- 
ces  may  alfo  be  meafured  by  pounds  weight ;  becaufe 
we  know  that  a  certain  number  of  pounds  hung  on  the 
faw  of  a  faw  mill,  will  juft  overcome  this  cohefion,  or 
overcome  it  with  any  degree  of  fuperiority.  Therefore 
the  impelling  power />,  and  the  relillance  r,  however  dif- 
fering in  kind,  may  be  compared  as  mere  prefTures. 

Let  X  reprefent  the  quantity  of  inert  matter  which. 
muft  be  urged  by  the  impelling  power  J>,  with  the  fame 
velocity  as  the  impelled  point,  in  order  that  this  pref- 
fure/>  may  really  continue  to  be  exerted  on  that  point. 
Thus,  if  the  impelling  power  is  a  quantity  of  water  in 
the  bucket  of  an  overiliot  wheel,  ading  by  its  weight, 
this  weight  cannot  impel  the  wheel  except  by  impelling 
the  water.  In  this  way,  x  may  be  confidered  as  repre- 
fenting  the  inertia  of  the  impelling  power,  while  ^  re- 
prefents  its  prefTure  on  the  machine.  In  like  manner, 
let  y  reprelent  the  quantity  of  external  inert  matter 
which  is  really  moved  with  the  velocity  of  the  working 
jxiint  in  the  execution  of  the  taflc  performed  by  the 
machine. 

Whatever  be  the  momentum  of  the  inertia  of  the 
machine,  we  can  always  afcertain  what  quantity  of  mat- 
ter, attached  to  the  impelled  point,  or  the  working 
point  of  the  wheel  and  axle,  will  require  the  fame  force 
to  give  the  wheel  the  fame'  angular  motion  ;  that  is, 
which  Ihall  hav*  the  fame  m.omentum  of  inertia.  Let 
the  quantity  a,  attached  to  the  working  point,  give  this 
momentum  of  inertia  an'. 

Lailly,  fuppofing  that  the  wheel  and  axle  have  no 
fridion,  let  y"  be  fuch  a  refiftance,  that  if  applied  to  the 
working  point,  it  fhall  give  the  fame  obftrudion  as  the 
fridion  of  the  machine,  or  require  the  fame  force  at  the 
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AnguUr 
niotiuii  of 
the  ma- 
cliUie. 


Tliefe  thingit  bfing  thus  eftabliHicd,  the  angular  ve- 
locity of  the  wheel  and  axle,  that  is,  the  uiinibcr  of 
turns,  or  the  portion  of  a  turn,  which  it  will  make 
in   a  given  time,  will  be  proportional  to  the  frafliun 

pm-  r  +fn  ^     (jy_s^.^   Rotation,   n"  64,   &c. 

xni^  +  "  +  J  "' 

JLncycl. 

Since  the  whole  turns  together,  the  velocities  of  the 
different  points  are  as  their  dittances  from  the  axis,  and 
may  be  exprcffed  by  multiplying  the  common  angular 
velocity  by  thefe  diitances.  Therefore  the  above  tor- 
mula,  multiplied  by  ni  or  «,  will  give  the  velocity  ot  the 
impelled  or  of  the  working  point.      Therefore, 


^t 
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,17  I      •         r-         11    I        •  P  "''' — r+Jmn 

Velocity  ofVelocity  01  iinpelkd  pou\t  =r — . 

the  imjxl-  .v  m'  -f  ci  +  J"  «' 

led  lo.nt.  pmr,  —  ~+7»' 

"         v  elocitv  01  workmT  point  =; =.-— — 


ing  poii.t. 


(II.) 

(III.) 

Velocity  of  ^  '^  ^  >•  „,2  ^  a  -t-_y  «^ 

the  work-  j^^  order  to  obtain  a  clear  conception  of  thefe  velo- 
cities, we  muft  compare  them  with  motions  with  which 
we  are  well  acquainted.  Tlie  propofition  being  iiniver- 
fally  true,  we  may  take  a  cale  where  gravity  is  the  fole 
power  and  refiftance  ;  where,  for  example,  p  and  r  are 
the  weights  of  the  water  in  the  bucket  of  a  wheel,  and 
in  the  tub  that  is  raifcd  by  it.  In  this  cafe,  p  =:  x,  and 
r  =:  y.  We  may  alfo,  for  greater  iimplicity,  fuppofe 
the  machine  without  inertia  and  friftion.     The  velocity 

p  rn'  —  r  th  n 
of  p  is  now 


16 

Ahfolutc 
tneifure  of 
tliem. 


p  m'  -^  r  n 

Let  g  be  the  velocity  which  gravity  generates  in  a 
fecond.  Then  it  will  generate  the  velocity  g  t  In  the 
moment  t.  Let  v  be  the  velocity  generated  during 
this  moment  in/,  connefted  as  It  is  with  the  wheel  and 
axle,  and  with  r.  This  connexion  produces  a  change 
of  condition  =:  g  t  —  -n.  For,  had  It  fallen  freely,  it 
would  have  acquired  the  velocity  g  t,  whereas  It  only 
acquires  the  velocity  v.  In  like  manner,  had  r  fallen 
freely,  it   would  have  acquired  the  velocity  g  t.      But, 

inftead  of  this,  it  is  raifed  with  the  velocity  —  v.     The 

'    III 

cTiange  on  it  is  therefore  z=  g  t  ■{ v.  Theft  changes 

of  mechanical  condition  arife  from  their  conneftion 
■with  the  corporeal  machine.  Their  preffures  on  it  bring 
into  aftion  its  coiiiiefling  forces,  and  each  of  the  two 
external  forces  is  in  Immediate  equilibrium  with  the 
force  exerted  by  the  other.  The  force  excited  at  the 
impelled  point,  by  r  acting  at  the  working  point,  may 
be  called  :he  momentum  or  energy  of  ;•.  1  heie  ener- 
gies are  pt  cifely  competent  to  the  produftion  of  the 
changes  whi  h  they  really  produce,  and  mull  therefoie 
be  conceived  as  having  the  fame  proportions.  They  are 
therefore  equal  and  oppofite,  by  the  general  laws  ob- 
Jernisd  in  all  aftions  of  tangible  matter ;  that  is,  they 
are  fuch  as  balance  each  other.  Thus,  and  only  thus, 
the  remaining  motions  are  what  we  obferve  them  to  be. 


That  is, p  Xg't  —  -it  X  m  =  r  X  g  t  -\-  ~  -v  Xn 

m 

_  .  .  .  n^    . 

Ur  p  mg  t  — pm  V  zz  rngt-\-r  —  v 

Or fm'g t  — p m^v  ssrntngt-^rn'v 


Or  p  nr  —  r  in  ti  X  g  I  ^  p  in'  -\-  r  n'  X  v 
That  is,  p  m'  -\-  r  n'  :  pm'  —  r  m  n  ^  g  I  :  -u 
That  is,  //'(•  dinomiiuttor  of  the  friiUion,  exprrjfing  the  i3l- 
loLily  oj  the  impelled  point,  is  to  the  numerator  as  the  velo- 
city ivhieh  a  heavy  body  tuuuld  acquire  in  the  moment  t,  by 
falling  freely,  is  to  the  velocity  luhich  the  impelled  point  ac- 
r/uires  in  that  moment.  The  fame  thing  is  true  of  the 
velocity  of  the  working  point. 

'1  his  reafoning  fufiVrs  no  ch.ingc  from  the  more  com- 
jilieated  nature  of  the  general  propofition.  Here  the 
impelling  power  Is  lllll  p,  but  the  matter  to  be  accelera- 
ted by  It  at  the  working  point  Is  a  -\-  y,  while  its  re- 
attiini,  diminl(hing  the  impelling  power,  is  only  ;•.  We 
have  only  to  confider,  in  this  cafe,  the  velocity  with 
which  a  +y  would  fall  freely  when  impelled,  not  by 
a  -\-y,  but  only  by  r.  The  rclult  would  be  the  lame  ; 
g  I  would  fllll  be  to  v  as  the  denominator  of  the  fame 
fraftion  to  Its  numerator. 

Thus  have  we  difcovered  the  momentary  acceleration 
of  our  machine.  It  is  evident,  that  if  the  prefl"ures/> 
and  /•,  and  the  friftion  and  inertia  of  the  machine,  and 
the  external  matter,  continue  the  fame,  the  acceleration 
will  continue  the  fame  ;  the  motion  of  rotation  will  be 
uniformly  accelerated,  and  p  m^  -[-  «  -f  J' «^  will  be  to 
p  m'  —  r  +fin  n  as  the  fpace  j-,  through  which  a  heavy- 
body  would  fall  in  any  given  time  /,  Is  to  the  fpace 
through  which  the  impelled  point  will  really  have  mo- 
ved in  the  fame  time.  In  like  manner,  the  fpace 
through  which  the  working  point  moves   In  the  lame 

p  m  n  —  r  -{■  f  n'^ 

time  IS  = '- 


p  m'  -\-  a  +  y  n' 
Thus  are  the  motions  of  the  working  machine  deter- 
mined. We  may  illuftrate  It  by  a  very  limple  example. 
Suppofe  a  weight  p  of  five  pounds,  defceiiding  from" a 
pulley,  and  dragging  up  another  weight  r  of  three 
pounds  on   the  other  fide.       m  and  n  are  equal,    and 

p  —  r 
each  may  be  called  i.     The  formula  becomes  — ; —  s, 
'  p-Y  r     ' 

e  -3  '>  T 

Therefore,  in   a  fecond,   the 


S-t-3    '       8       4 
weight  p  will  defcend   ^th  of  16  feet,  or  4  feet  ;  and 
will  acquire  the  velocity  of  8  feet  per  fecond. 

liaving  obtained  a  knowledge  of  the  velocity  of  eve-  _    ,'?_ 
6  ,  .  °        ,-11  •     •  Perlorm- 

ry  point  of  the  machine,  we  can  ealily  alcertaiii  its  per-j,,^^  of  the 

forniance.   This  depends  on  a  com.bination  of  the  iiuan- machine. 

tity  of  reliflance  that  Is  overcome  at  the  working  point, 

and  the  velocity  with  which  it   Is  overcome.      Thus,  in. 

raifing  water,  it  depends  on  the  quantity  (pioportional 

to  the  weight)  of  v.'ater  in  the  bucket  or  pump,  and  the 

veli'clty  with  which   it  is  lifted  up.      This  will  be  had 

by  multiplying  the  third  formula  by  r,  or  by  rg  t,   or 

by  r  s.     Therefore  we  obtain  this  exprefhon, 

,,,     ,    J  pmrn  —  r+frn'- 

Work  done  =  ' =^ — 

p  m'  -i-  a  -^  y  «' 
Such  Is  the  general  expiefTion  of  the  momentary  per- 
formance of  the  machine  Including  every  circumflancc 
which  can  affcft  It.  But  a  variation  of  thofe  circum- 
flances  produces  great  changes  in  the  rcfults.  'ihefc 
mufl  be  dlftindlly  noticed. 

Cor.  I.     If  />  m  rn  be  equal  to  r  -\-  f  r  n',  there  will 

be  no  work  done,  becaufe  the  numerator  of  the  fradlKiu 

is  annihilated.     There  is  then  no  unbalanced  force,  and 

M  2  the 
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the  natural  power  is  only  able  to  balance  the  prefTure 
propagated  from  the  working  point  to  the  impelled 
point. 

2  In  like  manner,  if  n  =  o,  no  work  is  done  altho 
the  machine  turns  round..  The  working  point  has  no 
motion.  For  the  fame  rcafon,  if  m  be  infinitely  great, 
ahhou^h  there  is  a  great  prevalence  of  impelling  mo- 
mentum,  there  will  not  be  any  fenfible  performance  du- 
ring a  finite  time.  For  the  velocity  which  p  can  im- 
prefs  is  a  finite  quantity,  and  the  impelled  point  cannot 
move  failer  than  .v  would  be  moved  by  it  if  detached 
from  the  machine.  Now  when  the  infinitely  removed 
impelled  point  is  moved  through  any  finite  Ipace,  the 
motion  of  the  working  point  muft  be  infinitely  lels,  or 
nothing,  and  no  work  can  be  done. 

Remark.    We  fee  that  there  are  too  values  of  n,  viz. 

■u,  and   m   X   — ,   which  give  no  performance.      But  in 

all  other  proportions  of  m  and  n  fome  work  is  done. 
Therefore,  as  we  gradually  vary  the  proportion  of  m  to 
n,  we  obtain  a  feries  of  values  exprelTing  the  perform- 
ance, which  muft  gradually  incrcafe  from  nothing,  and 
then  decreafe  to  nothing.  There  muft  tliercfore  be  fome 
proportion  of  m  to  «,  depending  on  the  proportion  of 
p  to  r+7.  a"'!  of  «  to  a  -I- _v,  which  will  give  the 
greateft  poffible  value  of  the  performance.  And,  on 
the  other  hand,  if  the  proportion  of  m  to  n  be  already 
determined  by  the  conftrudion  of  the  machine  already 
creiled,  there  muft  be  fome  proportion  of  /)  to  r  +/, 
and  of  s  to  a  -^  y,  by  which  the  greateft  performance 
of  the  machine  may  be  enfured.  It  is  evident  that  the 
determination  of  thefe  two  proportions  is  of  the  utmoft 
importance  to  the  improvement  of  machines.  The  well- 
informed  reader  will  pardon  us  for  endeavouring  lo 
make  this  appear  more  forcibly  to  thofe  who  are  lefs  in- 
ftruaed,  by  means  of  fome  very  fimple  examples  of  the 
lirft  principle. 

Suppofe  that  we  have  a  ftream  of  water  affording 
three  tons  per  minute,  and  that  we  want  to  drain  a 
pit  which  receives  one  ton  per  minute,  and  that  this 
is  to  be  done  by  a  wheel  aud  axle  I  We  wi(h  to  know 
the  beft  proportion  of  their  diameters  m  and  n.  Let 
m  be  taken  :=:  6  ;  and  fuppofe, 

1.  That  n  =  5. 

pmrn — /rr'      3.6.1-5  —  t.25  6c 

Then  ^J^^.-7Z-=^+-n^.  =  173.  =0.4887 

2.  Let-n  be  =  6.     The  formula  is  =  0,5. 

3.  Let  «  =  7.  The  formula  is  =  0,49045.  Hence 
we  find,  that  the  performance  is  greater  when  n  is  6 
than  when  it  is  either  5  or  7. 

As  an  example  of  the  fecond  principle,  fuppofe  the 
machine  a  fimple  pulley,  and  let/  be  10. 

■0X3  —  9  _  2J_ 

iO  +  i       ~  13' 
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It  muft  therefore  be  allowed  to  be  one  of  the  moft 
important  problems  in  praftical  mechanics  to  determine 
that  conftruftion  by  wliich   a   given  power  (hall  over- 


come a  given  rcfillance  with  the  greateft  advantage,  and 
the  proportion  of  work  which  Ihould  be  given  to  a  ma- 
chine already  contlrucled  fo  as  to  gain  a  iimilar  end.  ig 
I.  The  general  determination  of  the  firft  queftion  has  Pi oportlon 

but  little  difficulty.      We  muft  confidcr  11  as  the  vari-°f .''"  "?" 

' ^  chinewhicn 

,  ,  .,    J       .      ,,       r  pmrn  —  r  +  frn    „ives  the 

able   magnitude    in   the   formula =^ >^reatelt 

fim^  +  a+yn'       toik. 
which  expreffes  the  work  done  ;  and  find  its  value  when 
the  formula  is  a  maximum.     Taking  this  method,   we 
lliall  find  that  the  formula  IV.  is  a  maximum  when  n  is 

p  {a^y) 

This  expreflion  of  the  performance,  in  its  beft  ftate, 
appears  pretty  complex  ;  but  it  becomes  much  more 
fimple  in  all  the  particular  applications  of  it,  as  the  cir- 
cumftances  of  the  cafe  occur  in  praflice. 

We  have  obtained  a  value  of  n  exprcflfcd  in  parts  of 
m.  If  we  fubftitute  this  for  n  in  the  third  formula,  we 
obtain  the  greateft  velocity  with  which  the  refiftance  r, 
connedled  with  the  inertia  y,  can  be  overcome  by  the 
power  p,  coiinefted  with  the  inertia  x,  by  the  inter- 
vention  of   a   machine,    whofe   momentum    of   inertia 

rJf-f 

and   friftion   are  a  n^  and  J  n.     This  is  =:    — X 

la-Yy 


[       / ^  -f-  I   —  i)_f/.     This  expreffes  the  ve- 

locity  of  the  working  point  in  feet  per  fecond,  and 
therefore  the  adtual  performance  of  the  machine. 

But  the  proper  proportion  of  m  to  h,  afcertained  by 
this  procefs,  varies  exceedingly,  according  to  the  nature 
both  of  the  impelling  power,  and  of  the  work  to  be  per- 
formed by  the  machine. 

I.  It  frequently  happens  that  the  work  exerts  no  con- 
trary  ftrain  on  the  machine,  and  confifts  merely  in  im- 
pelling a  body  which  rcfifts  only  by  its  inertia.  This 
is  the  cafe  in  urging  round  a  milftone  or  a  heavy  fly  ; 
in  urging  a  body  along  a  horizontal  plane.  Sec.  In  thii 
cafe  r  does  not  enter  into  the  formula,  which  now  be- 


comes m  X 


^^T-VP'^{a  +  y)\-'<f 


If  the  fric- 

yY 

The  velocity  of  the  working  point  is 


tion  be  infignincant,  we  may  take  n  =  m      /  ^-— -i — 

V    /  (a  -J. 

=:  m       /  

V    a  -1- 

n  early  = 


1.  Let  rbe  =  3.  The  formula  is 
=   1,6154. 

2.  Let  /■  be  =:  4. 

24 
=  ^'  =  ■'7143- 

3.  Let  r  be  =  y. 


The  formula  is  =: 


10  X  4  —  16 
10  +  4     ' 


The  formula  is  =: •■'. 

10+5 

—  21,  =:  1,6666.    Here  it  appears,  that  more  work  is 
done  when  r  is  4  than  when  it  is  5  or  3. 


y — —rrr^.     In  this  cafe,  it  will  be  found 

2  v  «  ^  +  y 

that  the  velocity  acquired  at  the  end  of  a  given  time 
will  be  nearly  in  the  proportion  of  the  power  applied  to 
the  machine. 

2.  On  the  other  hand,  and  more  frequently,  the  iner- 
tia of  the  external  matter  which  muft  be  moved  in  per- 
forming the  work  need  not  be  regarded.  Thus,  in  ths 
grinding  of  grain,  fawing  of  timber,  boring  of  cylin- 
ders, &G.  the  quantity  of  motion  communicated  to  the 
flour,  to  the  faw-duft,  &c.  is  too  infignificant  to  be  ta- 
ken into  the  account.  In  this  cafe,  y  vanilhes  from  the 
formula,  which  becomes  extremely  fimple  when  the  fric- 
tion and  inertia  of  the  machine  are  inconfiderable.     We 

Ihall 
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(hall  not  be  far  from  the  truth  if  we  make  m  to  n  as 

2  r  to  *,  or  »  =  m  X    — i=::^-    la  this  cafe,  the  velo- 
2r+J 

city  of  the  working  point  is  " 


4  »('•+/)  + 


4  ('■  +/) 

But  it  is  rare  that  machines  of  this  kind  have  a  fuiall 
iiicrtia.  They  are  generally  very  ponderous  and  power- 
ful ;  and  the  force  which  is  neceflary  fur  generating 
even  a  very  moderate  motion  in  the  unloaded  machine 
(that  is,  unloaded  with  any  work),  bears  a  great  pro- 
portion to  the  fi)rce  neceifary  for  overcoming  the  re- 
lillance  oppoled  by  the  work.  The  formula  mull  there- 
fore be  iil'cd  ill  all  the  ti.rms,  becaufe  a  is  joined  with  y. 
It  would  have  been  iimpler  in  tl-.is  particular,  had  a 
been  joined  with  x  in  the  expreffion  of  the  angular  ve- 
locity. 

3.  In  fome  cafes  we  need  not  attend  to  the  inertia  of 
the  power,  as  in  the  fteam  engine.  In  this  cafe,  if  ta- 
ken  ftrictly,  n  appears  to  have  no  value,  becaufe  x  is  a 
faiitor  of  every  term  of  the  numerator.  But  the  for- 
mula  gives  this  general  indication,  that  the  more  infig- 
niScant  the  inertia  of  the  moving  power  is  luppofed, 
the  larger  fhoiild  m  be  in  proportion  to  n  ;  provided  al- 
ways, that  the  impelling  power  is  not,  by  its  nature, 
greatly  diminiihed,  by  giving  io  great  a  velocity  to  the 
impelled  point.  This  circumilance  will  be  particularly 
confidered  afterwards. 

4.  If  the  inertia  of  the  power  and  the  refiftance  be 
proportional  to  their  preiTures,  as  when  the  impelling 
power  is  water  lying  in  the  buckets  of  an  overfhot  wheel, 
and  the  work  is  the  railing  of  water,  minerals,  or  other 
heavy  body,  adling  on/y  by  its  weight  ;  then  ^  and  r 
may  be  fubilituted  for  x  and  y,  and  the  formula  exprcf- 
iing  the  value  of  n,  when  the  performance  is  a  maximum, 
becomes 

n  =  m   y//'  X  T+f-  +  /'  X  ^"+7|  -  p  X  7+/ 

pX/1  +  r 
If,   in  this  cafe,   the  inertia  and  friftion  of  the  ma- 
chine may  be  difregarded,  as  may  often  be  done  in  pul- 
leys, we  have 

n  =  m     I  t  J^  I  —  I. 

If  we  make  m  the  unit  of  the  radii,  and  r  the  unit 
of  force,  we  have 

n  =:  */p  -J-  1  ^  I,  in  parts  of  m  ^  i. 


Or,  making^  ^  1,  we  have 


'-J\ 


+  1 


Thefe  very  fimple  expreflions  are  of  confiderable  ufe, 
even  in  cafes  where  the  inertia  of  the  machine  is  very 
confiderable,  provided  that  it  have  no  reciprocating  mo- 
tions. A  fimple  wheel  and  axle,  or  a  train  of  good 
wheelwork,  have  very  moderate  fridlion.  The  general 
refults,  therefore,  which  even  very  unlettered  readcis 
can  deduce  from  thefe  fimple  formulae,  will  give  notions 
that  are  ufeful  in  the  cafes  which  they  cannot  fo  tho- 
roughly comprehend.  Some  fervice  of  this  kind  may 
be  derived  from  the  following  little  table  of  the  bell 
proportions  of  m  to  «,  correfponding  to  the  proportions 
of  the  power  furnilhed  to  the  engineer,  and  the  refift- 
ance which  muft  be  overcome  by  it.  The  quantity  r  is 
always  =  10,  and  «  =  i. 


p 

n 

1     ^ 

n 

I 

0,0488 

10 

0,4  M2 

2 

C,C9S4 

20 

0,7321 

3 

0,1402 

1   .v= 

', 

4 

0,1832 

.    40 

1,2362 

5 

0,2246 

J= 

'.4495 

6 

0,2649 

60 

1.6457 

7 

0,3038 

70 

1.8284 

8 

0,3416 

80 

2, 

9 

0.3784 

go 

2,1623 

10 

0,4 14» 

100 

2,3166 

This  mull  fuffice  for  a  very  general  view  of  the  firft 
problem. 
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II.   The  next  queftiou  is  not  lefs  momentous,  name- Bed  pro- 
ly,  to  determine  tor  a  machine  of  a  given  con(lrutbonP°f' ""  of 
that  proportion  of  the  lefitlance  at   the  working   point  ^^•""'?^ 
to  the  impelling  power  which  will   enfure  the  greated 
performance  of  the  machine  ;   that  is,  the  proportion  of 
m  to  n  being  given,  to  find  the  beft  proportion  of  ^  tor. 

This  is  a  much  more  complicated  problem  than  the 
other  ;  for  here  we  have  to  attend  to  the  variations 
both  of  the  preifurcs/i  and  r,  and  alfo  of  the  external 
matters  x  and  y,  which  are  generally  connected  with 
them.  It  will  not  be  fufficieut  therefore  to  treat  the 
queftioii  by  the  ufual  fluxionary  procelj  for  determining 
the  maximum,  in  which  r  is  coniidered  as  the  only  va- 
rying quantity.  We  inuil,  in  this  curfory  difcuffion, 
retl  fatisfied  with  a  comprehenfion  of  the  circumllances. 
which  moft  generally  prevail  in  prafticc. 

It  muft  either  happen,  that  when  r  changes,  there  is 
no  change  (that  is,  of  mom.ent)  in  the  mafs  of  external 
matter  which  muft  be  moved  in  performing  the  work, 
or  that  there  is  alfo  a  change  in  this  circumftance.  If 
no  change  happens,  the  denominator  of  the  fourth  for- 
mula, expreflliig  the  performance,  remains  the  fame  ; 
and  then  the  formula  attains  a  maximum  when  the  nu- 
merator^ rmn —  r  ■\-  f  r  n'  is  a  maximum.  Alfo,  we 
may  include  f  without  complicating  the  procefs,  by 
the  coiifideration,  that  f  is  alv.<ays  in  nearly  the  fame 
ratio  to  r;  and  tiierefore  r  -j-y'may  be  confidered  as  a 
certain  multiple  of  r,  fuch  as  b  r.  We  may  therefore 
omit  f  in  the  fluxionary  equations  for  obtaining  the 
maximum,  and  then,  in  computing  the  performance,  di- 
vide the  whole   by  b.     Thus  if  the  whole   fridion  be 

2  [ 

^-'gth  of  the   refiftiiig   preifure  ;-,   we  have  r  -!-_/"=:  — 

-)  I  .  .  20 

of  r,  and  b  =  .1-.     Having  afcertained  the  bcft  value 

20 

for  r,  we  put  this  in  its  place  in  the  fourth  formula,  and 

take  —  of  this  for  the  performance.     This  will  never 
21 

differ  much  from  the  truth. 

This  procefs  gives  us  *  m  n  =  2  n'  r,  and  r  =   r. 

=  -C — ;  and  if  we  farther  fimplify  the  procefs,  by  ma- 

.    ^"  1 

king  /i=:l,andm=:   I,  we  have  r  =:   — :  a  moft  Cm- 

pie  expreffion,  direfting  us  to  make  the  refiftance  one 
half  of  what  would  balance  the  impelling  power  by  the 
intervention  of  the  machine. 

Thia: 


94 


MACHINERY. 


This  will  evidently  apply  to  rmny  very  important 
cafes,  namely,  to  p\\  th  '!e  in  which  the  matter  put  in 
motion  by  the  working  point  is  but  trifling. 

But  it  alfo  happens  in  many  i;r.portant  cafes,  that  the 
change  is  at  Itaft  equally  toniiderablc  in  the  inertia  of 
the  work.  In  this  cafe  it  is  very  difiicult  to  obtain  a 
general  folution.  But  we  can  hardly  imagine  fuch  a 
change,  without  fuppofing  that  the  inertia  of  the  work 
varies  in  the  fame  proportion  as  the  preffure  excited  by 
jt  at  the  working  point  of  the  machine  ;  for  fince  r 
continues  the  fame  in  kind,  it  can  rarely  change  but  by 
a  proportional  change  of  the  matter  with  which  it  is 
connected.  Yet  fome  very  important  cafes  occur  where 
this  does  not  happen.  Such  is  a  machine  which  forces 
water  along  a  long  main  pipe.  The  refillance  to  motion 
and  the  quantity  of  water  do  not  follow  nearly  the  fame 
ratio.  But  in  the  cafes  in  which  this  ratio  is  obferved, 
we  may  reprefent^  by  any  multiple  i  r  of  r,  which  tlie 
cafe  in  hand  gives  us  ;  6  being  a  number,  integer,  or 
fraiSlional.  In  the  farther  treatment  of  this  cafe,  we 
think  it  more  convenient  to  free  r  from  all  other  com- 
binations ;  and  inftead  of  fuppofing  the  force_/"  (which 
we  made  equivalent  with  the  friclion  of  the  machine) 
to  be  applied  at  the  working  point,  we  may  -apply  it  at 
the  impelled  point,  making  the  etfeflive  power  g^p — f. 
For  the  fame  reafons,  inltead  of  making  the  momentum 
of  the  machine's  inertia  —  a  n^,  we  may  make  it  a  m^, 
and  make  a  -\-  x  ^  z.  Now,  fuppofing  q,  or'p — f, 
:=  I,  and  alio  m  :=  \,  our  formula  expreffing  the  per- 
formance becomes  ; .  This  is  a  maximum  when 

a  4"  a  r  n^ 

V^z'  -f  »3n  —  z 
r  =  ! . 

In'- 

Cor.  1.   If  the  inertia  of  the  work  Is  always  equal  to 

its  pren"ure,  as  when  the  work  confiils  wholly  in  raifing 

a  weight,  fuch  as  drawing  water,  &c.  then  b  ■=.  i,  and 

the   formula   tor   the   maximum   performance   becomes 

^V  zii  -r  2^  —  a 

r  =:• . 

n= 

2.  If  the  inertia  of  the  impelling  power  is  alfo  the 

fame  with  its  preifure,  and  if  we  may  negleft  the  inertia 

and    friftion    of   the    machine,    the    formula    becomes 


Example.     Let  the  machine  be  a  common  pulley,  fo 
that  the  radii  m  and  n  are  equal,  and  therefore  n  =  i. 
y/l  -f  1 —  I  , 

=    - =  a/  2  1  .   = 


Th 


-,  =\/2—   I,   =   C,4142,.&C. 


more  than  ~ths  of  what  would  balance  it. 

Here  follows  a  feries  of  the  bed  values  of  r,  corre- 
fponding  to  different  values  of  n.  m  and  ^  are  each  =  i. 
The  numbers  in  the  lall  column  have  the  iame  proportion 
to  1  which  r  has  to  the  refiiiance  which  will,  balance^. 


I 
T 
t 

T 

r~    1,8885 
l,io?8 
o,S986 

0,4724  to 

0,4639 

0,4493 

I 
3 

0,4142 

0,1830 

0,4142 
0,3660 

3 

4 

0,1111 

0,0772 

".3333 

0,3088 

From  what  has  now  been  eftabliflied,  we  fee  with  fuf- 
ficient  evidence  the  importance  of  the  higher  mathema- 
tics to  the  fcience  of  mechanics.     If  the  velocities  of 


the  impelled  and  working  points  of  an  fnginf  arc  not 
properly  adjufted  to  the  preilures,  the  inertia,  and  the 
friftion  of  the  machine,  we  do  not  derive  all  the  advaii- 
tages  which  we  might  from  our  fitnation.  Hence  alfo 
wc  learn  the  falfity  of  the  maxim  which  has  beta  re- 
ceived as  well  founded,  that  the  augmentation  of  in- 
tenfity  of  any  force,  by  applying  it  to  the  long  arm  of  General 
a  lever,  is  always  fully  compenfated  by  a  lofs  of  time  ; ''"'  "'°- 
or,  as  it  is  ufually  expreffed,  "  what  we  gain  by  a  ma-".'^''"*'"* 
chine  in  force  we  lofc  in  time."  If  the  proportion  of 
m  to  n  is  well  chofen,  we  (hall  find  that  the  work  done, 
when  it  rcfifts  by  its  inertia  only,  i.icreafes  nearly  in  the 
proportion  of  the  power  employed  ;  whereas,  when  the 
inertia  of  the  work  is  but  a  fmall  part  of  the  relillance, 
it  increalcs  nearly  in  the  duplicate  ratio  of  the  power 
employed. 

It  was  remarked,  in  the  fetting  out  in  the  prefent 
problem,  that  the  formulae  do  not  immediately  exprcis 
the  velocity  of  any  point  of  the  machine,  but  its-mo- 
mentnry  acceleration.  But  this  is  enough  for  our  pur- 
pofe  ;  bccaufe,  when  the  momentary  acceleration  is  a 
maximum,  the  velocity  acquired,  and  the  fpace  defcri- 
bed,  in  any  given  time,  is  alfo  a  maximum.  We  alfo 
fliewed  how  the  real  velocities,  and  the  fpaccs  defcribed, 
may  be  afcertained  in  known  meafures.  We  may  fay 
in  general,  that  if  ^  reprefent  the  preffure  of  gravity  on 


any  mafs  of  matter  w,  then  ^~  is  to 


t  n  —  r  -f-y  n 


™  am^  -\-  a  -^y  n- 

16  feet  to  the  fpace  defcribed  in  a  fecond  by  the  work- 
ing point  in  a  fecond,  or  as  32  feet  per  iecond  is  to  the 
velocity  acquired  in  that  time. 

A  remark  now  remains  to  be  made,  which  is  of  the (-,j„(^_  ^j,. 
greatell  confequence,  and  gives  an  unexpetted  turn  to  machines 
the  whole  of  the  preceding  dodlrines.    It  appears,  from  do  not  con- 
all  that   has  been   faid,   that   the  motion  of  a  machine''""*"^' ''' 
muff  be  uniformly  accelerated,  and  that  any  point  will 
dcfcribe  fpaces  proportional  to  the  fquares  of  the  times; 
for  while  the  prelTures,  friction,  and  momentum  of  iner- 
tia  remain  the  fame,  the  momentary  acceleration    rnuft 
alfo  be  invariable.     But  this  fecms  contrary  to  all  expe- 
rience.   Such  machines  as  are  properly  conlbudfed,  and 
work  without  jolts,    are  obferved  to  quicken  their  pace 
for  a  few  feconds  after  flarting  ;   but  all  of  them,  in  a 
very  moderate  time,   acquire  a  motion  Hiit  is  fenlibly 
uniform.    Is  our  theory  erroneous,  or  wlwt  are  the  cir- 
cumflances  wUich   remain  to  be  corlldered,  in  order  {o 
m?.ke  it  agree  with  obfervation  ?  The  tciencc  of  machines 
is   imperfect,  till  we  h;ne  explained  ttie  caufes  of  this 
deviation  from  the  theory  of  uuiiorav  acceleration. 

Thefe  caufes  are  various. 

I.  In  fome  cafes,  every  increafe  of  velocity  of  the '• '""^'* 
machine  produces  an  increafe  of  friftion  in  ail  its  com-"  "  '" 
municating  parts.  Bv  thefe  means,  the  accelerating 
force,  which  h  p  m  —  r  -{-fn,  or  p  — fm  —  rn,  is  di- 
mir.iflied,  and  confequently  the  acceleration  is  dimi- 
nilhed.  But  it  feldom  hapjjens  that  friftion  takes  away 
or  employs  the  whole  accelerating  force.  We  are  not 
ytt  well  inftruifted  in  the  nature  of  friftion.  Mofl  of 
the  kinds  of  friftion  which  obtain  in  the  communica- 
ting parts  of  machines,  are  fuch  as  do  not  fenfibly  in- 
creafe by  an  increafe  of  velocity  ;  fome  of  them  really 
diminifh.  Yet  even  the  moft  accurately  conftrufted  ma- 
chines, unloaded  with  work,  attain  a  motion  that  is  fen- 
fibly  uniform.  If  we  take  off  the  pallets  from  3  pen- 
dulum 
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diilum  clock,  and  allow  It  to  run  down  amain,  it  accele- 
rates for  a  while,  but  in  a  very  moderate  time  it  ac- 
quires an  uniform  motion.  So  does  a  common  kitolien 
jack.  Thcfc  two  maclilncs  feem  to  bid.  the  fairell  of 
any  for  an  uniformly  accelerated  motion  ;  for  tlicir  im- 
pelling power  aiSs  with  the  utmoft  uniformity.  There 
is  foinLthing  yet  UntxpUined  in  the  ntitnie  of  fnCtion, 
whieli  takes  .iway  fome  of  this  acceleration. 
.Refill-  Jjiit   the  chief  caufe  of  its  ccfFation  in  thefe  two  in- 

nce  of        ftancef,  and  others  of  verf  rapid  motion,  is  ihe  refidatice 
"'  of  the  air.      This  arifes  from  the  motion  v  hlch  is  com- 

niuniciited  to  the  air  difplaced  by  the  fwift  moving  parts 
of  tile  machine.  At  full  it  is  very  fmall;  but  it  increa- 
fes  nearly  in  the  duplicate  ratio  of  the  velocity  (fee  Rf- 
siSTANCE  of  Fluids,  Encyci.)  Thus  ;•  increafes  conti- 
nually ;  and,  in  a  certain  ftate  of  motion,  r  ■\-  f  n  be- 
comes equal  to />  m.  Wlienever  this  liap])en3,  the  ac- 
celerating power  is  at  an  end.  The  acceleration  alfo 
ceales  ;  and  the  machine  is  in  a  ftate  of  dynamical  equi- 
librium ;  not  at  reft,  but  moving  uniJorinly,  and  per- 
forming work. 
l.Increafe  Still,  however,  this  Is  not  one  of  the  general  canfes 
if rclillaiiceof  tlie  uniform  motion  attained  by  working  engines. 
'"I'ai'  Rarely  is  the  motion  of  their  parts  fo  rapid,  as  to  oc- 
niowii.  cafion  any  great  refiftance  from  tiie  air.  But  in  the 
moll  fiequent  employments  of  machines,  every  increaie 
of  velocity  is  accompanied  by  an  Increafe  of  refiftance 
fiom  the  work  performed.  This  occurs  at  once  to  the 
imagination;  and  few  perfons  think  of  Inquiring  farther 
for  a  reafon.  But  there  is  perhaps  no  part  of  mecha- 
nics that  is  more  imperfeftly  underftood,  even  In  our 
prefent  improved  ftate  of  mechanical  fcience.  In  many 
kinds  of  work,  it  is  very  diflicult  to  ftate  what  increafe 
of  labour  is  required  in  order  to  perform  the  v\ork  with 
twice  or  thrice  the  fpeed.  In  grinding  corn,  for  in- 
Jlance,  we  are  almoft  entirely  ignorant  of  tliis  matter. 
It  is  very  certain,  that  twice  the  force  is  not  necefTary 
for  making  the  mill  grind  twice  as  faft,  nor  even  for 
making  it  grind  twice  as  much  grain  equally  well.  It 
is  not  eafy  to  bring  this  operation  nndtr  mathematical 
treatment  ;  but  we  have  confidered  it  with  fome  atten- 
tion, and  we  Imagine  that  a  very  great  improvement 
may  ftiU  be  made  In  the  conftrudtion  of  grift  mills, 
founded  on  the  law  of  variation  of  the  refiftance  to  the 
Operation  of  grinding,  and  a  fcientific  adjuHment  of  m 
to  n,  in  confcquence  of  our  knowledge  of  this  law.  We 
may  make  a  fimilar  obfervation  on  many  other  kinds  of 
work  perfor.Tied  by  machines.  In  none  of  thofe  works 
where  the  inertia  of  the  work  is  incoiiTidcrable,  are  we 
well  acquainted  with  the  real  mechanical  procefs  in  per- 
iorniing  it.  This  is  the  cafe  in  fawing  mills,  Ixjiiug 
mills,  rolling  mills,  flitting  mills,  and  many  others,  where 
the  work  confifts  in  overcoming  the  ftrong  cohe-lion  of 
a  fmall  quantity  of  matter.  In  fawing  timber  (which 
is  the  moft  eafily  underftood  of  all  thefe  operations).  If 
the  faw  move  with  a  double  velocity,  it  is  very  difficult 
to  fay  how  much  the  aftual  refifting  prelTure  on  the 
teeth  of  the  faw  Is  increafed.  Twice  the  number  of 
fibres  are  neceflarily  torn  afunder  during  the  fame  time, 
becaufe  the  fame  number  are  torn  by  one  defcent  of  the 
faw,  and  it  makes  that  ftroke  in  half  the  time.  But 
It  IS  very  uncertain  whether  the  refiftance  is  double  on 
this  account  ;  becaufe  if  each  fibre  be  fuppofed  to  have 
the  fame  tenacity  in  both  cafes,  it  refifts  with  this  tcna- 
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city  only  for  half  the  time.  The  parte  f>f  bodies  refill 
a  liniilar  change  of  condition  in  diflerent  manne.t  ;  and 
there  is  another  difference  in  their  refiftance  of  differeiit 
changes  —  the  refiftance  of  red  hot  iron  under  tlvt  roller 
may  vary  at  a  very  different  rate  from  that  of  its  relift. 
ance  to  the  cutting  tool.  The  refiftance  of  the  fpindles 
of  a  cotton  mill,  a.ifing  partly  from  friftion,  partly  from 
the  inertia  of  the  heaped  bobbins,  and  partly  from  the 
refiftance  of  the  air,  is  ftill  more  complicated,  and  it 
may  be  difficult  to  learn  its  law.  The  only  cafe  lit 
which  we  can  judge  with  fome  prccifion  is,  when  th€ 
inertia  of  matter,  or  a  coiillant  pitfture  like  that  of  gra- 
vity, conftitutes  the  chief  refiftance.  Thus  in  a  mill 
employed  to  raife  water  by  a  cliaiii  of  buckets,  the  re- 
fiftance proceeds  from  the  inertia  only  of  the  water. 
The  buckets  are  moving  with  a  certain  velocity,  and 
the  lowelt  of  them  takes  hold  of  a  quantity  of  water 
lying  at  reft  In  the  pit,  and  drags  it  into  motion  with 
Its  acquired  velocity.  The  force  required  for  genera- 
ting this  motion  on  the  quiefcent  water  muft  be  double 
or  triple,  when  the  velocity  that  muft  be  given  to  it  Is 
fo.  This  abforbs  the  overplus  of  the  impelling  power, 
by  which  that  power  exceeds  what  is  ncccffary  for  ba- 
lancing the  weight  of  the  water  contained  in  all  the 
afccnding  buckets.  This  Is  a  certain  deteriT.inate  quan- 
tity which  does  not  change;  for  in  the  fame  inftant  that 
a  new  bucket  of  water  is  forced  into  motion  below,  and 
its  weight  added  to  that  of  the  afccnding  buckets,  an 
equal  bucket  is  emptied  of  its  water  at  top.  I'he 
afcending  buckets  require  only  to  be  balanced,  and 
they  then  conlinue  to  afcend,  with  any  velocity  already 
acquired.  While  the  machine  moves  flow,  the  motion 
Impreflred  on  chc  new  bucket  of  water  is  not  fufficient 
to  abforb  all  the  overplus  of  impelling  power.  The 
quaiuity  not  abforbed  accelerates  the  machine,  and  the 
next  bucket  muft  produce  more  motion  in  the  water 
which  it  takes  up.  I'hia  confumes  more  of  the  over- 
plus. This  goes  on  till  no  overplus  of  power  is  left, 
and  the  macliine  accelerates  no  more.  The  complete 
performance  of  the  machine  now  is,  that  "  a  certain 
quantity  of  water,  formerly  at  reft,  is  now  movinjr  with 
a  certain  velocity."  Our  engineers  confider  it  different- 
ly; "  as  a  certain  iveighi  of  water  lifted  up."  But 
while  the  machine  is  thus  moving  uniformly,  it  is  really 
not  doing  fo  much  as  before;  that  is,  it  is  not  exerting 
fuch  great  prelTures  as  before  the  motion  was  rer>dercd 
uniform  :  for  at  that  time  there  was  a  prefFure  at  the 
working  point  equal  to  the  weight  of  all  the  water  in 
the  afccnding  buckets;  and  alfo  an  overplus  of  pretTure, 
by  vchich  the  whole  was  accelerated.  In  the  ftate  of 
uniform  motion,  the  prefTure  is  no  more  than  juft  ba- 
lances the  weight  of  the  afcending  chtln.  We  lliall 
learn  by  and  bye  how  the  prefTures  have  been  dlminilb- 
ing,  although  the  mill  has  been  accelerating  ;  a  thing 
that  feems  a  paradox. 

In  this  Iiiftance,  then,  we  fee  clearly,  why  a  machine 
muft  attain  a  uniform  motion.  A  pumping  machine 
gives  us  the  fame  opportunity,  but  in  a  manner  fo  dif- 
tcrent  as  to  require  explanation.  The  pillon  may  be 
fuppofed  at  the  very  furface  of  the  pit  water,  and  the 
impelling  power  may  be  lefs  than  will  fupport  a  column 
in  the  pipe  as  high  as  can  be  raifed  by  the  prefTure  of 
the  atmofphere.  Suppofe  the  Impelling  power  to  be 
the  water  lying  in  the  buckets  of  an  overfhot  wheeh 

Let 
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Let  this  water  be  laid  into  the  buckets  by  a  very  fmall 
ilream.  It  will  lill  the  buckets  very  flowly  ;  and  as 
this  gives  thein  a  prt-pondnance,  the  mill  loies  its  ba- 
lance, the  wheel  begins  to  move,  and  the  pillon  to  rife, 
and  the  waier  to  follow  it.  The  water  may  be  deli- 
vered on  the  wheel  drop  by  di<>[)  ;  the  pifton  will  rife 
by  infenfible  degrees,  always  Randing  ftiU  again  as  foon 
as  the  almofpheric  prefTure  on  it  jutl  balances  the  wa- 
ter  on  the  wheel.  The  water  in  the  rifing  pipe  is  al- 
ways a  balance  to  the  preffure  of  the'atmofphere  on  the 
cifteriT  ;  therefore  the  prtffure  of  tiie  atmofphere  on  the 
pifton  (vrhich  is  the  r  in  our  formula)  is  equal  to  the 
weight  of  this  water.  Our  pump-makers  therefore 
(calling  themfclves  engineers)  fay,  that  the  weight  of 
water  in  the  pipe  balances  the  water  on  the  wheel.  It 
does  not  balance  it,  nor  is  it  raifed  by  the  wheel,  but 
by  the  atmofphere  ;  but  it  ferves  us  at  prefent  for  a 
meafure  of  the  power  of  the  wheel.  At  laft,  all  the 
buckets  of  the  wheel  are  full,  and  the  water  is  (for  ex- 
ample) 25  feet  high  in  the  pipe.  Now  let  the  ftream 
of  water  run  its  full  quantity.  It  will  only  run  over 
from  bucket  to  bucket,  and  run  off  at  the  bottom  of  the 
wheel ;  but  the  mill  will  not  move,  and  no  work  will 
be  performed.  (N.  B.  We  are  here  excluding  all  im- 
pulfe  or  (Iroke  on  the  buckets,  aAd  fuppofing  the  wa- 
ter to  aft  only  by  its  weight.)  But  now  let  all  be 
emptied  again,  and  let  the  water  be  delivered  on  the 
wheel  in  its  full  quantity  as  at  the  firft.  The  wheel  will 
immediately  acquire  a  preponderancy,  which  will  greatly 
exceed  the  firll  fmall  preffure  of  the  atmofphere  on  the 
pifton.  It  will  therefore  accelerate  the  pifton,  overco- 
ming the  preffure  of  the  air  with  great  velocity.  The 
pifton  rifes  fail  \  the  water  follows  it,  by  the  preffure 
of  the  atmofphere  ;  and  when  it  attains  the  former  ut- 
moft  height,  it  attains  it  with  a  ronfiderable  velocity. 
If  allowed  to  run  off  there,  it  will  conlinue  to  run  off 
with  that  velocity  ;  becaufe  there  is  the  fame  q\iantity 
of  water  preffing  round  the  wheel  as  before,  and  there- 
fore enough  to  balance  the  prefpiire  of  the  atmofphere 
on  the  pifton.  The  preffure  of  the  fame  atmofphere  on 
the  water  in  the  dftern,  raifed  the  water  in  the  pipe 
with  this  velocity  ;  therefore  it  will  continue  to  do  fo, 
and  the  mill  will  deliver  water  by  the  pump  witli  this 
velocity,  although  there  is  no  more  preifme  acfing  on 
it  than  before,  when  the  water  ran  to  wafte,  doing  no 
•work  whatever. 

This  mode  of  adion  is  extremely  different  fiom  the 
former  ■example.  The  mill  is  not  afting  againll  the 
!iiertia_y  of  the  water  to  be  moved,  but  againll  the  pref- 
fure r  of  the  atmofphere  on  the  pifton.  Tlse  preffure 
of  the  fame  atmofphere  on  the  ciftern  is  employed  againll 
the  inertia  of  the  water  in  the  pipe  ;  and  the  ufe  of  the 
mill  is  to  ginie  occafton,  by  railing  the  pifton,  to  the  ex- 
ertion of  this  atmofpherical  preffure,  which  is  the  real 
raifer  of  the  water.  The  maxim,  of  conftruiSlion,  and 
the  proper  adjuftment  of  m  to  n  in  this  cafe,  are  diffe- 
rent from  the  former  ;  and  we  (hould  run  the  rifle  of  ma- 
king an  imperfeft  engine  were  we  to  confound  them. 

We  murt  mention  another  cafe  of  a  pumping  mill, 
feemingly  the  fame  with  this,  but  fffentlally  different, 
Suppofe  the  pipe  of  this  pump  to  reach  30  feet  below 
the  furface  of  the  pit  water,  and  that  the  pifton  is  at 
the  very  bottom  of  it.  Suppofe  alfo,  that  the  wheel 
buckets,  when  filled  with  water,  only  enable  it  X-ofup- 
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port  25  feet  of  water  in  the  rifing  pipe.  Let  the  wa- 
ter be  delivered  into  the  wheel  drop  by  drop.  Ihe 
wheel  will  gradually  preponderate  ;  the  piilon  will  gra- 
dually rife,  lihing  the  water  above  it,  fuftaining  a  pref- 
iuic  of  water  which  gradually  incieafes.  At  laft,  the 
water  in  the  pump  is  25  feet  higher  than  that  in  the 
ciftern  ;  the  wheel  is  lull  and  running  to  wafte  ;  but 
no  work  is  performed.  Let  all  be  emptied,  and  nowr 
let  the  water  come  to  the  wheel  in  its  full  ftream,  but 
without  impulfe.  The  piflon  will  lift  the  water  brilk- 
ly,  bring  it  to  25  feet  high  with  a  conliderable  velocity, 
and  the  mill  will  now  raife  it  with  this  velocity.  In 
this  example  the  mill  is  the  immediate  agent  in  railing 
the  water  ;  but,  in  this  cafe  alfo,  its  ultimate  office  is 
not  overcoming  inertia,  but  overcoming  prtffure.  It 
was  the  overplus  of  power  only  that  was  employed  in 
overcoming  inertia,  while  accelerating  the  water  in  the 
rifing  pipe,  in  order  to  give  it  the  neceffary  velocity  for 
a  continued  dlfcharge. 

Thefe  and  fimllar  examples  fhew  the  great  difference  ^l* 
between  the  ftatical  and  dynamical  equilibrium  of  ma- 
chines, and  the  neceffity  of  a  fcientific  attention  by  all 
who  willi  to  improve  praftical  mechanics.  Without  this, 
and  even  a  pretty  refined  attention,  we  cannot  fee  the 
connexion  between  a  copious  fupply  of  water  to  the 
bucket  wheel  and  a  plentiful  difcharge  by  the  pump. 
We  believe,  that  the  greateft  part  of  thofe  employed  in 
eredling  machines  conceive  it  as  owing  to  the  greater 
weight  of  water  impelling  the  wheel  with  greater 
force  ;  but  we  fee  that  there  is  no  difference  In  the  pref- 
fures  on  the  mill  at  reft,  and  the  mill  doing  its  work 
fteadily  and  uniformly,  with  any  velocity,  however  great. 
Without  keeping  the  notions  of  that  part  of  the  im- 
pelling power  which  fupports  diftinil  from  that  of  the 
part  which  accelerates,  we  ftiall  never  have  a  clear  con- 
ception of  the  operation  of  machines,  or  of  mechanical 
power  in  general.  W^e  cannot  derive  all  the  advanta- 
ges of  our  natural  powers,  without  knowing  how  our 
machine  employs  the  preffure  excited  by  it  at  the  work- 
ing point  ;  that  is,  without  perceiving  In  what  cafes  it 
Is  oppofed  to  Inertia,  and  in  what  to  the  mechanical 
properties  of  tangible  matter.  This  only  can  inform 
us  at  what  rate  the  relillance  varies  by  a  change  of  ve- 
locity; and  when  It  happens  that  this  augmentation,  ne- 
ctflanly  accompanied  by  an  augmentation  of  all  the 
frictions,  and  the  refiftancc  of  the  air,  is  in  equillbrjo 
with  the  whole  of  the  impelling  power,  and  all  accele- 
ration Is  at  an  end.  ji     , 

Laftly,  another  chief  caufe  of  the  finally  uniform  mo- The  chief 

tion  of  machines  Is,    that,  in  moll  cales,  an  Increafe  of""",  .'■'* 

,      .  ,  ,     '      .        .  ...         ,,.  real  rtimi. 

velocity  produces  a  real  diminution  01  impelling  power.  „„(!„„  q£ 

We  haidly  know  any  exception  to  this  belides  the  em-power, 
ployment  of  une  dcfcending  weight  as  a  power  or  firft 
mover.  Moft  of  the  powers  which  we  employ  refide  in 
bodies  external  to  the  machine  ;  and  thefe  bodies  muft. 
be  put  ill  motion,  and  continued  In  that  motion,  in  or- 
der to  continue  their  preffure  on  the  impelled  point. 
Frequently  a  great  part  of  the  power  is  employed  in  gi- 
ving this  neceffary  motion  to  the  external  matter,  and 
tlie  remainder  only  is  employed  In  preffing  forward  the 
machine.  We  mentioned  a  remarkable  inftance  of  this 
in  the  operation  of  thraftiing.  Now,  the  power  thus 
employed  muft  increafe  in  proportion  to  the  motion  re- 
quired; that  is,  in  proportion  to  the  velocity  of  the  im- 
pelled 
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pelled  point  j  wViit  rfmains,  urging  forward  the  ma- 
chine, is   therefore    diminilhed.      The    acceleration    is 
therefore  diminidied,  and  may  ceafe.      At   lajl  the  ac- 
tual prefFure  is  fo  much   diniiuifhed,  thst   it  is  no  more 
than  what  is  necelTary  for  overcoming  the  increafed  re- 
finance of  the  work,  the  increafed   friftion.     The  ma- 
chine  therefore  accelerates   no   more,   but  moves  uni- 
formly, 
rhit  cmfe        This  caufe  of  the  diminution  of  power  by  an  increafc 
ery  gene-  of  velocity,  obtains   in  all  cafes  where  the  llrength  of 
animals,  of  fprings,  the  force  of  fired  gunpowder.   Sec. 
is  exerted.      In  fome  cafes,  the  villble  effecl  is  not  very 
toiiiiderable  ;   as  in  the  employment  of  a  llrong  fpring, 
the  force  of  gunpowder,  and  a  few  others.      In  the  ac- 
tion of  animals,  this  defalcation  of  power  is  very   great 
when  tlie  velocity    is  coiifiderable.      Nay,  even  in  the 
aftion  of  gravity,  aithougli  it  acts  as  llrongly  on  a  bo- 
dy in  rapid  motion  as  on  one  at  relt,  yet  when  gravity 
is  not  the  immediate  agent,  but  acts  by  the  intervention 
of  a  body  in  which  it  refules,  the  neccffity  of  previoufiy 
moving  this  body  frequently  diminillies  tlie  acceleration 
which  it  would  otherwiie  produce.     Tlius,  in  an  over- 
fliot  wheel,  if  the  water  be  delivered  into  the  bucket 
with  a  velocity  (ellimated  in   the  direftion   of  the  part 
of  the  wheel,  into  which  it  is  delivered)  lefs  than  that  of 
the  rim  of  the  wheel,  it  mull  retard  the  motion  ;  for  it 
muft  be  immediately  dragged  into  that  motion  ;  that  is, 
part  of  the  accelerating  overplus,  already  adding  on  the 
w  heel,  mull  be  employed  in  accelerating  this  new  buck- 
et of  water,  and  this  muft  leffen  the  general  acceleration 
of  the  machine.     Hence  we  leani,  that  the  water  muft 
be  delivered  on  the  wheel  with  a  velocity  that  is  at  leaft 
not  lefs  than  that  of  the  wheel's  motion. 
t  obtains        T\\s  cafe  in  which  we  fee  this  diminution  of  power 
na'lma-    On   machines   moft  diftinftly  is,   when  water  or  wind, 
hines  ac-    afting  by  impulfe  alone.   Is  our  moving  power.      Since 
"^  *lj.  ^    the  mutual  impuUes  of  bodies  depend  entucly  on  their 
'  relative   motions   (fee  Impulsion,  Suppl.),  it  follows, 
that  when  the  velocity  of  the  impelled   point  is  aug- 
mented,  the   impulfion,  or  effettive   preffure,    muft  be 
'diminilhed.      Nay,   this   velocity  may   be  lo  increafed, 
that  there  (hall  be  no  relative  motion,  and  therefore  no 
impulfion.     If  the  floats  of  an  underlliot  wheel  be  mo- 
ving with  the  velocity  of  the  ftream,  they  remain  con- 
joined  in   their  progrefs,  but  without  any  mutual   ac- 
tion.     Therefore,   when  an  underfhot  wheel  is  fet  into 
a  running  water,  the  firft  impulfions  are  ftrong,  and  ac- 
celerate the  wheel.     This  diminilhes  the  next  impulfion 
and  acceleration  :    but  the  wheel  is  ftiU  impelled   and 
accelerated  ;  lefs  and  lefs  in  every  fucceeding  moment, 
as   it   moves  fafter  ;  by  and  bye,  the  acceleration  be- 
comes infenfible,  and  the  wheel  appears  to  attain  a  mo- 
tion which  is  perfeftly  uniform.     This  requires  a  very 
long  time,  or  rather  it  is  never  attained,  and  we  only 
cannot  difcern  the  very  fmall  additions  which  are  ftill 
made  to  the  velocity.     All  this  happens  generally  af- 
ter a  very   moderate  time,  by   reafon  of  various  other 
obftrudions. 
rby  the        Animal  aftlon  is  fubjeft  to  the  fame  variation.      We 
rceofani-know,  that  there  is  a  certain  rate  at  which  a  horfe  can 
>'»•  run,  exhaufting  or  employing  his  whole  ftrength.      If 

he  be  made  to  drag  any  the  fmalleft  load  after  him,  he 
muft  employ  part  of  his  force  on  it,  and  his  fpeed  will 
be  checked.  The  more  he  is  loaded  with  a  draught, 
the  flower  he  will  run,  ftill  employing  all  his  ftrength. 
Sup?i..  Vol.  II.  Part  I. 
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The  draught  may  be  increafed  tilt  he  is  reduced  to  a 
trot,  to  a  walk,  nay,  till  he  is  unable  to  draw  it.  Now, 
juft  inverting  this  procefs,  we  fee,  that  there  is  a  certain 
ftrain  which  will  fufliciently  tire  the  horfe  without  ftir- 
ring  from  the  fpot,  but  wliich  he  could  continue  to  ex- 
ert for  hours.  This  is  greater  than  the  load  that  he 
can  juft  crawl  along  with,  employing  his  ftrength  as 
much  as  would  be  prudent  to  continue  from  day  to 
day.  And,  in  like  manner,  every  lelfer  draught  lias  a 
correfponding  rate  at  which  tiie  horfe,  employing  his 
whole  working  ftrength,  can  continue  to  draw  at  du- 
ring the  working  hours  of  a  day.  At  fetting  out,  he 
pulls  harder,  and  accelerates  it.  Following  his  pull,  he 
walks  falter,  and  therefore  pulls  lefs  (hecaufe  we  are 
ftill  hippofiug  him  to  employ  his  whole  working 
ftrength).  At  lall  he  attains  that  fpeed  which  occu- 
pies his  whole  ftrength  in  merely  coiitinuiiig  the  pull. 
Other  animals  ait  in  a  fiir.ilar  manner  ;  and  it  becomes 
a  general  rule,  that  the  pren"ure  aftually  exerted  on  the 
impelled  point  of  a  machine  diminillies  as  its  velocity 
increafes. 

From  the  concurrence  of  fo  many  fafts,  we  perceive  \Vt  nift 
that  we  muft  be  careful  to  diltiiiguini  between  the  quan-dinin^-iiilh 
tity  of  power  expended,  and  the  quantity  that  is  ule-^'^'*'^" 
fully  employed,  which  muft  be  meafuied  folely  by  the ''"' ''"'"'j'' 
prefFure  exerted  on  the  machine.  When  a  weight  of"d"he 
five  pounds  is  employed  to  drag  up  a  weight  of  three  power  em- 
pounds  by  means  of  a  thread  over  a  pulley,  it  dt  fcends,pl"y<='i- 
with  a  motion  uniformly  accelerated,  four  feet  in  the 
firft  fecond.  Mr  Smeaton  would  call  this  an  expendi- 
ture  of  a  mechanical  power  20.  The  weight  three 
pounds  is  raifed  four  feet.  Mr  Smeaton  would  call 
this  a  mechanical  effea  12.  Therefore  the  effeft  pro- 
duced is  not  adequate  to  the  power  expended.  But 
the  fad  is,  that  the  pren"ure,  ftrain,  or  mechanical  power 
really  exerted  in  this  experiment,  is  neither  five  nor  three 
pounds;  the  five  pound  weight  would  have  fallen  16 
feet,  but  it  falls  only  4.  A  force  has  therefore  aded 
on  it  fufficieut  to  make  it  defcribc  i  2  feet  in  a  fecond, 
with  a  uniformly  accelerated  motion;  for  it  has  coun- 
teraded  lo  much  of  its  weight.  The  thread  was  ftrain- 
ed  with  a  force  equal  to  ^l  pounds,  or  jths  of  5  pounds. 
In  like  manner,  the  three  pound  weight  would  have 
fallen  16  feet  ;  but  it  was  raifed  4  feet.  Here  was  a 
change  precifel)  equal  to  the  other.  A  force  of  r^\ 
pounds,  acting  on  a  mafs  whofe  matter  is  only  5,  will, 
in  a  fecond,  caufe  it  to  dei'cribe  20  feet  with  a  uniform- 
ly  accelerated  motion.  Now,  5X12,  and  3  X  20,  give 
the  fame  prodnft  63.  And  thus  we  fee,  that  the  quan- 
tity of  motion  extinguilhed  or  produced,  and  not  the 
produft  of  the  weight  and  height,  is  the  Hue  unequi- 
vocal meafuie  of  mechanical  power  really  expended,  or 
the  mechanical  effect  really  produced  ;  and  that  thefe 
two  are  always  equal  and  oppofite.  At  the  fame  time, 
Mr  Smeaton's  theorem  merits  the  attention  of  engi- 
neers ;  becaufe  it  generally  meafurcs  the  opportunities 
that  we  have  for  procuring  the  exertion  of  power.  In 
fome  fenfe  Mr  Smeaton  may  fay,  that  the  quantity  of 
water  multiplied  by  the  height  from  which  it  defcends 
in  working  other  machines,  is  the  meafure  of  the  power 
expended  ;  becaufe  we  muft  raife  this  quantity  to  the 
dam  again,  in  order  to  have  the  fame  ufe  of  it.  It  is 
expended,  but  not  employed  ;  for  the  water,  at  leaving 
the  wheel,  is  ftill  able  to  do  fomething. 

It  requires  but  little  confideration  to  be  fenfible,  that     ,. 
N  the      *■ 
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the  preceiliiig  account  of  tlie  ceflatlon  of  accelerated     fillaiice,  or  we  muft  employ  rtiore  men,  or  more  water, 

or  water  moving  with  greater  velocity,  &c. 


Firft  prin. 
ciplc  of 
working 
machines. 


motion  in  our  principal  inacluiies,  mu(k  introduce  dilfe- 
rent  maxims  of  conlhudtion  from  tliofe  which  were  ex- 
prefsly  adapted  to  this  acceleration  ;  or  rather,  which 
proceeded  on  the  erroneous  fuppofition  of  tlie'conftancy 
of  tht  impelling  power  and  the  refillance.  The  exa- 
mination of  this  point  has  brought  into  view  tlie  funda- 
mental principle  of  working  machines,  namely,  the  per- 
fect equilibrium  which  takes  place  between  the  impel- 
ling power  and  the  iinuiltaneous  refiftance.  It  may  be 
exprelfcd  thus  : 

The  force  required  for  preferiiing  a  machine  in  uniform 
motion,  nuith  any  velocity  luhalcver,  is  that  -which  is  ne- 
cejfary  for  balnncing  the  rejijlance  then  aflually  exerted  on 
the  ivorLing  point  of  the  machine.  We  faw  this  dil'cinft- 
ly  in  the  inltance  of  the  two  weights  afting  againft  each 
other  by  the  intervention  of  a  thread  over  a  fixed  pul- 
ley. It  is  equally  true  of  every  cafe  of  afting  machine- 
ry :  for  if  the  force  at  the  impelled  point  be  greater 
than  what  balances  the  refillance  atting  at  the  fame 
point,  it  muft  accelerate  that  point,  and  therefore  acce- 
lerate the  whole  machine  ;  and  if  the  impelling  force 
be  lefs  than  this,  the  machine  muft  immediately  retard 
in  is  motion.  When  the  machine  has  once  acquired 
this  degree  of  motion,  every  part  of  it  will  continue  in 
its  prelent  ftate  of  motion,  it  only  the  two  external 
forces  are  in  equillbrio,  but  not  othenvife.  But  when 
the  preffure  of  the  external  power  on  the  imjielled  point 
balances  the  refiftance  oppoled  by  that  point,  it  is,  in 
faft,  maintaining  the  equilibrium  with  the  external 
power  afting  at  the  working  poiirt ;  for  this  is  the  only 
way  that  external  forces  can  be  fet  In  oppofition  to 
each  other  by  the  intervention  of  a  body.  The  exter- 
nal forces  aie  not  in  immediate  equillbrio  with  each 
other,  but  each  is  in  equilibrio  witli  the  force  exerted 
by  the  point  on  which  It  afts.  This  force  exerted  by 
the  point  is  a  modification  of  the  connecting  forces  of 
the  body,  all  of  which  are  brought  into  aftion  by  means 
of  the  aftions  of  the  external  forces,  and  each  is  accom- 
panied by  a  force  precifely  equal  and  oppofite  to  it. 
Now,  the  principles  of  ftatics  teach  us  the  proportions 
of  the  external  preflures  which  are  thus  fet  in  equili- 
brium by  the  intervention  of  a  body  ;  and  therefore 
teach  us  what  proportion  of  power  and  refiftance  will 
keep  a  machine  of  a  given  conftruftion  in  a  ftate  of  uni. 
form  motion. 

This  propofition  appears  paradoxical,  and  contrary 


But  this 
arifes  from  fome  of  the  caufes  already  mentioned.  Ei- 
ther the  refiftance  of  the  work  is  greater  when  the  ma- 
chine  Is  made  to  move  fafter,  or  the  impulfion  of  the 
power  is  dimiiiiflicd,  or  both  thefe  changes  obtain. 
Frittion  and  refiftance  of  air  alfo  come  in  for  their, 
fliare,  &c.  The  aftual  prefl'ure  of  a  given  quantity  of 
the  external  power  is  diminllhed,  and  therefore  more  of 
it  muft  be  empl(iyed.  When  a  weight  is  uniformly 
railed  by  a  machine,  the  prefl'ure  exerted  on  It  by  the 
working  point  Is  precifely  equal  to  its  weight,  what- 
ever  be  the  velocity  with  which  it  rifes.  But,  even  in 
this  fimpleft  cafe,  more  natural  power  muft  be  expend- 
ed in  order  to  raife  It  fafter ;  becaufe  either  more  natu- 
ral power  muft  be  employed  to  accelerate  the  external 
matter  which  is  to  prefs  forward  the  impelled  point,  or 
the  relative  motion  of  the  prefling  matter  will  be  dimi- 
niftied. 

It  is  well  known,  that,  in  the  employment  of  the 
mechanic  powers,  whether  In  their  ftate  of  greateft  fim- 
pllclty,  or  any  how  combined  in  a  complicated  machine, 
if  the  machine  be  put  in  motion,  the  velocities  of  the 
extreme  points  (which  we  have  called  the' impelled  ani 
•working  points)  are  inverfely  proportional  to  the  forces 
which  are  in  equilibrio  when  applied  to  thefe  points  in 
the  direftion  of  their  motion.  This  is  an  induAive 
propofition,  and  has  been  ufed  as  the  foundation  of 
fyftems  of  mechanics.  It  is  unneceiTary  to  take  up  time 
in  proving  what  is  fo  familiarly  known  ;  confequently, 
the  produfts  of  the  preflures  at  thofe  points  by  the  ve- 
locities of  the  motions  are  equal  ;  that  is,  the  produft 
of  the  preffure  aftually  exerted  at  the  impelled  point  o£ 
a  machine  working  uniformly,  multiplied  by  the  velo- 
city of  that  point.  Is  equal  to  the  produdl  of  the  refift- 
ance actually  exerted  at  the  working  point,  multiplied 
by  the  velocity  of  that  point,  that  is,  by  the  velocity 
with  which  the  refiftance  is  overcome, 

p  m  :=  r  n. 
Now,  the  produft  of  the  refiftance,  by  the  velocity  witli. 
which  It  is  overcome,  is  evidently  the  meafure  of  the 
performance  of  the  machine,  or  the  work  done.  The 
produft  of  the  aftual  preflure  on  the  impelled  point,  by 
the  velocity  of  that  point,  may  be  called  the  momen- 
tum OF  IMPULSE. 

Hence  we  deduce  this  propofition  :  Second 

In  all  •working   machines  •which  ha've  acquired  a  an/- principle. 


to  common  obfervation  ;  for  we  find,   that,  in  order  to    form  motion,  the  performance  of  the  machine  is  equal  to  //;£•  M(,men- 
make  a  mill  go  fafter,   we  muft  either  diminilh  the  re-     momentum  of  impulfe  {^k).  rulfe  aixl- 

This  the  per- 

^ __^^_^_^_^___^_„  forniancc 

(a)  The  truth  of  this  propofition  has  been  long  perceived  in  every  particular  Inftance  that  happened  to  engage"^  ?  "® 
the  attention  ;  but  we  do  not  recolleft  any  mechanician  before  Mr  Euler  confiderlng  it  as  a  general  truth,  expref- 
fing  In  a  few  words  a  mechanical  law.  This  celebrated  mathematician  undertook,  about  the  year  1735  or  1736, 
a  general  and  fyftematic  view  of  machines.  In  order  to  found  a  complete  theory  immediately  conducive  to  the  im- 
provement of  practical  mechanics.  In  1743  he  publiftied  the  firft  propofitions  of  this  ufeful  theory  in  the  lOth 
volume  of  the  Comment.  Petropolitani,  containing  the  excellent  dynamical  theorems  of  which  we  have  given  the 
fubftance.  In  the  3d  volume  of  the  Comment.  Novi  Petropol.  he  profecuted  the  fubjed  a  little  farther ;  and  in 
the  8th  volume,  he  entered  on  what  we  are  now  engaged  in,  and  formally  announces  this  fundamental  propofi- 
tion, calling  thefe  two  produfts  the  momentum  of  impulfe,  and  the  momentum  of  effe8.  It  Is  much  to  be  regretted, 
that  this  confummate  mathematician  did  not  continue  thefe  ufeful  labours  ;  his  ardent  mind  being  carried  away 
by  more  abftnjfe  fpeculatlons  in  all  the  moft  refined  departments  of  mathematics  and  phllofophy.  No  man  in 
Europe  could  have  profecuted  the  fubjeft  with  more  judgment  and  fuccefs.— See  alfo  Mem.  Acad.  Berlin,  1747 
and  1752. 
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This  is  a  propofition  of  the  iitmoft  importance  in  the 
fcience  of  machinA,  and  leads  to  the  fiinddmental  ilia- 
xim  of  their  conftruftion.  Since  the  performance  of  a 
machine  is  equal  to  the  momentum  of  impulfe,  it  in- 
creafes  and  diminifhes  along  with  it,  and  is  a  maximum 
when  the  momentum  of  impulfe  is  a  maximum  ;  there- 
fore the  fundamental  oiaxim  in  the  conllruflion  of  a 
machine  is  to  faihion  it  in  fuch  a  manner,  that  the  mo- 
mentum  of  impulfe  fhall  be  a  maximum,  or  that  the 
produft  of  the  preflure  aftually  exerted  on  the  impelled 
point  of  the  macliinc  by  the  velocity  with  which  it 
moves  may  be  as  great  as  poflible.  Then  are  we  cer- 
tain that  the  produdl  of  the  refiftance,  by  the  velocity 
of  the  working  point,  is  as  great  as  poflible,  provided 
that  We  take  care  that  none  of  the  impulfe  be  needlefsly 
wafted  by  the  way  by  injudicious  communications  ot 
motion,  by  friftion,  by  unbalanced  loads,  and  by  reci- 
procal motions,  which  irrecoverably  walle  tlie  impelling 
power.  This  maxim  holds  good,  whether  the  refift- 
ance remains  conftantly  the  fame,  or  varies  by  any  law 
t6  whatever. 
Important  gut  much  remains  to  be  done  for  the  improvement 
deliderati  ^f  mechanical  fcience  before  we  can  avail  ourfelves  of 
ticef  ^'"5  maxim,  and  apply  it  with  fuccefs.   The  chief  thing, 

and  to  this  we  Ihould  give  the  moft  unremitting  atten- 
tion, is,  to  learn  the  changes  which  obtain  in  the  adtual 
prefigure  exerted  by  thole  natural  powers  which  we  can 
command  ;  the  changes  of  adual  preffure  produced  by 
a  change  of  the  velocity  of  the  impelled  point  of  the 
machine.  Thefe  depend  on  the  fpeclfic  natures  of 
thofe  po\vtrs,  and  are  diff^erent  in  almoft  every  difi^crcnt 
cafe.  Nothing  will  more  contribute  to  the  improve- 
ment of  practical  mechanics  than  a  ierles  of  experiments, 
well  contrived,  and  accurately  made,  for  difcovering 
thofe  laws  of  variation,  in  the  cafes  ot  thofe  powers 
which  are  moft  frequently  employed.  Such  experi- 
ments, however,  would  be  coftly,  beyond  the  abilities 
of  an  individual;  therefore,  it  were  greatly  to  be  wiftied 
that  public  aid  were  given  to  fome  perfons  of  Ikill  in 
the  fcience  to  inftitute  a  regular  train  of  experiments 
of  this  kind.  An  experimental  machine  might  be  con- 
ftrufted,  to  be  wrought  either  by  men  or  by  cattle. 
This  fhould  be  loaded  wirh  lome  kind  of  work  which 
can  be  very  accurately  meafured,  and  the  load  varied  at 
pleafure.  When  loaded  to  a  certain  degree,  the  men 
or  cattle  fhould  be  made  to  work  at  the  rate  which  they 
can  continue  from  day  to  day.  The  number  of  turns 
made  in  an  hour,  multiplied  by  the  load,  will  give  the 
performance  correfponding  to  the  velocities  ;  and  thus 
will  be  difcovered  the  moft  advantageous  rate  of  mo- 
tion. The  fame  machine  fliould  alfo  be  fitted  for  grind- 
ing, for  fawing,  boring,  &c.  and  fimilar  experiments 
will  difcover  the  relation  between  the  velocities  with 
tvhich  thefe  operations  are  performed,  and  the  refiftan- 
ces  which  they  exert.  The  laws  of  friftion  may  be  in- 
veftigated  by  the  fame  machine.  It  (liould  alfo  be  fit- 
ted with  a  walking  wheel,  and  the  trial  fhould  be  made 
of  the  (lope  and  the  velocity  of  walking  which  gives 
the  greateft  momentum  of  impulfe.  It  is  not  unreafon- 
able  to  expect  great  advantages  from  fucli  a  train  of  ex- 
^j  perimcnts 
^  fubiU-  Till  this  be  done,  we  muft  content  ourfelves  with 
"tute  for  eftabliftiing  the  above,  in  the  moft  general  terms,  appli- 
cable to  any  cafe  in  which  the  law  of  the  variation  of 
.force  may  hereafter  be  difcovered. 
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There  is  a  certain  velocity  of  the  impelled  point  of  a 
machine  which  puts  an  end  to  the  aflion  of  the  moving 
power.  Thus,  if  the  floats  of  an  underfhot  wheel  be 
moving  with  the  velocity  of  the  ftream,  no  impulfe  is 
made  on  them.  If  the  arm  of  a  gin  or  capftan  be  mo- 
ving  with  that  velocity  with  which  a  horfe  or  a  man 
can  juft  move,  fo  as  to  continue  at  that  fpced  from  day 
to  day,  employing  all  his  working  ftrength,  but  not 
fatiguing  himfelf ;  in  this  ftate  of  motion,  the  animal 
can  exert  no  prelfure  on  the  machine.  This  may  be 
called  the  extinguishing  velocii  y,  and  we  may  ex- 
prefs  it  by  the  fymbol  e.  Letybe  that  degree  of  force 
or  preffure  which  the  anim;il  can  exert  at  a  dead  pull  or 
thruft,  as  it  is  called.  We  do  not  mean  the  utmoft 
ftrain  of  which  the  animal  is  capable,  but  that  which  it 
can  continue  unremittingly  c'uring  the  working  hours 
of  a  day,  fully  employing  but  not, fatiguing  itfelf.  And 
let  f>  be  the  prelfure  which  it  aftually  exerts  on  the  im- 
pelled point  of  a  machine,  moving  with  the  velocity  m. 
Let  f  —  m  be  called  the  RE uATivE  velocity,  and  let 
it  be  expreffed  by  i).  And  let  it  be  fuppofed  that  it 
has  been  difcovered,  by  any  means  whatever,  that  the 
adlual  preflure  varies  in  the  proportion  of  -y',  or 
e  —  m^.     This  fuppofition  gives  usf'  •.v'>  =:/:p,  and 

p  =/X  — .     For  the  machine  muft  be  at  reft.  In  order 

that  the  agent  may  be  able  to  exert  the  forcey"on  its 
impelled  point.  But  when  the  machine  Is  at  rcll,  what 
we  have  named  the  relative  velocity  is  e,  the  whole  of 
the  extinguKhIng  velocity. 

The  momentum  of  impulfe  hp  m,  that  is  —fm,  or 

'7        ^— ^—  ^ 

fX —  Xe — V  (becaufe  m  =  e  —  v).     Therefore  /  X 
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—  ><  «  —  1)  muft  be  made  a  maximum.     But  f  and  e^ 

e> 

are  two  quantities  which  fufl^er  no  change.  Therefore 
the  momentum  of  impulfe  will  be  a  maximum  when  -u' 
X  «  —  "u  is  a  maximum.  Now  •u''  "iCe  —  v  ■=.  •v'^  e  —  •u'^ 
"v,  :=  v'l  e  —  '2)''+'.  The  fluxion  of  this  is  qev1~' 
■y  —  y  -j-  I  •u''  11.  This  being  fuppofed  =:  o,  we  have 
the  equation  


,,<!-•    _ 


And  J  e  =  y  -J-  I  v 
Therefore  "u  :=  — ; — 
And  m,  which  Is  =  c  —  v,  becomes  - 


9+  I 


Therefore 


we  muft  order  matters  fo,  that  the  velocity  of  the  im- 


pelled point  of  the  machine  may  be  =.  — 
is  :=  f — ,  and  therefore  =  /X 


Now^ 


=  /  = 


•  '"i  =/= 


i8 


=:  the  momentum  ot  impulfe,  and  therefore  ;=  the  mo- 
mentum of  effeft,  or  the  performance  ot  the  machine, 
when  in  its  bcft  ftate. 

Thus  may  the  maxim  of  conftrufllon  be  faid  to  be  Example  in 
brought  to  a  ftate  of  great  fiinplicity,  and  of  moft  eafy  underfliot 
recoUedtioii.      A  particular  cale  of  this  maxim  has  been""'''*''/ 

•  iVlr  Pi- 

long  known,  having  been   pointed  out  by  Mr  Parent.     ^     - 
Since  the  action  of  bodies  depends  on  their  relative  ve- 
N  3  locity, 
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locity,  the  impiilfe  of  fluids  rauft  be  as  the  fqunre  of  tlie 
relative  velocity.  From  which  Mr  Parent  deduced,  that 
the  moll  advantageous  velocity  of  the  floats  of  an  ua- 
derfhot  wheel  is  one-third  of  that  of  the  ftream.  This 
maxim  is  evidently  included  in  our  general  proportion; 
for  in  this  cafe,  the  index  q  of  that  funrtion  of  the  rela- 
tive velocity  v,  which  is  proportional  to  the  impulfe, 
is  =  2.     Therefore  we  have  the  maximum  when  v  =. 

,  =  y  ^,  and  m  ■=  ^  e.  c,  the  extinguiflimg  ve- 
locity, is  evidently  the  velocity  of  the  ilream.  Our  pro- 
poikion  alfo  gives  us  the  precife  value  of  the  perform- 
ance. The  impulfe  of  the  ftream  on  the  float  at  reft 
being  fuppofed  = /,    its  impulfe  on  the   float  moving 

4 
with  the  velocity  ^e  mull  be  =  -/.  This  is  the  mea- 

fure  of  the  aftual  preflure/i.  This  being  multiplied  by 
m,  or  by  je,  gives  — /.     Now/  is  confidered  as  equal 

to  the  weight  of  a  column  of  water,  having  the  furf^ce 
of  the  floatboard  for  its  bafe,  and  the  depth  of  the  fluice 
under  the  furface  of  the  refervoir  (or,  more  accurately, 
the  fall  required  for  generating  the  velocity  of  the 
ftream)  for  its  height.  Hence  it  has  been  concluded, 
that  the  utmoft  performance  of  an   underlhot  wheel  is 

to  raife  -t  of  the  water  which  impels  it,  to  the  height 

from  which  it  falls.  But  this  is  not  found  very  agree- 
Not  accu.  able  to  obfervation.  Friftion,  and  many  imperfeftions 
rate.  of  execution  In  the  delivery  of  the  water,  the  direftion 

of  its  impulfe,  &c.  may  be  expected  to  make  a  defalca- 
tion from  this  theoretical  performance.     But  the  adlual 
performance,  even  of  mills  of  acknowledged  imperfec- 
tion, confiderably  exceeds  this,  and  fomctimes  is  found 
tiearly  double  of  this  quantity.      The  truth  is,  that  the 
particular  fail  from  which  Mr  Parent  firft  deduced  this 
maxim  (namely,  the  performance  of  what  is  called  Pa- 
rent's or  Dr  Bailer's  mill),  is,  perhaps  of  all  that  could 
have  been   felefted,   the  leaft  calculated   for  being  the 
foundation  of  a  general  rule,  being  of  a  nature  io  ab- 
ftrufe,  that  the  firll  mathematicians  of  Europe   are  to 
this  day  doubtful  whether  they  have  a  juft  conception 
of  its  principles.     Mr  Smcaton's  experiments  fhew  very 
diftinftly,  that  the  maximum  of  performance  of  an  un- 
dcrfhot  wheel   correfponds  to   a  velocity   confiderably 
greater  than  one-third   of  the  ftream,    and  approaches 
nearly  to  one-half;  and  he  afPigns  fome  reafons  for  this 
which  feem  well  founded.      But,  independent  of  this, 
the  performance  of   Mr   Smeaton's   model  was    much 
greater  than  what  correfponds  with  the  velocity  by  the 
above  mentioned  ellimation  of/.      The  theory  of  the 
impulfion  of  fluids  is  extremely  imperfect  ;  and  Daniel 
Bernoulli  Ihews,  from  very  unqueltionable   principles, 
that  the  impulfe  of  a  narrow  vein  of  fluid  on  an  extend- 
ed furface  is  double  of  what   was   generally  fuppofed  ; 
and  his  conclufions  are  abundantly  confirmed  by  the 
jg         experiments  adduced  by  him. 
ThUfiib-         It  is  by  no  means  pretended  that  the  maxim  of  con- 
llitute  is      ftruftion  is  reduced  to  the  great  fimplicity  enounced  in 
jifcfuleven  ^j^^  propofition.now  under  confidcration.    We  only  fup- 
i^n^'ako-  V°^^^  "^l^^t  a  cafe  had  been  obferved  where  the  prefl'ure 
gethcrei-   exerted  by  fome  natural  agent  did  follow  the  propor- 
aift.  tions  of  -ui.     This   being   admitted,   the  propolition  is 

ftriftly  true.     But  we  do  not  know  any  fuch  cafe;  yet 
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is  the  propofition  of  confideraWe  ufe;  for  we  can  affirm, 
orl  the  authority  of  our  own  obfervations,  that  the  ac- 
tion both  of  men  and  of  draught  horfes  does  not  deviate 
very  far  from  the  proportions  of  "v^.  The  obfervations 
were  made  on  men  and  horfes  tracking  a  lighter  along  3 
canal,  and  working  fcveral  days  together,  without  ha- 
ving any  knowledge  of  the  purpofe  of  the  obfervations. 
The  force  exerted  was  firft  meafured  by  the  curvature 
and  weight  of  the  track  rope,  and  afterwards  by  a  Ipring 
fteelyard.  This  was  multiplied  by  the  number  of  yards 
per  hour,  and  the  produdl  confidered  as  the  momen- 
tum. We  found  the  aftion  of  men  to  be  very  nearly  as 
f  —  m^.  The  aftipn  of  horfes,  loaded  fo  as  not  to  be 
able  to  trot,  was  nearly  as  f  —  m"'. 

The  praditioner  can  eafily  avail  himfelf  of  the  ma- 
xim, although  the  funftion  q  fliould  never  be  reduced  to 
any  algebraic  form.  He  has  only  to  inftitute  a  train  of 
experiments  on  the  natural  agent,  and  felcd  that  velo- 
city which  gives  the  higheft  produdl  when  multiplied 
by  its  correfponding  preifure. 

When  this   feleftlon   has  been  made,  we  have  two 'f^j,  „(. 

ways  of  giving  our  working  machines  the  maximum  ofthodsof  a* 

effeft,  having  once  afcertalned  the  prefl'ure  /  which  our  vailing  out. 

natural  power  exerts  on   the  impelled  point  of  the  ma-'?'.''*   ,. 

,  .  ;        .    .  1,         ]  tD's  maxin^ 

chine  when  it  is  not  allowed  to  move. 

I.  When  the  refiftance  arifing  from  the  work,  and 
from  friftion,  Is  a  given  quantity  ;  as  when  water  is  to 
be  ralfed  to  a  certain  height  by  apifton  of  given  dimen- 
fions. 

Since  the  friftion  in  all  the  communicating  parts  of 
the  machine  vary  in  the  fame  proportion  with  the  pref- 
fure,  and  fince  thefe  vary  in  the  fame  proportion  with 
the  refiftance,  the  fum  of  the  refiftance  and  friftion  may 
be  reprefented  by  br,  b  being  an  abftrait  number.  Let 
n  be  the  undetermined  velocity  of  the  working  point ; 
or  let  m  :  n  be  the  proportion  of  velocities  at  the  Im- 
pelled and  working  points.  Then,  becaufe  the  pref- 
fures  at  thefe  points  balance  each  other,  in  the  cafe  of 
uniform  motion,  they  are  Inverfely  as  the  velocities  at 
thofe  points.     Therefore  we  mull  make  b  r  :  p-=.m  -.n. 


and  n  =  <- —  .= -. , 

br  b  r 


q'f 


q  Jfl'br 


,  OT  m  :  n  zz 


q+llXbr:q''f. 

2.  On  the  other  hand,  when  m  :  n  is  already  given, 
by  the  con  ftruftion  of  the  machine,  but  ir  is  fufcep- 
tible  of  variation,  we  muft  load  the  machine  with  more 
and  more  work,  till  we  have  reduced  the  velocity  of  its 

impelled  point  to . 

In  either  cafe,  the  performance  Is  exprefled  by  what 

?' 
exprefles  p  m,  that  is,  by  fe  X  ^=-^— .   But  the  ufeful 

performance,  which  is  really  the  work  done,  will  be  had 
by  dividing  the  value  now  obtained  by  the  number  b, 
which  exprefles  the  fum  of  the  refiftance  overcome  by 
the  working  point  and  the  fiidtion  of  the  machine. 

What  has    been    now  delivered    contains,  we  '""a-g^     -.^iji^ 
gine,  the  chief  principles  of  the  theory  of  machines,  tjon. 
and  points    out    the  way  In  which  we  muft    proceed 
In    applying    them    to    every    cafe.     The    reader,    we 
hope,   fees   clearly   the   ImperfeAion   of  a  confidera- 
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tion  of  machines  which  proceedi  no  farther  than  the 
ftatcmcnt  of  the  proportions  of  the   fimultjneous  prcf- 
fiires  which  are  excited  in  all  the  parts  of  the  machine 
by  the  application  of  the  external  forces,  which  we  are 
accuftomed  to  call  the  poivtr  and   the  luei^ht.      Unlefs 
we  take  alfo   into  coniideration  tlic  immediate  efFeft  of 
mechanical  force  applied    to  body,    and  combine  this 
with  all  tlie  prtlTures  which  ftatical  principles  have  ena- 
bled us   to  afcertain,  and  by  this  combination  be  able 
to  fav  what  portion  of  unbalanced  force  there  is  adling 
at  one  and  all  of  the  prelfing  points  of  the  machine,  and 
what  will  be  the  motion  of  every  part  of  it  in  confe- 
qiience  of  this  overplus,  wc  have  acquired  no  know- 
ledge that  can  be  of  fervicc  to  us.      We  have  been  con- 
templating, not   a  working  machine,  but  a  fort  of  ba- 
lance.   But,  by  reafoning  about  thefe  unbalanced  forces 
in  the  fame  fimple  manner  as  about  the   fall  of  heavy 
bodies,  we  were  able  to  difcover  the  momentary  accele- 
rations of  every  part,  and  the  fenfible  motion  which  it 
would  acquire  in  any  affigned  time,   if  all  the  circum- 
ftanccs  remain  the  fame.     We  found  that   the  refults, 
although  deduced   from  unqueftionable  principles,  were 
quite  unlike  the  obferved  motions  of  moll  working  ma- 
chines.     Proceeding  ftiU  on   the   fame    principles,    we 
confidered  this  deviation  as  the  indication,  and  the  pre- 
cife  meafure,  of  fomething  which  we   had   not  yet  at- 
tended to,  but  which  the  deviation  brought  into  view, 
and  egabled  us  to  afcertain  with  accuracy.     Thefe  are 
the  changes  which  happen   in   the  exertions  of  our  ac- 
tuating powers  by  the  velocity  with  which  we  find  it 
convenient  to  make  them  aft.     Thus  we  learn  more  of 
the  nature   of  thofe  powers  ;  and  we  found  it  neceffary 
to  diftinguiih  carefully   between   the  apparent    magni- 
tude of  our  actuating  power  and  its  real  exertion  in  do- 
ing our  work.     This  confideration  led  us  to  a  funda- 
mental propofition   concerning  all    working    machines 
when  they  have   attained  an  uniform  motion  ;    namely, 
that  the  power  and  refiftance  then  really  exerted  on  the 
machine  precifely  balance  each  other,  and  that  the  ma- 
chine is  precifely  in  the  condition  of  a  ileelyard  loaded 
with  its  balanced  weights,  and  moved  round  its  axis  by 
fome  external  force  diltinft  from  the  power  and  the 
weight.    We  found  that  this  force  is  the  previous  over- 
plus of  impelling  power,  before  the  machine  had  acqui- 
red the  uniform  motion  ;  and  on  this  occafion  we  learn- 
ed to  eftimate  the  efteCl  produced,  by  the  momentum 
(dependiiig  on  the  form  of  the  machine)  of  the  quan- 
tity of   motion  produced  in   the   whole  afTemblagc  of 
power,  refiftance,  and  machine. 

The  theory  of  machines  feemed  to  be  now  brought 
back  to  that  fimplicity  of  equilibrium  which  we  had 
faid  was  fo  imperfeA  a  foundation  for  a  theory  ;  but  iu 
the  availing  ourfelves  of  the  maxim  founded  on  this  ge- 
neral propofition,  we  faw  that  the  equilibrium  is  of  a 
very  different  kind  from  a  qniefcent  equilibrium.  It 
neceflarily  involves  in  it  the  knowledge  of  the  momen- 
tary accelerations  and  their  momenta;  without  which  we 
fliould  not  perceive  that  one  ftate  of  motion  is  more  ad- 
vantageous than  another,  becaufe  all  give  us  the  fame 
proportion  of  forces  in  equilibrio. 

But  this  is  not  the  only  life  of  the  previous  know- 
ledge of  the  momentary  accelerations  of  machines  ; 
there  are  many  cafes  where  the  machine  works  in  this 
very  ftate.  Many  machines  accelerate  throughout  while 
performiog  their  work  }  and  tbeir  efficacy  depends  m* 
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tircly  on  the  final  acceleration.  Of  this  kind  Is  the 
coining  prrfs,  the  great  forge  or  lilt  mill,  and  fome 
other  capital  engines.  The  (team  engine,  and  the  com- 
mon pump,  arc  necelTarily  of  this  cisfs,  although  their 
efficacy  is  not  cftimated  by  their  final  acceleration.  A 
great  number  of  engines  have  reciprocating  motions  in 
different  fubordinate  parts.  The  theory  of  all  fnch  en- 
gines requires  for  iis  perfedtion  an  accurate  knowledge 
of  the  momentary  accelerations  ;  and  we  muft  ufe  the 
formula  contained  in  tiie  firll  part  of  this  article. 

Still,  however,  the  application  of  this  knowledge  hasWorking 
many  difficulties,  which  make  zgood  theory  of  fuch  ma- and  return' 
chines  a   much  more  intricate  and  complicated   matter '"E  ""*"* 
than  we  have  yet  led   the  reader  to  fuppofe.      In  moil 
of  thefe  engines,  the  whole  motion   may  be  divided  in- 
to two  parts.    One  may  be  called  the  WORKING  stroke, 
and  the  other  in  which  the  working  points  are  brought 
back  to   a  iituatiim  which  fits  them   for  afliiig  again, 
may   be  called   the  returning  stroke.      This  return 
muft  be  efTeittd  either  by  means  of  fome  immediate  ap- 
plication  of  the  aftuating   power,    or   by   fome   other 
force,  which  is  counteracted  during  the  working  ftroke, 
and  muft  be  confidered  as  making  part  of  the  refiftance. 
In  the  fteam  engine,   it  is  generally  done  by  a  counter, 
poife  on  the  outer  end  of  the  great  working  beam.   This 
muft  be  acci-unted  a  part  of  the  refiftance,   for  it  muft 
be  raifed  again  ;  and  the  proportions  of  the  machine  for 
attaining  the  maximum  muft  be  computed  accordingly. 
The  quantity  of  this  counterpoife   muft  be  adjufted  by 
other  confidcrations.      It  muft  be  fuch,  that  the  defcent 
of  the  pump  rods  in  the  pit  may  _;«/?  employ  the  'whole 
time  that  is  neceflary  for  filling  the  cylinder  with  fteam. 
If  they  defcend  more  brilkly  (which  an   unikilful  engi- 
neer likes  to  fee),  this  muft  be  done  by  means  or  a 
greater  counterpoife,  and  this  employs  more  power  to 
raife  it  again.      Dcfaguliers  defcribes  a  very  excellent 
machine  for  raiCng  water  in  a  bucket  by  a  man's  ftep- 
ping  into  an  oppofite  bucket,  and  defcending  by   his 
preponderancy.      When   he   comes  to   the  bottom,   he 
tteps  out,  goes  up  a  ftair,   and  finds  the  bucket  return- 
ed and  ready   to  receive  him  again.     This   machine  is 
extremely  fimple,  and  perhaps  the  beft  that  can  be  con- 
trived; and  yet  it  is  one  of  the  moft  likely  to  be  a  very 
bad  one.     The  bucket  into  which  the  man  fteps  muil 
be  brought  up  to  its  place  again   by  a  preponderancy 
in  the   machine   ^yhen   unloaded.      It  may  be  returned 
fooner  or  later.      It  fliould  arrive  precifely   at  the  fame 
time  with  the  man.      If  fooner,  it  is   of  no  ufc,  and 
waftes  power  in  raifing  a  counterpoife  which  is  need- 
lelsly  heavy  :   if  later,  time  is  loft  :   Therefore,  the  per- 
fedion  of  this  very  fimple  machine  requires  the  judici- 
ous combination  of  two  maximums,  each  of  which  varies 
in  a  ratio   compounded  of  two  other  ratios.      Suppofe 
the  man  to  employ   a  minute   to  go  up  ftairs   50   feet, 
which  is  very  nearly  what  he  can  do  from  day  to  day 
as  his  only  work,  and  fuppofe  him  to  weigh  150  pounds, 
and  that  he  adts  by  means  of  a  limple  pulley — the  maxi- 
mum for  a  lever  of  equal  arms  would  require  him  to 
raife   about   60  pounds  of  water.     But  when   all  the 
other  circumftances  are  calculated,  it  will  be  found  that 
he  muft  raife  138  pounds  (negleding  the  inertia  of  the 
machine).     He  ftiould  raife  1542  pounds   10  feet  in  a 
minute  ;  and  this  is  nearly  the  moft  exaft  valuation  of 
a  man's  work. 

There  is  the  fame  neceffity  of  attending  to  a  variety 
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oT  circumflanccs  in  all  mr.rliines  which  reciprocate  in 
the  whole  or  any  confidcrablc  part  of  their  motion. 
The  force  employed  for  bringinjr  the  machine  into  an- 
other working  pofition,  muft  be  regulated  by  the  time 
neceffary  for  obtaining  a  new  fnpply  of  power  j  and 
then  the  proportion  of  m  to  n  mud  be  fo  adjuftcd,  that 
the  work  performed,  divided  by  the  tuhok  time  of  the 
working  and  returning  ftrokes,  may  give  the  greateft 
quotient.  It  is  dill  a  difficult  thing,  therefore,  to  con- 
ftruft  a  machine  in  the  mod  perfeft  manner,  or  even  to 
fay  what  will  be  the  performance  of  a  machine  already 
conilrufted  ;  yet  we  fee  that  every  cJrcumtlance  is  ful- 
ceptible  of  accurate  computation. 

With  refpedl  to  machines  which  acquire  a  fort  of 
■uniform  motion  in  general,  although  fnbjeCl  to  partial 
reciprocations,  as  in  a  pumping,  damping,  forging  en- 
gine, it  is  alfo  difficult  to  allign  the  rate  even  of  this 
general  uniform  motion.  We  may,  however,  fay,  that 
it  will  not  be  greater  than  if  it  were  uniform  through- 
out. Were  it  entirely  free  from  fridlion,  it  would  be 
cxaftly  the  fame  as  if  uniform  ;  becaufe  the  accelera- 
tions during  the  advantageous  fituations  of  the  impel- 
Hng  power  would  compenfate  the  retardations. .  But 
friftion  diminifhes  the  accelerations,  without  diminilh- 
ing  the  retardations. 

We  may  conclude  this  article  with  fome  obferrations 
,,         tending  to  the  general  improvement  of  machines. 
Uniformity      Nothing  contributes  more  to  the  perfeftion  of  a  ma- 
of  motion    chine,  efpeclally  fuch  as  is  maffive  and  ponderous,  than 
throuj.hf'utg|.g^j,  uniformity  of  motion.      Every  regularity  of  mo- 
Bdvantaee.  ^'°"  wades  fome  of  the  impelling  power  ;  and  it  is  on- 
ly the   greated  of  the  varying  velocities  which  is  equal 
to  that  which  the  machine  would  acquire  if  moving  uni- 
formly throughout  ;  for  while  the  motion  accelerates, 
the  impelling  force  is  greater  than  what  balances  the 
refidance  then  aftually  oppofed  to  it,  and  the  velocity 
is  Icfs  than  what  the  machine  would  acquire  if  moving 
uniformly  :  and  when  the   machine  attains  its  greated 
velocity,  it  attains  it  becaufe  the  power  is  then  not 
afting   againd  the  whole  refidance.      In   both  of  thefe 
fituations,  therefore,  the  performance  of  the  machine  is 
lefs  than  if  the  power  and  refidance  were  exaAly  balan- 
ced ;  in  which  cafe  it  would  move  uniforfnly. 
How  to  at-       Every  attention   fhould  therefore  be  given  to  this, 
tain  this,     and  we  diould  endeavour  to  remove  all  caufe  of  irregu- 
larity.    The  communications  of  motion  diould  be  fo 
contrived,  that  if  the  impelled  point  be  moving  uniform- 
ly, by  the  uniform  preffure  of  the  power,  the  working 
point   diall  alfo  be    moving  uniformly.     Then  we  may 
generally  be  certain,  that  the  raaffy  parts  of  the  ma- 
chine will  be  moving    uniformly.      AVhen  this  is  not 
done  through   the  whole  machine,  there  are  continual 
returns  of  drains  and  jolts  ;   the  inertia  of  the  different 
parts  afting  in  oppofite  direftions.    Although  the  whole 
momenta  may  always  balance  each  other,  yet  the  gene- 
ral motion  is  hobbling,  and  the  points  of  fupport  are 
drained.      A  great    engine'  fo   condrufted,   commonly 
caufes  the  building  to  tremble  ;  but  when  uniform  mo- 
tion pervades  the  whole  machine,  the  inertia  of  each 
part    tends  to  preferve  this   uniformity,    and  all  goes 
imoothly.     It  is  alfo  deferving  of  remark,  that  when 
the  communications  are   fo  contrived  that  the  uniform 
motion   of  one   part  produces  uniform  motion  on  the 
next,  the  preflures  at  the  communicatiDg  points  remain 


condant  or  invariable.     Now  the  accotnpliftiing  of  thij 

is  always  within  the  reach  of  mechanics.  ,- 

One  of  the  mod  ufual  communications  in  machinery  Btft  fon«| 
Is  by  means  of  toothed  wheels  afting  on  each  other.     It  f"'"  ••>« 
is  of  importance  to  have  the  teeth  (o  formed,  that  the  "f      "' 
preffure  by  which  one  of  them  A  urges  the  other  B      pijjj 
round  its  axis  fhall  be  condantly  the  fame.     It  can  ea-   XXXIII, 
fily  be  demonftrated,  that  when  this  is  the  cafe,  the      fig-  *• 
uniform  angular  motion  of  the  one  will  produce  a  uni. 
form  angular  motion  of  the  other  :   or,   if  the  motions 
are  thus  uniform,  the  preffures  are  invariable.     This  is 
accomplidied  on  this  principle,   that  the  mutual  aftions 
of  folid  bodies  on  each  other  in  the  way  of  preffure  arc 
perpendicular  to  the  touching  furfaces.     Therefore  let 
the  tooth  a  prefs  on   the  tooth  b  in  the  point  C  ;  and 
draw  the  line  FCDE  perpendicular  to  the  touching  fur-  ^^ 

faces  in  the  point  C.      Draw  AF,  BE  perpendicular  to  ijr 

FE,  and  let  FE  cut  the  line  AB  in  D.  It  is  plain, 
from  the  common  principles  of  mechanics,  that  if  the 
line  FE,  drawn  in  the  manner  now  defcribed,  always 
pafs  through  the  fame  point  D,  whatever  may  be  the 
fituation  of  the  adling  teeth,  the  mutual  aftion  of  the 
wheels  will  always  be  the  fame.  It  will  be  the  fame 
as  if  the  arm  AD  adled  on  the  arm  BD.  In  the  trea- 
tifes  on  the  condruftion  of  mills,  and  other  works  of 
this  kind,  are  many  indruftions  for  the  formation  of  the 
teeth  of  wheels  ;  and  almod  every  noted  millwright  has  ,, 

his  own  nodruros.     Mod  of  them  are  egiegioufly  faul-  ^  I 

ty  in  refpeft  of  mechanical  principle.  Indeed  they  arc 
little  elfe  than  indruftions  how  to  make  the  teeth  clear 
each  other  without  dicking.  Mr  de  la  Hire  fird  point- 
ed out  the  above-mentioned  principle,  and  juilly  con- 
demned the  common  praftice  of  making  the  fmall  wheel 
or  pinion  in  the  form  of  a  lantern  (whence  it  alio  took 
its  name),  confiding  of  two  round  difl<s,  having  a  num- 
ber of  cylindrical  fpoke3(fig.  2.)  The  flighted  infpeftion 
of  this  condruftion  diews  that,  in  the  different  fituations 
of  the  working  teeth,  the  line  FCE  continually  changes 
its  interfeftion  with  AB.  If  the  wheel  B  be  very  fmall 
in  comparifon  of  the  other,  and  if  the  teeth  of  A  take 
deep  hold  of  the  cylindrical  pins  of  B,  the  line  of  aftion 
EF  is  fometimes  fo  difadvantageoufly  placed,  that  the 
preffure  of  the  one  wheel  has  fcarcely  any  tendency  at 
all  to  turn  the  other.  Mr  de  la  Hire,  or  Dr  Hooke,  Ef  icycloiJi 
was,  we  think,  the  fird  who  invedigated  the  form  o^ "^""^'j  u^ 
tooth  which  procured  this  condant  aftion  between  the  ^^^  j^  jjijj_ 
wheels  ;  and  in  a  very  ingenious  differtation,  publilhed 
among  the  Memoirs  of  the  Academy  of  Sciences  at  Pa- 
ris 1668,  the  former  of  thefe  gentlemen  diews  that  this 
will  be  enfured  by  forming  the  teeth  into  epicycloids. 
Mr  Camus  of  the  fame  Academy  has  pubhihed  an  ela- 
borate differtation  on  the  fame  fubjett,  in  which  he  pro- 
fecutes  the  principle  of  Mr  de  la  Hire,  and  applies  it 
to  all  the  variety  of  cafes  which  can  occur  in  praflice. 
There  is  no  doubt  as  to  the  goodnefs  of  the  principle  ; 
and  it  has  another  excellent  property,  "  that  th.e  mu- 
tual aftion  of  the  teeth  is  abfolutely  without  any  fric- 
tion." The  one  tooth  only  applies  itfelf  to  the  other, 
and  rolls  on  it,  but  does  not  Aide  or  rub  in  the  fmalleft 
degree.  This  makes  them  lad  long,  or  rather  does  not 
allow  them  to  wear  in  the  lead.  But  the  condruiSion 
is  fubjeft  to  a  limitation  which  mud  not  be  negledled. 
The  teeth  mud  be  fo  made,  that  the  curved  part  of  the 
tooth  b  is  adled  on  by  a  flat  part  of  the  tooth  a  till  it 
comes  to  the  line  AB  io  the  courfe  of  its  adion  ;  after 
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which  the  curved  part  of  a  afls  on  a  flat  part  of  i;   or 
the  whole  aftlon  of  a  on  i  is  either  completed,  or  only 
begins  at  the  line   AB,    joining    the    centres  of    the 
wheels. 
,  3°  Another  form  of  the   teeth  fecures  the  pcrfeCl  iini- 

„  formity  of  aftion  without  this  limitation,  which  requires 

very  nice  execution.  Let  the  teeth  of  each  wheel  be 
formed  by  evolving  its  circumference  ;  that  is,  let  the 
afting  face  GCH  of  the  tooth  a  have  the  form  of  the 
curve  traced  by  the  extremity  of  the  thread  FC,  un- 
lapped  from  the  circumference.  In  like  manner,  let  the 
afting  face  of  the  tooth  h  be  formed  by  unlapping  a 
thread  from  its  circumference.  It  is  evident,  that  the 
line  FCE,  which  is  drawn  perpendicularly  to  the  touch- 
ing furfaces  in  the  point  C,  is  juft  the  direftion  or  pofi- 
tion  of  the  evolving  threads  by  which  the  two  adling 
faces  are  formed.  This  line  mull  therefore  be  the  com- 
mon tangent  to  the  two  circles  or  circumferences  of  the 
■wheels,  and  will  therefore  always  cut  the  line  AB  in 
the  fame  point  D.  This  form  allows  the  teeth  to  a£i 
on  each  other  through  the  whole  extent  of  the  line 
FCE,  and  therefore  will  admit  of  feveral  teeth  to  be 
afling  at  the  fame  time  (twice  the  number  that  can  be 
admitted  in  Mr  de  la  Hire's  method).  This,  by  divi- 
ding the  prefTure  among  feveral  teeth,  diminiflies  its 
quantity  on  any  one  of  them,  and  therefore  diminifhes 
the  dents  or  imprcfSons  which  they  unavoidably  make 
on  each  other.  It  is  not  altogether  free  from  Aiding 
and  friftion,  but  the  whole  of  it  can  hardly  be  faid  to 
be  fenfible.  The  whole  flide  of  a  tooth  three  inches 
long,  belonging  to  a  wheel  of  ten  feet  diameter,  adling 
on  a  tooth  of  a  wheel  of  two  feet  diameter,  does  not 
amount  to  5^'jth  of  an  inch;  a  quantity  altogether  infig- 
nificant. 

In  the  formation  of  the  teeth  of  wheels,  a  fmall  de- 
viation from  thefe  perfeft  forms  is  not  perhaps  of  very 
great  importance,  except  in  cafes  where  a  very  large 
wheel  drives  a  very  fmall  one  (a  thing  which  a  good 
engineer  will  always  avoid).  As  the  conllruclion,  how- 
ever, is  exceedingly  eafy,  it  would  be  unpardonable  to 
omit  it  Well  formed  teeth,  and  a  great  number  of 
them  afting  at  once,  make  the  communication  of  mo- 
tion extremely  fmooth  and  uniform.  The  machine 
works  without  noife,  and  the  teeth  laft  a  very  long 
<ime  without  fenfibly  changing  their  (hape.  But  there 
are  cafes,  fuch  as  the  pallets  of  clocks  and  watches, 
where  the  utmoft  accuracy  of  form  is  of  the  greateft 
importance  for  the  perfeftion  of  the  work. 
laxim  for  When  heavy  ftampers  are  to  be  raifed,  in  order  to 
le  con-  drop  on  the  matters  to  be  pounded,  the  wipers  by  which 
ruiSion  they  are  lifted  ftiould  be  made  of  fuch  a  form,  that  the 
ampers.^jjj^pp^  .^^^.  |,g  raifed  by  a  uniform  prefTure,  or  with  a 
motion  alinoft  perfedtly  uniform.  If  this  is  not  attended 
to,  and  the  wiper  is  only  a  pin  (licking  out  from  the 
axis,  the  Hamper  is  forced  into  motion  at  ojce.  This 
occafions  violent  jolts  to  the  machine,  and  great  ftrains 
on  its  moving  parts  and  their  points  of  fupport  ;  where- 
as, when  they  are  gradually  lifted,  the  inequality  of  de- 
fultory  motion  is  never  felt  at  the  impelled  point  of  the 
machine.  We  have  feen  piftons  moved  by  means  of  a 
double  rack  on  the  pifton  rod.  A  half  wheel  takes  hold 
of  one  rack,  and  raiies  it  to  the  required  height.  The 
moment  the  half  wheel  has  quitted  that  fide  of  the  rack, 
it  lays  hold  of  the  other  fide,  and  forces  the  pifton  down 
again.     This  is  propofed  as  a  great  improvement ;  cor- 
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reeling  the  unequable  motion  of  the  piflon  moved  in 
the  common  way  by  a  crank.  But  it  is  far  inferior  to 
the  crank  motion.  It  occafions  fuch  abrupt  changes 
of  motion,  that  the  machine  is  fliaken  by  jolts.  Indeed 
if  the  movement  were  accurately  executed,  the  machine 
would  be  fliaken  to  pieces,  if  the  parts  did  not  give 
way  by  bending  and  yielding.  Accordingly,  we  have 
always  obferved  that  this  motion  foon  failed,  and  was 
changed  for  one  that  was  more  fmooth.  A  judicious 
engineer  will  avoid  all  fuch  fudden  changes  of  motion, 
efpecially  in  any  ponderous  part  of  a  machine. 

When  feveral  Hampers,  pillons,  or  other  reciprocal 
movers,  are  to  be  raifed  and  deprefled,  common  fenfe 
teaches  us  to  diftribute  their  times  of  atlion  in  a  uni- 
form manner,  fo  that  the  machine  may  always  be  equal- 
ly loaded  with  work.  When  this  is  done,  and  the  ob- 
fervations  in  the  preceding  paragraph  attended  to,  the 
machine  may  be  made  to  move  almoll  as  fmoothly  as  if 
there  were  no  reciprocations  in  it.  Nothing  fliews  the 
ingenuity  of  the  author  more  than  the  artful  yet  fimple 
and  effedlual  contrivances  for  obviating  thofe  difficul- 
ties that  unavoidably  arife  from  the  very  nature  of  tlis 
work  that  muft  be  performed  by  the  machine,  and  of 
the  power  employed.  The  inventive  genius  and  found 
judgment  of  Walt  and  Boulton  are  as  perceptible  to  a 
fkilled  obferver  in  thefe  fubordinate  parts  of  fome  of 
their  great  engines,  as  in  the  original  difcovery  on  which 
their  patent  is  founded.  In  fome  of  thofe  engines  the 
mafs  of  deed  matter  which  muft  be  put  into  motion, 
and  this  motion  deftroyed  and  again  reftored  in  every 
ftroke,  is  enormous,  amounting  to  above  an  hundred 
tons.  The  ingenious  authors  have  even  contrived  to 
draw  foiiie  advantages  from  it,  by  allowing  a  great  want 
of  equilibrium  in  certain  pofitions  ;  and  this  has  been 
condemned  as  a  blunder  by  engineers  who  did  not  fee 
the  ufe  made  of  it. 

There  is  alfo  great  room  for  ingenuity  and  goodThe 
choice  in  the  management  of  the  moving  power,  when  ^'^ ''^^^le  in- 
it  is  fuch  as  cannot  immediately  produce  the  kind  of -T'''"'.'' 
motion  required  for  effcfting  tlie  purpofe.  We  men-|iowe7m'uft 
tioned  the  converfion  of  the  continued  rotation  of  an  be  coMipen. 
axis  into  the  reciprocating  motion  of  a  pifton,  and  thef-"«dhy 
improvement  which  was  thought  to  have  been  male  on  ^'^^  """ 
the  common  and  obvious  contrivance  of  a  crank,  by 
fubftituting  a  double  rack  on  the  pifton  rod,  and  the 
inconvenience  arifing  from  the  jolts  occafioned  by  this 
change.  We  have  feen  a  great  forge,  where  the  engi- 
neer, in  order  to  avoid  the  fame  inconvenince  arifing- 
from  the  abrupt  motion  given  to  the  great  fledo-e  ham- 
mer of  feven  hundred  weight,  refifting  with  a  five-fold 
momentum,  formed  the  wipers  into  fpirals,  which  com- 
municated  motion  to  the  hammer  almoft  without  any. 
jolt  whatever ;  but  the  refult  was,  that  the  hammer 
rofe  no  higher  than  it  had  been  raifed  in  contaft  with 
the  wiper,  and  then  fell  on  the  iron  bloom  with  very- 
little  effed.  The  caufe  of  its  inefliciency  was  not  guef- 
fed  at ;  but  it  was  removed,  and  wipers  of  the  comniori. 
form  were  put  in  place  of  the  fpirals.  In  this  opera- 
tion  ,  tlitf  rapid  motion  of  the  hammer  is  abfolutely  ne- 
ceftary.  It  is  not  enough  to  Up  it  up  ;  it  muft  be  tnf, 
fed  up,  fo  as  to  fly  higher  than  the  wiper  lifts  it,  and  to- 
ftrike  with  great  force  the  ftrong  oaken  fpring  which 
is  placed  in  its  way.  It  compre.Tes  this  fpring,  and  is- 
reflefted  by  it  with  a  confiderable  velocity,  fo  as  to  hit  > 

the  iron  as  if  it  had  fallen  from  a  great  height.     Had 

it 
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It  been  allowffl  to  fly  to  tint  height,  it  would  have 
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fallen  upon  the  iron  with  fomewhat  more  force  (btcaufe 
no  oaken  fjiriii^r  is  perfft\ly  claflic)  ;  but  this  would 
have  required  more  than  twice  the  time. 

In  employing-  a  power  which  of  necefiity  recipro- 
cates, to  drive  machinery  which  requires  a  continuous 
ciprocating  motion  (as  in  applying  the  ileam  eiigii;e  to  a  cotton  or 
|)ower,  a  grill  mill),  there  alfo  occur  great  difficulties.  The 
necellity  of  reciprocation  in  the  In  ft.  mover  waftes  much 
power  ;  btcaufe  the  inllrument  which  communicates 
fuch  an  enormous  force  miifl  be  extremely  llrong,  and 
be  well  fupported.  The  impellir.g  power  is  walled  in 
imparting,  and  afterwards  deftroying,  a  vaft  quantity  of 
motion  in  the  working  beam.  The  (kilful  engineer  will 
attend  to  this,  and  do  his  utmoft  to  procure  the  necef- 
fary  ftrtngth  of  this  firil  mover,  without  making  it  a 
vaft  load  of  inert  matter.  He  will  alfo  remark,  that 
all  the  ftrains  on  it,  and  on  its  fupports,  are  changing 
their  diredlions  in  every  ftroke.  This  requires  particu- 
lar attention  to  the  manner  of  fupporting  it.  If  we 
~obferve  the  fteam  engines  which  have  been  long  eredl- 
ed,  we  fee  that  they  have  uniformly  (hakeu  the  build- 
ing to  pieces.  This  has  been  owing  to  the  ignorance 
or  inattention  of  the  engineer  in  this  particular.  They 
are  much  more  judicioufly  erefted  now,  experience  ha- 
ving taught  the  moll  ignorant  that  no  building  can 
withftand  their  defultory  and  oppofite  jolts,  and  that 
the  great  movements  muft  be  fupported  by  a  frame- 
work independent  of  the  building  of  mafonry  which 
contains  it  (n). 

The  engineer  will  alfo  remark,  that  when  a  fingle 
ftroke  fteam  engine  is  made  to  turn  a  mill,  all  the  com- 
munications of  motion  change  the  dircftion  of  their 
preflure  twice  every  ftroke.  During  the  working  ftroke 
of  the  beam,  one  fide  of  the  teeth  of  the  intervening 
wheels  is  prefling  the  niiicliinery  forward  ;  but  during 
the  returning  ilroke,  the  machinery,  already  in  motion, 
is  dragging  the  beam,  and  the  wheels  are  aCling  with 
the  other  lide  of  the  teeth.  This  occafions  a  rattling 
at  every  change,  and  makes  it  proper  to  fafhion  both 
fides  of  the  teeth  with  the  fame  care. 

It  will  frequently  conduce  to  the  good  performance 
of  an  engine,  to  make  the  atlion  of  the  refilling  work 
unequable,  accoirmodated  to  the  inqualities  of  the  im- 
pelling power.  This  will  produce  a  more  uniform  mo- 
tion in  machines  in  which  tlic  momentum  of  inertia  is 
inconfidcrable.  There  arc  fome  beautiful  fpecimcns  of 
this  kind  of  adjuftment  in  the  mechanifm  of  animal 
bodies. 

It  is  very  cnftomary  to  add  what  is  c.illed  a  Fly  to 
machines.  This  is  a  heavy  Jiflc  or  hoop,  or  other  mafa 
and  life  of  of  matter,  talaiice/l  on  its  axis,  and  fo  coni'ie(^ted  with 
a  Flt.  the  machinery  as  to  turn  brilkly  round  with  it.  This 
may  be  done  with  the  view  of  rendering  the  motion  of 
the  whole  more  regular,  notwithltanding  unavoidable 
inequalities  of  the  accelerating  forces,  or  of  the  refin- 
ances occafioned  by  the  work.     It   becomes   a    Regu- 


39 
Nature,  O' 
peration 


I  N  K  R  Y. 

tAToR.     Suppofethe  refiHance  extremely  unequal,  and 
the    impelling    power  perfeftly  conftant  ;    as    when   a 
bucket  wheel   is  employed  to  work  oae  pump.     When 
the  pillon  has  ended  its  working  llrokc,    and  while  it  is 
going  down    the  barrel,  the  power  of  the  wheel  bein;j 
fcarccly  oppofed,  it  accelerates  the  whole  maciiine,  and 
the  pillon  arrives  at  the  bottom  oi  the  barrel  with  a  con- 
fiderable  velocity.      But  in  the  rifing  again,  the  wheel 
is  Oppofed  by  the  column  of  water  now  prening  on   the 
pifton.      This  immediately  retards  the  wheel;  and  whea 
the  pifton  has  reached  the  top  of  the  barrel,   all  the  ac- 
celeration is  undone,  and  is  to  begin  again.     The  motion 
of  fucii  a  machine  is  very  hobbling  :   but  the  fuperplus 
of  accelerating  force  at  the  beginning  of  a  returning 
ftroke  will  not  make  fuch  a  change  in   the  motion  of 
the  machine  if  we  coimeit  the  fly  with  it.      For  the  ac- 
celerating momentum  is  a  determinate  quantity.   There- 
fore, if  the  radius  of  the  fly  be   great,  this   momentum 
will  be  attained  by  communicating  a  fmall  angular  mo- 
tion to- the  machine.  The  momentum  of  the  fly  is  as  the 
fquare  of  its  radius;  therefore  it  refills  acceleration  in  this 
proportion;  and  although  the  overplusof  power  generates 
the  fame  momentum  of  rotation    in  the  whole  machine 
as  before,   it  makes  but  a  fmall  addition  to  its  velocity. 
If  the  diameter  of  the  fly  be  doubled,  the  augmentation 
of  rotation  will  be  reduced  to  one-fourth.    Thus,  by  gi- 
ving a  rapid  motion  to  a  fmall  quantity  of  matter,  the 
great  acceleration,  during  the  returning  ftroke  of  the 
pifton,  is  prevented.     This  acceleration  continues,  how- 
ever, during  the  whole  of  the  returning  Ilroke,  and  at 
the  end  of  it  the  machine  has  acquired  its  greattll  velo- 
city.     Now  the  working  ftroke  begins,  and  the  over- 
plus of  power  is  at   an  end.     The   machine  accelerates 
no  more;  but  if  the  power  is  juft  in  equilibrio  with  the 
reliftance,  it  keeps  the   velocity  which  it  has  acquired, 
and  is  ftill  more   accelerated  during  the  next  returning 
ftroke.      But  now,  at  the  beginning  of  the  fubfequent 
working  ftroke,  there  is  an  overplus  of  rcfiftance,  and  a 
retardation  begins,  and  continues  during  the  whole  rife 
of  the  pillon  ;  but  it  is  inconfidcrable  in  comparifon   of 
what  it    would   have  been  without  the  fly  ;   toy.  the  fly, 
retaining  its  acquired  momentum,  drags  forward  the  reft 
of  the  machine,  aiding    the    impelling    power  ot    the 
wheel.      It  does  this  by  all  the  communications  taking 
into  each  other  in    the   oppofite    direftion.      The  teetU 
of  the  intervening  wheels  are  heard  to  drop  from  their 
former  eontaCl  on  one  fide,  to  a  contaft  on  the   other. 
By  conlidering   this    procels  with  attention,   we  eafily 
perceive  that,  in  a   few  llrokes,   the  overplus  of  power 
during  the  returning  ilroke  comes  to  be  fo  adjuited  to 
the  deficiency  during  the  working  Ilroke,  that  the  acce- 
lerations and  retardations  exadly  deftroy  each  other,  and 
every  fucceeding  Ilroke  is  made  with  the  fame  velocity, 
and  an  equal  number  of  ftrokes  is  made  in  every  fuc- 
ceeding minute.      Thus  the  machine  acquires  a  general 
uniformity  with    periodical    inequalities.      It  is  plain, 
that  by  fufficiently  enlarging  either  the  diameter  or  the 
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(b)  The  gudgeons  6fa  water-wheel  fhould  never  reft  on  the  wall  of  the  building.  It  fliakes  it  ;  and  if  fet  up 
foon  after  the  bnilding^as  been  erefted,  it  prevents  the  mortar  from  taking  firm  bond  ;  perhaps  by  fhattering  the 
calcareous  cryftals  as  they  form.  When  the  engineer  is  obliged  to  reft  the  gudgeons  in  this  way,  they  fliould  be 
fupported  by  a  block  of  oak  laid  a  little  hollow.  This  foftens  all  tremors,  like  the  fprings  of  a  wheel  carriage. 
This  praftice  would  be  very  ferviceable  in  many  other  parts  of  the  conftruAion. 
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■weight  of  (he  fly,  the  irregularity  of  the  motion  may 
be  leiidered  as  fmall  as  we  pleafc.  It  is  much  better 
to  enlarge  the  diameter.  This  preferves  the  friction 
more  moderate,  and  the  pivot  wears  lefs.  For  thefe 
reafons,  a  fly  is  in  general  a  confidcrable  improvement 
in  machinery,  by  equalifing  many  exertions  that  are  na- 
turally very  irregular.  Thus,  a  man  working  at  a  com- 
mon vvindlafs,  exerts  a  very  irregular  prefTure  on  the 
winch.  In  ore  of  his  pofitions  in  each  turn  he  can  ex- 
ert a  force  of  near  70  pounds  without  fatigue,  but  in 
another  he  cannot  exert  above  25  ;  nor  mull  he  be 
loaded  with  much  above  this  in^ general.  But  if  a  large 
fly  be  conedted  properly  with  the  windlafs,  he  will  aft 
with  equal  eafe  and  fpeed  againft  30  pounds. 

This  regulating  power  of  the  fly  is  without  bounds, 
and  may  be  ufed  to  render  uniform  a  motion  produced 
by  the  moll  defultory  and  irregular  power.  It  is  thus 
that  the  mod  regular  motion  is  given  to  mills  that  are 
•driven  by  a  fingle  ftroke  lleam  engine,  where  for  two 
or  even  three  feconds  there  is  no  force  preffing  round 
the  mill.  The  communication  is  made  through  a  maf- 
five  fly  of  very  great  diameter,  whirling  with  great  ra- 
pidity. As  foon  as  the  impulfe  ceafes,  the  fly,  conti- 
lining  its  motion,  urges  round  the  whole  machinery  with 
almoll  unabated  fpeed.  At  this  inftant  all  the  teeth, 
and  all  the  joints,  between  the  fly  and  the  firll  mover, 
are  heard  to  catch  in  the  oppofite  direftion. 

If  any  permanent  change  fhould  happen  in  the  im- 
pelling power,  or  in  the  reliflance,  the  fly  makes  no  ob- 
llacle  to  its  producing  its  full  effedl  on  the  machine  ; 
and  it  will  be  obferved  to  accelerate  or  retard  uniform- 
ly, till  a  new  general  fpeed  is  acquired  exaftly  corre- 
fponding  with  this  new  power  and  refiftance. 

Many  machines  include  in  their  conllruftion  move- 
ments  which  are  equivalent  with  this  intentional  regula- 
tor. A  flour  mill,  for  example,  cannot  be  better  regu- 
lated than  by  its  mllftone  :  but  in  the  Albion  mills,  a 
heavy  fly  was  added  with  great  propriety  ;  for  if  the 
mills  had  been  regulated  by  their  milllones  only,  then 
at  every  change  of  ftroke  in  the  fteam  engine,  the  whole 
train  of  communications  between  the  beam,  which  is  the 
firll  mover,  and  the  regulating  milftone,  which  is  the 
very  laft  mover,  would  take  in  the  oppofite  direftion. 
Although  each  drop  in  the  teeth  and  joints  be  but  a 
trifle,  the  whole,  added  together,  would  make  a  confi. 
derable  jolt.  This  is  avoided  by  a  regulator  immediate- 
ly adjoining  to  the  beam.  This  continually  prefles  the 
working  machinery  in  one  diieftion.  So  judicioufly 
were  the  movements  of  that  noble  machine  contrived, 
and  fo  nicely  were  they  executed,  that  not  the  leall  noife 
was  heard,  nor  the  flighteft  tremor  felt  in  the  building. 

Mr  Valoue's  beautiful  pile  engine  employed  at  Weft- 
minfter  Bridge  is  another  remarkable  inftance  of  the 
regulating  power  of  a  fly*.  When  the  ram  is  drop- 
ped, and  its  follower  difengaged  immediately  after  it, 
the  horfes  would  inftantly  tumble  down,  bccaufe  the 
load,  againft  which  they  had  been  ftrsining  hard,  is  at 
once  taken  off;  but  the  gin  is  connedted  with  a  very 
large  fly,  which  checks  any  remarkable  acceleration,  al- 
lowing the  horfes  to  lean  on  it  during  the  defcent  of 
the  load  ;  after  which  their  draught  recommences  im- 
mediately. The  ipiiidles,  cards,  and  bobbins,  of  a  cot- 
ton mill,  are  alio  a  fort  of  flies.  Indeed  all  bulky  ma- 
chines of  the  rotative  kind  tei.d  to  preferve  their  mo- 
tion with  fome  degree  of  fteadinefs}  and  their  great  mo- 
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meiitum  of  inertia  is  as  ufeful  in  this  rcfpc£l  as  it  is  pre- 
judicial to  the  acceleration  or  any  reciprocation  when 
wanted. 

There  is  another  kind  of  regulating  fly,  confiding  of 
winjTs  whirled  brilklv  round  till  the  reliftaiice  of  the  air  }  ''^1  ^""t 
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prevents  any  great  acceleration.  1  his  is  a  very  bad^  p 
one  for  a  nuorktng  machine,  for  it  produces  its  effefl  by 
really  ivajl'sng  a  part  of  the  moving  power.  Frequently 
it  employs  a  very  great  and  unknown  part  of  it,  and 
robs  the  proprietor  of  much  work.  It  (hould  never  be 
introduced  into  any  machine  employed  in  manufac- 
tures. 

Some  rare  cafes  occur  where  a  very  diflferent  regula-  A  conical 
tor  is  required  ;  where  a  certain  determined  velocity  is  pe'dnlum 
found  neceflary.  In  this  cafe  the  machine  is  furniflied,  "  the  moft 
at  Its  extreme  mover,  with  a  conical  pendulum,  conlill■g^lJ^(y^_^ 
ing  of  two  heavy  balls  hanging  by  rods,  which  move  in 
very  nice  and  fteady  joints  at  the  top  of  a  vertical  axis. 
It  is  well  known,  that  when  this  axis  turns  round,  with 
an  angular  velocity  fuited  to  the  length  of  thofe  pendu- 
lums, the  time  of  a  revolution  is  determined.  Thus, 
if  the  length  of  each  pendulum  be  39^  inches,  the  axis 
will  make  a  revolution  in  two  fecondb  very  nearly.  If 
we  attempt  to  force  it  more  fwittly  round,  the  balls  will 
recede  a  little  from  the  axis,  but  it  employs  as  long 
time  for  a  revolution  as  before  ;  and  we  cannot  make  it 
turn  fwifter,  unlefs  the  impelling  power  be  increafed 
beyond  all  probability  ;  in  which  cafe  the  pendulum 
will  fly  out  from  the  centre  till  the  rods  are  horizontal, 
sfter  which  every  encreafe  of  power  will  accelerate  the 
machine  very  fentibly.  Watt  and  Boulton  have  applied 
this  contrivance  with  great  ingenuity  to  their  fteam  en- 
gines, when  they  are  employed  for  driving  machinery 
for  manufaftures  which  have  a  very  changeable  refift- 
ance, and  where  a  certain  fpeed  cannot  be  much  depart- 
ed from  without  great  inconvenience.  They  have  con- 
nefted  this  recefs  of  the  balls  from  the  axis  (which 
gives  immediate  indication  of  an  increafe  of  power  or  a 
diminution  of  refiftance)  with  the  cock  which  admits 
the  fteam  to  the  working  cylinder.  The  balls  flying 
out,  caufe  the  cock  to  clofe  a  little,  and  diminilh  the 
fupply  of  iteam.  The  impelling  power  diminilhes  the 
next  moment,  and  the  balls  again  approach  the  axis, 
and  the  rotation  goes  on  as  before,  although  there  may 
have  occurred  a  very  great  excefs  or  deficiency  of  power. 
The  fame  contrivance  may  be  employed  to  raife  or  lower 
the  feeding  fluice  of  a  water  mill  employed  to  drive  ma- 
chineiy. 

A  fly  is  fometimes  employed  for  a  very  different  pur-  45 
pofe  from  that  of  a  regulator  of  motion  it  is  employ- -"^  "v  f"""*' 
ed  as  a  coFuRor  of  poxvtr.  Suppofe  all  refiftance  remo-  f'^S''  '^'''" 
ved  from  the  working  point  of  a  machine  furnifhed  with 
a  very  large  or  heavy  fly  immediately  connctled  with 
the  working  point  When  a  fmall  force  is  applied  to 
the  impelled  point  of  this  machine,  motion  will  begin  in 
the  machine,  and  the  fly  begin  to  turn.  Continue  to 
prefs  uniformly,  and  the  machine  will  accelerate.  This 
may  be  continued  till  the  fly  has  acquired  a  very 
rapid  motion.  If  at  this  moment  a  relifting  body  be 
applied  to  the  working  point,  it  will  be  acud  on  with 
very  great  force  ;  for  the  fly  has  now  accurrulatcd  in 
its  circumference  a  very  great  momentum.  Ifa  body 
were  expoled  immediately  to  the  aftlon  of  this  circum- 
ference, it  would  bf  violently  ftnick.  Mucii  more  *iil 
it  be  fo,  if  the  body  be  expoled  to  the  action  of  the 
O  wording 
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workin-r  point,  which  perhaps  makes  one  turn  while 
the  fly  makes  a  liundred.  It  will  exert  a  hundred  times 
more  force  tlicrt  (very  nearly)  tl^ui  at  its  own  tircum- 
t'erence.  All  the  motion  which  has  been  accumulated 
on  the  fly  during  the  whole  progrels  of  its  acceleration 
is  exerted  in  an  inftant  at  the  working  point,  multiplied 
by  the  momentum  depending  on  the  proportion  of  the 
parts  of  the  maclu'ne.  It  is  thus  tliat  the  coining  prefs 
performs  its  office  ;  nay,  it  isi  thus  that  the  blackfmlth 
forsres  a  bar  of  iron.  Swinging  the  great  fledge  ham- 
mer round  his  head,  and  urging  it  with  force  the  whole 
way,  this  accumulated  motion  is  at  once  extinguifhed  by 
impact  on  the  iron.  It  is  thus  xe  drive  a  nail ;  and  it 
is  thus  that  by  accumulating  a  very  moderMe  force  ex- 
erted during  four  or  five  turns  of  a  tly,  the  whole  of  it 
is  exerted  on  a  punch  fct  on  a  thick  plate  of  iron,  fuch 
as  is  employed  for  the  boilers  of  fleam  engines.  The 
plate  is  pierced  as  if  it  were  a  bit  of  cheele.  This  ac- 
cumulating power  of  a  fly  has  occafioned  many  who 
think  themfelves  engineers  to  imagine,  that  a  fly  really 
adds  power  or  mechanical  force  to  an  engine  ;  and,  not 
underftanding  on  what  its  efficacy  depends,  they  often 
place  the  fly  in  a  fituation  where  it  onlv  added  a  ufclefs 
burden  to  the  machine.  It  (hould  always  be  made  to 
move  with  rapidity.  If  intended  for  a  mere  regulator, 
it  (hould  be  near  the  firtl  mover.  If  it  is  intended  to 
accumulate  force  in  the  working  point,  it  fhould  not 
be  far  feparated  from  it.  In  a  certain  fenfe,  a  fly  may 
be  faid  to  add  power  to  a  machine,  becaufe  by  accumu- 
lating into  the  exertion  of  one  moment  the  exertions  of 
many,  we  can  foraetimes  overcome  an  obftacle  that  we 
never  could  have  balanced  by  the  fame  machine  unaid- 
ed by  the  fly. 

It  is  this  accumulation  of  force  which  gives  fuch  an 
appearance  of  power  to  fome  of  our  (irfl  movers.  When 
a  man  is  unfortunately  catched  by  the  teeth  of  a  paltry 
country  mill,  he  is  crufhed  almoft  to  mummy.  The 
power  of  the  fl:rcam  is  conceived  to  be  prodigious  ;  and 
yet  we  are  certain,  upon  examination,  that  it  amounts 
to  the  preifure  of  no  more  than  fifty  or  fixty  pounds. 
But  it  has  been  afting  for  fome  time  ;  and  there  is  a 
niililone  of  a  ton  weight  whirling  twice  round  in  a  le- 
eond.  This  is  the  force  that  cruflicd  the  unfortunate 
man  ;  and  it  required  it  all  to  do  it,  for  the  mill  flop- 
ped. We  faw  a  mill  in  the  neighbourhood  of  Elbing- 
roda  in  Hanover,  where  there  w:is  a  contrivance  which 
difengaged  the  milftone  when  any  thing  got  entangled 
in  the  teeth  of  the  wheels.  It  was  tried  in  our  fight 
with  a  head  of  cabbage.  It  crufhed  it  indeed,  but  not 
violently,  and  would  by  no  means  have  broken  a  man's 
arm. 
Simplicity  It  IS  hardly  neceffary  to  recommend  fimplicity  in  the 
of  conftruc-conflruftioii  of  machines.  This  fecnis  now  fufficiently 
"""''**•"'"■  under[lood.  Multiplicity  of  motions  and  communications 
iucrcalcs  friftions  ;  increafes  the  unavoidable  lofles  by 
bendi;i;i  and  yielding  in  every  part  ;  expofes  to  all  the 
impcvfccLiuns  of  workman iliip  ;  and  has  a  great  chance 
of  being  indiftiitSly  canceived,  and  therefore  conftrufted 
without  fcience.  We  think  the  following  conftruftion 
of  a  capftan  or  crab  a  very  good  example  of  the  ad- 
vantages of  fimplicity.  It  is  the  invention  of  an  un- 
taught but  very  ingenious  country  tradefman. 
Tig. 3.  EAB  is  the  barrel  of  the  capft^an,  Handing  vertically 
HI  a  proper  frame,   as  ufual,  and  urged  romid  by  bars 
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fuch  as  EF.  The  upper  part  A  of  the  barrel  is  17  45 
inches  in  diameter,  and  the  lower  B  is  16.  C  is  a'^"*'"!''* 
ftrong  pulley  16  inches  in  diameter,  having  a  hook  D,  jj  *J'"''^, 
which  takes  hold  of  a  hawfer  attached  to  the  load,  powerful 
The  rope  ACB  is  wound  round  the  barrel  A,  paffes  "pilar, 
over  the  pulley  C,  and  is  then  wound  round  the  barrel 
B  in  the  oppofite  diredlion.  No  farther  defcription  is 
neceffary,  we  think,  to  flicw  that,  by  heaving  by  the 
bar  F,  fo  as  to  wind  more  of  the  rope  upon  A,  and  un- 
wind it  from  B,  the  pulley  C  mull  be  brouglit  nearer 
to  the  capftan  by  about  three  inches  for  each  turn  of 
the  capflan  ;  and  that  this  fimple  capllan  is  equivalent 
to  an  ordinaiy  capftan  of  the  fame  length  of  bar  EF, 
and  diameter  of  barrel  B,  combined  with  a  16  fold 
tackle  of  pulleys  ;  or.  In  fliort,  that  it  is  16  times  more 
powerful  than  the  common  capflan  ;  free  from  the 
great  lofs  by  friction  and  bending  of  ropes,  which 
would  abforb  a  third  of  the  power  of  a  16  fold  tackle  ; 
and  that  whereas  all  other  engines  become  weaker  as 
they  multiply  the  power  to  a  greater  degree  (unlefs  they 
are  proportionally  more  bulky),  this  engine  becomes 
really  flronger  in  itlelf  Suppofe  we  wanted  to  have 
it  twice  as  powerful  as  at  prelent  ;  nothing  is  neceffary 
but  to  cover  the  part  B  of  the  barrel  with  laths  a  quar- 
ter of  an  inch  thick.  In  Ihort,  the  nearer  the  two  bar- 
rels are  to  equality,  the  more  powerful  does  it  become. 
We  give  it  to  the  public  as  an  excellent  capftan,  and  as 
fuggefting  thoughts  which  an  intelligent  engineer  may 
employ  with  great  effeiSl.  By  this  contrivance,  and 
ufing  an  iron  wire  inftead  of  a  catgut,  we  converted  a 
common  eight  day  clock  into  one  which  goes  for  two 
months. 

We  Intended  to  conclude  this  article  with  fome  ob- 
fervations  on  the  chief  claffes  of  powers  which  are  em- 
ployed to  drive  machinery  ;  fuch  as  water,  wind,  at» 
mofphoric  prefTure,  gunpowder,  and  the  force  of  men 
and  other  animals,  giving  fome  notion  of  their  abfolute 
magnitudes,  and  the  effeft  which  may  beexpefted  from 
them.  We  fliould  then  have  mentioned  what  has  been 
difcovered  as  to  their  variation  by  a  variation  of  veloci- 
ty. And  we  intended  to  conclude  with  an  account  of 
what  knowledge  has  been  acquired  concerning  fridlion, 
and  the  lofs  of  power  in  machinery  arifing  from  this 
caufe,  and  from  the  fliffnefs  of  ropes,  and  fome  other 
caufes  :  But  we  have  not  yet  been  able  to  bring  thefe 
matters  Into  a  connedled  form,  which  would  fuggeft  the 
methods  and  means  of  farther  information  thereon. 
We  mufl  endeavour  to  find  another  opportunity  of 
communicating  to  the  public  what  we  may  yet  learn  oa 
thofe  fubjedfs. 


We  have  no*  eftabliflied  the  principles  on  which 
machines  muft  be  conftrufted,  in  order  that  they  may 
produce  the  greatefl  effeft  ;  but  It  would  be  Improper 
to  difmifs  the  fubjeft  witliout  Hating  to  our  readers 
Mr  Bramah's  new  method  of  producing  and  applying 
a  more  confiderable  ck'gree  of  power  to  all  kinds  of  ma- 
chinery requiring  motion  and  force,  than  by  any  means 
at  prefent  praflifed  for  that  purpoie.  This  method, 
for  which  on  the  31ft  of  March  1796  he  obtained  a 
patent,  confifls  in  the  application  of  water  or  other 
denfe  fluids  to  various  engines,  fo  as,  in  fome  inftances, 
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to  caufe  them  to  aft  with  Immenfe  force  ;  ia  otliers, 
to  coiumuiiicate  the  motion  and  powers  of  one  part  of  a 
machine  to  fome  other  part  of  tlie  fame  machine  ;  and, 
laftly,  to  communicate  the  motion  and  force  of  one  ma- 
chine to  another,  whtie  their  local  fituations  preclude 
the  application  of  all  ollitr  metiiods  of  connection. 

The  firft  and  moll  material  part  of  this  invention  will 
be  clearly  underftood  by  an  inlpeftion  of  tig.  4.  where 
"  A  is  a  cylinder  of  iron,  or  otiier  matcrisls,  fufficient- 
ly  ilrong,  and  bortd  pcrfeflly  fniootli  and  cylindrical  ; 
into  which  is  fitted  the  pifton  B,  which  mull  be  made 
perfeAly  water-light,  by  leather  or  other  materials,  as 
ufed  in  pump-making.  The  bottom  of  the  cylinder 
muH  alfo  be  made  fufficiently  Ilrong  with  the  other 
part  of  the  furtace,  to  be  capable  of  refilling  the  great- 
eft  force  or  ilrain  that  may  at  any  time  be  required. 
In  the  bortoni  of  the  cyliiidcr  is  infcrted  the  end  of  the 
tube  C  ;  the  aperture  ot  which  conununicites  with  the 
infide  of  the  cylinder,  under  the  pillon  B,  where  it  is 
fhut  witli  the  fmall  v:ilve  D,  the  faine  as  the  lurtion- 
pipe  of  a  common  pump.  The  other  end  of  the  tube 
C  communicates  with  the  fmall  forcing  pump  or  injec- 
tor E,  by  means  of  which  water  or  other  denfe  fluids 
can  be  forced  or  injefted  into  the  cylinder  A,  under  the 
pifton  B.  Now,  fuppofe  the  diameter  of  the  cylinder 
A  to  be  T2  inches,  and  the  diameter  of  the  pifton  of 
the  fmall  pump  or  injeftor  E  only  one  quarter  of  an 
inch,  the  proportion  between  the  two  furiaces  or  ends 
of  the  faid  pillons  will  be  as  I  to  2  ^04  ;  aad  fuppofing 
the  intermediate  fpace  between  them  to  be  filled  with 
water  or  other  denfe  fluid  capable  of  fuflicient  refift- 
ance,  the  force  of  one  pifton  will  aft  on  the  other  juft 
in  the  above  proportion,  viz.  as  i  is  to  2304.  Suppofe 
the  fmall  pifton  in  the  injeftor  to  be  forced  down  when 
in  the  a6t  of  pumping  or  injefting  vsatcr  into  the  cylin- 
der A,  with  the  power  of  20  cvvt.  which  could  eafily 
be  done  by  the  lever  H  ;  the  pifton  B  would  then  be 
moved  up  with  a  force  equal  to  20  cwt.  multiplied  by 
2304.  Thus  is  conftrufted  a  hydro-mechanical  engine, 
whereby  a  weight  amounting  to  2304  tons  can  be  rai- 
fed  by  a  fimplc  lever,  through  equal  fpace,  in  much 
lefs  time  than  could  be  done  by  any  apparatus  conftruc- 
ted  on  the  known  principles  of  mechanics  ;  and  it  may 
be  proper  to  obferve,  that  the  cfFeft  of  all  other  mecha- 
nical combinations  is  counteraftrd  by  an  accumulated 
complication  of  parts,  which  renders  them  incapable  of 
being  ufefuUy  extended  beyond  a  certain  degree  j  but 
in  machines  ailed  upon  or  conftrufted  on  this  principle, 
every  difficulty  of  this  kind  is  obviated,  and  their  pow- 
er fubjeft  to  no  finite  rellraint.  To  prove  this,  it  will 
be  only  neceftary  to  remark,  that  the  force  of  any  ma- 
chine afting  upon  this  principle  can  be  increafed  ad  in- 
Jinitum,  either  by  extending  the  proportion  between  the 
diameter  of  the  injeftor  and  the  cylinder  A,  or  by  ap- 
plying greater  power  to  the  lever  H. 

"  ^'S*  5*  I'eprefents  the  feftion  of  an  engine,  by  which 
very  wonderful  effefts  may  be  produced  inftantaneoufly 
by  means  of  comprefted  air.  AA  is  a  cylinder,  with 
the  pifton  B  fitting  air-tight,  in  the  fame  manner  as  de- 
fcribed  in  fig.  4.  C  is  a  globular  veftel  made  of  cop- 
per, iron,  or  other  ftrong  materials,  capable  of  refifting 
immenfe  force,  fimilar  to  thofe  of  air  guns.  D  is  a 
ftrong  tube  of  fmall  bore,  in  which  is  the  ftop-cock  E. 
One  of  the  ends  of  this  tube  communicates  with  the 


cylinder  under  the  pifton  B,  and  the  other  with  the 
globe  C.  Now,  fuppofe  the  cylinder  A  to  be  the  fame 
diameter  as  that  in  fig.  4.  and  the  tube  D  equal  to  one 
quarter  of  an  inch  diameter,  which  is  the  fame  as  the 
injeftor  fig.  4.  :  then,  fuppofe  that  air  is  injefted  into 
the  globe  C  (by  the  common  method),  till  it  prelfcs 
againft  tlie  cock  E  with  a  force  ec^ual  to  20  cwt.  which 
can  eafily  be  do.ie  ;  the  confoquence  will  be,  that  when 
the  cock  E  is  opened,  the  pifton  B  will  be  moved  in 
the  cylinder  AA  with  a  power  or  force  equal  to  2304 
tons  ;  and  it  is  obvious,  as  in  the  cafe  fig.  4.  that  any 
other  unlimited  degree  of  force  may  be  acquired  by 
macliines  or  engines  thus  conftrufted. 

"  Fig.  6.  is  a  feftion,  merely  to  ihew  how  the  power 
and  motion  of  one  machine  may,  by  means  of  fluids,  be 
transfen-ed  or  communicated  to  another,  let  their  di- 
ftaiice  and  local  fituation  be  what  they  may.  A  and  B 
are  two  imall  cylinders,  fmooth  and  cylindrical  ;  in  the 
infiJe  of  each  of  which  is  a  piilon,  made  water  and  air 
tight,  as  in  figs  4.  and  5.  CC  is  a  tube  conveyed  un- 
der ground,  or  othcrwife,  from  the  bottom  of  one  cy- 
linder to  the  other,  to  form  a  communication  between 
them,  notwithlUnding  their  diftance  be  ever  fo  great  } 
this  tube  being  filled  with  water  or  other  fluid,  until  it 
touch  the  bottom  of  each  pifton  ;  then,  by  dcjireliing 
the  pifton  A,  the  pifton  B  will  be  railed.  The  fame 
effeft  will  be  produced  vice  vcrja  :  thus  bells  may  be 
rung,  wheels  turned,  or  other  machinery  put  invifibly 
in  motion,  by  a  power  being" applied  to  cither. 

"  Fig.  7.  is  a  feftion,  ftiewing  another  inftance  of  com- 
municating the  aftion  or  force  of  one  machine  to  ano- 
ther ;  and  how  water  may  be  raifed  out  of  wells  of  any 
depth,  and  at  any  diftance  from  the  place  where  thf 
operating  power  is  applied.  A  is  a  cyhnder  of  any  re. 
quired  dimenfions,  in  which  is  the  working  pifton  B, 
as  in  the  foregoing  examples  :  into  the  bottom  of  this 
cylinder  is  inferted  the  tube  C,  which  may  b;  of  lefs 
bore  than  the  cylinder  A.  This  tube  is  continued,  in 
any  required  direftion,  down  to  the  pump  cylinder  D, 
fuppofed  to  be  fixed  in  the  deep  well  EE,  and  forms  a 
junftion  therewith  above  the  pifton  F;  which  pifton 
has  a  rod  G,  working  through  the  lluffing-box,  as  is 
ufual  in  a  common  pump.  To  this  rod  G  is  conneftcd, 
over  a  pulley  or  otherwife,  a  weight  H,  fufEcient  to 
overbalance  the  weight  of  the  water  in  tlie  tube  C,  and 
to  raife  the  pifton  F  when  the  pifton  B  is  lilted  :  thus, 
fuppofe  the  pifton  B  is  drawn  up  by  its  rod,  there  will 
be  a  vacuum  made  in  the  pump  cylinder  D,  below  the 
pifton  F  ;  this  vacuum  will  be  filled  with  water  ttirough 
the  fuftion  pipe,  by  tlie  preffure  of  the  atmofpherc,  as 
in  all  pumps  fixed  in  air.  I'he  return  of  the  pifton  B, 
by  being  prefled  downwards  in  the  cylinder  A,  will 
make  a  llroke  of  the  pillon  in  the  pump  cylinder  D, 
which  may  be  repeated  in  the  ufual  way  by  the  motion 
of  the  pifton  B,  and  the  aftion  of  the  water  in  the  tube 
C.  The  rod  G  of  the  pifton  F,  and  the  weight  H, 
are  not  neceftary  in  wells  of  a  depth  where  the  atmo- 
fphere  will  overbalance  the  water  in  the  fuClion  of  the 
pump  cylinder  D,  and  that  in  the  tube  C.  The  fi>all 
tube  and  cock  in  the  ciftern  I,  are  for  the  purpofe  of 
charging  the  tube  C." 

That  thefe  contrivances  are   ingenio"s,  and  may  oc- 
cafionally  prove  ufeful,   we  are  not  inclined  to  contro- 
vert; but  we  muft;  confefs,  that  the  advantages  of  them 
O  2  appear 
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appear  not  to  us  fo  great  as  to  their  author.  Why 
tliey  do  not,  we  need  not  explain  to  any  man  who, 
with  a  fiifficicnt  degree  of  mechanical  and  mathematical 
knowledge,  has  pernfed  this  article  with  attention. 
Mr  John  1. Ill  cock,  however,  of  Marley,  near  Leeds, 
thinks  fo  very  differentlv  from  us  on  this  fubjeft,  that, 
on  Mr  Bramah's  principle,  he  propofes  to  apply  water 
or  other  dcnfe  fluids,  fo  as  to  make  them  fupply  the 
plixe  of  (learn  in  what  is  bommonly  called  i\\e  fleam  en- 
gine.    He  calls  his  engine  \he  paradoxical  machine  ;  and 


he  gut  a  patent  for  it  on  the  28th  of  Fehriiary  1799, 
thouj^h  it  ditRrs  in  nothing  from  Mr  Bi amah's  ma- 
chine,  reprefcnted  by  fig.  4-  e.\cept  that  the  tube  C  in 
the  paradoxical  machine  is  fnpplied  with  water,  not  by 
means  of  a  forcing  j>ump,  but  from  a  ciftern  elevated  to 
Inch  a  height  as,  that  the  water  defcending  through 
the  tube  may  produce  its  cffedl  merely  by  its  weight. 
Whether  this  vari.ition,  for  it  is  no  improvement,  of 
Mr  Bramah's  machine,  intitled  its  author  to  a  patent,  it 
is  not  our  bufineis  to  inquire. 
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MAC 
MACPHERSON  (James,  Efq;),  was  born  in  the 
parifh  of  Kingufie,  and  county  of  Invernels,  in  the  year 
1738.  His  father  was  a  farmer  of  no  great  affluence  ; 
and  young  Macpherfon  received  the  earlier  part  of  his 
education  in  one  of  the  parifli  fchcols  in  the  diftrift 
called  Badenoch.  By  an  anonymous  writer  in  the  E- 
dinburgh  Magazine,  he  is  faid  to  have  been  educated  in 
the  grammar  fchool  of  Iiivcrnefs  ;  and  be  may,  for 
ought  that  we  know  to  the  contrary,  have  fpent  a  year 
in  that  feminary  ;  but  we  rather  think  that  he  went  di- 
reflly  from  a  country  fchool  to  the  univerfity  of  Aber- 
deen. At  this  our  readers  need  not  be  fnrprifed  ;  for 
at  the  period  to  which  we  refer,  fome  of  the  parochial 
fchoolmafters  in  Scotland,  and  more  eipecially  in  the 
Highlands,  were  men  eminent  for  tafte  and  claflical  li- 
terature. 

It  was  in  the  end  of  Oftoberor  the  ift  of  November 
1752,  that  James  Macpherfon  entered  the  King's  Col- 
lege ;  where  he  difplayed  more  genius  than  learning, 
entertaining  the  focicty  of  which  he  was  a  member,  and 
even  diverting  the  younger  part  of  it  from  their  lludies, 
by  his  humorous  and  doggerel  rhimes.  About  two 
years  after  his  admiflion  into  the  univerfity,  the  King's 
College  added  two  months  to  the  length  of  its  annual 
fe/Jion  or  lerm  ;  which  induced  Macpherfon,  with  many 
other  young  men,  to  remove  to  the  Marifchal  College, 
where  the  fefRon  continued  Ihort  ;  and  it  is  this  cir- 
cumftance  which  leads  us  to  fuppofe  that  his  father  was 
not  opulent. 

Soon  after  he  left  college,  and  perhaps  before  he  left 
it,  he  was  fchoolmafter  of  Ruthven,  or  Riven,  of  Bade- 
noch ;  and  we  believe  he  afterwards  delighted  as  little 
as  his  great  antagonift  Johnfon  in  the  recolleftion  of 
that  period  when  he  was  compelled,  by  the  narrownefs 
of  his  fortune,  to  teach  boys  in  an  obfcure  fchool.  It 
was  during  this  period,  we  think  in  17158,  that  he  pub- 
lifhed  The  Highlander,  an  heroic  poem  in  fix  cantos, 
I2mo.  Of  this  work,  as  we  iiave  never  feen  it,  we 
can  fay  nothing.  By  the  anonymous  writer  already 
quoted,  it  is  mentioned  as  a  *'  tiffiie  of  fuftian  and  ab- 
furdity  ;"  whilft  others,  and  they  too  men  of  learning 
and  charafter,  have  afTured  us,  that  it  indicated  confi- 
derable  genius  in  fo  young  an  author. 

Soon  after  this  publication,  Mr  Macpherfon  quitted 
his  fchool,  and  was  received  by  Mr  Graham  of  Bal- 
gowan  into  his  family  as  tutor  to  his  fons  ;  an  employ- 
ment of  which  he  was  not  fond,  and  to  which  he  was 
not  long  condemned.  In  the  year  1760  he  furprifed 
the  world  by  the  publication  of  Fragments  of  Ancient 
Poetry,  colleiled  in  the  Highlands  of  Scotland,  and  Tranf- 
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laud  from  the  Gaelic  or  Erfe  Language,  8vo. 
fragments,  which  were  declared  to  be  genuine  remains 
ot  ancient  Scottifh  poetry,  at  their  firft  appearance  de- 
lighted every  reader;  and  fome  very  good  judges,  and 
amongft  the  reft  Mr  Gray,  were  extremely  warm  in 
their  pvailes.  Macpherfon  had  intended  to  bury  them 
in  a  Scotch  magazine,  but  was  prevented  from  fo  in- 
judicious a  ftep  by  the  advice  of  a  friend.  He  pub- 
liflied  them  therefore  in  a  pamphlet  by  themfelves,  and 
thus  laid  the  foundation  of  his  future  fortune. 

As  other  fpecimens  were  faid  to  be  recoverable,  a 
fubfcription  was  fet  on  foot  by  the  Faculty  of  Advo- 
cates at  Edinburgh,  to  enable  our  author  to  quit  the 
family  of  Balgowan,  perambulate  the  Highlands,  and 
fecure,  if  he  could,  the  precious  treafure.  He  engaged 
in  the  undertaking,  and  was  fucceisful  ;  for  all  who 
potfeffed  any  of  the  long-famed  works,  vied  with  each 
other  in  giving  or  fending  them,  to  a  man  who  had 
{hewn  himfelf  fo  capable  of  doing  them  juilice. 

With  his  colkftion  of  poems,  and  fragments  of 
poems,  he  went  to  London  ;  and  tagging  them  toge- 
ther in  the  form  which  he  thought  heft,  he  published, 
in  1762,  Fingal,  an  Ancient  Epic  Poem,  infix  boots, 
together  with  feveral  other  poems,  compofed  by  Offian 
the  fon  of  Fingal,  tranflated  from  the  Gaelic  language, 
4to.  The  fubjeft  of  this  epic  poem  is  an  iiivafion  of 
Ireland  by  Swaran  king  of  Lochlin.  CuchuUin,  gene- 
ral of  the  Irilh  tribes  during  the  minority  of  Cormac, 
king  of  Ireland,  upon  intelligence  of  the  invafion,  af- 
fembled  his  forces  near  Tura,  a  caftle  on  the  coalt  of 
Ulfter.  The  poem  opens  with  the  landing  of  Swaran  ; 
councils  are  held,  battles  fought,  and  CuchuUin  is  at 
laft  totally  defeated.  In  the  mean  time,  Fingal,  king 
of  the  Highlands  of  Scotland,  whofe  aid  had  been  foli- 
cited  befoi'e  the  enemy  landed,  arrived,  and  expelled 
them  from  the  country.  This  war,  which  continued 
but  fix  days  and  as  many  nights,  is,  including  the  epi- 
fodes,  the  ilory  of  the  Poem.  The  fcene,  the  heath  of 
Lena,  near  a  mountain  called  Cromleach  in  Ulfter.  This 
poem  alfo  was  received  with  equal  applaufe  as  the  pre- 
ceding Fragments. 

Tlie  next  year  he  produced  femora,  an  ancient  epic* 
poem,  in  eight  books  ;  together  with  feveral  other 
poems  compofed  by  Offian  fon  of  Fingal,  410  ;  which, 
though  well  received,  found  the  public  fomewhat  lefs 
difpofed  to  beftow  the  fame  meafure  of  applaufe.  Tho' 
thefe  poems  had  been  examined  by  Dr  Blair  and  others, 
and  their  authenticity  alTerted,  there  were  not  wanting 
fome  of  equal  reputation  for  critical  abilities,  who  eithe? 
doubted  or  declared  their  difbelief  of  the  genuinenefs  of 

them. 


Thefe  Macphewy 
fon. 


Into  this  queftion  it  would  be  fupeifluous  to     the  ir.ufts  and  from  his  country.    Captain  Johnftone was  Macpher- 

appointcd  governor  of  Penfacola,  and  Mr  Macphcrfon  , 
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them. 

enter  here  particularly,   as  we  have  faid  enough  on   it  _               ^ 

tlfewhere.     See  Ossian,  F.ncycl.  accompanied  him  as  his  fecretary,  being  at  the  fame 

That  any  man  fliould  fuppofe  Macpherfon,  after  his  time  nrsade  furveyor-gcntral  of  the   Floridas,      If  our 

tranflation  of  Homer,  the  nulhor  of  the  poems  which  memory  does  not  deceive  us,  fome  difference  arofe  be 

he  afcribes  to  Oflian,  appears  to  us  very  extraordinary  ;  twecn  the  principal  and  his  dependant,  and  they  parted 

and  it  is  little  lefs  extiaurdinary,   that  any  one  fhould,  before  their  return   to  England.      Having  contributed 

for  a  moment,  believe  in  the  exiftence  of  miiriufcrifls  of  his  aid  to  the  fettlcment  of  the  civil  government  of  that 

thefe  poems  of  zvry  high  antiquity.      Part  of  thtm  he  colony,  he  vifited  feveral  of  the  Weil  India  illands,  and 

undoubtedly  received  in  manufcript  from  Macdonald  of  fome  of  the  provinces  of  North  America,  and  returned 

CInnronald  ;  but  we  can  affirm,  on  the  beft  authority,  to   England  in  the  year  1766,   where  he  retained  for 

that  the  faid  manufcript  was  written   at  different  times  life  his  falary  as  furvcyor,  which  we  believe  was  L.  200 

bv  the  Macvurichs,    hereditary  bards  to  that   family,  a-year. 

He  may  likewife  have  received  fhort  manufcripts  elfe-  He  foon  returned  to  his  ftudies,  and  in  1771  produ- 

wliere  ;   but  every  Highland  gentleman  of  learning  and  ced  An  lutroduBiov.  to  the  Hijlory  of  Great  Britain  and 

of  candour  (and  none  elfe  have  a  right  to  decide  on  this  Ireland,  4to  ;  a  work  which  he  lays,   "  without  any  of 

queftion),  declares,  that  by  much  the  greater  part  of  the   ordinary  incitements  to  literary  hibour,  he  was  in- 

the  poems  had  been  preferved  in  fragments  and  popular  duced  to  proceed  in   by  the  fole   motive  of  private  a- 

fongs  from  a   very  remote  age  bv  oral  tradition.     To  mufement."    The  fubjeft  uf  this  performance,  it  might 

thefe  fragments  Macpherfon  and  his  afTociates  (  a)  gave  realonably   be  fuppofed,  would  not  excite  any   violent 

■form  ;  and  it  was  by  uniting  together  fragments  of  dif-  controverlial  acrimony  ;  yet  neither  it  nor  its  autiior 

ferent  ages,  that  he  inadvertently  furni.'hed  Gibbon  and  could  efcape  from  feveral  moft  grofs  and  bitter  invec- 

others   with    the   opportunity  of  objefting,    that    the  tives  ;   for  fome  of  which   he  perhaps  gave   too  great 

poems  are  fometimes  inconfdlent  with  the  truth  of  hi-  occafion. 

ftory.      This,  however,  is  no  folid  objeftion  to  their  His  next  performance  produced  him  neither  reputa- 

authenticity  ;   for  every  Weft  Highlander  fixty  years  tion  nor  profit.      In    1773   he  publifhed,   The  Iliad  of 

of  age  remembers  to  have  heard,  in  his  youth,   great  Homer,  tranflated  in  two  volumes  410  ;   a  work  fraught 

part  of  thofe  poems  repeated  by  old  men  ;  and  is  con-  with  vanity  and  felf-confequence,  and  which  met  with 

fident   that,   many  centuries  ago,  the  names  of  Fiune  tht  moft  mortifying  reception  from  the  public.     It  was 

Mackuil  (Fingal),  and  of  Ofiian's  other  heroes  and  he-  condemned  by  the  critics,  ridiculed   by  the  wits,  and 

roines,  were  as  familiar  to  a  Highland  ear,  as  the  names  neglected  by  the  world.      Some  of  his  friends,  and  par- 

of  Agamemnon,   Heftor,   Helen,  i.\'c.   were  to  a  Gre-  ticularly  Sir  John  Elliott,  endeavoured  to  refcue  it  from 

cian  ear  at  the  time  when   the  poems  of  Homer  were  contempt,  and  force  it  into  notice.      Their  fuccefs  was 

reduced  into  their  prefent  form.      For  the  fubftance  of  not  equal  to  their  efforts. 

the  poems,  this  is  fuch  evidence  as  none  will  rejedl  who  About  this  time  fcems  to  be  the  period  of  Mr  Mac- 
does  not  prefer  his  own  cobweb  theories  to  the  united  pherfon's  literary  mortifications.  In  1773  Dr  Johnfou 
teftimony  of  a  whole  people.  and   Mr  Bofwell  made  the  tour  to  the  Hebrides  ;  and 

With  refpect  to  authenticity,  the  poems  of  Offian  in  the  courfe  of  it,  the  former  took  fome  pains  to  exa- 

have  indeed  been  compared  with  the  poems  of  Rowley  ;  mine  into  the  proofs  of  the  authenticity  of  Ofiian.     The- 

but  the  comparifon  is  abfurd.      The  poems  of  the  Ccl-  refult  of  his  inquiries  he  gave  to  the  pubhc  in  177 J,  in 

tic  bard  were  not  found  in  an  old  chcft,  and  prcfented  his  narrative  of  the  tour  ;  and  his  opinion  was  unfa- 

to  a  people  who  had  never  before  heard  either  of  them  vourable.      "  I  believe  they  (/.  e.  the  poems,  fays  he), 

or  of  their  author;  they  were  the  popular  fongs  and  never  exifted  in  any  other  form  than  that  which  we  have 

traditions  of  ages  collefted  together,   and  reduced  into  feen.      The  editor  or  author  never  could  ftiew  the  ori- 

form,  with  additions  occafionally  made  by  the  tranda-  giual  ;   nor  can  it  be  (liewn  by  any  other.     To  revenge 

tor.      It  is  ridiculous  to  adt  how  thtfe  fongs  and  ftories  reafonable  incredulity  by  refufing  evidence,  is  a  degree 

could  be  fo  long  preferved  among  a  rude  and  illiterate  of  infolence  with  which  the  world  is  not  yet  acquaint- 

people  ;  for  it  is  only  among  fuch  a  people,   whofe  ob-  ed  ;  and  ftubborn  audacity  is  the  laft  retuge  of  guilt, 

jefts  of  purfuit   are  too  few  to  occupy  all  their  atten-  It  would  be  ealy  to  Ihew  it  if  he  had  it.      But  whence 

tion,  that  the  exploits  of  their  anceftors  can  be  handed  could  it  be  had  ?  It  is  too  long  to  be  remembered,  and. 

down  by  tradition;  and  the  moft  ferious  objedlion  which  the  language  had  formerly  nothing  written.      He  has 

we  have  ever  met  with  to  the  tranflator's  account  of  doubtlels  inferted  names  that  circulate  in  popular  ftories, 

the  origin  of  the  poems,  arifes  from  his  having  pretend-  and  may  have  tranllated  fome  wandering  ballads,  if  any 

ed  that  he  received  the  greater  part  of  them  in  old  ma-  can  be  found  ;  and  the  names  and  fome  of  the  imagea 

nufcripts.  being  recoUrfted,   make  an  Inaccurate  auditor  imagine 

After  the  publication  of  Ofiian's  poems,  by  which  that  he  has  formerly  heard  the  whole." 

■we  have  reafon   to  believe  that  he  gained  twelve   hun-  Again,  he  fays,   "  I  have  yet  fuppofed   no  impoftor 

dred  pounds,  Mr  Macpherfon  was  called  to  an  employ-  but  in  the  publiflicr  ;  yet  I  am  far  from  certainty,  that 

went  which  withdrew  him,  for  fome  time,  both  from  fome    tranllations    have    not    been    lately    made,    that 

may, 


(a)  We  have  been  affured  that  he  had  affociates  :  and  that  for  the  defcriptiou  of  Cuchullin's  chariot  In  par- 
ticular  he  was  indebted  to  Mr  Macpherfon  of  Siramaxhie  ;  a  man  of  native  genius,  and  though  not  poflcfTcd  of 
•wry  extenfive  erudition,  well  acquainted  with  Gaelic  poetry. 


Maq>her< 
fon. 
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Zi    parts 


of    the 
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original 


may    now    be 
work. 

"  Credulity  on  the  one  part  is  a  ftrong  temptation 
to  deceit  on  the  other,  cfpec'ally  to  deceit  of  which  no 
perloiial  injury  is  the  confcquencc,  and  which  flatters 
the  author  with  his  own  ingenuity.  T!ie  Scots  have 
fomething  to  ple.id  for  their  eafy  reception  of  an  im- 
probable liftion  :  they  are  fediiced  by  their  fondnefs  for 
their  fiippofcd  anccilors.  Neither  ought  the  Englifh  to 
be  much  influenced  by  Scots  authority  ;  for  of  the  pall 
and  prefent  Hate  of  the  whole  Erfe  nation,  the  Low- 
landcis  are  at  l  all  as  ignorant  as  ourfelvcs.  To  be  ig- 
norant is  painTul  ;  but  it  is  dangerous  to  quiet  our  un. 
eafini-fs  by  tlie  delufr.  e  opiate  of  hafl:y  perfuafion." 

Thele  reafonings,  if  reafonings  they  can  be  called, 
might  have  been  eaiily  anfwered,  had  not  Macpherfon 
pretended  to  the  poir;ffion  of  at  lealt  one  manufcript 
which  certainly  never  exifted.  He  did,  however,  at- 
tempt to  anfwer  them  ;  but  adopted  a  mode  of  pro- 
ceeding which  tended  only  to  convince  the  world  that 
Johnfon's  opinion  had  fome  foundation,  and  that  the 
editor  of  Ofiian  had  more  imagination  than  foundjudge- 
ment.  Prompted  by  his  evil  genius,  he  fent  a  menacing 
letter  to  his  illuftrious  antagonift,  which  produced  the 
following  brief  but  fpirited  reply  : 

"  Mr  James  Macpherfon,  No  date. 

"  I  received  your  foolifli  and  impudent  letter.  Any 
violence  that  fliall  be  offered  to  me,  I  will  do  my  beft 
to  repel  ;  and  what  I  cannot  do  for  myfelf,  the  law 
flrall  do  for  me  ;  for  I  will  not  be  hindered  from  expo- 
fing  what  I  think  a  cheat,  by  the  menaces  of  a  ruffian. 
What  !  Would  you  have  me  retraft  i'  I  thouglit  your 
work  an  impofition  :  I  think  fo  Hill  ;  and,  for  my  opi- 
nion, I  have  given  reafons,  which  I  dare  you  to  refute. 
Your  abilities,  fince  your  Homer,  are  not  fo  formidable  ; 
and  what  I  hear  of  your  uiovality,  inclines  me  to  believe 
rather  what  you  fliall  prove  than  what  you  ihall 
fay." 

Whether  this  letter  fhewed  to  Macpherfon  the  im- 
prudence of  his  conduft,  or  that  he  had  been  made  fen- 
fible  of  his  felly  by  the  interpofltion  of  friends,  we 
know  not,  but  certain  it  is,  we  hear  no  more  afterwards 
of  this  ridiculous  affair,  except  that  our  author  is  lup- 
pofed  to  have  affidedl^r  Macnicol  in  an  anfwer  to  Dr 
Johnfon's  Tour,  printed  in  1779.  This  fuppofition 
we  are  enclincd  to  confincr  as  well-founded,  becaule  we 
have  been  told  by  a  gentleman  of  veracity,  that  Mr 
Macnicol  affirms,  that  llie  fcurrility  of  his  book,  which 
conilitutes  a  great  part  of  it,  was  infertcd,  unknown  to 
him,  after  the  manufcript  was  fent  for  publication  to 
London. 

In  1775  ^''  Macpherfon  publidied  The  Hijlory  of 
Great  Britain  from  the  Rejlorntinn  lo  the  Auction  of  the 
Houfe  of  Hanover,  in  two  volumes  410  ;  a  work  in  our 
opinion  of  great  merit,  though  by  one  party  it  has  been 
induftrioufly,  and,  we  are  forry  to  add,  too  fuccefsfuUy, 
decried.  As  an  hiilorian,  our  author  could  not  indeed 
boaft  the  attic  elegance  of  a  Robertfon,  the  fplendour 
of  a  Gibbon,  or  the  philofophical  profundity  of  a  Hume; 
but  \\h  flyle,  though  it  has  fometimes  been  the  avowed, 
was  not  the  real,  caufe  of  the  coldnefs  with  which  his 
hiftory  was  received.  The  writer  of  this  fltetch  once 
faw  a  gentleman  of  rank,  and  of  the  Whig  interefl, 
turn  over  one  of  Macpherfon's  volumes,  and  heard  him 
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fay,   upon  (hutting  the  book,  "  I  cannot  tear  ihnt  Macphet- 
work."     He   was   afl<ed  if  he   thought    the   narrative^     '""• 
falfe  ?  and  he  replied,  "  No  !   it  ie  too  true  ;   but  I  can-         •  '■  -' 
not  bear  it,  becaufc  it  gives  me  3  bad  ojiiiiion  of  thofe 
great    men    to  whom   1  have  been  accultonied  to   look 
back    with  reverence  as  to  the  laviours  oi    my  coun- 
try." 

That  it  has  been  abhorred  by  others  on  the  fame  ac. 
count,  we  have  not  a  doubt  ;  and  yet  language  has  na 
name  too  contemptuous  for  ihofe  who  will  not  follow 
Truth  whiiherfocfcr  flie  may  lead  tliem  ;  or  who,  on 
the  abfurd  pretence  of  having  already  made  up  their 
minds,  will  not  Itudy  the  evidence  on  both  iides  of  a 
dilputed  quelliou  in  our  national  hifl;ory.  A  man  needs 
not  furcly  difappri)ve  of  the  Revolution,  or  of  the  lub- 
fequent  fettlements,  though  he  fliould  And  complete 
proofs  that  Dauby  and  Sunderland  were  crooked  poli- 
ticians, that  Marlborough  v\'as  ungrateful,  or  even  that 
King  William  himfelf  vi'as  not  that  upright  and  difin- 
terelled  charafter  which  from  their  infancy  they  have 
been  taught  to  believe.  It  is  no  uncommon  thing  for 
Divine  Providence  to  accomphlh  good  ends  by  wicked 
inftruments.  Every  Proteftant  fuiely  confiders  tiie  Re- 
formation as  one  of  the  mofl  bleffed  events  that  have  ta- 
ken place  in  the  world  fince  the  firft  preaching  of  the 
gofpel  of  Chrill  ;  yet  he  would  be  a  hardy  champion 
who  fliould  undertake  to  vindicate  the  motives  which 
influenced  the  conduit  of  the  firft  reformers — of  Hen- 
ry VIII.  forinflance,  or  even  of  Luther  himfelf.  And 
why  may  not  the  Revolution  be  confidcred  as  in  the 
higheft  degree  beneficial  to  the  country,  though  the 
condutl  of  fome  of  thofe  who  brought  it  about  flrould 
be  found  to  be  fuch  as  Macpherfon  reprefents  it  ? 

That  author  certainly  a£led  with  great  fairnefs  ;  as 
together  with  the  hlllory  he  publiflied  the  proofs  upon 
which  his  fails  were  founded,  in  two  quarto  volumes, 
intitled,  Original  Papers,  containing  the  ficrct  Hijlory  of 
Great  Britain,  from  the  Rejlorotion  to  the  Accejfion  of  the 
Houfe  of  Hanover  ;  to  which  are  per  fixed,  £xtrads  from 
the  Life  of  Jaines  II.  as  written  by  himfef.  Thefe  pa- 
pers were  chiefly  collciflcd  by  Mr  Cane,  but  are  not  all 
of  equal  authority.  They,  however,  clear  up  many  ol)- 
fcurities,  and  fet  tlie  characters  of  many  perions  in  pad 
times  in  a  different  light  from  that  in  which  they  have 
been  ufually  viewed.  On  this  account  we  have  no  he- 
fitation  to  fay,  that  he  who  is  capable  of  facrlficing  pre- 
judice to  truth,  and  wiflies  to  uuderftand  the  politics  of 
the  reigns  of  James,  and  William,  and  Anne,  fliould 
ftudy  with  care  the  volumes  of  Macpherfon. 

Soon  after  this  period,  the  tide  of  fortime  flowed 
very  rapidly  in  Mr  Macpherfon's  favour,  and  his  ta- 
lents and  induilry  were  amply  lufficicnt  to  avail  himlelf 
of  every  favourable  circumilance  which  arofe.  ']"be 
refinance  of  the  Colonies  called  for  the  aid  of  a  ready 
writer  to  combat  the  arguments  of  the  Americans,  and 
to  give  forte  to  the  reafons  which  influenced  the  con- 
duct of  government,  and  he  was  (elefted  for  the  purpofc. 
Among  other  things  (of  which  we  fliould  be  glad  to 
receive  a  more  particular  account),  he  wrote  a  pamph- 
let, which  was  circulated  with  much  induftry,  intitled. 
The  Rights  of  Great  Britain  afferted  againfl  the  Claims 
of  the  Colonies  ;  being  an  Anfwer  to  the  Declaration  of  the 
General  Congrefs,  8vo,  1776,  and  of  which  many 
editions  were  publilhed.  He  alfo  was  the  author  of 
A  Jbart  Hijlory  of  Oppofttion  during  the  lajl  SeJJion  of 

Parliament, 


liABOK  AIOK  r.    J' LATE     XXXUl . 


MAC  [     1 

pher.  PurUamfnt,  8vo,  1 779  ;  a  pamplilet  which,  on  account 
""•       of  its  merit,  was  by  many  afcrlbed  to  Mr  Gibbon. 
^  But  a  more  lucrative  employment  was  conferred  on 

him  about  this  time.  He  was  appointed  agent  to  the 
nabob  of  Arcot,  and  in  that  capacity  exerted  h's  talents 
in  feveral  appeals  to  the  public  in  behalf  of  his  client. 
Among'  others,  he  publiihcd.  Letters  from  Mchr.mvicd 
All  Chan,  Nabob  of  Arcot,  to  the  Court  of  Dtreclors  ; 
to  which  is  annexed,  a  State  of  Fafls  relative  to  Tanjore, 
•with  an  Appendix  of  Original  Papers,  410,  1777  ;  and 
he  was  fiippofed  to  be  the  author  of  The  Hiflory  and 
Management  of  the  Eafl  India  Company  from  its  Origin 
in  1600  to  the  prefent  Times,  vol.  i.  containing  the  af- 
fairs of  the  Carnatic,  in  which  the  rights  of  the  nabob 
are  explained,  and  the  injultiee  of  the  Company  proved, 
4to,  1779. 

In  his  capacity  of  agent  to  the  nabob,  it  was  proba- 
bly thought  requillte  that  he  fhouid  have  a  feat  in  the 
Britilh  Parliament.  He  was  accordingly  i:i  1780  cho- 
fcn  member  for  Ciimelford;  but  we  do  not  recollect  that 
he  ever  attempted  to  fpeak  in  the  Houfe.  He  was  alfo 
rechofen  in  17S4  and  1 790. 

He  had  purchafed,  we  think  before  the  year  1790, 
an  eiUte  in  the  parilh  in  which  he  was  born;  and  chan- 
ging its  name  from  Ret%  to  Belville,  built  on  it  a  large 
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and  elegant  manfion,  commanding  a  very  romantic  and 
pldlurefque  view  ;  and  thither  he  retired,  when  liis 
health  began  to  fail,  in  exptttation  of  receiving  benefit 
from  the  change  of  air.  He  continued,  however,  to 
decline  ;  and  after  lingering  fome  time,  died  at  his  feat 
at  Belville,  in  Invernefs,  on  the  i7ih  of  February 
1796. 

He  appears  to  have  died  in  very  opulent  circumftan- 
ces  ;  and  by  his  will,  dated  June  1795,  gave  various 
annuities  and  legacies  to  feveral  perfons  to  a  great  a- 
mount.  He  alfo  bequeathed  L.  1000  to  John  Macken- 
zie  of  Figtree  Court,  in  the  Temple,  London,  to  de- 
fray the  expence  of  printing  and  publi(hing  Offian  in 
the  original.  He  direiSied  L.  300  to  be  laid  out  in 
erefting  a  nion.jment  to  his  memory  in  fome  coiifpicu- 
ous  (itu.itiou  at  Belville,  and  orderea  that  his  body 
(hould  be  carried  from  Scotland,  and  interred  in  the 
Abbey  Church  of  Wcilminfter,  the  city  in  wiiicii  he 
had  pafTed  the  beft  part  of  his  life.  His  remains  were 
accordingly  .taken  from  the  place  wlicre  he  died,  and 
buried  in  the  Po.'ts  Corner  of  Weilminfter  Church. 

MAGMAis  properly  the  refufe  of  any  fubftancewhich 
ha^  been  fuhjecled  to  prefl'ure;  but,  in  chemillry,the  term 
is  fometimes  ufed  to  denote  a  mixture  of  two  or  more 
bodies,  reduced  to  the  confifterce  of  dough  or  pafte. 


Mafpher- 
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IN  natural  philofophy.— Our  intention  in  the  prefent 
article  was  principally  to  give  a  more  dillinift  account 
of  the  theory  of  Mr  ^pinus  than  is  contained  in  the 
article  Magsetism  of  the  Encydopiulia  Britunnica,  re- 
ferring for  proof  and  illuftration  to  the  many  fafts  con- 
tained in  that  article  :  but,  on  more  mature  confidera- 
tion,  we  concluded,  that  this  method  would  fret  and 
confufe  the  reader  by  continual  references,  and  leave  but 
a  feeble  imprcfTion  at  laft.  We  have  therefore  prefer. 
red  the  putting  the  whole  into  the  furm  of  afhort  trea- 
tife  on  magnetiim,  fimilar  to  our  fupplementaiy  article 
of  Electricity.  This,  we  hope,  will  be  more  per- 
fpicuous  and  fatisfaftory  ;  ftill  leaving  to  the  reader  the 
full  ufe  of  all  the  information  contained  in  the  artioie 
MAGNETISM  of  the  Diflionary. 

The  knowledge  which  the  ancient  naturalifts  pcficfT- 
ed  of  this  fubjett  was  extremely  imperfeft,  and  affords, 
we  think,  the  ftrongeft  proof  of  their  ignorance  of  the 
true  method  of  philofophifing  ;  for  there  can  hirdiy  be 
named  any  objeCl  of  phylical  refearch  that  is  more  cu- 
.  rious  in  itfelf,  or  moie  likely  to  engage  attention,  than 
the  apparent  life  and  adivity  of  a  piece  of  rude  unor- 
ganifed  matter.  This  had  attradled  notice  in  very  ear- 
ly times  ;  for  Thales  attributed  the  characferiftic  phe- 
n  imenon,  the  attraction  of  a  piece  of  iron,  to  the  agen- 
cy of  a  mind  or  foul  refiding  in  the  magnet.  Philofo- 
phers,  as  they  were  called,  feem  to  have  been  contented 
with  this  lazy  notice  of  3  (light  luggeltion,  unbecoming 
an  inquirer,  and  rather  fuch  as  might  be  expefted  from 
the  moll  incurious  peafant.  Even  Ariilotle,  the  mofl 
zealous  and  the  moll  fyflematic  ftudent  of  Nature  of 
whofe  labours  we  have  any  account,  has  collefted  no  in- 
formation that  ii  of  any  importance.  We  know  that  the 
general  imperfetlion  of  ancient  phyficshas  been  afcribed 
to  the  little  importance  that  was  attached  to  the  know. 


ledge  of  the  material  world  by  the  philofophers  of 
Greece  and  Rome,  who  thought  human  nature,  the  ac- 
tive purfuits  of  men,  and  the  fcience  of  public  affkirs, 
the  only  objecls  deferring  their  attention.  Mod  of  the 
great  philofophers  of  antiquity  were  alfo  great  aftors  on 
the  llage  of  human  life,  and  defpifjd  acquifitions  which 
did  not  tend  to  acconiplidi  them  for  this  dignified  em- 
ployment :  but  they  have  not  given  this  reafon  them- 
fclves,  though  none  was  more  likely  to  be  uppermoil  in 
their  mind.  Socrates  dilfuades  from  the  (ludy  of  mate- 
rial nature,  not  becaufe  it  was  unworthy  of  the  atten- 
tion of  his  pupils,  but  becaufe  it  was  too  difficult,  and. 
that  certainty  was  not  attainable  in  it.  Nothing  can 
more  diflmftly  prove  their  ignorance  of  what  is  really 
attainable  in  fcienue,  namely,  the  kijowledge  of  the  laius 
of  luilure,  and  their  ignorance  of  the  only  method  of  ac- 
quiring this  knowledge,  viz.  obfervation  and  experi- 
ment. They  had  entertained  the  hopes  of  difcovering 
the  caufcs  of  things,  and  had  formed  their  philofophical. 
language,  and  their  mode  of  refearch,  in  conformity 
with  this  hopelefs  projeft.  Making  little  advances  in 
the  difcovery  of  the  caufes  of  the  phenomena  of  mate- 
rial nature,  they  deferted  this  ftudy  for  the  fhidy  of  the 
conduit  of  man  ;  not  becaufe  the  difcovery  of  caufes 
was  more  eafy  and  frequent  here,  but  becaufe  the  ftudy 
itfelf  was  more  immediately  intercfUng,  and  becaufe  any 
thing  like  fuperior  knowledge  in  it  puts  the  pofieffor  in 
the  defirable  fituation  of  an  advifer,  a  man  of  fuperior 
wifdom  ;  and  as  this  ftudy  was  clofely  conneclcd  with 
morals,  becaufe  the  fear  of  God  is  truly  the  beginning 
of  wifdom,  the  charafterof  the  philofopher  acquired  an 
eminence  and  dignity  which  was  highly  flattering  to 
human  vanity.  Their  procedure  in  the  moral  and  in- 
telleftual  faiences  is  ftrongly  marked  with  the  fame  ig- 
norance of  the  true  method  of  philofophifing  ;  for  we 
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rarely  find  them  forming  general  propofitions  on  copi- 
ous induftions  of  fafts  in  the  conduft  of  men.  They 
always  proceed  in  the  fynthctic  method,  as  if  they  were 
fully  convevfant  in  the  firft  principles  of  human  nature, 
and  had  nothing  to  do  but  to  make  the  application,  ac- 
cording to  the  ellablidied  forms  of  logic.  While  we  ad- 
mire, tlierefore,  the  fagacity,  the  penetration,  the  can- 
did obfervation,  and  the  happy  illuftration,  to  be  found 
ill  the  works  of  the  ancient  moraliils  and  writers  on  ju- 
rifprudence  and  politics,  we  cannot  but  lament  tliat  inch 
great  men,  frequently  engaged  in  public  aff.iirs,  and 
therefore  having  the  iincft  opportunities  for  deducing 
general  laws,  have  done  fo  little  in  this  way  ;  and  that 
their  writings,  however  engaging  and  precious,  cannot 
be  confidered  as  any  thing  more  refined  than  the  obfer- 
vations  of  judicious  and  worthy  men,  with  all  the  dif- 
fufenefs  and  repetition  of  ordinary  converfation.  All 
this  has  arifen  from  the  want  of  a  jud  notion  of  what  Is 
attainable  in  this  department  of  fcience,  namely,  the 
laws  of  intelleftual  and  moral  nature  ;  and  of  the  only 
pofilble  method  of  attaining  this  knowledge,  viz.  ob- 
fervation  and  experiment,  and  the  formation  of  general 
laws  by  the  induftion  of  particular  fafts. 
Dr  Gilbert  We  have  been  led  into  thefe  refledions  by  the  inat 
'vasthe firft tention  of  the  ancients  to  the  curious  phenomena  of 
ricp.'rimen-  niagnetifm  ;  which  muft  have  occurred  in  confiderable 

tdl  "'l^'rergj^j  entertaininff  variety  to  any  perfon  who  had  taken 
abour  maif-  ,  .     °      ,  ,      ,         »      i  i  i  i    j 

Eetifm.  t°  'n*^  experimental  method.  And  we  nave  hazarded 
thefe  free  "remarks,  expefting  the  acquiefcence  of  our 
readers,  becaufe  the  fuperior  knowledge  which  we,  in 
thefe  later  days,  have  acquired  of  the  magnetical  phe- 
nomena, were  the  firft  fruits  of  the  true  method  of  phi- 
lofophifing.  This  was  pointed  out  to  the  learned  world 
in  ijgo  by  our  celebrated  countryman  Chancellor  Ba- 
con, in  his  two  great  works,  the  Novum  Organum  Sclcn- 
tiarum,  and  De  ylrgumentis  Scientiarum.  Dr  Gilbert  of 
Colchefter,  a  philofopher  of  eminence  in  many  refpefts, 
but  chiefly  becaufe  he  had  the  fame  juft  views  of  philo- 
fophy  with  his  noble  countryman,  publiflied  about  the 
fame  time  his  Phyfiologia  Nova,  feu  TraBatus  de  Mag- 
nete  et  Corporibus  Magneticis.  In  the  introduftion,  he 
recounts  all  the  knowledge  of  the  ancients  on  the  fub- 
Jeft,  and  their  fupine  inattention  to  what  was  fo  entirely 
in  their  hands  ;  and  the  impofTibility  of  ever  adding  to 
the  (lock  of  ufeful  knowledge,  fo  long  as  men  imagined 
themfclves  to  be  philofophifing  while  they  were  only 
repeating  a  few  cant  words,  and  the  unmeaning  phrafes 
cf  the  Ariftotclian  fchool.  It  is  curious  to  remark  the 
almoft  perfeft  famenefs  of  Dr  Gilbert's  fentiments  and 
language  with  thofe  of  Lord  Bacon.  They  both  charge, 
in  a  peremptory  manner,  all  thofe  who  pretend  to  in- 
form others,  to  give  over  their  dialeftic  labours,  which 
are  nothing  but  ringing  changes  on  a  few  trite  truths, 
and  many  unfounded  conjedlures,  and  imiuediately  to 
betake  themfelvcs  to  experiment.  He  has  purfued  this 
method  on  the  fubjcft  of  magnetifm  with  wonderful  ar- 
dour, and  with  equal  genius  and  fuccefs  ;  for  Dr  Gil- 
bert was  pofleffed  both  of  great  ingenuity,  and  a  mind 
fitted  for  general  views  of  things.  The  work  contains 
3  prodigious  number  and  variety  of  obfervations  and  ex- 
periments, collefted  with  fagacity  from  the  writings  of 
others,  and  inftltutcd  by  himfelf  with  confiderable  ex 
pence  and  labour.  It  would  indeed  be  a  miracle,  if  all 
Dr  Gilbert's  general  inferences  were  juft,  or  all  his  ex- 


periments accurate,  It  was  untrodden  ground.  But, 
on  the  whole,  this  performance  contains  mor^-  re;:l  in- 
formation than  any  writing  ot  the  age  in  whloh  he  li- 
ved, and  is  fcai'tely  exceeded  by  any  that  has  appeared 
fince.  We  may  hold  it  with  jnftice  as  the  fii  ft  fruits  of 
the  Baconian  or  experimental  phllofophy. 

Tills  work  of  Dr  Gilbert's  relates  chiefly  to  the  load- 
ftone,  and  wliat  we  call  magnets,  that  is,  pieces  of  fteel 
which  have  acquired  properties  fimilar  to  thoie  of  the 
loadftone.  But  he  extends  the  term  magnetifm..  and  the 
epithet  tnagrelic,  to  all  bodies  which  are  aftViited  by 
loadftones  and  magnets  in  a  manner  fimilar  to  that  in 
which  tliey  »fttct  each  other.  In  the  courfe  of  his  in- 
velh'gation,  Indeed,  he  finds  that  thefe  bodies  are  only 
fuch  as  contain  iron  in  fome  ftate  or  other  :  and  in  pro- 
ving this  limitation  he  mentions  a  great  variety  of  phe* 
nomena  which  have  a  confiderable  refemblancc  to  thofe 
which  he  allows  to  be  magnetical,  namely,  thofe  which 
he  called  eleHr'ual,  becaufe  they  were  produced  in  the 
fame  way  that  amber  is  made  to  attraft  and  repel  light 
bodies.  He  marks  with  care  the  diftinftions  between 
thefe  and  the  charafteriftie  phenomena  of  magnets.  He 
feems  to  have  known,  that  all  bodies  may  be  rendered 
elcdtrical,  while  ferruginous  fubftances  alone  can  be 
made  magnetical. 

It  is  not  iaying  too  much  of  this  work  of  Dr  Gil- ,,.    ^     ., 
.        ,  re  I        •  -in  ,  •  1       His  treatife 

bert  s  to  atnrm,  that  it  contains  almoft  every  thing  that  foptjjns 

we  know  about  magnetifm.  His  unwearied  diligence  many  dif- 
in  fearching  every  writing  on  the  fubjeft,  and  in  get-  coveriej. 
ting  Information  from  navigators,  and  his  inceflant  oc- 
cupation in  experiments,  have  left  very  few  fafls  un- 
known to  him.  We  meet  with  many  things  in  the 
writings  of  pofterior  inquirers,  fome  of  them  of  high 
reputation,  and  of  the  prefcnt  day,  which  are  publiftied 
and  received  as  notable  difcoveries,  but  are  contained  in 
the  rich  colledtion  of  Dr  Gilbert.  We  by  no  means 
afcribe  all  this  lo  mean  plagiarifra,  although  we  know 
traders  in  experimental  knowledge  who  are  not  free 
from  this  charge.  We  afcribe  it  to  the  general  indo- 
lence of  mankind,  who  do  not  like  the  trouble  of  con- 
fulting  originals,  where  things  are  mixed  with  others 
which  they  do'not  wT.it,  or  treated  in  a  way,  and  with 
a  painful  minutenefs,  which  are  no  longer  in  faftiion. 
Dr  Gilbert's  book,'  although  one  of  thofe  which  does 
the  highell  honour  to  our  country,  is  lefs  known  in  Bri- 
tain than  on  the  continent.  Indeed  we  know  but  of 
two  Britifti  editions  of  it,  which  are  both  in  Latin  } 
and  we  have  feen  five  editions  publiftied  in  Germany 
and  Holland  before  1628.  We  earneftly  recommend 
it  to  the  perufal  of  the  curious  reader.  He  will  (be- 
fides  the  found  piiilofophy)  find  more  fafts  in  it  than 
in  the  two  large  folios  of  Scarella. 

After  this  moft  deferved  eulogy  on  the  parent  of 
magnetical  philofophy,  it  is  time  to  enter  on  the  fub- 

jea.  _  .4 

"  In  mechanical  phllofophy,  a  phenomenon  is  not  to  beY\7-ccan  o»- 
confidered   as   explained,  unlefs  we  can  ftiew  that   it   is'yclafsthe 
the  certain  rcfult  of  the  laws  of  motion  applied  to  mat- P''<^no'"6" 
ter.      It  is  in   this  way  that  the  general  propofitions  in"** 
pli)fical  ;.ftronomy,   in  the  theory  of  machines,  in  hy- 
draulics,   SiC.   are  demonftrated.      But  the  phenomena 
called  m.ignettcal  have  not  as  yet  obtained  iuch  an  ex- 
planatiini       We  do  not   fee  their  immediate  caufe,  nor 
can  we  fay  with  confidence  that  they  are  the  cffefts  of 

any 
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Bny  particular  kind  of  matter,  ftdling  on  the  bodies  ci- 
ther by  impiiliion  or  prcirure. 

All  that  can  be  dime  here  is  to  clafs  the  phenomena 
in  the  moll  dillinft  manner,  according  to  their  genera, 
lity.  In  this  we  obtain  a  two-fold  advantage.  We 
may  take  it  for  granted  that  the  moft  general  pheno- 
menon is  the  neartll  tllied  to  the  general  caiife.  But, 
farther,  we  obtain  by  lin's  method  a  tiw^;  theory  of  all 
the  fubordinate  phenomena.  For  a  jull  theory  is  only 
the  pointing  ont  the  general  taCt  of  which  the  phtno. 
mcnon  nnder  confjderation  is  a  particular  inftance.  Be- 
ginning therefoi'e  with  the  pliLiiomenon  which  compre- 
Ih.-nds  all  the  particular  cafes,  we  explain  tliofe  cafes  in 
fliewing  in  ivkcil  muntur  they  are  incinJcd  in  the  general 
phenomenon,  and  thus  we  lliall  be  able  to  predid  what 
will  be  the  rtlnlt  of  putting  the  body  under  confidera- 
tion  into  any  particular  lituation.  And  perhaps  we  may 
find,  in  them  all,  coincidences  which  will  enable  us  to 
fhew  that  they  are  all  niodifications  of  a  tatt  Hill  more 
general.  If  we  gam  this  point,  we  fliall  have  cllablilh- 
ed  a  Complete  theory  of  them,  having  dilcovered  the 
general  faft  in  which  they  are  all  compn. headed. 
Should  we  for  ever  remain  ignorant  ot  the  caule  of  this 
general  faft,  we  have  neverthclels  rendered  this  a  com- 
plete branch  of  mechanical  theory.  Nay,  we  may  pei-- 
liaps  difcover  fuch  circumftances  of  refemblance  between 
this  general  fatt  and  others,  with  which  we  are  better 
acquainted,  that  we  fnall,  with  great  probability  at 
leait,  be  able  to  affign  tiie  caufe  of  the  general  faft  it- 
felf,  by  (hewing  the  law  of  which  it  is  a  particular  in- 
ilance. 

We  fliall  attempt  this  method  on  the  prefent  occa- 
,         fion. 
Flrll  lead-        The  leading  fafts  in   magnetifm  are  the  two  follow- 
ing L&..     ing : 
liona.ran-        ,_  jf  j,,,^  oblonsf  piece  of  iron,  fuch  as  a  bar,  rod,  or 

pel  itklf  in      .  ,       r  '  .-         11  •  rr     ..  ^■      c^- 

a  particular  ^"''^'    °'^  '^  nttecl,   that   it   can  anuitie  any  dnertion,   it 
poOticn.      will  arrange  itfelf  in    a   certain    determinate   direttion 
with  refpeft  to  the  axis  of  the  earth.      Thus,  if,  in  any 
part  of  Briton,  an   iron  or  (Ictl  wire  be  tliruft  through 
Plate       3  piece  of  cork,  as  reprefentcd  in  fig.  i.   fo  as  that  the 
XXXIV.  whole  may  fwim  level  in  water,   and  if  it  be  laid  in  the 
water   nearly  north  well  and  fouth  call,  it   will  (lowly 
change  its  pofitlon,  and  finally  fettle  in  a  direClion,  ma- 
king an  angle  of  about  25  degrees  with  the  meridian. 

This  experiment,  which  we  owe  to  Dr  Gilbert  (fee 
B.I.  ch.  II.),  is  delicate,  and  requires  attention  to 
many  circumftances.  The  force  with  which  the  iron 
tends  toward  this  final  polition  is  extremely  weak,  and 
will  be  balanced  by  very  minute  and  otherwife  infenfi- 
blc  refiftances;  but  we  have  never  found  it  fail  when 
executed  as  here  dire£led.  An  iron  wire  of  the  iize 
of  an  ordinary  quill,  and  about  eight  or  ten  inches  long, 
is  very  fit  for  the  purpofe.  It  (hould  be  thrull  through 
the  cork  at  right  angles  to  its  axis;  and  fo  adjullcd,  by 
repeated  trials,  as  to  fwim  level  or  parallel  to  the  hori- 
zon. The  experiment  mull  alfo  be  made  at  a  great 
diftance  trom  all  iron  ;  therefore  in  a  bafon  of  fome 
.other  metal  or  earthen  ware.  It  may  fometimes  require 
a  very  long  while  before  the  motion  begin;  and  if  the 
wire  has  been  placed  at  right  angles  to  the  direftion 
which  we  have  mentioned  as  final,  it  will  never  change 
Its  pofitlon  :  therefore  wc  have  direfted  it  to  be  laid  in 
a  direftion  not  too  remote,  yet  very  fenfibly  different 
from  the  final  direftion. 
SuppL.  Vol.  II.  Part  I. 
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But  this  is  not  the  true  pofition  afFeifltd  by  the  iron 
rod.  If  it  be  thnill  through  a  piece  of  wood  or  cork 
perfedlly  fpherical,  in  fuch  a  manner  that  It  palTesthro' 
its  centre,  and  if  the  centre  of  gravity  coincide  with 
this  centre,  and  the  whole  be  of  Inch  weight  as  to  re- 
main in  any  part  of  the  water  wllhout  cither  aicend- 
ing  or  dclcending,  then  it  will  finally  fettle  In  a  plane 
inillncd  to  the  meridian  about  25'-,  and  the  north  end 
will  be  de[)rL(ri-d  about  75"  below  the  horizon. 

All  this  I.«  equivalent  with  iayiiig,  that  if  any  oblong 
piece  of  iron  or  (Icel  be  very  nicely  polled  on  its  centre 
of  gravity,  and  at  pcrfedt  liberty  to  turn  round  that 
centre  in  every  direction,  it  will  linaliy  take  the  jjofi- 
tion  now  mentioned. 

We  have  farther  to  obferve  with  regaid  to  this  ex- 
periment, that  it  is  indiiftrent  which  end  of  the  rod  be 
placed  toward  the  north  In  the  beginning  ot  the  expe- 
riment. That  end  will  finally  fettle  toward  the  north  ; 
and  if  the  experiment  be  repeated  with  the  fame  rod, 
but  with  the  other  end  north,  it  will  finally  fettle  In 
this  new  attitude.  It  is,  however,  n<>t  always  that  we 
find  pieces  of  iron  thus  perfeiilly  Indlfieient.  Very  fre- 
quently one  end  afFeAs  the  northerly  pofitlon,  and  we 
cannot  make  the  other  end  afl'ume  its  place  :  the  caules 
of  this  difference  will  be  clearly  feen  by  and  bye.  6 

The  pofitlon  thus  affetled  by  a  rod  of  iron  is  called '^*°''^''''- 
by  Dr  Gilbert   the  MAGNiTiCAL  position  or  direc- '^.■*''  ''°^'" 
TiON.      It  is  not  the  fame,  nor  parallel  in  all  parts  of 
tlie  earth,  as  will  be  more  particularly  noticed  after- 
wards. 7 

2.  The  other  leading  fafts  is  this  :  When  a  piece  of-'"'^"'''^'^^"^' 
iron,  lying  in  the  magnetical  i^oiiUon,  or  nearly  to,  and/"'J^'''  . 
at   perfect  liberty   to  move  in  every  dlretllon,   is  ap-fcpeisiroa. 
proached  by  another  oblong  piece  of  iron,   held  nearly 
in  the  lame  pofition,   it  Is  attradled  by  It  ;  that  is,   the 
moveable  piece  of  iron  will  gradually  approach  to  the 
one  that  is  prcfented  to   it,  and  will  at   lall  come  into 
contaft  with  it,   and  may   then  be  (lowly  drawn  along 
by  it. 

This  phenomenon,  although  not  fo  delicate  as  the 
former,  is  ItlU  very  nice,  becaufe  the  attrattion  Is  fo 
weak  that  it  Is  balanced  by  almoll  infenfible  obflruc- 
tions.  But  the  expeilment  will  fcarcely  fall  if  eon- 
dutled  as  follows  :  L.et  a  llrong  iron  wire  be  made  to 
float  on  water  by  means  of  a  piece  of  cork,  in  the  man- 
ner already  delcribed,  having  one  end  under  water. 
See  fig.  I.   B. 

When  it  is  nearly  in  the  magnetical  pofitlon,  bring 
the  end  of  a  pretty  big  Iron  rod,  fuch  as  the  point  of  a 
new  poker,  within  a  quarter  of  an  inch  of  its  foulhcrn 
end  (holding  the  poker  In  a  pofitlon  not  very  dilFerent 
from  the  magnetical  pofition),  and  hold  It  there  for  fome 
time,  not  exactly  fouthward  from  It,  but  a  little  to  one 
fide.  The  floating  iron  will  be  oblerved  to  turn  to- 
wards it  with  an  accelerated  motion  ;  will  touch  it,  and 
may  then  be  drawn  by  it  through  the  water  in  any  di- 
reftion.  We  fhall  have  the  fame  refult  by  approaching 
the  northern  extremity  of  the  floating  iron  with  the 
upper  end  of  the  poker. 

The  fame  phenomenon  may  be  obferved  by  fufpend- 
ing  the  firft  piece  of  iron  by  its  middle  by  a  long  and 
(lender  hair  or  thread.  The  fufpenfion  mud  be  long, 
otherwife  the  ftiffnefs  of  the  hair  or  thread  m.'-y  he  W-i- 
ficient  for  balancing  the  very  fmall  force  with  vhich  the 
pieces  of  iron  tend  toward  each  other.     The  phew  me- 
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non  may  alfo  be  obfcrved  in  a  piece  of  ii'on  which 
turns  freely  on  a  fine  point,  hke  ihe  needle  of  the  ma- 
riner's coinpafs. 

In  this,  as  in  the  former  experiment,  the  ends  of  the 
pieces  of  iron  are  obfervcd,  in  general,  to  be  indifTeicnt  j 
that  is,  either  end  of  the  one  will  attradl  either  end  of 
the  other.  It  often  happens,  however,  that  the  ends 
are  not  thus  indifferent,  and  that  the  end  of  the  move- 
able piece  of  iron,  inllead  of  approaching  the  other,  will 
be  obfcrved  to  recede  from  it,  and  appear  to  avoid  it. 
We  ihall  fuon  learn  the  caufe  of  this  difl'erence  in  the 
-  ftates  of  iron. 

Thisaiflion      It  is  fcarccly  neceffary  to   remark,  that   we  mud  in- 
mutuiil.       fcr  from  thefe  experiments,  that  the  aition   is  mutual 
between  the  two  pieces  of  iron.     Either  of  them  may  be 
the  moveable  piece  which  approaches  the  other,  mani- 
fefting  the  attraction  of  that  other.      This  reciprocity 
of  action  will  be  abundantly  verified  and  explained  in  its 
proper  place. 
Not  pecu-        Thefe  two  fails  were  long  thought  to  be  peculiar  to 
liar  t"  live  loadftones  and  artificial  magnets,  that  is,  pieces  of  iron 
Ilet^orloacl.  vvhich  have  acquired  this  property  by  certain  treatment 
ftone;  ^.jjj^    loadflones  ;    but    they    were    difcovered    by    Dr 

Gilbert  to  be  inherent  in  all  iron  in  its  metallic  ftate  ; 
and  were  thought  by  him  to  be  necefiary  coutequences 
of  a  general  principle  in  the  conftitution  of  this  globe. 
Thefe  phenomena  are  indeed  much  more  confpicnous 
ill  loadftones  and  magnets  j  and  it  is  therefore  with  fuch 
that  experiments  are  bell  made  for  learning  their  various 
modifications. 

„     .'°.  But  there  is  another  circnmfiance,  befides  the  degree 

But, in  iron,    -...,.,,  .,         .  v 

isindiffc-     of  vivacity,   in   which  the  magnetilm  of  common  iron 

rent,  and  and  fteel  remarkably  differs  from  that  of  a  loadllone  or 
momenta-  niagnet.  When  a  loadllone  or  magnet  is  fo  fupported 
ry.andin  ^     ^     ^^  liberty  to  take  any  pofition,  it  arranges  it- 

it  is  fixed  f^"  '"  'he  magnetical  aireaion,^and  one  deUrmmed  cml 
ar-.d  deter-  of  it  fettles  in  the  northern  quarter;  and  if  it  be  placed 
niinate.  fo  that  the  other  end  is  in  that  fituation,  it  does  not  re- 
main there,  but  gradually  turns  round,  and,  alter  a  few 
ofelllations,  \\\t  fame  end  ultimately  fettles  in  the  north. 
This  is  diftindtly  fcen  in  the  needle  of  the  mariner's 
compafs,  wiiich  is  jnll  a  fmall  magnet  prepared  in  the 
fame  way  with  all  other  magnets.  The  feveral  ends  of 
loadftones  or  magnets  are  thus  permanently  the  north 
or  the  fouth  ends ;  whereas  we  faid  that  either  end  of  a 
piece  of  common  iron  being  turned  to  the  northern 
quarter,   it  finally  fettles  there. 

It  is  this  circumllance  which  has  rendered  magnetifm 
fo  precious  a  difcovery  to  mankind,  by  furnifhing  us 
with  the  coinpafs,  an  inflrument  by  which  we  learn  the 
different  quartersof  the  horizon,  and  which  thus  tells  the 
dircftion  of  a  (hip's  conrfe  through  the  pathlefs  ocean 
(fee  Compass  and  Variation,  Encycl.) ;  and  alfo 
fhews  us  the  direftions  of  the  veins  and  workings  in  the 
deepeft  mines.  It  was  natural  therefore  to  call  thofe 
the  north  and  fouth  ends  of  the  mariner's  needle,  or  of 
a  loadllone  or  magnet.  Dr  Gilbert  called  them  the 
POLES  of  the  loadllone  or  magnet.  He  had  found  it 
convenient  for  the  propofed  train  of  his  experiments  to 
form  his  loadllones  into  fpheres,  which  he  called  ter- 
RELLyE,  froin  their  refemblance  to  this  globe  ;  in  which 
cafe  the  north  and  fouth  ends  of  his  loadllones  were  the 
poles  of  the  teirellx.  He  therefore  gave  the  name/io/^ 
to  that  part  of  any  loadllone  or  magnet  which  thus 
turned  to  the  north  or  fouth.     The  denomination  was 
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adopted  by  all  fubfequent  writers,  and  now  makes  a 
term  in  the  language  ot  magnetifm. 

Alfo,  when  we  approach  either  end  of  a  piece  of 
iron  A  to  cither  end  of  another  B,  thefe  ends  mutually 
attrad  ;  or  if  either  end  of  a  magnet  A  be  brought 
near  either  end  of  a  piece  of  common  iron,  they  mu- 
tually attradl  each  other.  But  if  we  bring  that  end  of 
a  magnet  A  which  turns  to  the  north  near  to  the  Jinii- 
lar  end  of  another  magnet  B,  thefe  ends  will  not  attraft 
each  other,  but,  on  the  contrary,  will  repel.  If  the 
two  magnets  are  made  to  float  on  pieces  of  wood,  and 
have  their  north  poles  fronting  each  other,  the  magnets 
will  retire  from  each  other  ;  and  in  doing  fo,  they  ge- 
nerally turn  round  their  axis,  till  the  north  pole  of  one 
front  the  fouth  pole  of  the  other,  and  then  they  run  to- 
gether. This  is  a  very  notable  diilinftion  between  the 
magnetifm  of  magnets  and  that  of  common  iron  ;  and 
whenever  we  fee  a  piece  ot  iron  fhew  this  permanent 
dillinftion  of  its  ends,  we  muft  confider  it  as  a  mag.iet, 
and  conclude  that  it  has  met  with  fome  peculiar  treat- 
ment. 

It  is  not,  however,  ftritlly  true,  that  the  poles  of 
loadftones  or  magnets  are  fo  fixed  in  particular  parts  of 
their  fubftance,  nor  that  the  poles  of  the  fame  name  fo 
coiiftantly  repel  each  other  ;  for  if  a  fmall  or  weak  mag- 
net A  have  its  pole  brought  near  the  fimilar  pole  of  a 
large  or  ftrong  magnet  B,  they  are  often  found  to  at- 
tradl  when  almoft  touching,  although  at  more  confider- 
ablc  dillances  they  repel  each  other.  But  this  is  net 
an  exception  to  the  general  propofition  ;  for  when  the 
north  pole  of  A  is  thus  attradled  by  the  north  pole  of 
B,  it  will  be  found  by  other  trials  to  have  all  the  qua- 
lities  of  a  fouth  pole,  while  thus  in  the  neighbourhood 
of  the  north  pole  of  B. 

The  magnetic  properties  and  phenomena  are  conve- f^/^^^^^^^^- 
niently  diftinguiflicd  into  thofe  of  force  and  of  po la- force  and 
RITV.     Thofe  of  the  firft  clafs  only  were  known  to  theroLARixy 
ancients,  and  even  of  them  their  knowledge  was  ex- 
tremely fcaiity  and  imperfeft.    Tliey  may  all  be  claffed 
under  the  following  general  propofitions. 

1.  The  fimilar  poles  of  two  magnets  repel  each  other (.jj^jj^J 
with  a  force  decreafing  as  the  dillances  increafe.  poles  re. 

2.  The  diffimilar  poles  of  two  magnets  attradl  eachpel,  and 
other  with  a  force  decreafing  as  the  dillances  increafe.    'Ii'fifn'l^r 

3.  Magnets  arrange  themfelves  in  a  certain  determi-J"^^^' ^^^^j^ 
nate  pofition  with  refpedl  to  each  other.  other! 

The  firft  objedl  of  refearch  in  our  further  examina-         14 
tion  of  thefe  properties  is  the  relation  which  is  obfer-''?'^  '^"^ 
ved  to  obtain  between  the  dillances  of  the  adling  pt)l<?Sj|,jj  ^jj^^^ 
and  their  force  of  aftion.     This  has  accordingly  occu-pulfion  is 
pied  much  attention  of  the  philofophers,  and  nurnberlefsof  difficult 
experiments  have  been  made  in  order  to  afcertain  the'^^^^'E*' 
law  of  variation,  both  of  the  attradlion  and  the  repul- 
fion.     A  great  number  of  thefe  have  been  narrated  in 
the  article  Magnetism  of  the  Encyd.  from  which  it 
appears  that  it  has  been  a  matter  of  great  difficulty,  and 
had   not  been   afcertained  with  certainty  or   precifion 
when  that  article  was  publifhed.     It  is  obvious,  from 
the  nature  of  the  thing,  that  the  determination  is  very 
difficult,  and  the  inveitigation  very  complicated.      We 
can  only  obferve  the  fimultaneous  motion  of  the  whole 
magnet  ;   yet  we  know  that  there  are  four  feparate  ac- 
tions coexifting  and  contributing  in  different  direftions, 
and  with  different  forces,  to  the  fenfible  effeiEl.     The 
force  which  we  meafure,  in  any  way  whatever,  is  com- 
pounded 
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"poOndcd  (if  four  drfferent  forces,  which  we  cannot  (c- 
parate  and  meafnre  apart  ;  for  the  north  pole  of  A  re- 
pels  the  north  pole  of  B,  and  attrafts  its  foiith  pole, 
while  the  fouth  pole  of  A  exerts  the  opp(<fite  forces  on 
the  fame  poles  of  B.  The  attraftiou  which  wc  obferve 
is  the  excefs  of  two  unequal  attraftions  above  two  un- 
equal repulfions.  The  fame  might  be  faid  of  an  obler- 
ved  repulfion.  Nay,  the  matter  is  incomparably  more 
complicated  than  this  ;  becaufe,  for  any  thing  that  we 
know,  ei'ery  particle  of  A  afts  on  every  particle  of  B, 
and  is  aCled  on  by  it  ;  and  the  intenlity  of  thofe  adions 
may  be  different  at  the  fame  diftances,  and  is  certainly 
different  when  the  dilfances  are  fo.  Thus  there  is  a 
combination  of  an  unknown  number  of  aftions,  each  of 
which  is  unknown  individually,  both  in  direftion  and 
intenfity.  The  precife  determination  is  therefore,  in 
all  probability,  inipolTible.  By  precife  determination, 
we  mean  the  law  of  mutual  atfion  between  two  mag- 
netic particles,  or  that  precife  funftion  of  the  diftance 
which  defines  the  intenfity  of  the  force  ;  fo  that  mcii- 
furing  the  diflance  of  the  adfing  particles  on  the  axis  of 
a  curve,  the  ordinates  of  the  curve  may  have  the  pro- 
portions of  the  attraftions  and  repulfions. 

It  is  almoft  needlefs  to  attempt  any  deduft ion  of  the 
law  of  variation  from  the  numerous  experiments  which 
have  been  publiflied  by  different  philofophers.  An 
ample  coUeftion  of  them  may  be  feen  in  Scarella's  trea- 
tife.  Mr  Mufchenbroek  has  made  a  prodigious  num- 
ber;  but  all  are  fo  anomalous,  and  exhibit  fuch  diffe- 
rent laws  of  diminution  by  an  increafe  of  dlflance,  tha* 
we  may  be  certain  that  the  experiments  have  been  in- 
judicious. Attention  has  not  been  paid  to  the  proper 
objefts.  Magnets  of  mofl  improper  fhapes  have  been 
■employed,  and  of  mod  diffufe  polarity.  No  notice  has 
been  taken  of  a  circumftance  which,  one  fliould  think, 
ought  to  have  occupied  the  chief  attention  ;  namely, 
the  joint  aftion  of  four  poles,  of  which  the  experiment 
exhibits  only  the  complex  refnlt.  A  very  flight  reflec- 
tion might  have  made  the  enquirer  perceive,  that  the 
attradlions  or  repulfions  are  not  the  mofl  proper  phe- 
nomena for  declaring  the  precife  law  of  variation  ;  be- 
caufe what  we  obferve  is  only  the  excefs  of  a  fmall  dif- 
tcrence  of  attraftions  and  repulfions  above  another  fmall 
difference.  Mr  Hawkfbee  and  Dr  Brook  Taylor  em- 
ployed a  much. better  method,  by  obferving  the  devia- 
tions from  the  meridian  which  a  magnet  occafioned  in 
a  compafs  needle  at  different  diff  ances.  This  is  occa- 
fioned by  the  difference  of  the  two  fums  of  the  fame 
forces  ;  and  this  difference  may  be  made  a  hundred 
times  greater  than  the  ether.  But  they  employed  mag- 
nets of  mofl  improper  fliapes. 

We  mufl  except  from  this  criticifm  the  experiments 
of  Mr  Lambert,  recorded  in  the  Memoirs  of  the  Aca- 
demy of  Berlin  for  1756,  publifhed  in  1758.  This 
moft  fagacious  philofopher  (for  he  highly  merits  that 
name)  placed  a  mariner's  needle  at  varimis  diftances 
from  a  magnet,  in  the  direflion  of  its  axis,  and  obfer- 
ved  the  declination  from  the  magnetic  meridian  produ- 
ced by  the  magnet,  and  the  obliquity  of  the  magnet  to 
the  axis  of  the  needle.  Thus  was  the  action  of  the 
magnet  fct  in  oppufition  and  equilibrium  with  tlie  natu- 
ral polarity  of  the  needle.  But  the  difficulty  was  to 
cilcover  in  what  proportion  each  of  thefe  forces  was 
changed  by  their  obliquity  of  aftion  on  this  little  lever. 


T  I  S  M. 

No  man  excelled  Mr  Lambert  in  addrefj  in  devifing 
methods  of  mathematical  inveftigation.  He  obferveil, 
that  when  the  obliquity  of  the  magnet  to  the  axis  of 
the  needle  was  30",  it  caufcd  it  to  decline  15".  When 
the  obliquity  was  75",  the  dillance  being  the  fame,  it 
declined  30".  Call  the  obliquity  0,  and  tlic  declinatiou 
tf,  and  lety'be  that  function  of  the  angle  which  is  pro- 
portionable to  the  aftion.  Alfo  let  p  l)e  the  natural 
polarity  of  the  needle,  and  m  the  force  of  the  magnet. 
It  is  evident  that 

pxf,  15  =  m  X/,  30 
And^  :  m  ^/,  30  :/,  15  ;  for   the   fame  reafon 
p:m-f,  75  :/,  30 

Therefore/,  15  :/30  =/,  30  :/,  750. 
But  it  is  well  known  that 

Sine  15  :  Sine  30  =  Sine  30  :  Sine  7^. 
Hence  Mr  Lambert  was  led  to  conjedlure,  that  the  fine 
was  that  function  of  the  angle  which  was  proportional 
to  the  aftion  of  magnetifm  on  a  lever.  But  one  expe- 
riment was  infufRcient  for  determining  this  point.  He 
made  a  fimilar  coniparifon  of  feveral  other  obliquities 
and  declinations  with  the  fame  diftances  of  the  magnet, 
and  alfo  with  other  diftances ;  and  he  put  it  pafl  all, 
difpute,  that  his  conjefture  was  jull. 

Had  Mr  Lambert's  experiments  terminate'  here,  It 
muft  be  granted  that  he  has  made  a  notable  dileovery  ia 
the  theory  of  the  intimate  nature  of  magnetifm.  It  com- 
pletely refutes  all  the  theories  which  pretend  to  explain 
the  adlion  of  the  magnet  by  the  impulfion  of  a  ftream  of 
fluid,  or  by  preffure  ariling  from  the  motion  of  fuch  a 
ftream  ;  for  in  this  cafe  the  preffure  on  the  needle  mufl 
have  diminiflied  in  the  duplicate  ratio  of  the  fine.  The 
directive  power  with  the  angle  90  muft  be  4  times 
greater  than  with  the  angle  30''  ;  whereas  it  was  obfer- 
ved  to  be  only  twice  as  great-  Magnetifm  does  not 
aft  therefore  by  the  impulfion  or  preffure  of  a  ftream  of 
fluid,  but  in  the  manner  of  a  fimple  incitement,  as  we 
conceive  attraftion  or  repulfion  to  aft. 

Having  afcertained  the  effeft  of  obliquity,  Mr  Lam- 
bert proceeded  to  examine  the  effeft  of  diftance  ;  and, 
by  a  moft  ingenious  analyfis  of  his  obfervations,  he  dif- 
covered,  that  if  we  reprefent  the  force  of  the  magnet 
by  f,  and  the  diftance  of  the  neareft  pole  of  the  magnet 
from  the  centre  of  the  needle  by  f,  and  if  a  be  a  conllant 
quantity,  nearly  equal  to  two-thirds  of  the  length  of 
the   needle,   we  havey"proportional  to  <i — a^. 

Mr  Lambert  found  this  hold  with  very  great  exaft- 
nefs  with  magnets  ten  times  larger,  and  needles  twice 
as  fliort.  But  he  acknowledges,  that  it  gives  a  very 
fingular  refult,  as  if  the  aftion  of  a  magnet  were  exerted 
from  a  centre  beyond  itfelf.  He  attributes  this  to  its 
true  caufe,  the  ftill  great  complication  of  the  refult, 
arifing  from  the  aftion  of  the  remote  pole  of  the  mag- 
net. He  therefore  takes  another  method  of  examina- 
tion, which  we  fhall  underftand  by  and  bye,  when  we 
confiJer  the  tiiridive  power  of  a  magnet.  We  have 
mentioned  this  imperfcft  attempt  chiefly  on  account  of 
the  uncpieftionable  manner  in  which  he  has  aloertained 
the  effeft  of  obliquity,  and  the  importance  of  this  de- 
termination. 

We  have  attempted  this  inveftigation  in  a  very  fimpic 

manner.      We  got  fome  magnets  made,  confifti.ig  of  two 

balls  connefted  by  a  (lender  rod.      By  a  very  particular 

mode  of  impregnation,  we  gave  them  a  pretty  good 
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magnetifm  ;  and  the  force  of  each  pole  feemed  to  refide 
almoft  in  the  centre  of  the  ball.  This  was  our  object 
in  giving  them  this  fhnpe.  It  reduced  the  examination 
both  ^f  the  attractive  atid  of  the  dlrtdive  power  to  a 
very  eafy  computation.  Thi-  refult  was,  tliat  the  force 
cf  each  pole  varied  in  the  in-irfe  duplicate  ratio  of  the 
diftaice  The  error  of  thi.'i  iiypotliefis  in  no  cafe  a- 
monnted  to  -f^th  of  the  whole.  In  computing  for  the 
plienomena  of  the  directive  power,  the  irregularities 
and  de\iations  from  this  ratio  were  much  fmaller. 

The  previous  knowledge  of  this  luuCtion  would  great- 
ly expedite  and  facilitate  our  farther  inveiligalion  ;  but 
we  mull  content  ourfelves  with  a  very  iuiperieCl  ap- 
proximation, and  with  arriving  at  the  dcfired  determi- 
nation by  degrees,  and  by  a  very  circuitous  route. 

It  is  a  matter  of  experience,  that  when  two  magnets 
are  taken,  each  of  which  is  as  nearly  equal  as  poffible  m 
the  (Irength  of  both  poles,  then,  if  they  are  placed  with 
their  axes  in  one  llraight  line,  and  the  north  pole  of 
one  fronting  the  fuuth  pole  of  the  other,  they  attraft 
each  other  with  a  force  which  diminilhes  as  the  diftance 
increafes  ;  and  this  variation  of  force  is  regular,  that  is, 
without  any  fudden  changes  of  intenlity,  till  it  becomes 
infenfible.  No  inllance  has  (jccurred  of  its  breaking 
fuddenly  off  when  of  any  fenfible  force,  but  it  appears 
to  diminilh  continually  like  gravity.  No  itiftance  oc- 
curs in  which  attraftion  is  changed  into  repulfion. 

But  it  is,  moreover,  to  be  particularly  remarked, 
that,  having  made  this  obfervation  with  the  north  pole 
of  A  fronting  the  fouth  pole  of  B,  if  the  experiment 
be  repeated  with  the  fouth  pole  of  A  fronting  the 
north  pole  of  B,  the  refults  will  be  precifcly  the  iame. 
And,  laftly,  it  is  a  matter  of  unexcepted  experience, 
that  the  fenfible  adion  of  A  on  B,  meafured  by  the 
force  which  is  necelTary  for  preventing  the  farther  ap- 
proach of  B,  is  precilely  equal  to  the  aCtion  of  B  on 
A.  Tin's  is  the  cafe,  however  unequal  the  force  of  the 
two  magnets  may  be  ;  that  is,  although  A  may  fup- 
port  ten  pounds  of  iron,  and  B  only  ten  ounces. 

Now,  the  fimpleft  view  we  can  take  of  this  experi- 
ment is,  by  fuppofing  the  whole  aftion  of  one  end  or 
pole  of  a  magnet  to  be  exerted  at  one  point  of  it.  This 
will  give  us  four  aftions  of  A  on  B,  accompanied  by 
as  many  equal  and  oppoiite  aftions  of  B  on  A.  It  is 
plain  that  we  may  content  ourfelves  with  the  inveftiga- 
tion  of  one  only  of  thefe  fets  of  actions. 

What  we  obferve  is  the  excefs  of  the  attraftions  of 
the  poles  of  A  for  the  diflimilar  poles  of  B  above  the 
rcpullions  of  the  fame  poles  of  A  for  the  fimilar  poles 
of  B.  At  all  diftances  there  is  fuch  an  excefs.  The 
fum  of  the  attraflions  exceeds  the  fum  of  the  repulfions 
competent  to  every  diftance. 

Now  this  will  really  happen,  if  we  fuppofe  that  the 
poles  or"  a  magnet  are  of  equal  ftrength,  and  that,  how- 
ever thefe  different  magnets  differ  in  strength,  they  have 
the  fame  law  of  diminution  by  an  increaie  of  diftance. 
The  !ir!t  circumftance  is  a  very  pofiible  thing,  and  the 
laft  is  demonflrated  by  the  obferved  equality  ot  aftion 
and  reaftion.  Every  thing  will  now  appear  very  plain, 
by  reprefenting  (as  we  did  in  Electricity,  Suppl. 
n°  44,  &c.)  the  intenfities  of  attraftion  and  repullion 
by  the  ordinates  of  a  curve,  of  which  the  abfciflx  re- 
prefent  the  diftances  of  the  afting  poles. 

Therefore  let  A  and  B  (fig.  2.)  reprefent  the  two 
magnets,  placed  with  their  four  poles  S,  N,  .f,  n,  in  a 


ftralgiit  line.  In  the  ftraight  line  O  7  take  O  m,  O  p, 
O  n,  O  7,  refpeCtivcly  equal  to  N  ,r,  N  «,  S  j,  S  n  ;  and 
let  MPNQ^be  a  curve  line,  having  O  7  for  its  axis  and 
affymptotc  ;  and  let  the  curve,  in  every  part,  be  con. 
vex  towards  its  axis.  Then  draw  the  ordinates  m  M, 
/!  P,  n  N,  7  Q^,  to  the  curve.  Thefe  ordinates  will  re- 
prefent the  intenfities  of  the  forces  exerted  between  the 
poles  of  the  magnets,  in  fuch  a  manner  as  to  fulfil  all  the 
conditions  that  are  really  obferved  :  For  w>  M  repre- 
fents  the  attraction  of  the  north  pole  N  of  the  magnet, 
A  for  the  fouth  pole  j-  of  the  magnet  B  ;  /  P  repre- 
fents  the  repulfion  of  N  for  n  ;  n  N  reprefents  the  re- 
puliim  of  S  for  J  ;  and  7  (^reprefents  the  attrailion 
of  S  for  n.  The  dillance  between  m  and  «,  or  between 
f>  and  7,  is  equal  to  the  length  of  the  magnet  A,  and 
m  p,  or  n  7,  is  equal  to  that  of  B.  M  m,  P  />,  and  N  n, 
Q_7,  are  pairs  of  equidillant  ordinates.  It  furely  re- 
qniies  only  the  infpedion  of  the  figure  to  fee  that,  in 
whatever  fituation  along  the  axis  we  place  thofe  pairs 
of  equidiftant  ordinates,  the  fum  of  M  m  and  Q_7  will 
always  exceed  the  fum  of  P p  and  N  n  ;  that  is,  the  fum 
cf  the  attradtions  will  always  exceed  that  of  the  repul- 
fions. This  will  not  be  the  cafe  if  the  curve,  whofe  or- 
dinates are  proportional  to  the  forces,  have  a  point  Z 
of  contrary  flexure,  as  is  reprefented  by  the  dotted 
curve  P'ZCX  For  this  curve,  having  O  7  for  its  af- 
fymptotc (in  order  to  correfpond  with  forces  which  di- 
minifti  continually  by  an  increaie  of  diftance,  but  do  not 
abrubtly  ceafe  (muft  have  its  convexity  turned  toward 
this  affymptote  in  the  remote  parts.  But  there  will  be 
an  arch  MPZ  between  Z  and  O,  which  is  concave  to- 
ward  the  affym.ptote.  In  which  cafe,  it  is  impoffible  that 
M  m  ■{-  0^7  Ihall  be  lefs  than  P  />  +  N  n  ;  and  then 
the  repulfions  will  exceed  the  attraftions;  which  is  con- 
trary to  the  whole  train  of  obfervation. 

It  may'  be  thought,  that  if  the  repulfion  exerted  be- 
tween two  particles  be  always  lefs  than  the  attradtion 
at  the  fame  diftance,  the  phenomena  will  be  accounted 
for,  although  the  law  of  aftion  be  not  reprefented  by 
fuch  a  curve  as  has  been  affumed.  Undoubtedly  they 
will,  while  the  diffimilar  poles  form  each  other.  But 
the  refults  of  fuch  a  fuppofition  will  not  agree  with  the 
phenomena  while  the  fimilar  poles  front  each  other : 
For  it  is  an  uncontradicted  faCl,  that  when  two  fine 
hard  magnets,  whofe  poles  are  nearly  or  exaftly  of  e- 
qual  vigour,  have  their  fimilar  poles  fronting  each  other, 
the  repulfions  fall  very  little  ftiort  of  the  attra&ions 
at  the  fame  diftances  when  their  pofition  is  changed: 
When  the  diftances  are  confiderable,  fcarcely  any  differ- 
ence can  be  obferved  in  the  beginning  of  the  experiment. 
The  differences,  alfo,  which  are  obierved  at  fmaller  di- 
ftances, are  obferved  to  augment  by  continuing  the 
magnets  in  their  places  without  changing  their  diftan- 
ces ;  and  therefore  feem  to  ariie  from  fome  change 
produced  by  each  on  the  magnetifm  of  the  other. 
And,  accordingly,  if  we  invert  one  of  the  magnets,  we 
fliall  find  that  the  attractions  have  been  diminilhcd  as 
much  as  the  repulfions.  Now,  the  confequences  of 
magnetic  repulfion,  being  always  weaker  than  attraction, 
would  be  the  reverfe  of  this.  The  differences  would 
appear  moil  remarkable  in  the  greater  diftances,  and 
magnets  might  be  found  which  repel  at  fmall  diftances, 
and  attradl  at  greater  diftances  ;  which  is  contrary  to 
all  obfervation. 

From  all  this  it  follows,  with  fuiEcient  evidence  for 
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our  prcfent  piirpofe,  that  the  fiinfti'on  of  the  dilUnce 
wliich  exprelTes  tlie  law  of  magnetic  adtioii  mull  be  re- 
prcfenteJ  by  the  ordinates  of  a  curve  of  tlie  liyperboh'c 
kind,  referred  to  its  afTymptote  as  an  axis  ;  and  there- 
iorc  always  convex  toward  this  axis.  We  think,  it  alio 
futHciently  clear,  that  the  confequences  which  we  have 
deduced  from  the  fimpL'  fuppolltion  of  four  afting 
points,  inllead  of  the  combined  adlion  of  every  particle, 
may  be  adopted  with  lafcty.  For  they  would  be  jiiil, 
if  there  were  only  tliofe  four  particles;  they  would  be 
infl  with  refpedt  to  another  four  particles — therefore 
they  would  be  jnll  when  thefe  are  joined  ;  and  fo  on  of 
any  nuinber.  'I'herefore  the  curve,  whole  ordinates  cx- 
prefs  the  mean  action  of  each  pole,  as  if  exerted  by  its 
centre  of  effoit,  will  have  the  fane  general  form:  It 
will  be  convex  toward  its  aflymptotic  axis. 

It  will  greatly  aid  our  conceptions  of  the  combined 
actions  of  the  four  magnetic  poles,  if  we  notice  fome  of 
the  primary  properties  of  a  curve  of  this  kind,  limited 
by  no  other  condition. 

Diaw  the  chords  MQ_,  PN,  MP,  NQ_  Bifeft  them 
in  B,  D,  E,  F,  and  join  EF.  Draw  the  ordinates  Ef 
F/,  and  BDi  (cutting  EF  in  C.  Draw  P«  parallel 
to  the  axis,  cutting  E  e  in  i.  Draw  alfo  Q_^;  parallel  to 
the  axis,  cutting  Ff  in  f.  Alio  draw  FHL  parallel 
to  the  axis,  and  Pot  parallel  to  QN ;  and  draw  PL/, 
and  P  e  X,  cutting  M  m  in  /  and  x. 

Let  each  ordinate  be  reprcfented  by  the  letter  at  its 
intcrfettion  with  the  axis.  Thus,  the  ordinates  Mw 
and  O  y  may  be  reprefented  by  m  and  g,  &c. 

Becaufe  MP  is  bifeded  in  E,  Mt  is  double  of  E  t  ; 
M  /  is  double  of  EL  ;  M  x  is  double  of  E  e.  Alfo,  be- 
caufe P  /  IS  parallel  to  QN,  and  P  u  to  Q_;,  we  have 
t  u  zz.  ti  i.  From  thefe  premifes,  it  is  cafy  to  perceive, 
that, 
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Thefe  combinations  will  fuggeil  to  the  attentive  read- 
er the  explanation  of  many  modifications  of  the  combi- 
ned aftinn  of  the  folir  poles  of  two  magnets.  They 
are  all  comprehended  in  one  propofition,  which  it  will 
be  convenient  to  render  familiar  to  the  thought ;  name- 
ly,  if  two  pairs  of  equidiltant  ordinates  be  taken,  the 
fum  of  the  two  extremes  exceeds  that  of  the  interme- 
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Alfo,  the 
diiFerence  between  the  pair  nearell  to  O  exceeds  the  dif- 
ference between  the  remote  pair. 

Now,  conceiving  thefe  ordinates  to  reprefint  the  mu- 
tual aclions  of  the  magnetic  poles,  we  lee  that  their 
tendency  to  or  from  each  other,  or  their  fcnlible  attrac- 
tions or  repulfions,  are  expreded  hy  m  ■\-  q  —  n  -^  p  i 
that  is.  by  the  excefs  of  the  fum  of  the  aclions  of  the 
neareft  and  mod  remote  poles  above  the  fum  of  the  ac- 
tions of  the  Intermediate  dillant  poles.  It  will  alfo  be 
frequently  convenient  to  confider  this  tendency  as  repre- 
fented by  m  — p  —  n  ^~  q  ;  that  is,  by  the  excefs  of 
the  difference  of  the  aiftious  of  the  nearell  pole  of  A  on 
the  two  poles  of  B,  above  the  difference  of  the  actions 
of  its  remote  pole  on  the  fame  pules  of  B. 

Let  us  now  confider  fome  of  the  chief  modifications 
of  thele  adlioiis. 

I.  Let  the  difTimilar  poles  front  each  other.      It  isEiplana. 

plain  that  m  -j-  y  reprefent  attraftions,    and  that/'  -j-  niion  nf  th« 

reprefent  repulfions.   Alfo  m  -^  q  is  greater  than  p  -{-  n.obferved 

Therefore  the  ma<;nets  will  attiad  each  other.      This""'"'^"'" 
.       .  ''  — ^ —  ofm3gnet», 

attraftion  Is  alfo  reprefented  by  m  — p  —  n  —  q. 

Now  m  -j-  y  — p  -^  n  is  evidently  equal  to  M  /,  or 
to  twice  E  0,  or  to  twice  BD,  or  to  four  times  CD. 

This  action  will  be  increafed, 

1.  By  increafing  the  ffrength  of  either  of  the  mag- 
nets. The  action  of  the  magnets  is  the  combined  ac- 
tion of  each  afting  particle  of  the  one  on  each  aftlng- 
.particle  of  the  other  ;  and  it  is  mutual.  Therefore  all 
the  ordinates  will  increafe  In  the  ratio  of  the  flrength  of 
each  magnet,  and  their  fums  and  differenccj  will  Increafe 
in  the  fame  ratio. 

2.  By  dimiiu'fhing  the  diflance  between  the  magnets. 
For  this  brings  all  the  ordinates  nearer  to  O,  while  their 
dillance  mp,pn^  n  q,  remain  as  before.  In  this  cafe  it 
is  plain  that  M  «,  the  difference  of  M  »i  and  P p,  will 
increafe  falter  than  /  a  or  N  /,  the  difference  between 
N«  and  Qj7.  Therefore  M/  will  increafe ;  that  is,  the 
attraftion  will  Increafe. 

3.  By  increafing  the  lengtli  of  A,  while  the  diftance 
between  them  remains  the  fame.  For  O  m  remaining 
the  fame,  as  alfo  m  p  and  n  q,  while  «  q  is  only  removed 
farther  from  mp,  it  is  plain  M  u  remains  the  fame,  and 
that  N/'  and  t  u  are  diminilhed  ;  therefore  M  t  muft  in- 
create,  or  the  attraiftion  mu!l  increafe. 

4.  By  increafing  the  length  of  B,  the  diftance  between 
them  remaining  the  fame.  For  this  increafes  m p  and 
n  q  ;  and  conlequently  increafes  M  u  and  /  u.  But  M  u 
increafes  more  than  i^u  ;  and  therefore  M/  Is  increafed, 
and  the  attraction  or  tendency  is  increafed. 

All  thefe  confequences  of  our  original  fuppofitlou, 
that  the  magnetic  aflion  may  be  reprefented  by  the  or- 
dinates of  a  curve  every  where  convex  to  an  afTymptotic 
axis,  are  llrictly  conformable  to  obfervation. 

If  we  place    the  magnets  with    their  fimllar  poles  And  of 
fronting  e^ch  other,    it   Is  evident  that  the  ordinates  their  repul. 
which  expreffed  attraftions  in  the  former  cafe,  will  now  f'oi'- 
exprefs  repulfions  ;  and  that  the  forces  with  which  the 
magnets  now  repel  each  other,  are  equal  to  tlioie  with 
which  they  attracted  when  at  the  fame  diftances.    When 
the  experiments  are  made  with  good  loadftones,  or  very 
line  magnets,  tempered  extremely  hard,  and  having  the 
energy  of  their  poles  fenfibly  refiding  in  a  fmall  fpace 
very  near  the  extremities,  tlie  refults  are  alfo  very  near- 
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ly  conformable  to  tliis  matliematical  theory  ;  but  theie 
is  generally  a  weaker  aftioii.  The  magnets  feldora  re- 
pel as  (Irongly  as  they  attraft  at  the  fame  diftance  ;  at 
iealt  when  tliefe  diftances  are  fmall.  If  one  or  both  of 
the  magnets  is  foft,  or  if  one  of  them  be  much  more 
\igorous  than  the  other,  there  are  obferved  much 
greater  deviations  from  this  theory.  The  repulfions  are 
confiJerahly  weaker  than  the  attractions  at  the  fame  di- 
ftance, and  the  law  of  variation  becomes  extremely  dif- 
ferent. When  placed  at  very  confiderable  dillances, 
they  repel.  As  tlie  magnet  B  is  brought  nearer  to  A, 
the  rcpiilfioii  incrcafcs,  agreeable  to  the  theory,  but  not 
fo  fall.  Bringing  them  iliU  nearer,  the  repulfion  ceafea 
to  increafe,  then  gradually  diminifhes,  and  frequently 
vanifliea  altogether,  before  the  magnets  are  in  contact  ; 
and  when  brought  ftill  nearer,  it  is  changed  into  at- 
jo  traction. 
Scetni-'g  But  more  careful  obfervation  (liews,  that  this  ano- 

exceptlon?  ^gjy  (jogg  „ot  invalidate  the  theory.  It  is  found  tliat 
(Aviated,  ^.j^^  vigour  of  the  magnet  is  permanently  changed  by 
this  procefs.  The  magnets  aCl  on  each  other  in  fuch 
a  way  as  to  weaken  each  other's  magnetifm.  Nay,  it 
frequently  happens,  that  the  weaker  or  the  fofter  of  the 
two  has  had  its  magnetifm  changed,  and  that  the  pole 
neareft  to  the  other  has  changed  its  nature.  While 
they  are  lying  in  contaft,  or  at  fuch  a  diftance  that  they 
attract,  although  their  fimilar  poles  front  each  other,  it 
is  found  that  the  pole  of  one  of  them  is  really  changed; 
although  it  may  fometimes  recover  its  former  fpecies 
again,  but  never  fo  vigoroufly  as  when  the  other  mag- 
net is  removed.  In  (hort,  it  is  obferved,  that  the  mag- 
■retifm  is  diminifhed  in  all  experiment;,  in  which  the 
magnets  repel  each  other,  and  that  it  is  improved  in  all 
experiments  in  which  they  attraft. 

We  have  hitherto  fuppofed  the  magnets  placed  with 
their  axes  in  one  ftraight  line.  If  they  are  differently 
placed,  we  cannot  afccrtain  by  this  fingle  circuniftance 
of  the  law  of  magnetic  a&ion,  whether  they  will  attract 
or  repel — we  niuft  know  fomewhat  more  of  the  varia- 
tion of  force  by  a  change  of  diftance. 
Directive  If  'he  magnet  B  be  not  at  liberty  to  approach  to- 
FowEu  ex-  ward  \,  or  recede  from  it,  but  be  fo  fupported  at  its 
pUined.  centre  B  that  it  can  turn  round  it,  it  is  very  plain  that 
it  will  retain  the  pofition  in  which  it  is  drawn  In  the  fi- 
gure. For  its  fonth  pole  s  being  more  attraSed  by  N 
than  it  is  repelled  by  S,  is,  on  the  whole,  attraftcd  by 
the  magnet  A;  and,  by  this  attraftion,  it  would  vibrate 
like  a  pendulum  that  is  fupported  at  tlie  centre  B.  In 
like  manner,  its  north  pole  n  is  more  repelled  by  N 
than  it  is  attracted  by  S,  and  is,  on  the  whole,  repel- 
led. The  part  B  n  would  therefore  alfo  vibrate  like  a 
pendulum  round  B.  Thus  each  half  of  it  is  urged  into 
the  very  pofition  which  it  now  has ;  and  if  this  pofition 
be  deranged  a  little,  the  attraftion  of  j  B  lowanl  A, 
and  the  repulfion  of  nB  from  it,  would  impel  it  toward 
the  pofition  j  B  n. 

This  will  be  very  evident,  if  we  put  the  magnet  Bin- 
to  the  pofition  j-' B  «'  at  right  anglts  tu  the  line  AB. 
The  pole  s'  and  the  pole  n'  are  urged  in  oppofitc,  and 
therefore  confpiring,  direftlons  w.th  equal  torce«,  very 
nearly  at  right  angles  to  n' /,  if  the  ma^^net  B  be  fmal!. 
In  any  oblique  pofition,  the  forces  will  be  fomewhat  u-i- 
equal,  and  account  muft  be  had  or  the  obliquity  of  the 
aftion,  in  order  to  know  the  preciie  rotative  momentum 
of  the  aftions. 
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Dr  Gilbert  has  given  to  this  modification  of  the  ac- 
tion of  A  on  B,  the  name  oi  vis  disponens;  which  wc 
may  tranflate  by  directive  power  or  force.  Alfo, 
that  modification  of  the  tendency  of  B  to  or  from  A  is 
called  by  him  the  verticitas  of  B.  We  might  call  it 
the  VERTiciTY  of  B  ;  but  we  think  that  the  name  po- 
larity is  fufficiently  expreflive  of  the  phenomenon  ;  and 
as  it  has  come  into  general  ufe,  we  fliall  abide  by  it. 

It  is  not  fo  eafy  to  give  a  general,  and  at  the  iame  time  (tsmcafure 
precife,  meafure  of  the  directive  power  of  A  and  pola- 
rity of  B.  The  magnet  B  muft  be  confidered  as  a  lever; 
and  then  the  force  tending  to  bring  it  into  its  ultimate 
pofition  n  s  depends  both  on  the  diftance  of  its  poles 
from  N  and  S,  and  alio  on  the  angle  which  the  axis  of 
B  makes  with  the  line  AB.  When  the  axis  of  B  co- 
incides with  AB,  the  force  acting  on  its  poles,  tending 
to  keep  them  in  that  fituation,  is  evidently  m  -if  p  — 
n  ■\-  q,  and  therefore  may  be  reprefented  by  M  /  (in 
fig.  2.),  or  by  twice  EL,  or  by  four  times  CH.  If  B 
has  the  pf.fition  «  Bj',  perpendicular  to  AB,  let  the  or- 
dinates  E  e  and  Yf  cut  the  curve  on  I  and  K  ;  and 
draw  KL  parallel  to  the  axis  (our  figure  caufes  this  line 
almoft  to  coincide  with  QL,  and  in  all  important  cafes 
it  will  be  nearly  the  fame).  In  this  cafe  IL  will  ex- 
prefs  one  half  of  this  force.  Either  of  thefe  cftimations 
of  this  modification  of  the  mutual  aftion  of  the  magnets 
will  be  fufiicient  for  the  objedts  we  have  in  view. 

The  direftlve  power  of  A,  and  the  polarity  of  B,  are  How  in. 
Increafcd,  creafedanc 

1.  By  increafing  the  ftrength  of  one  or  both  of  thediminilhei 
magnets.     This  is  evident, 

2.  By  diminlfhing  the  diftance  of  the  magnets.  For 
this,  by  increafing  the  fum  of  Mm  and  Y p  more  than 
the  fum  of  N  n  and  Qq,  muft  increafe  EL  or  M  /. 

3.  By  increafing  the  length  of  A.  For  this,  by  re- 
moving n  and  q  farther  from  m  and/>,  muft  deprefs  the 
points  L  a'ld  /,  and  increafe  EL,  or  IL,  or  M  /. 

4.  By  diminiflilng  the  length  of  B,  while  the  diftance 
N  s  between  the  magnets  remains  the  fame.  For  this, 
by  bringing  p  and  q  nearer  to  m  and  n,  muft  increafe 
yitn  -^  Y  p  more  than  N  ?i  +  Q_?.  Or,  by  bringing 
E  e  and  Yf  nearer  to  M  m  and  N  n,  it  muft  increafe  EL 
and  M/. 

If  the  dillance  Nn  between  the  pole  of  A  and  the 
remote  pole  of  B  remain  the  fame,  the  dlreflive  force  of 

A,  and  polarity  of  B,  are  diminilhed  by  dlmlnifhlng  the 
length  of  B,  as  is  eafily  feen  from  what  has  been  juft 
now  laid.  It  is  alfo  dimlniftied,  but  in  a  veiy  fmall 
degree,  by  dimiiiifhing  the  length  of  B,  when  the  di- 
ftance between  the  centres  of  A  and  B  remain  the  fame. 
For,  in  th;s  cafe,  the  ordlnates  le  and  K/ retain  their 
places;  but  the  points  m  and />  approach  to  e ;  and  this 
brings  the  interfcdtion  E  of  the  ordinate  and  chord 
nearer  to  I,  and  dimlnidies  EL,  becaufe  the  point  L  is 
n..t  fo  rr.iich  jeprefled  by  the  approach  of  F  to  K  as  E 
is  depicifed. 

But   in  r.'l  ri'fes,  the  ratio  of  the  direftive  power  of       *4 
.A.  10  Its  attractive  force,  or  oi  the  polarity  of  B  to  itSj^^^jgC 
tcnnency  te  A.  Is  increafcd  by  diminlfhing  the  length  of  feding  thi 

B.  F>  r  it  is  plain  that  by  dimlnilhing  mp  and  n  q,  while  P'oportior 
I  e  and  K/keep  their  places,  the  point  0  is  railed,  ^nd  "_f '^?^^^'^ 
the  point  L  is  depreffcd  ;  and  therefore  the  ratio  of  diredivc 
EL  'c  E  r,   r>r  of  M  /  to  M/,   is  increafcd.      We  even  powers. 
fee  tiitti,  uy  diiDiniftiiiig  the  length  of  B  continually 
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and  witliout  end,  the  ratio  of  M  /  to  M  /  may  be  made 
»5        to  exceed  any  ratio  that  c^in  be  afligned. 
"he  polari-      fj^w,  fince  diminilhirg  the  length  of  B  increafes  the 
na'.l  mae-  1^''°  of  'he  direftive  power  of  A  to  its  attradtive  power, 
et  may  be  while  increafing  the  length  of  A  incrcafes  both,  and  alfo 
rcat  whileintreafes  the  ratio  of  EL  to  E  o  (as  is  very  eafily  feen), 
be  attrac-  ^^^  fince  this  iiicreafe   may  be  as  great  as  we  pleafe,  it 
•nfible.       neeefTarily  follows,  that  if  the  fame  very  fmall  magnet  B 
be  placed  at  fnch  diftances  from  a  large  and  ftrong  mag- 
net A,  and  from  a  fmaller  and  Icfs  vigorous  one  C,   as 
to  have  equal  polarities  to  both,  its  tendeiicy  to  A  will 
be  lefs  than  its  tendency  to  C.      It  may  eveu  be  lefs  in 
any   ratio  we    pleafe,    by   fufficiently   diminiflting   the 
length  of  B. 

Dr  Gilbert  obferved  this  ;  and  he  exprefles  his  obfer- 
vation  by  faying,  that  the  direftive  power  extends  to 
greater  diflances  than  the  attraftive  power.  We  mull 
juft  conclude,  that  the  lad  becomes  infcnfible  at  fmaller 
diftances  than  the  firft.  This  will  be  found  a  very  im- 
portant obfervation.  It  may  be  of  ufe  to  keep  in  mind, 
that  the  direttive  power  of  a  magnet  A  on  another  mag- 
net B,  15  the  difference  of  the  fums  of  the  attions  of 
each  pole  of  A  on  both  poles  of  B  ;  and  the  attractive 
power  of  A  for  another  magnet  B,  is  the  difference  of 
the  differences  of  thefe  aftions. 

It  may  alfo  be  remarked  juft  now,  that  the  direftive 
force  of  A  always  exceeds  its  attraftive  force  by  the 
quantity  2  {/)  —  q).  For  their  difference  may  be  ex- 
preffed  by  /  /,  which  is  equal  to  twice  u  L.  Now  s  e  is 
equal  to  V p,  or  Xo  p  ;  and  s  L  is  equal  to  P/) —  F_/', 
or  to  P/> —  Q^q — Fj.,  or  to  V p  —  Q^q — o  '.  There- 
fore 0  L  =V  p  —  Q^j,  and  1 1  =  2  (P/>  —  Q^y),  = 

By  infpefting  this  figure  with  attention,  we  obtain 
indications  of  many  interefting  particulars.  If  the 
lengths  of  the  magnets  A  and  B  are  the  fame,  the  point 
«  in  the  axis  of  the  curve  will  coincide  with  p.  As  the 
length  ot  A  increafes,  the  part  n  q  is  removed  farther 
from  the  part  mp.  The  line  P  t  becomes  lefs  inclined 
to  the  axis,  and  is  ultimately  parallel  to  it,  when  ii  is 
infinitely  remote.  At  this  time  L  falls  on  e ;  fo  that 
the  ultimate  ratio  of  the  attradlion  to  the  polarity  is 
that  of  E  1  to  Ec,  when  the  magnet  A  is  infinitely 
long.  It  is  then  the  ratio  of  the  difference  of  the  ac- 
tions of  the  neareft  pole  of  A  on  the  two  poles  of  B  to 
the  fum  of  thefe  aftions.  Hence  it  follows,  that  when 
A  is  very  great  and  B  very  fmall,  the  polarity  of  B  is 
vaftly  greater  than  its  tendency  to  A.  It  may  have  a 
great  polarity  when  its  tendency  is  infenfible. 

The  ratio  of  the  polarity  to  the  attrailion  alfo  in- 
creafes by  increafing  the  diftance  of  the  magnets  while 
their  dimenfions  continue  the  fame.  This  will  appear, 
by  remarking  that  the  chords  MP  and  NQ^muft  inter- 
feft  in  fome  point  w  ;  and  that  when  the  four  points  m, 
/>,  n,  and  q,  move  off  from  O,  keeping  the  fame  dif- 
tances frum  each  other,  E  o  will  diminidi  fafter  than 
EL,  and  the  ratio  of  EL  to  EO  will  continually  in- 
creafe. 

Therefore  when  a  fmall  magnet  B  is  placed  at  fuch 
a  diftance  from  a  great  magnet  A,  and  from  a  fmaller 
one  C,  as  to  have  equal  polarity  to  both,  its  tendency 
to  C  will  exceed  its  tendency  to  A.  For  the  polarities 
being  equal,  it  muft  be  farther  from  the  great  magnet  ; 
rn  which  cafe  the  ratio  of  its  polarity  to  its  attradion  is 
increafcd. 
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And  this  will  alfo  obtain  if  the  magnets  differ  alfo  in 
ftrength.  For,  to  have  equal  polarities,  B  mull  be  Hill 
farther  from  the  great  and  powerful  magnet. 

For  all  theie  reafons,  a  large  and  powerful  magnet 
may  exert  a  ftrong  diretlive  power,  while  its  attractive 
power  is  infenfible. 

We  have  hitherto  fuppofed  the  magnet  B  to  be  pla-p     ^^  ■ 
ced  in   the  dirctlion  of  the  axis  of  A,   and  only  at  li-ticsc.fob- 
berty  to  turn  round   its  centre  B.      But   let  its  centre Mque  ijoli- 
be  placed  on  the   centre  of  A,  as  in    fig.  3.   it   muft^'O'^^f 
evidently  take   a  pofition  which   may  be  called  fubcon-  [j™"  ""^S" 
trary  to  that  of  A,  the  north  pole  of  B  turning  toward 
the  louth  pole  of  A,  and  its  fouth  pole  turning  toward 
the  north  pole  of  A. 

The  lame  thing  muft  happen  when  the  centre  of  B 
is  placed  in  B,  any  where  in  the  line  AE  perpendicular 
to  NS.  S  attradis  «  with  a  force  «  i,  while  N  repels 
B  with  a  force  n  0,  fomewhat  fmaller  than  n  i.  Thefe 
two  compofe  the  force  n  J.  In  like  manner,  the  two 
forces  s  e  and  sf,  exerted  by  N  and  S  on  the  pole  j-, 
compofe  the  force  /  q.  Now  if  the  axis  of  the  magnet 
B  be  parallel  to  NS,  but  the  poles  in  a  contrary  pofi- 
tion, and  if  each  magnet  be  equally  vigorous  in  both 
poles,  the  magnet  B  will  retain  this  pofition  ;  becaufe 
the  forces  n  h  and  s  e  are  equal,  as  alfo  the  forces  n  c 
and  J-/.  Thefe  mull  compofe  two  forces  n  (f  and  j  y, 
which  are  equal,  and  equally  inclined  to  h  j-  ;  and  they 
will  therefore  be  in  equilibrio  on  this  lever. 

Let  us  now  place  the  centre  of  tlie  fmall  magnet  in 
C,  neither  in  the  axis  of  the  other,  nor  in  the  perpen. 
dicular  AE.  Let  its  north  pole  n  point  toward  the 
centre  of  A.  It  cannot  remain  in  this  pofition  ;  for  N 
repels  n  with  a  force  n  c,  while  S  attrafts  it  with  a  force 
nb  (fmaller  than  n  c,  becaufe  the  diftance  is  greater). 
Theie  two  compofe  a  force  n  d  confiderably  different 
from  the  direftion  c  n  of  its  axis.  In  like  manner,  the 
fouth  pole  s  of  the  fmall  magnet  is  acled  on  by  two 
forces  s  e  and  sf,  exerted  by  the  two  poles  of  A,  which 
compofe  a  force  j  q  nearly  equal  and  parallel  to  n  d,  but 
in  a  nearly  oppofite  diredion.  It  is  plain  that  thefe 
forces  muft  turn  the  fmall  magnet  round  its  centre  C, 
and  that  it  cannot  reft  but  in  a  pofition  nearly  parallel 
to  n  d  or  sf.  Its  pofition  is  better  reprefented  by  fig. 
4.  with  its  fouth  pole  turned  toward  the  north  pole  of 
the.  other  magnet,  and  its  north  pole  in  the  oppofite  di- 
redlion. 

What  the  precife  pofition  will  be,  depends  on  that 
funttion  of  the  diftance  which  is  always  proportional 
to  the  intenfity  of  the  adtion  ;  on  the  force  of  each  of 
the  poles  of  A,  and  on  the  length  of  the  magnet  B. 
Nay,  even  when  we  know  this  fundion,  the  problem  is 
ftni  very  intricate. 

Theie  are  methods  by  which  we  may  approximate  Menns  of 
to  the  lunclion  with  fuccefs.      If  the  magnet  B  be  in-sciUring  a 
definitely  iniall,  fo  that  we  may  confider  the  aftions  on '■'^'"  "^ 
its  two  poles  as  equal,  the  inveftigation  is  greatly  fimpli-f"''^  'f 
fied._    For,  in  this  cafe,  each  pole  of  the  fn:all  magnet  Tmi." 
■^   {^S-  5-)  "^'^y   be  conceived  as   coinciding    witn   its 
centre.      Then,  drawing  NB,  SB,  and  taking  B  b  to- 
ward N,  to  reprcfent  the  force  with  which    N'  af.vadts 
the  fouth  pole  of  B,  and  takuig  B  c,  in  SB  proiiuccd 
to  reprefent   the   force  with   which  S  repels  ttjt  fan.c 
pule,  the  compound  force  adling  on  this  pole  is  &  tl,  the 
diagonal  of  a  parallelogram   B  ^.,  dc.      In  like  manner, 
we  muft  take  B  e,  in  N  b  produced,  and  equal  to  B  b, 

to 


I. car  mea- 
:  fure  c  f  the 
ac« 
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tn  repiefent  tli?  rfpul/ion  of  N  for  the   north  pole  of  part.      Finding  it  fo  very  near  the  inverfe  dupttcat?  ra- 

B    and  B/'rqiial  to  Be,  to  rtprtfcnt  the  attra&ion  of  lio  of  the  dillance,  a"  circle   V"UZ   was  defcribed,   the 

S  for  this  pole.      The  compound   force  will  be   B  ^,  circumference  of  which   is  the  locus  of  SB  :  BN  =  8  : 

equal  and  oppofite  to   hd.      It  follows  evidently   from  5,?33.      When  the  centre  of  tho  iiecJk- was  placed  any. 

this  inveftigation,  that  the  fniall  mr.jrnct  will  not  reft  in  where  in  llie  circumference  of  this  circle,  it  fcarcely  de- 

any  pol'ition  but  ti^.      In  this  fuppolitic'U,  therefore,  of  viatcd  from  the   point  K,  except  when   fo   far  removed 

extreme  minutcnefs  of  the  magnet  H,  one  of  the  paral-  from  the  ma;;net  that  its  natural  polarity  prevailed  over 

lelo^rams  is  fullicieut.      We   may  farther  remark,  that  the  direftive  power  ot  the  magnet,  or  fo  near  its  n.iddle 

we  have  this  appro>4imation    fecure   againft  any   error  that  tlie  aftion  of  the  cylindrical  part  became  vcrv  feii- 

aniing  from  the  fuppofition  that  all  the  adtion  of  each  fible. 

p. lie  of  B  is  exerted  by  one  point.     Ahhough  we  fup-  It  is  plain  that  the  length  of  the  needle  mull  occa- 
pofe  it  diffufed  over  a  confiderable  portion  of  the  mag-  fion  fome  deviation  from  the  magnetic  direftion,  by  de- 
nct    llill  the  extreme  minutcnefs  of  the  whole  makes  the  ilroying  the  perfcdt  equality  of  aclion  on  its  two  poles, 
action,  even  on  its  extreme  points,  very  nearly  equal.  He  therefore  employed  three  needles  of  i,  4.  and  ^  of 
Hence  may  be  derived  a  conftradion  for  afctrtaining  an  inch   in  length  ;   and  by  noticing  the  diiferences  of 
the  trofition  of  the  needle,  wlien  the  fundion  m  of  the  direction,   he  inferred   what  would  be  the  direction,   if 
dillance  is  given,  or  for  difcoveriiig  this  iunftion  by  ob-  the  forces  on  each  pole  were  prccilely  equal.      He  had 
TjccuRVE.  fervation  of  the  pofition  of  the  needle.  the  pleafure  of  feeing  that   the  deviation   from  the  in- 
Let   NS    (fig.  5-   n*^  2.)    meet  the   dire£lion   of  the  verfe  duplicate  ratio  of  the  diftances  was  fcarcely   per- 
needle  in  K.      Make  BG  =  BN,  and  draw  NF,  GE,  ceptible. 

SH,  perpendicular  to  BK.      It  is  evident  that  B  *  is  to  y[y  Lambert's  experiments  on    the  direftive   power 

Be,  or  bit,  as  the  fine  of  the  angle  HBS  to  the  fine  of  of  the  magnet,  narrated  in  his  fecond  diiTcrtatiou  in  the 

KBN.     Therefore,  becaufe  BG  and  BN  are  equal,  we  ^ad  volume  of  the  memoirs  of  the  Academy  of  Berlin, 


as 
Law  of  ac- 
tion invef- 
tigated — 

MACNE- 


have  B  A  :  B  f  =  GE  :  NF. 

Therefore  GE  :  NF  =  BS""       :  BN" 
But  SH  :  GE  =  BS  :  BN 

Therefore  SH  :  NF  =  BS-^-'  :  BN"*' 
And  SK:  NK  =  BS"'+'  :  BN'^-'. 

If  magnetic  aftlon    be  inverfely  as  the  diftance,  we 

have  SK  :  NK  =  BS^  :  BN',  and  B  is  in  the  circum- 


are  the  moll  valuable  of  all  that  are  on  record  ;  and  the 
ingenious  addrefs  with  which  they  are  conduciled,  and 
the  inferences  are  drawn,  would  have  done  credit  to 
Newton  himfelf.  We  earneftly  recommend  tlie  careful 
perufal  of  that  EITay,  as  the  mod  inilruAive  of  any  that 
we  have  read.  The  writer  of  this  found  himfelf  obli- 
ged to  repeat  all  his  former  experiments,    mentioned 


ference  of  a  circle  which  paiTes  through  S  and  N,  and  above,  in  Mr  Lambert's  manner,  and  with  his  precau- 
has  BK  for  a  tangent,  as  is  plain  by  elementary  geo-  tion  of  keeping  the  needle  in  its  natural  pofition  ;  a  cir- 
metry.  If  the  aftion  be  inverfely  as  the  fquare  of  the  cumllance  to  wiiich  he  had  not  lufficiently  attended  be- 
^idance,  we  have  SK  :  NK  =  BS'  :  BN',  and  B  is  in  fore_  The  new  refults  were  dill  more  conformable  to 
the  circumference  of  a  curve  of  more  difficult  invelliga-  \^\g  conjefture  as  to  the  law  of  variation.  Mr  Lambert 
tion.  But,  as  in  the  circle,  the  fum  of  the  angles  BSN  clofes  his  didertatioji  with  an  hypothefis,  "that  the 
and  BNS  is  a  conllant  angle  ;  fo,  in  this  cur\c,  the  lum  force  of  each  tranfverfe  element  of  a  magnet  is  as  its 
of  the  cofines  of  thofe  angles  is  a  conllaiit  quantity,  (iillance  from  the  centre,  and  its  aftion  on  a  particle  of 
This  fuggelis  a  very  fimple  conllruilion  of  the  curve,  another  magnet  is  inverfely  as  ihe  fquare  of  the  dif- 
Let  it  pals  through  the  point  T  of  the  line  AT,  drawn  tance."  On  this  fuppofition,  he  calculates  the  pofi- 
f.'om  the  centre  of  the  magnet,  perpendicular  to  its  tion  of  a  very  fmall  needle,  and  draws  three  of  the  curves 
axis.  Dcferibe  the  femicircle  SPQN,  cutting  ST  and  to  which  it  (hould  be  the  tangent.  Thefe  are  very  ex- 
NT  in  P  and  Q_  Then,  in  order  to  find  the  point  aclly  coincident  with  fome  that  he  obfeived.  We  tried 
where  any  line  SB  cuts  the  curve,  let  it  cut  the  lenu-  tl,;s  ^ylth  feverat  magnetic  bars,  and  found  it  very  con- 
circle  in  p,  and  apply  the  line  N  y  =:  SP  -|-  NQ__- —  Sj),  formable  to  (>bfervation  in  fome  magnets  ;  but  deviating 
and  produce  it  till  it  meet  the  line  SB  in  B,  which  is  a  f„  far  ;„  {[^^  ^.^^(^  q{  other  magnets,  that  we  are  convin- 
ced that  there  is  no  rule  for  tlfe  force  of  each  tranfverfe 
element  of  a  magnet,  and  that  the  magnetifm  is  diffe- 
reutly  dllpolcd  in  diflerent  magnets.  It  was  chiefly  thii 
which  induced  us  to  form  the  magnets  employed  in  this 
rcfearch  of  two  balls  united  by  a  flender  rod.  Licli- 
tenberg,  in  his  notes  on  Erxlcben's  Natural  Philofophy, 
fays,  that  there  is  a  MS  of  the  celebrated  Tobias 
Mayer  in  the  library  of  the  Academy  of  Gottingeii,  in 
which  he  afTnmes  the  hypothefis  above  mentioned,  and 
gives  a  conllruClion  of  the  magnetic  curves  founded  on 
it,  making  them  a  kind  of  catenaria.  The  interior 
curves  do  indeed  refemble  the  catenaria,  but  the  exte- 
rior are  totally  unlike.  But  there  is  no  occafion  for 
much  argument  to   convince  us,  that  the  firll  part  of 


point  in  the  curve  ;  for  it  is  evident  that  S/>  and  N  q 
are  the  cofines  of  BSN  and  BKS.  We  hope  to  give, 
by  the  help  of  a  learned  friend,  the  complete  confti  uc- 
tion  of  curves  for  every  value  of  m,  i.i  an  Appendix  to 
this  article.  It  will  form  a  new  and  curious  clafs,  ar- 
ranged by  the  funftions  of  the  angles  at  N  and  S. 

But,  in  the  mean  time,  we  have  determined  the  pofi- 
tion of  an  indefinitely  fniall  needle,  in  refpeft  of  a  mag- 
net of  which  we  may  conceive  the  polar  attivity  con- 
centrated in  two  points  ;  and  we  may,  on  the  other 
hand,  make  ufe  of  the  obferved  pofitions  of  fuch  a  needle 
and  magnet  for  difcovering  the  value  of  m.  For,  fince 
SK      SB'"*'   .   .     ,.     ,  Log.  SK :  NK 

i;gK=NB-^^' '' '^  P-^'"' '^^^  ""  =  L^iri^BTNB-'- 

1'hus,  in  an  obfervation  which  the  writer  of  this  article  this  hypothefis  is  not  only  gratuitous,  but  unwarranted 
made  on  a  very  fmall  needle,  and  a  magnet  having  glo-  by  any  general  phenomena.  We  know  that  a  magne- 
bular  poles,  and  8-J-  inches  between  their  centres,  he  tical  bar  may  have  its  magnetifm  very  differently  difpo- 
found  SB  =  5"  NB  = -|-,  SK=i  i,49,and  NK  =  3,37.  fed;  for  it  may  have  more  than  two  poles,  and  the  in- 
This  gives  m  =:  1,97,  which  differs  from  3  only  j'gth    termediate  poles  caanot  have  this  difpolition  of  the  mag- 

'  netiftn. 
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nelil'm.     Such  a  diTpoficion  is  perhaps  poflible  ;  but  is  and  B,  or  bringing  them  together,  made  the  neeille  af- 

hy  no  means  general,  or  even   frequent.      We  are  dif-  fume  iucli  a  variety  of  pofitions  and  degrees  of  vivacity 

pofed   to  think,   tliat  permanent   magnetifin   mud   have  in  each. 

its  intenfity  diminilhing  in  the  ver)'  extremity  of  the  The  needle  was  now  put  in  various  fitUBtions,  in  re- 
bar.  The  reader  may  guefs  at  our  reafoiis  from  what  fpeft  to  the  two  great  magnets  ;  namely,  off  at  a  fide, 
is  faid  in  Electricity,  Suppl.  n^  222.  and  not  in  the  perpendicular  DF.  In  thefe  fituatioi.s. 
The  following  very  curious  and  inltruftive  phenome-  it  look  an  incouceivahle  variety  of  pofitions,  which  could 
'non  was  the  firll  thing  which  greatly  ixcited  the  curi-  not  he  reduced  to  any  rule;  and  in  molt  of  them  it  re- 
ofity  of  the  writer  of  this  article,  and  long  puzzled  him  quired  only  a  motion  of  one  of  the  great  magnets  for  an 
to  explain  it.      Indeed  it  was  his  endeavours  to  explain  inch  or  two,  to  make  the  needle  turn  brifl<ly  round  ou 


III 


it  which  gradually  opened  up  to  him  the  theory  of  the 
mutual  adion  of  magnets  cc  ■  tained  in  thefe  paragraphs, 
and  full  gave  him  uccafion  to  admire  the  fagacity  of 
Dr  Gilbert,  and  to  fee  the  connefting  principle  of  the 
aft  variety  of  obfervatioiis  and  experiments  which  that 


its  pivot,  and  affume  a  pufition  nearly  oppoCte  to  what 
it  had  before. 

But  all  this  was  very  puzzling,  and  it  was  not  till  af- 
ter teveral  months  that  the  writer  of  this  article,  ha- 
ving conct-ived  tlie  notion  of  the  magnetic  curves,  wa8 


philofopiier  had  made.      It  lecnis  owing  to  the  want  of  in  a  condition  to  explain  the   phenomena.      With  this 

this  coiuictiing  principle,   that   a  book  fo   rich  in  fafts  alTiflancc,  however,  they   are  very  clear,  and   very   in- 

fhould  he  fo  little  read,  and  that  fo  many  i>f  Dr  Gilbert's  ilruCtive. 

obfervations  have   been  publilhed  by  others  as  new  I'if-  Nothing  hinders  us   from   fuppofing  the  magnets   A. 

coveries.  and   B   perfectly  equal  in  every   refpeCl.      Let  NHM, 

Amufing  himfelf  in  the  fummer  17  5S  with  niagnetic  NEL,  be  two  magnetic  curves  belonging  to  A  ;   that 

experiments,  two   large   and  ilrong  magnets  A  and  B  is,  fnch  that  the  needle  arranges  itfelf  along  the  tangent 

(fig.  6  ),  were  placed  with  their  diffimilar  poles  front-  of  the  curve.       Then   the  magnet   B   has  two  curves 

ing  each  other,  and  about  three  inches  apart.      A  fmall  SGK,   SEI,   perfetlly  equal,  and   funilar  to  the  other 

needle,  fupported  on  a  point,  was  placed  between  them  at  two.      Let  the  curves   NHM  and  SGK  interfeift  in  C 

D,  and  it  arranged  itfelf  ill  the  fame  manner  as  the  great  and  F.     Let   the  curves    NEL  and   SEL  touch  each 

magnets.     Happening  to  fet  it  off  to  a  good  dillance  other  in  E. 

on  the  table,  as  at  F,  he  was  furprifed  to  fee  it  imme-  The  needle  being  placed  at  C,  would  arrange  itfelf 

diately  turn  rovind  on  its  pivot,  and  arrange  itfelf  near-  in  the  tangent  of  the  curve  KGS,  by  the  aftion  of  B 

ly  in  the   oppofite  direftiou.      Bringing  it  back  to  D  alone,  having  its  north  pole  turned  toward  the  fouth 

reftored  it  to   its  former  pofition.      Carrying  it  gradu-  pole  S  of  B.      But,  by  the  aftioii  of  A  alone,   it  would 

ally  out  along  DF,  perpendicular  to  NS,  he  obferved  be  a  tangent  to  the  curve  NHM,  having  its  north  pole 

it  to  become  fcnfibly  more  feeble,  vibrating  more  flow-  turned  away  from  N.      Therefore,  by  the  combined  ac- 

ly  ;  and  when  in  a  certain  point  E,  it  had  no  polarity  tion  of  both  magnets,  it  will  take  neither  of  thefe  pofi- 

whatever  towards  A  and  B,  but  retained  any  pofition  tions,  but   an    intermediate   one,   nearly    bileftihg    the 

that  w-as  given  it.    Carrying  it  farther  out,  it  again  ac-  angle  formed  by  the  two  curves,   having  its  north  pole 

quired  polarity  to  A  and  B,  but   in  the  oppofite  direc-  turned  toward  B. 

tion  ;  for  it   now  arranged  itfelf  in  a  pofition  that  was  But  remove  the  needle  to  F.      Then,   by  the  aftion 

parallel  to  NS,  but  its  north   pole  was  next  to  N,  and  of  the  magnet  A,  it  would  be  a  tangent  to  the  curve 

its  fouth  pole  to  S.  FM,  having   its   north  pole  toward  M.      By  the  aftion 

This  Angular  appearance  naturally  excited  his  atten-  of  B,  it  would  be  a  tangent  to  the  curve  KFG,  ha- 
tion.  The  line  on  which  the  magnets  A  and  B  were  ving  its  north  pole  in  the  angle  MFG,  or  turned  to- 
placed  had  been  marked  on  the  table,  as  alfo  the  line  ward   A.      By  their  joint   aftion,   it    takes   a  pofition 


DF  perpendicular  to  the  former.  The  point  E  was 
now  marked  as  an  important  one.  The  experiments 
were  interrupted  by  a  friend  coming  in,  to  whom  fuch 
things  were  no  entertainment.  Next  day,  wifhing  to 
repeat  them  to  forae  friends,  the  magnets  A  and  B 
were  again  laid  on  the  line  on  which  they  had  been  pla- 
ced the  day  before,  and  the  needle  was  placed  at  E, 
expefting  it  to  be  neutral.      But  it  was  found  to  have 


nearly  bifeiting  the   angle  GFM,  with    its  north  pole 
toward  A. 

Let  the  needle  be  placed  in  E.  Then,  by  the  aftion 
of  the  magnet  A,  it  would  be  a  tangent  to  the  curve 
NEL,  with  its  north  pole  pointing  to  F.  But,  by  the 
aftion  01  B,  it  will  be  a  tangent  to  SEI,  with  its  north 
pole  pointing  to  D.  Thefe  aftions  being  fuppofed  e- 
qual  and  oppofite,    it  will  have   no  verticity,  or  will  be 


3  confiderable  verticity,  turning  its  north  pule  toward  neutral,  and  retain  any  pofition  that  is  given  to  it. 
the  magnet  B  ;  and  it  required  to  be  taken  farther  out,  The  curve  SEI  interfcfts  the  curve  NHM  in  P  and 
toward  F,  before  it  became  neutral.  While  Handing  Q^  The  fame  reafoning  (hews,  that  when  the  needle 
there,  fomething  chanced  to  joggle  the  magnets  A  and  is  placed  at  P,  it  will  arrange  itfelf  with  its  north  pole 
B,  and  they  inftantly  rufhed  together.  At  the  fame  in-  on  the  angle  SPH  :  but,  when  taken  to  C)  ,  it  will 
ftant,  the  little  magnet  or  needle  turned  itfelf  brilldy,  ftand  with  its  north  pole  in  the  angle  EQM. 
and  arranged  itfelf,  as  it  had  done  the  day  before,  at  F,  From  thefe  fafts  and  reafonings  we  muft  infer,  that, 
quivering  very  brifely,  and  thus  fliewing  great  verticity.  for  every  diftance  of  the  magnets  A  and  B,  there  will 
1  his  naturally  furprifed  the  beholders  ;  and  we  now  be  a  feries  of  curves,  to  which  the  indefinitely  fhort 
found  that,  by  gradually  withdrawing  the  magnets  A  needle  will  always  be  a  tangent.  They  will  rife  from 
and  B  from  each  other,  the  needle  became  weaker —  the  adjoining  poles  on  both  fides,  croffing  diagonal- 
then  became  neutral — and  then  turned  round  on  its  pi-  ly  the  lozenges  formed  by  the  primary  or  simple 
vot,  and  took  the  contrary  pofition.  It  was  very  amu-  curves,  as  in  fig.  6.  Thefe  may  be  called  coMPouNt> 
Cng  to  obferve  how  the  fimply  feparating  the  magnets  A  or  secondary  magnetic  curves.  Moreover,  thefe  fe- 
SuppL.  Vol.  II.  Part  L  Q^                           condary 
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condary  curves  will  he  of  two  kinds,  according  as  they 
pafs  through  the  hrft  or  fecoiul  intciftdlions  of  the  pri- 
mary curvfy,  and  the  needle  will  have  oppofne  pclitions 
when  placed  ou  thciti.  Thcfe  two  fcts  ot  curvco  will  be 
feparatcd  by  a  curve  GEH,  in  the  circumference  of 
wliieh  the  netiJe  will  be  neutral.  This  curve  pafles 
through  the  points  where  the  primary  curves  touch  each 
other.  We  may  call  this  the  line  of  neutrality  or  inac- 
tivity. 

We  now  fee  diftinftly  the  effeft  of  bringing  the  mag- 
nets A  and  B  nearer  together,  or  feparating  them  far- 
ther from  each  other.  By  bringing  tliem  nearer  to 
each  other,  the  point  E,  which  is  now  a  point  of  neu- 
trality, may  be  found  ni  the_/fCon(/ intcrfcdtion  (fuch  as 
F)  of  two  magnetic  curves,  and  the  needle  will  take  a 
iubcontrary  pofition.  By  drawing  them  farther  from 
each  other,  E  may  be  in  the  Jirjl  interfeftion  of  two 
magnetic  curves,  and  the  needle  will  take  a  pofition  fi- 
milar  to  that  of  C. 

If  the  magnets  A  and  B  are  not  placed  fo  as  to 
form  a  ftraight  line  with  their  four  poles,  but  have  their 
axes  making  an  angle  with  each  other,  the  contadls  and 
interfeftions  of  their  attending  curves  may  be  very  dif- 
ferent from  thofe  now  reprefented  ;  and  the  pofitions 
of  the  needle  will  differ  accordingly.  But  it  is  plain, 
from  what  has  been  faid,  that  if  we  knew  the  law  of 
aftion,  and  confequently  the  form  of  the  primary  curves, 
we  fhould  alv\'ays  be  able  to  fay  what  will  be  the  pofi- 
tion of  the  needle.  Indeed,  the  confideration  of  the 
i'miple  curves,  although  it  was  the  mean  of  fuggeft- 
ing  to  the  writer  of  this  article  the  explanation  of  thofe 
more  complicated  phenomena,  is  by  no  means  necefTary 
for  this  purpofe.  Having  the  law  of  magnetic  aftion, 
we  muft  know  each  of  the  eight  forces  by  which  the 
needle  is  afl'edted,  both  in  refpeft  of  dircftion  and  in- 
lenfity  ;  and  are  therefore  able  to  afccrtain  the  fmgie 
force  arifing  from  their  conipofition. 
SecAndary  When  the  fmiilar  poles  of  A  and  B  are  oppofed  to 
curves  of  p^^Ij  other,  it  is  eafy  to  fee,  that  the  pofition  of  the 
'  needle  nuift  be  extremely  different  from  what  we  have 
been  defcribing.  When  placed  anywhere  in  the  line 
DF,  between  two  magnets,  whofe  north  pi>!cs  fr«nt 
each  other  in  N  and  S,  its  north  pole  will  always  point 
away  from  the  middle  point  D.  Thrie  will  be  no  neu- 
tral point  E.  If  the  needle  be  placed  at  P  or  Q_,  its 
north  pole  will  be  within  the  angle  EPH,  or  FQI. 
This  pofition  if  the  magnets  gives  another  fet  of  fecon- 
dary  curves,  which  alfo  crofs  the  primary  curves,  paffing 
diagonally  through  the  lozenges  formed  by  their  intcrfcc- 
tioii.  But  it  is  the  other  diagonal  of  each  lozenge  which 
is  a  chord  to  thofe  fecondary  cuivts.  Thty  will,  there- 
to fore,  have  a  form  totally  difl'erent  from  the  former  fpecies. 
Remarks  'YXxe    confideration    of  this   compound    magiietifm   is 

»eft2at'ioD  'Important  in  the  fcience,  both  for  explaining  complex 
phenomena,  and  for  advancing  our  knowledge  of  the 
great  defideratum,  the  law  of  magnetic  adtion.  It  ferves 
this  purpofe  remarkably.  By  employing  a  very  fmall 
needle,  the  points  of  neutrality  afccrtain  very  nearly 
where  the  magnetic  curves  have  a  common  tangent,  and 
fhews  the  pofition  of  this  tangent.  By  placing  the  two 
magnets  fo  as  to  form  various  angles  with  each  other, 
we  can,  by  means  of  thefe  neutral  points,  know  the  po- 
fition of  the  tangent  in  every  point  of  the  curve,  and 
thus  can  afccrtain  the  form  of  the  curve,  and  the  law  of 
aftion,  with  confiderable  accuracy.     The  writer  of  this 


article  took  this  method  ;  and  the  refult  confirmed  him 
in  the  opinion,  that  it  was  in  the  inverle  duplicate  ratio 
of  the  diftances.  The  chief  (perhaps  the  only)  ground 
of  ern>r  feemed  to  be  the  difficulty  of  procuring  large 
m.ignets,  having  the  aflion  of  each  pole  very  much  con- 
centratdd.  Large  magnets  mull  be  employed.  Heat- 
tempted  to  make  fuch,  confilling  of  two  fphcrical  balls, 
joined  by  a  flcnder  rod.  But  he  could  not  give  a  flrong 
magnetifm  to  magnets  of  this  form,  and  was  forced  to 
make  ufe  of  common  Ijars,  the  poles  of  which  are  con- 
fiderably  diffufed.  This  diffufion  of  the  pole  renders 
it  very  difficult  to  felett  with  propriety  the  points  from 
which  the  dillanccs  are  to  be  ellimated,  in  the  invcl- 
ligation  of  the  relation  between  the  forces  and  dil- 
tances. 

He  tried  another  method  for  afcertaining  this  fo 
much  defired  law,  which  had  alfo  the  fame  refult.  Ha- 
ving made  a  needle  confiiling  of  two  balls  joined  by  a 
flcnjv-r  rod,  and  having  touched  it  with  great  care,  fo 
that  the  whole  ftrength  of  its  poles  leemed  very  little 
removed  from  the  centres  of  the  balls,  he  counted  the 
number  of  horizontal  vibrations  which  it  made  in  a  gi- 
ven time  by  the  force  of  terreftrlal  magnetifm.  He 
then  placed  it  on  the  middle  of  a  very  tine  and  large 
magnet,  placed  with  its  poles  in  the  magnetic  meridian, 
the  north  pole  pointing  fouth.  In  this  fituation  he 
counttd  the  vibrations  made  in  a  given  time.  He  then 
raifed  it  up  above  the  centre  of  the  large  magnet,  till 
the  diftance  of  its  poles  from  thofe  of  the  great  mag- 
net were  changed  in  a  certain  proportion.  In  this  fi- 
tuation its  vibratiops  were  again  counted.  It  was  tried 
in  the  fame  way  in  a  third  fituation,  confiderably  more 
remote  from  the  great  magnet.  Then,  having  made 
the  proper  redudion  of  the  forces  correfponding  to  the 
obliquity  of  their  aftion,  the  force  of  tfie  poles  of  the 
great  magnet  was  computed  from  the  number  of  vibra- 
tions. To  itate  here  the  circumftances  of  the  experi- 
ment, the  neceffary  reduftiorr,,  and  the  whole  compu- 
tations, would  occupy  fevcral  pages,  and  to  an  intelli- 
gent reader  would  anfwer  little  purpofe.  Mr  Lambert's 
excellent  diffeitation  in  the  22d  vol.  of  the  Mem.  de 
V Acad,  de  Berlin,  will  flievv  the  prolixity  and  intricacy 
of  this  invefligation.  Suffice  it  to  fay,  that  thefe  ex- 
periments were  the  moft  confiflent  with  each  other  of 
any  made  by  the  writer  of  this  article,  with  the  view  of 
afcertaining  the  law  of  magnetic  aftion  ;  and  it  is  chief- 
ly from  their  refult  that  he  thinks  himfelf  authorifed  to 
fay,  with  fome  confidence,  that  it  is  inverfely  as  the 
fquare  of  the  dillance.  Thefe  experiments  were  firll 
made  in  a  rough  way  in  1769  and  1770.  In  1775, 
obferving  that  Mr  jEpinus  feemed  to  think  the  aCfion 
inverfely  as  the  dillance  (fee  his  Tentam.  Theor.  Eletlr. 
et  Magn.  §  301.  &c.),  they  were  repeated  with  very 
great  care  ;  and  to  thefe  vvere  added  another  fet  of  ex- 
periments, made  with  the  fame  magnet  and  the  fame 
needle,  placed  not  above  the  magnet,  but  at  one  fide 
(but  always  in  the  hue  through  the  centre,  perpendicu- 
lar to  the  axis,  fo  that  the  adlions  of  the  two  poles 
might  be  equal).  This  difpofition  evidently  fimplifies 
the  procefs  exceedingly.  The  refult  of  the  whole  was 
ItlU  more  fatisfatlory.  This  conclufion  is  alfo  confirm- 
ed by  the  experiments  of  Mr  Coulomb  in  the  Memoirs 
of  the  Academy  of  Sciences  at  Paris  for  1786  and 
1787.  It  would  feem  therefore  to  be  pretty  well  efta- 
bliflied.     Another  method,  which  feems  fufceptible  of 

confiderable 


ronridevabk'  nrcurafy,  ftill  remains  to  be  tried.     It  will 
be  mentioned  in  due  time. 

Such  then  are  tlie  general  laws  obferved  in  the  mii- 
tu:i!  aftion  of  magnets.      We  tljiiik  it  fcarcely  necefTary 
To  enter  into  afr,  ther  detail  of  their  confeqiiences,  cor- 
rtfponding  to  the  innumerable  varieties  of  jxifitions  in 
which  they  may  be  placed  with  refpedl  to  each  other. 
We  are  confident,  that  the  fenfible  aftions  will  always 
be  found  agreeable  to  the  lejritimate  confeijuences  of 
the  general  propofitions  which   we  have  eUaljlilhed  in 
the  preceding  paragraphs.      We  proceed  thcreiore  to 
confidcr   fome  phylical  fafts  not  yet  taken   notice  of 
which    have    great    influence   on  the  phenomena,  and 
gieatly  afiill  us  in  our  endeavours  to  underlland  fome- 
thing  of  their  remote  canfe. 
W'nttifm      Magnetifm,  in  all  its  modifications  of  attraftion,  re- 
tcnipoia-  pnliion,  and  diredlion,  is,  in  general,  of  a  temporary  or 
aiiri  pe-  perifhing  nature.     The    bed  loadftones  and   magnets, 
^'        unlefs  kept   with  care,  and  with  attention  to  certain 
circumftances,  are  obferved  to  diminllh  in  their  power. 
Natural  loadftones,  and  magnets  made  of  fteel,  temper- 
ed as  hard  as  poffibk,   retain  their  virtue  with  greateil 
obftinacy,  and  feldom  lofe  it  altogether,  unlefs  in  fitua- 
tions  which  our  knowledge  of  magnetifm  teaches  us  to 
be  unfavourable  to  its  durability.      Magnets  of  temper- 
ed fteel,  fuch  as  is  ufed  for  watch-fprings,  are  much 
jl;  fooner  weakened,    part   wjth  a  greater  proportion    of 

R-.  tlieir  force  by  fimple  keeping,  and  finally  retain  little 
or  none.  Sott  fteel  and  iron  lofe  their  magnetifm  al- 
moft  as  foon  as  its  producing-  caufe  is  removed,  and 
cannot  be  made  to  retain  any  fenfible  portion  of  it,  un- 
lefs their  metallic  ftate  fuflcr  fome  change. 
,      .  I.   Nothing  tends  fo  much  to  impair  the  power  of  a 

jroper     magnet  as  the   keeping  it  in  an  improper  pofition.      If 
ition.      its  axis  be  placed   in   the  magnetic  direftion,  but  in  a 
contrary    pofition,  that  is,   with  the  north  pole  of  it 
where  the  fouth  pole  tends  to  fettle,  it  will  grow  weak- 
er from  day  to  day  ;  and  unlets  it  be  a  natural  load- 
ftone,  or  be  of  hard  tempered  fteel,  it   will,  after  no 
very  long  time,  lofe  its  powtr  altogether. 
Wheat-      ^"  1'"^  diifipation  of  a   ftrong   magnetic  power  is 
:iS' cf  'greatly  promoted  by  heat.     Even   the  heat  of  boiling 
nder       water  affefts  it  fenfibly  ;  and   if  it  be  made  red  hot,  it 
leleftiiJs   entirely   deftroyed.     This   laft  faft    has  long    been 
known.      Dr  Gilbert   tried   it   with   many   deglees  of 
violent  heat,  and  found  the  confequences  as  now  ftated  ; 
but  having  no  thermometers  in  that  dawn  of  fcience, 
he  could  not  fay  any  thing  precife.      He  only  obferves, 
that  it  is  deftroyed  by  a  heat  not  fufiicient  to  make  it 
vifible  in  a  dark  room.      Mr  Canton  found  even  boiling 
water  to  weaken  it  ;  but  on  cooling  again  the  greateft 
part  was  recovered, 
iy  vio-        3-  What  is  more  remarkable,  magnetifm  is  impaired 
treat-    by  any  rough  iifage.     Dr  Gilbert  found,  that  a  mag- 
"•  net  which  he  had  impregnated  vety  ftrongly,   was  very 

much  impaired  by  a  fingle  fall  on  the  floor  ;  and  it  has 
been  obferved  fince  his  time,  that  falling  on  ftones,  or 
receiving  any  concuflion  which  caufes  the  magnet  to 
ring  or  found,  hurts  it  much  more  than  beating  it  witli 
any  thing  foft  and  yielding.  Grinding  a  natural  load- 
ftone  with  coarfe  powders,  to  bring  it  into  ftiape,  weak- 
ens it  much  ;  and  loadftones  ftiould  therefore  be  redu- 
ced into  a  Ihape  as  little  different  from  their  natural 
form  as  poITible  ;  and  this  fiiould  be  done  bri&ly,  cut- 
ting them  with  the  thin  diiks  of  the  lapidary's  wheel, 
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cutting  off  only  what  is  nfcefiary  for  leaving  their  moll 
active  parts  or  poles  as   near  their  extremities   as  we 


All  thefe  caufes  of  the  diminution  of  magnetifm  are 
more  operative  if  the  magnet  be  all  the  while  in  an  im- 
proper  pofition. 

4.  Laftly,  magnetifm  is  impaired  and  deftroyed  by  4- By  other 
pl.icing  the  magnet  near  another  magnet,  with  their  fi.  magnets, 
miiar  poles  fronting  each  other.  We  have  had  occa- 
fion  to  remark  this  already,  when  mentioning  the  ex- 
periments made  with  magnets  in  this  pofition,  for  afcer- 
taining  the  general  laws  or  variations  of  their  repidfion. 
We  there  obferved,  that  magnets  fo  fituated  always 
weakened  each  other,  and  that  a  powerfid  magnet  often 
changed  the  fpecies  of  the  neareft  pole  of  one  Ji'fs 
powerful.  This  change  is  recovered,  in  part  at  lerft, 
when  it  has  taken  place  in  a  loadftone  or  a  matrnet  of" 
hard  fteel ;  but  in  fpring  tempered  fteel  tlic  change  is 
generally  permanent,  and  almoft  to  the  full  extent  of 
its  condition  while  the  magnets  are  together.  Jt  is  to, 
be  remarked,  that  this  change  is  gradual  ;  and  is  expe- 
dited by  any  of  the  other  caufes,  particularly  by  heat 
or  by  knocking.  ^j 

On  the  other  hand,  magnetifm   is  acquired  by  the '^"^I'^'f'" 

fame   means,    when   fome  other   circumftances  are   at   "'^^  '!' "'" 
.        1    J  -  quired, 

tended  to.  ^ 

I.  A  bar  of  iron,  which  has  long  ftood  in  the  mag-  '  ^Y  "^^5- 
netic  dircftion,  or  nearly  fo,  wiir  gradually  acquire  [?^,a',;°" 
magnetilm,  and  the  ends  will  acquire  the  polarity  cor- 
rcfponding  to  their  fituation.  In  this  country,  and  the 
north  of  Europe,  the  old  fpindlcs  of  turret  vanes,  old 
bars  of  windows,  &c.  acquire  a  fenfible  magnetifm ; 
their  lower  extremity  becoming  a  north  pole,  and  tlic 
other  end  a  fouth  pole.  Gilbert  fays,  that  this  wag 
firft  obferved  in  Mantua,  in  the  vane  fpindle  of  the  Au- 
guftine  church— "  Ffnlo^exa  {{ays  he)  lie  prompt  a.  et 
apothccaria  cu'idam  cotiicjfay  altrahebat  ferrca  rawcnta,  vi 
perquam  mfigni."  The  upper  bar  of  a  hand  rail  to  a 
ftair  on  the  north  fide  of  the  higheft  part  of  the  fteeple 
of  St  Giles's  church  in  Edinburgh  is  very  magnetical  ; 
and  the  upper  end  of  it,  where  it  is  lodged  in  the  ftone, 
is  a  vigorous  fouth  pole.  It  is  worth  notice,  that  the 
parts  of  fuch  old  bars  acquire  the  ftrongeft  magnetifin 
w-hen  their  metallic  ftate  is  changed  by  expofure  to  tiie 
air,  becoming  foliated  and  friable.  It  would  be  worth 
while  to  try,  whether  the  sthiops  martialis,  produced 
by  lleam  in  the  experiments  for  decompofing  water, 
will  acquire  magnetifm  during  its  produttion.  Th? 
pipe  and  the  wires,  which  are  converted  into  tlie  (hining 
aethiops  ftiould  be  placed  in  the  magnetic  direiilion. 

2.  If  a  bar  ot  fteel  be  long  hammered  while  lying  in  ;.  By  ham- 
the  magnetic  diredion,  it  acquires  a  fenfible  magnetifm  mering; 
(See  Dr  Gibert's  plate,  reprefenting  a  blackfmith  ham- 
mering a  bar  of  iron  in  the  magnetic  diredion).  The 
points  of  drills,  tfpecially  the  great  ones,  which  are 
urged  by  very  great  preffure;  and  broaches,  worked 
by  a  long  lever,  fo  as  to  cut  the  iron  very  faft,  acquire 
a  ftrong  magnetifm,  and  the  lower  end  always  becomes 
the  north  pole  {Phil.  Tranf.  xx.  417.)  Even  driving 
a  hard  fteel  punch  into  a  piece  of  iron,  gives  it  magne- 
tifm by  a  fingle  blow.  In  (hort,  any  very  violent  fqueeze 
given  to  a  piece  of  tempered  fteel  renders  it  magnetic, 
and  its  polarity  correfponds  with  its  pofition  during  the 
experiment.  We  can  fcarcely  take  up  a  cutting  or  bo. 
ring  tool  in  a  fraith's  ftiop  that  is  not  magnetical.  Even 
Q_2  foft 
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3.  By  heat 
ing; 


foft  fteel  and  iron  acquire  permanent  magnetifm  in  this 
way.  Iron  alfo  acquires  it  by  twilling  and  breaking. 
It  is  tberefore  difficult  to  procure  pieces  of  iron  or  Heel 
totally  void  of  determinate  and  permanent  mapnetifm  ; 
and  this  frequently  mars  tlie  experiments  mentioned  in 
the  full  paragraphs  of  this  article.  The  way  therefore 
to  enfure  fm-eels  in  thefc  experiments  is  to  deprive  the 
rods  of  their  accidental  magnetilm,  by  fome  of  the  me- 
thods mentioned  a  little  ago.  Let  them  be  heated  red 
hot,  and  allowed  to  cool  while  lying  in  a  direfticn  per- 
pendicular to  the  magnetic  direction  (nearly  E.  N.  E. 
and  W.  S.  W.  in  tliis  country). 

3.  As  heat  is  oblerved  to  deftroy  magnetifm,  to  it 
may  alfo  be  employed  to  induce  it  on  fubilances  that 
are  fufceptible  of  magnetifm.  Dr  Gilbert  makes  this 
obfervation  in  many  parts  of  his  work.  He  fays,  that 
the  ores  of  iron  which  are  in  that  particular  metallic 
ilate  which  he  conliders  as  mod  fufceptible  of  magne- 
tifm, will  acquire  it  by  long  continuance  in  a  red  heat, 
if  laid  in  the  magnetic  direftion,  and  that  their  polarity 
is  conformable  to  their  pofition,  that  end  of  the  mafs 
which  is  next  the  north  becoming  the  north  pole.  He 
alfo  made  many  experiments  on  iron  and  fteel  bars  ex- 
pofed  to  ftrong  heats  in  the  magnetical  direflion.  Such 
experiments  have  been  made  fince  Gilbert's  time  in 
great  number.  Dr  Hooke,  in  1684,  made  experiments 
on  rods  of  iron  and  fteel  one-fifth  of  an  inch  in  diame- 
ter, and  feven  inches  long.  He  found  them  to  acquire 
permanent  magnetifm  by  expofure  to  ftrong  heat  in  the 
magnetic  direction,  and  if  allowed  to  cool  in  that  direc- 
tion. But  the  magnetifm  thus  acquired  by  fteel  rods 
was  much  ftronger,  and  more  permanent,  if  they  were 
fuddenly  quenched  with  cold  water,  fo  as  to  temper 
them  very  hard.  lie  found,  that  the  end  which  was 
next  to  the  north,  or  the  lower  end  of  a  vertical  bar, 
was  always  its  permanent  north  pole.  Even  quench- 
ing the  upper  end,  while  the  reft  was  fuffered  to  cool 
gradually,  became  a  very  fenlible  fouth  pole.  No  mag- 
netifm was  acquired  If  this  operation  was  performed  on 
a  rod  lying  at  right  angles  to  the  magnetical  direc^rtion. 

In  thefe  trials  the  polarity   was  always  eftimated  by 
the  aftion  on   a  mariner's  needle,  and  the  intenfity  of 
the  magnetifm  was  eftimated  by  the  deviation  caiifed  in 
this  needle  from  its  natural  polition.     Dr  Gilbert  made 
a  very  remarkable  obfervation,  which  has  fince  been  re- 
peated by  Mr  Cavallo,  and  publilhcd  in  the  Philofophi- 
cal  Tranfaftions  as  a  remarkable  difcovery.      Dr  Gil- 
bert fays,   p.  69.    "  Bacillum  ferreum,  •valuls  tgmtum  ap- 
pone    vcrforio    excilo  ;  Jlat    verforium,  nee  ad  tale  ferrum 
coniierUtiir  :  fed  Jlatim  ut  pr'imum  de  candore   aliquaritu- 
lum  re.mferit,  conflutl  iHico."      In   feveral   other   parts  of 
his  treatilc  he  repeats  the  fame  thing  with  different  cir- 
cumftances.     It  appears,  therefore,   that  while  iron  is 
red  hot,  it  is  not  fufceptible  of  magnetifm,   and  that  it 
is  during  the      loling  in  the  magnetic  direftion  that  it 
acquires  it.      Gilbert  endeavoured  to  mark  the  degree 
of  heat  moft  favourable  for  this  purpofe  ;  but  being  un- 
provided with  thermometers,   he  could  not  determine 
any  thing  with  precifion.    He  fays,  that  the  verforlum, 
or  mariner's  needle,  was  moft  deranged  from  its  natural 
pofition   a  little  while  after  the  bar  of  iron  ceafed  to 
fhine  in  day  light,  but  was  ftill  pretty  bright  in  a  dark 
■room.      Bat  there  are  other  experiments  which  we  have 
made,  and  which   will  be  mentioned  by  and  bye  ;  by 
■which  it  appears,  that  although  a  bright  red  or  a  white 


heat  makes  iron  unfufceptible  of  magnetifm  while  In 
that  ftate,  it  predlfpofes  it  for  becoming  magnetical. 
When  a  bar  of  fteel  was  made  to  acquire  magnetifm  by 
tempering  it  in  the  magnetical  diredion,  we  found  that 
the  acquired  magnetifm  was  much  llronger  when  the 
bar  was  made  firft  of  all  very  hot,  even  although  allow- 
ed to  come  to  Its  moft  magnetical  ftate  before  quench- 
ing, than  if  It  had  been  heated  only  to  that  degree  ; 
nay,  we  always  found  It  ftronger  when  it  was  quenched 
when  red  hot.  We  offer  no  explanation  at  prefent  ; 
our  fole  bufinefe  juft  now  being  to  ftate  fads,  and  to 
generalize  them,  in  the  hopes  of  finding  fome  faft  which 
fliall  contain  all  the  others. 

4.  The  moft  diftinft  acquifilions  and  changes  of  mag- 4.  ByjuxM 
netlfm  are  by  juxtapofition  to  other  magnets  and  to  Iron.F"fit'0'>- 
As  the  magnetifm  of  a  loadftone  or  magnet  is  weaken- 
ed by  bringing  its  pole  near  the  fimilar  pole  of  another 
magnet,  it  is  improved  by  bringing  it  near  the  other 
pole;  and  It  Is  always  improved  by  bringing  it  near  any 
piece  of  iron  or  foft  fteel. 

But  this  aftion,  and  the  mutual  relation  of  magnets 
and  common  iron,  being  the  moft  general,  and  the  moft 
curious  and  inftruftlve  of  all  the  phenomena  of  magne- 
tilm,  they  merit  a  very  particular  conlideration. 
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The  whole  may  be  comprehended  in  one  propofition,C'mimunl 

which  may  be  faid  to  contain  a  complete  theory  of  mag- cation  of 

netifm.  magnctifi 

Fundamental  propofition. 

^ny  piece  of  iron,  ivhen  in  the  neighbourhood  of  a  mag- 
net, is  a  magnet,  and  its  polarity  is  fo  difpofed  that  the 
magnet  and  it  mutually  attract  each  other. 

The  phenomena  which  refult  from  this  fundamental 
principle  are  infinitely  various,  and  we  muft  content 
ourfelves  with  defcribing  a  fimple  cafe  or  two,  which 
will  fufiiciently  enable  the  reader  to  explain  every  other.  --,  j 
Take  a  large  and  ftrong  magnet  NAS  (fig.  7.),  of  Attraflrt 
which  N  is  the  north,  and  S  the  fouth  pole.  Let  it  beP°*eccoi 
properly  fupported  in  a  horizontal  pofition,  with  Its""""'*** 
poles  free,  and  at  a  diftance  from  iron  or  other  bodies. 
Take  any  fmall  piece  of  common  iron,  not  exceeding 
two  or  three  inches  in  length,  fuch  as  a  fmall  key. 
Take  alfo  another  piece  of  iron,  fuch  as  another  fmaller 
key,  or  a  bit  of  wire  about  the  thicknefs  of  an  ordinary 
quill. 

I.  Hold  the  key  horizontally,  near  one  of  the  poles, 
(as  ftiewn  at  n'^  i.),  taking  care  not  to  touch  the  pole 
with  it  ;  and  then  bring  the  other  piece  of  iron  to  the 
other  end  ol  the  key  (It  Is  Indifferent  which  pole  is  thus 
approached  with  the  key,  and  which  end  of  the  key  I3 
held  near  the  pole).  The  wire  will  hang  by  the  key, 
and  will  continue  to  hang  by  It,  when  we  gradually 
withdraw  the  key  horizontally  from  the  magnet,  till,  at 
a  certain  diftance,  the  wire  will  drop  from  the  key,  be- 
caufe  the  magnetifm  imparted  from  this  diftance  is  too 
weak.  That  this  is  the  fole  reafon  of  Its  dropping, 
will  appear  by  taking  a  (horter,  or  rather  a  flenderer, 
bit  of  wire,  and  touch  the  remote  end  of  the  key  with 
it  :  it  will  be  fupported,  even  though  we  remove  the 
key  ftill  farther  from  the  magnet. 

2.  Hold  the  key  below  one  of  the  poles,  as  at  n"  2.  or 
3.  and  touch  Its  remote  end  with  the  wire.  It  will  be 
fufpended  in  like  manner,  till  we  remove  the  key  too 
far  from  the  magnet. 

3.  Hold 
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^.  Hold  the  key  above  the  poles,  as  at  n°  4.  or  5. 
and  tuuch  its  adjacent  end  with  ilie  wire  (taking  care 
that  the  wire  do  not  alfo  touch  the  magnet).  Tlie  wire 
will  (till  be  fupported  by  the  key,  till  both  arc  removed 
too  far  from  the  magnet. 

Thus  it  appears  that,  in  all  thefe  fituations,  the  key 
has  ilicwn  the  charatteriilic  phenomenon  of  magnetifm, 
namely,  attraction  for  iron.  loathe  experiment  with 
the  key  held  above  the  pole,  the  wire  is  in  the  fame 
fituation  in  rcfpedt  to  magnetifm  as  the  key  is  when 
held  below  the  pole  ;  but  the  adtions  are  mutual.  As 
the  key  attracts  the  wire,  fo  the  wire  attrafts  tlw 
key. 

If  the  magnet  be  fupported  in  a  vertical  pofitlon,  as 
in  fig.  8.  the  phenomena  wdl  be  the  fame;  and  when 
the  key  is  held  diredtly  above  or  diredtly  below  the 
pole,  it  will  carry  rather  a  heavier  wire  than  in  the  ho 
rizontal  pofition  of  the  magnet  and  key. 

Inftead  of  approaching  the  magnet  with  the  key  and 
wire,  we  may  bring  the  magnet  toward  them,  and  the 
phenomena  will  be  Hill  more  palpable.  Thus,  if  the 
bit  of  wire  be  lying  on  the  table,  and  we  touch  one  end 
of  it  with  the  key,  they  will  Ihcw  no  conneition  what- 
ever. While  we  hold  the  key  very  near  one  end  of  the 
wire,  bring  down  the  pole  of  a  niaj^-net  toward  the  key, 
and  we  fliall  then  fee  the  end  of  the  wire  rife  up  and 
ftick  to  the  key,  which  will  now  fupport  it.  In  like 
manner,  if  we  lay  a  quantity  of  iron  filings  on  the  table, 
and  touch  them  with  the  key,  in  the  abfence  of  the 
magnet,  we  find  the  key  totally  inadtive.  But,  on 
bringing  the  magnet  anyhow  near  the  key,  it  imme- 
di.«e!y  attraAs  the  iron  filings,  and  gathers  up  a  heap 
of  them. 

In  the  next  place,  this  vicinity  of  a  magnet  to  a  piece 
of  iron  gives  it  a  diredtive  power.  Let  NAS  (fig.  9.) 
be  a  magnet,  and  BC  (n"  I.)  a  key  held  near  the 
north  pole,  and  in  the  diredtion  of  the  axis.  Bring  a 
very  fmall  mariner's  needle,  fupported  on  a  fliarp  point, 
near  the  end  C  of  the  key  winch  is  fartheft  from  N. 
We  (hall  fee  this  needle  immediately  turn  its  fouth  pole 
towards  C,  and  its  north  pole  away  from  C.  This  po- 
fition of  the  needle  is  indicated  at  c,  by  marking  its 
north  pole  with  a  dart,  and  its  fouth  with  a  crofs. 
Thus  it  appears  that  the  key  has  got  a  diret^ive  power 
like  a  magnet,  and  that  the  end  C  is  performing  the  of- 
fice of  a  north  pole,  attracting  the  fouth  pole  of  tiie 
needle,  and  repelling  its  north  pole.  It  may  indeed  be 
faid,  that  the  needle  at  c  arranges  itftlf  in  this  manner 
by  the  directive  power  of  the  magnet  ;  for  it  would 
take  the  fame  pofition  although  the  key  were  away. 
But  if  we  place  the  needle  at  /',  it  will  arrange  itfelf  as 
there  reprefented,  (hewing  that  it  is  influenced  by  the 
key,  and  not  (v.rholly  at  leaft)  by  the  magnet.  In  like 
manner,  if  we  place  the  needle  at  a,  we  (hall  fee  it  turn 
its  north  pole  toward  B,  notwithilanding  the  adlion  of 
the  magnet  on  it.  This  adtion  evidently  tends  to  turn 
Its  north  pole  quite  another  way  :  but  it  is  influenced 
by  B,  and  B  is  performing  the  office  of  a  iouth  pole. 

In  like  manner,  if  we  place  the  key  as  at  n'  2.  we 
fhall  obfcrve  the  end  B  atlradt  the  fouth  pole  of  the 
needle  placed  at  a,  and  the  end  C  attradt  the  north 
pole  of  a  needle  placed  in  *.  In  this  fituation  of  the 
key,  we  fee  that  B  performs  the  ofBce  of  a  north  pole, 
and  C  performs  the  office  of  a  fouth  pole. 

Thus  it  appears  that  the  key  in  both  fituations  has 
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become  a  magnet,  pofTcired  of  both  an  aftradtive  and  a 
directive  power.      It  has  acquired  two  poles. 

LaiHy,   the  magnetilm  ot  the  key  is  fo  difi)ofcd  that  The  attiac- 
thc  two  magnets  NA6  and  BC   mull  mutually  attradt 'i"n  of  ion 
each  other;  for  their  diffiniilar  poles  front  each  other.  "  "'*'"K  tu 
Now,  it  is  a  matter  of  uniform  and  uncontradidttd  ob-'''f ''^f^-'*"' 
fervation,  that  when  a  piece  of  iron  is  thus  placed  near  own  tern, 
a  magnet,  and  the  difpofition  of  its  magnetifm  is  thusporary 
examined  by  means  of  a  mariner's  needle,   the  difpoli- ""g""''™' 
tion   is  fuch    that    two  permanent   m.ignets   with  their 
poles  fo  difpofed  mult  attradt  each  otlier.    The  piece  of 
iron,    therefore,   haviiig  the  fame  mignetic  relation   to 
the  magnet  that  a  fiinilar  and  (Imilarly  difpofed  magnet 
has,  mull  be  afleClcd  in  the  fame  manner.      We  cannot, 
by   any  knowledge  yet   contained    in  this   article,   give 
any  precile  intimation   in  what  way  the  polarity  of  the 
piece  of  iron  will  be  difpofed.   This  depends  on  its  Ihape 
as  much  as  on  its  pofition.    By  defcribing  two  or  three 
examples,  a  notion  is  obvioufly  enough  fuggcfted,  which, 
although  extremely  gratuitous,  and  perhaps  erroneous, 
is  of  lervice,  becaufe  it  has  a  general  analogy  with  the 
obferved  appearances. 

If  one  end  of  a  flender  rod  or  wire  be  held  near  the 
north  pole  of  the  magnet,  while  the  rod  is  held  in  the 
diredlion  of  the  axis  (like  the  key  in  fig.  7.  n^  i.),  the 
near  end  becomes  a  fouth,  and  the  remote  end  a  north 
pole.  Keeping  this  fouth  pole  in  its  place,  and  turn- 
ing the  rod  in  any  direction  from  thence,  as  from  a 
centre,  the  remote  end  is  always  a  north  pole.  And,  in 
general,  the  end  of  any  oblong  piece  of  iron  which  is 
ncarell  to  the  pole  of  a  magnet  becomes  a  pole  of  the 
oppofite  name,  while  the  remote  end  becomes  a  pole  of 
the  fame  name  with  that  of  the  maa-net. 

If  the  iron  rod  be  held  perpendicularly  to  the  axis, 
with  its  middle  very  near  the  north  pole  of  the  magnet, 
the  two  extremities  of  the  iron  become  north  poles, 
and  the  middle  is  a  fouth  poh. 

If  the  north  pole  cf  a  magnet  be  held  perpendicular 
to  the  centre  of  a  round  iron  plate,  and  very  near  it, 
this  plate  will  have  a  fouth  pole  in  its  centre,  and  every 
part  of  its  circumference  will  have  the  virtue  of  a  north 
pole. 

If  the  plate  be  fliaped  with  points  like  a  ftar,  each 
of  thefe  points  will  be  a  very  dillindt  and  vigorous  north 
pole. 

Something  like  this  will  be  obferved  in  a  piece  of 
iron  ot  any  irregular  (hape.  The  part  immediately  ad- 
joining to  the  north  pole  of  the  magnet  will  have  the 
virtue  of  a  fouth  pole,  and  ail  the  remote  protuberances 
will  be  north  poles. 

The  notion  naturally  fuggefted  by  thefe  appearances 
is,  that  the  virtue  of  a  north  pole  fcems  to  refide  in 
foniething  that  is  moveable,  and  that  is  protruded  by 
the  north  pole  of  the  magnet  toward  the  remote  parts 
of  the  iron;  and  is  thus  conftipated  in  all  the  remote 
edges,  points,  and  protuberances,  much  in  the  fame 
manner  as  eledtricity  is  obferved  to  be  protruded  to  the 
remote  parts  and  protuberances  of  a  condudting  body 
by  the  pretence  of  an  overcharged  body.  This  notion 
will  greatly  affift  the  imagination  ;  and  its  coufequences 
very  much  refemble  what  we  obferve. 

As  a  farther  mark  of  the  complete  communication  of 
every  magnetic  power  by  mere  vicinity  to  a  magnet,  we 
may  here  obferve  that  the  wire  D,  of  fig.  7.  n"  2.  and 
3.  will  fupport  another  wire,  and  this  another;  and  fo. 

on,. 
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on,  to  a  nm^.bev  depending  on  the  (Ircngth  of  the  luag- 
:iet.  The  key  has  therefore  become  a  true  mngiu-t  in 
tvcrv  refped;  for  it  induces  complete  magnet  ifm  on  the 
?ppended  wire.  Thnt  this  is  not  the  fame  operation  of 
t!.e  great  magnet  (at  h'aft  not  wholly  fo),  appears  by  ex- 
nmimngthe  magnetifm  of  D  nith  the  needle,  which  will 
be  feen  to  be  more  influenced  by  D  than  by  A.  This  faft 
has  been  long  known.  The  ancients  fpeak  of  it  :  They 
obfcrve,  tbit  a  loadilone  caiifes  an  iron  ring  to  can-y 
another  ring,  and  that  a  third;  and  fo  on,  till  the  (hing 
of  rings  appears  like  a  chain. 

What  has  now  been  fiiid  will  explain  a  fceming  ex- 
ception to  the  univerf;;lily  of  tiie  propofition.  li  the 
key  be  held  in  the  fituation  and  polition  reprefented  by 
fio-.  10.  the  bit  of  wive  will  not  be  attracted  by  it  ;  and 
we  m;y  imagine  that  it  has  acquired  no  niagnetifm  : 
But  if  we  bring  a  mariner's  needle,  or  a  bit  of  wire, 
near  to  its  remote  end  B,  it  will  be  (Irongly  attrafted, 
and  (liew  B  to  be  a  north  pole.  The  needle  held  near 
to  C  will  alfo  flnew  C  to  be  a  fouth  pole.  Alfo,  if  held 
rear  to  D,  it  will  (hew  D  to  be  a  north  pole.  Nww 
the  ends  C,  both  of  the  key  and  of  the  wire,  being 
fouth  poles,  they  cannot  attraft  each  other,  but,  or>  the 
contrary,  they  will  repel  ;  and  therefore  the  wire  will 
not  adhere  to  the  key.  And  if  the  key  of  fig.  17.  n"  4. 
•with  the  wire  hanging  to  it,  be  gradually  carried  out- 
ward, beyond  the  north  pole  of  the  magnet,  and  then 
broucrht  down  till  its  lower  end  be  level  with  the  pole, 
the  wire  will  drop  ott. 

There  is  however,  one  exception  to  the  propofition. 
If  the  key  in  fig.  7.  with  its  appending  wire  D,  be  gra- 
dually carried  from  any  of  the  fituations  2,  3,  4,  or  5, 
toward  the  middle  of  the  magnet,  the  wire  will  drop 
off  whenever  it  arrives  very  near  the  middle.  If  we  fup- 
pofe  a  plane  to  pafs  through  the  magnetic  centre  A, 
perpendicular  to  the  axis  (which  plane  is  veiy  properly 
called  the  magnetic  equatorial  plane  by  Gilbert),  a  flen- 
der  piece  of  iro'n,  held  anywhere  in  this  plane,  acquires 
r.o  fenfible  magnetifm.  It  gives  no  indication  of  any  po- 
larity, and  it  is  not  nttraded  by  the  magnet.  It  is  well 
known,  that  the  aftivity  of  a  loadftone  or  magnet  re- 
fides  chiefly  in  two  parts  of  It,  which  have  been  called 
its  poles  ;  and  that  thofe  are  the  bed  magnets  or  load- 
ftones  in  which  this  aftivity  is  leaft  diffufed  ;  and  that 
a  certain  circumference  of  every  loadilone  or  magnet  is 
wholly  inaftive.  When  a  loadftone  or  magnet  of  any 
fhape  is  laid  among  iron  filings,  it  collefts  them  on  two 
parts  only  of  its  furface,  and  between  thefe  there  is  a 
Ipace  all  round,  to  which  no  filings  attach  themftlves. 

We  prefume  that  the  reader  already  explains  this  ap- 
pearance to  himfelf.  Many  things  (liew  a  contrariety 
of  aftion  of  the  two  poles  of  a  magnet.  We  have  al- 
ready obferved,  that  the  north  pole  of  a  (Irong  magnet 
wiil  produce  a  (Irong  northern  polarity  in  the  remote 
end  of  a  fmall  fteel  bar  ;  and  if  it  be  then  applied  near 
to  that  end  in  the  oppofite  direftion,  it  will  dellroy  this 
polarity,  and  produce  a  fouthern  polarity.  In  what- 
rver  thefe  aftions  may  coiifift,  there  is  fomething  not 
only  different  but  oppofite.  They  do  not  blend  their 
cflFefts,  as  the  yellow  and  blue  making  rays  do  in  pro- 
diicing  green.  They  oppofe  each  other,  like  mechani- 
cal preffures  or  impulfions.  We  have  every  mark  of 
mechanical  aftion  ;  we  have  local  motion,  though  uii- 
feen,  except  in  the  gradual  progreflion  of  the  magneti- 
cal  faculties  along  the  bar;  but  we  have  it  diftinftly  in 
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the  ultiiiiate  cd'cfV,  tlic  appronch  or  recefs  of  the  mag- 
nets :  and  in  thefe  phenomena  we  fee  plainly,  that  ths 
forces,  in  producing  their  cffefts,  aft  in  oppofite  direc- 
tions. Whatever  the  internal  invifible  inotiors  P.:ay  he, 
they  are  compofed  of  motions  whofe  equiv.ilents  are  the 
f;;me  with  the  equivalents  of  the  ultinute,  external,  fen- 
fible motions  ;  therefore  the  internal  motions  are  oppo- 
fite and  equal  if  the  fenfible  motions  are  fo,  and  con- 
verfily. 

Adopting  thiit  principle,  therefore,  that  the  aftlons 
of  the  two  poles  are  not  only  different  but  oppofite,  It 
follows,  that  if  they  are  alfo  equal  and  aft  fimilarly,  e,u-li 
mufl  prevent  the  aftion  of  the  other  ;  and  that  thi  re 
will  be  a  mechanical  equilibrium—  it  inay  even  be  called 
a  magnetical  equilibrium.  Therefore  If  eveiy  part  of  a 
flender  rod,  or  of  a  thin  plate  of  iron,  lie  in  the  pijne 
of  the  magnetic  equator,  the  magnetic  ftate  (in  what- 
ever it  may  confilt)  cannot  be  produced  in  it.  It  ivlll 
exhibit  no  magnetilm  ;  have  no  polar  faculties  ;  and  we 
can  fee  no  reafon  why  it  (hould  be  attrafted  by  the  mag- 
net, or  (hould  attraft  iron.  We  muil  not  forget  to  ob- 
ferve  in  this  place,  that  iron  in  a  ftate  of  incandefcence 
acquires  no  magnetifm  by  juxtapofition.  We  have  al-  , 
ready  remarked,  that  iron  in  this  ftate  does  not  affeft 
the  magnet.  If  a  bar  of  red  hot  iron  be  fet  near  a  ma- 
riner's needle,  it  does  not  affeftit  in  the  fmallell  degree 
till  It  almoft  ceafes  to  appear  red  hot  in  day-light,  as  has 
been  obferved  by  Dr  Gilbert.  All  aftiona  that  we 
know  are  accompanied  by  equal  and  oppofite  re-aftions; 
and  we  fiiould  expeft,  what  really  happens  in  the  pre- 
fent  cafe,  namely,  that  red  hot  Iron  (hould  not  be  ren- 
dered magnetical  and  attraftable. 

There  is  a  very  retnarkable  circumftance  which  ac- Msgnetifr 
companies  the  whole  of  this  communication  of  raagne-""t  itrpair 
tifm  to  a  piece  of  Iron.  It  does  not  impair  the  power'''' '"'  '-'""■ 
of  the  magnet ;  but,  on  the  contrary,  miproves  it.  This,jQ„_ 
faft  was  obferved,  and  particularly  attended  to,  by  Dr 
Gilbert.  He  remarks,  that  a  magnet,  in  the  hands  of  a 
judicious  philofopher,  may  be  made  to  impart  more  mag- 
netifm than  it  poflefies  to  each  of  ten  thoufand  bars  of 
fteel,  and  that  it  will  be  more  vigorous  than  when  the 
operations  began.  A  magnet  (fays  he)  may  be  fpoiled 
by  injudicious  treatment  with  other  magnets,  but  never 
can  touch  a  piece  of  common  Iron  without  being  Im- 
proved by  it.  He  gives  a  more  direft  proof.  Let  a 
magnet  carry  as  heavy  a  lump  of  Iron  as  poffible  by  its 
lower  pole.  Bring  a  great  lump  of  iron  clofe  to  its  upper 
pole,  and  It  will  now  carry  more.  Let  it  be  loaded  with 
as  much  as  it  can  carry  while  the  lump  of  iron  touches 
its  upper  pole.  Remove  this  lump,  and  the  load  will 
inftantly  drop  off.  But  the  following  experiment  (liews 
this  truth  In  the  moft  convincing  manner  : 

Let  NAS  (fig.  II.)  be  a  magnet,  not  very  large, 
nor  of  extreme  hardnefs.  Let  CD  be  a  ftrong  iron 
wire,  hanging  perpendicularly  from  a  hook  by  a  (liort 
thread  or  loop.  The  magnet,  by  Its  aftion  on  CD, 
renders  D  a  north  pole  and  C  a  fouth  pole,  and  the 
polarity  of  D's  niagnetifm  fits  it  for  being  attrafted- 
Let  it  affume  the  pofition  C  e,  and  let  this  be  very  care- 
fully marked.  Now  bring  a  great  bar  of  iron  j  B  n 
near  to  the  other  end  of  the  magnet.  We  Ihall  inftant- 
ly perceive  the  wire  C^  approach  to  the  fouth  pule  of 
the  magnet,  taking  a  pofition  C/.  Withdraw  the  bar 
of  iron,  and  C/ will  fall  back  into  the  pofition  C  e.  As 
we  bring  the  Iron  bar  gradually  nearer  to  the  magnet, 
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the  wire  will  deviate  farther  from  the  perpendicular, 
and  when  the  bar  B  touches  the  magnet  CD,  will  ftart 
a  great  way  forward.  It  is  alio  farther  to  be  obfervcd, 
that  the  larger  the  bar  of  iron  is,  the  more  will  CD  de- 
viate from  the  perpendicular. 

Now  this  mull  be  alcribtd  to  the  aftion  of  the  bar 
on  the  magnet.  For  if  the  magnet  be  removed,  the 
bar  alone  will  make  no  fenfible  change  on  the  pofition 
of  the  wire.  We  know  that  the  bar  of  iron  becomes 
niagnetical  by  the  vicinity  of  the  magnet.  If  we  doubt 
this,  we  need  only  examine  it  by  jneans  of  a  piece  of 
iron  or  a  mariner's  needle.  This  will  fhew  us  that  s 
has  become  a  fouth,  and  n  a  north  pole.  Here  then 
are  two  magnets  with  their  diflimilar  poles  fronting  each 
other.  In  conformity  with  the  whole  train  of  magne- 
tical  phenomena,  we  mull  conclude  that  they  attraft 
,n  each  other,  and  muft  improve  each  other's  magnetifm. 
lerefore  This  is  a  nioft  important  circumftance  in  the  theory 
thini;  ii  of  magnetifm.  For  it  fhews  us,  that,  in  rendering  a 
nsferred.  pj^^g  of  iron  magnetic,  there  is  no  material  communica- 
tion. ,  There  is  no  indication  of  the  transference  of  any 
fubftance  refiding  in  the  magnet  into  the  piece  of  iron  ; 
nor  is  there  even  any  transference  of  a  power  or  qua- 
lity. Were  this  the  cafe,  or  if  the  fubllance  or  quality 
which  was  in  A  be  now  transferred  to  B,  it  can  no 
longer  be  in  A  ;  and  therefore  the  phenomena  refulting 
from  its  prcfence  and  agency  muft  be  diminifhed.  We 
muft  fay  that  the  magnet  has  excited  powers  inherent, 
but  dormant,  in  the  iron  ;  or  is,  at  leaft,  the  occafion 
of  this  excitement,  by  diftnrbing,  in  fome  adequate  man- 
ner, the  primitive  condition  of  the  iron.  We  muft  alfo 
fay,  that  the  competency  of  the  magnet  and  of  the  iron 
to  produce  the  phenomena,  is  owing  to  the  fame  cir- 
cumftances  in  both  ;  becaufe  we  fee  nothing  in  the  phe- 
nomena which  autliorifes  us  to  make  any  diftinClion  be- 
tween them.  Whatever  therefore  caufes  one  magnet 
to  attraft  another,  is  alfo  the  reafon  wh.'  a  piece  of 
iron  in  the  neighbourhood  of  a  magnet  attracts  another 
piece  of  iron  ;  and  we  muft  fay  that  the  caiife  of  pola- 
rity, or  the  origin  of  the  diredlive  power,  is  the  lame 
in  both.  Now  we  underftand  perfeiSlly  the  direftlve 
power  of  a  magnet,  as  exerted  on  another  magnet.  We 
fee  that  it  arifes  from  a  combination  and  mechanical 
compofition  of  attractions  and  rcpulfi6ns.  It  muft  be 
the  fame  in  this  magnetifm  now  inherent  in  the  iron. 
The  piece  of  iron  dlreiSs  the  mariner's  needle,  as  a  mag- 
net would  direft  it  ;  therefore,  as  there  is  fomething  in 
apiece  of  iron  which  notu  attrnfts  fomething  in  another 
piece  of  iron,  fo  there  Is  fomething  in  the  lirft  which  re- 
pels fomething  in  the  lall. 
ijeflions  I'  ""''*)'  '"deed  be  fald  that  it  is  not  a  piece  of  Iron, 
fwcrrd  but  a  mariner's  needle,  or  magnet,  that  is  thus  dirctted 
acuMousby  our  Iron  magiictlled  by  vicinity  to  a  mag[ict.  This 
objeftlon  is  completely  removed  by  the  moll  curious  of 
all  the  fadls  which  occur  in  this  manner  of  producing 
magnetifm.  Take  a  piece  of  common  iron,  faftilon  It, 
and  fit  It  up  precifely  like  a  mariner's  needle,  alid  care- 
fully avoid  every  treatment  that  can  make  it  niagnetical. 
Set  it  on  its  pivot,  and  bring  it  near  the  north  pole  of 
a  magnet,  placing  the  end,  made  like  the  fouth  pole  of 
the  needle,  next  to  the  north  pole  of  the  magnet.  In 
ftiort,  place  it  by  hand  exaftly  as  a  real  mariner's  needle 
would  arrange  itfclf.  It  will  retain  that  pofition.  Now 
carry  it  round  the  magnet,  along  the  circumference  of 
a   magnetic  curve,  or  in   any  regular  and   continuu-js 
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route.  This  piece  of  iron  will,  in  every  fituation,  alTume 
the  very  fame  pofition  or  attitude  which  the  real  mag- 
netical  needle  would  affume  if  in  tlie  fame  place,  and  it 
will  oJcillate  ])reclfely  in  the  fame  way. 

Here  then  it  Is  plain,  tliat  there  is  no  diftirftlon  of 
power  between  the  magnetifm  of  the  iron  and  of  the  real 
needle.  To  comi)lete  the  proof :  Inilead  of  approaching 
the  magnet  witli  this  iron  needle,  bring  it  into  the  vl- 
cinity  of  a  piece  of  iron,  which  is  itfelf  magnetlcal  only 
by  vicinity  to  a  magnet,  It  will  arrange  itfclf  juft  as  the 
real  needle  would  do,  with  the  fole  diflerence,  that  it 
does  not  indicate  the  iirid  of  polarity  exifting  in  the 
extremities  of  the  iron,  becaufe  either  end  of  it  will  be 
attrafted  by  them.  And  this  circumftance  leads  us  to 
the  confideration  of  the  only  diftlniHIon  between  the 
magnetifm  of  a  loadftone  or  magnet  and  that  of  common 

''"°";  .         .  4' 

The  magnetifm  of  common  iron  is  momentary,  and  Mifrnetifm. 

therefore  Indifferent  ;  whereas  that  of  a  magnet  is  per-"^'"'?"  " 

manent  and  determinate.      When  iron  becomes  mairne- ''^^i"'"!-«- 
^.      .         ,  ...  .  .       cj         and  ilKljftC"  ■ 

tic   in   the  way  now   mentioned,    it    remains    fo    only  rent ;  but 
while  the  magnet  remains  In  Its  place  ;  and  when  that  is  that  of 
removed,    the  iron    exhibits    no  figns    of    magnetifm."'^!'"-" 
Therefore  when  the  north  pole  of  a  magnet  has  produ-^Vj""*^'*^ 
ced  a  forth  pole  in  the  nearcft  end  ofan-iron  wire,  andniiiiatc. 
a  north  pole  at  its  remote  end,^  if  we  turn  the  magnet, 
and  prefent  its  fouth  pole,  the  neareft  end  of  the  wire  in- 
ftantly  becomes  a  north  pole,  and  the  other  a  fouth  pole; 
and  this  change  may  be  made  as  often,  and  as  rapidly, 
as  we  pleafe.     This  is  the  reafon  which  made  us  dired 
the  experimenter  on  the  iron  needle  to  begin  his  opera- 
tion, by  placing  the  end  marked   for  a  fouth  pole  next 
to  the  north  pole  of  the   magnet.     It   becomes  a   real 
fouth  pole  in  an  inftant,  and  adls  as  fuch  during  its  pe- 
regrination round  the  magnet.      But   in   a;iy  ohc  of  its 
fituations,  if  we  turn  it  half  round  with  the   finj-'cv,  the 
end    which   formerly  turned  away  from  a   pole   of  the 
magnet,  will  now  turn  as  vigoroufly  tov/ard  it.     There- 
fore, In  carrying  the  iron  needle  round  the  magnet,   we 
diretled  the  progrefs   to  be  made  in  a  continuous  hne,  - 
to  avoid  all  chance  of  m.Iftakiug  the  polarities.  .  ,,  , 

For  all  the  reafons  now  adduced,  .we  think  ourfelves  M.*o  ;e-  ■ 
obliged  to  lay,  that  the  magnetifm  produced   on  com-''"^'  ■"'^ 
mou  iron  by  mere  juxtapofition   to  a  magnet,  is  gene- '''^''^''^"  ^ 
rated  without  zny  commuiiica/ion  of  fubftance  or  facultv. 
The  power  of  producing  niagnetical  phenomena  Is  not 
JJ:ared  between  the  magnet  and  tlie  iron.     We  Ih.all  call 

It   INDUCED  MAGNtTlSM  ;     MAGNETISI1I    BY    INDUCTION. 

We  have  laid  that  induced  magnetllni  of  c-onimou 
iron  is  quite  momentary.  This  muft  be  underftuod 
with  careful  limitations.  It  is  ftrldly  true  only  in  the 
cafe  of  the  fincft  and  pureft  foft  iron,  free  of  all  knots 
and  hard  veins,  and  therefore  in  its  moft  metaUic  ftate. 
Iron  is  rarely  found  In  a  ftate  fo  very  pure  and  metallic  ;  , 
and  even  this  Iron  will  acquire  permanent  and  determi- 
nate magnetifm  by  Indudlion,  if  it  had  been  twifted  or 
hammered  violently,  although  not  in.  the  macrnctic  di- 
reftlon  ;  alfo  the  changes  produced  (we  imagine)  im 
the  pureft  iron  by  the  adtion  of  the  atmofphere  make  It 
fufceptlble  of  fixed  magnetifm.  But  the  magnetifm 
thus  inducible  on  good  iron  is  fcarctly  fenfible,  and  of 
no  duration,  unlefs  it  has  lain  in  the  neighbourhood  of 
a  magnet  for  a  very  long  while. 

What  has  now  been  falJ  of  comrron  iron,  ii  all.;  true 
of  it  when  in  the  ftate  of  foft  ftccl. 

But 
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But  any  degree  of  tempei-  that  is  given  to  ftcel  makes 
a  very  important  change  in  tliis  rclped.  In  the  firtl 
place,  it  acquirfs  magnc-tifm  more  flovvly  by  indudlion 
than  an  equal  and  limilar  piece  of  common  iron,  and  fi- 
nally acquires  lefs.  Thcle  diflerences  are  ealily  exa- 
mined by  the  deviations  which  it  caufes  in  the  mariner's 
needle  from  the  magnetic  meridian,  and  by  its  attrac- 
tion. 

When  the  iiiducing  magnet  is  removed,  fome  mag- 
netif.n  remains  in  the  Heel  bar,  which  retains  the  pola- 
rity which  it  had  in  the  neighbourhood  of  the  magoet. 

Steel  tempered  to  the  degree  fit  for  watcli  fpiings 
acquires  a  Itrong  magnetifm,  which  it  exhibits  imme- 
diately on  the  removal  of  the  magnet.  But  it  diflipates 
very  fall  ;  and,  in  a  very  few  minutes,  it  is  reduced  to 
lefs  than  one-half  of  its  intenfity  while  in  contaft  with 
the  magnet,  and  not  two-thirds  of  what  it  was  imme- 
diately on  removal  from  it.  It  continues  to  diffipate  for 
fome  days,  though  the  bar  be  kept  with  care  ;  but  the 
diffipation  diminilhes  faft,  and  it  retains  at  leall  one- 
third  of  its  grcatell  power  for  any  length  of  time,  unlefs 
carekfsly  kept  or  injudicioufly  treated. 

Steel  tempered  for  ftrong  cutting  tools,  fuch  as  chifels, 
punches,  and  drills  for  metal,  acquires  magnetifm  ftiU 
more  (lowly  by  induftion,  and  acquires  lefs  of  it  while 
in  contadl  with  the  magnet  :  but  it  retains  it  more  firm- 
ly, and  finally  retains  a  greater  proportion  of  what  it 
had  acquired. 

Steel  made  as  hard  as  pofilble,  is  much  longer  in  ac- 
quiring all  the  magnetifm  which  fimple  juxtapofition 
can  give  to  it.  It  acquires  lefs  than  the  former  ;  but  it 
retains  it  with  great  firmnefs,  and  finally  retains  a  much 
greater  proportion. 

Such  ores  of  iron  as  are  fufceptible  of  magnetifm, 
are  nearly  like  hard  fteel  in  thefe  refpedta  ;  that  is,  in 
the  time  necelfary  for  their  grealcjl  impregnation,  and 
in  the  durability  of  the  acquired  magnetifm.  They 
differ  exceedingly  in  refpett  to  the  degree  of  power 
which  they  can  attain  by  mere  juxtapofition,  and  the 
varieties  leem  to  depend  on  heterogeneous  mixture. 
We  muft  obferve,  that  few  ores  of  iron  are  fufceptible 
of  magnetifm  in  their  natural  Hate.  The  ordinary  ores, 
confilling  of  the  metal  in  the  (late  of  an  oxyd,  and  com- 
bined with  JLilphur,  are  not  magnetizable  while  remain- 
ing in  that  ftate.  Moil  ores  require  roalling,  and  a  fort 
of  cementation,  in  contatf  with  inflammable  fubftances. 
This  matter  is  not  well  underllood  ;  but  it  would  feem 
that  complete  metallization  is  far  from  being  the  moft  fa- 
vourable conditioii,  and  that  a  certain  degree  of  oxyda- 
tion,  and  perhaps  fome  other  compofition,  yet  unknown, 
make  the  bell  loadllone?.  But  all  this  is  extremely 
obfcnre.  The  late  Dr  Gowin  Knight  made  a  compofi- 
tion which  acquired  a  very  ilrong  and  permanent  mag- 
netifm, but  the  fecret  died  with  him.  Dr  Gilbert 
fpeaks  of  fimilar  compofitions,  in  which  fcrrugineous 
clays  were  ingredients;  but  we  know  nothing  of  the  ilate 
of  the  metal  in  them,  nor  their  mode  of  acquiring  mag. 
netifm. 

It  is  of  peculiar  importance  to  remark  that  the  ac- 
quifition  of  magnetifm  is  gradual  and  progreflive,  and 
that  the  gradation  is  the  more  perceptible  in  proportion 
as  the  Heel  is  of  a  harder  temper.  When  a  magnet  is 
"brought  to  one  end  of  a  bar  of  common  iron,  its  remote 
extremity,  unlefs  exceedingly  long,  acquires  its  utmolt 
magnetifm  immediately.     But  when  the  north  pole  of 
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a  magnet  is  applied  to  one  end  of  a  bar  of  hard  fled, 
the  part  in  contail  immediately  becomes  a  fouth  pole, 
and  tlie  far  end  is  not  yet  affefted.  We  oliferve  a  north 
pole  formed  at  fome  dillance  from  tl.e  contacl,  and  be- 
yond this  a  faint  fourh  pole.  Thefe  gradually  advance 
al.jng  the  bar.  Tlie  remote  extremity  becomes  firll  a 
faint  fouth  pole,  and  it  is  not  till  after  a  very  long  while 
(if  ever)  that  it  becomes  a  fimple,  vigorous,  north 
pole.  More  frequently  it  remains  a  dlftuled  and  feeble 
north  pole  :  nay,  if  the  bar  be  very  long,  it  often  hap- 
pens that  we  have  a  fucceffion  of  north  and  fouth  poles, 
ivhich  never  make  their  way  to  the  far  end  of  the  bar. 
This  phenomenon  was  firft  obferved  {we  think)  by  Dr 
Brook  Taylor,  wlio  gives  an  account  of  his  obfervations 
in  the  Ph'ilofopb'ical  TraiifaQlons,  \\°  344.  4J 

From  the  account  we  have  given  of  thefe  phenomena '''"n  '^itHJ 
of  induced  magnetifm,  it  appears  that  the  temporary  f'^r'^^^" 
magnetilm  is  always  fo  difpofed  that  the  fum  of  thejt  hgcomcr 
mutual  attractions  of  the  diflimilar  poles  exceeds  the  magnetiaji 
fum  of  the   repulfions   between    the   fimilar   poles,  and  ! 

that  therefore  the  two  magnets  tend  to  each  other. 
This  is  evidently  equivalent  to  faying,  that  a  piece  of 
unmagnetic  iron  is  always  attrafted  by  a  magnet.  No. 
exception  has  ever  been  obferved  to  this  faft  ;  for  Pliny's 
ftory  of  a  Theamedes,  or  loadllone,  which  repels  iron,  is 
allowed  by  all  to  have  been  a  fable. 

We  think  ourfelvesauthorifed  to  fay  that  this  attrac- 
tion of  the  loadllone  for  iron,  or  this  tendency  of  iron 
to  the  loadllone,  is  a  fecondary  phenomenon,  and  is  the 
confequence  of  the  proper  difpofition  of  the  induced  mag» 
netifm.  The  proofs  already  given  of  the  compound 
nature  of  this  phenomenon,  namely,  that  it  arifes  from 
the  excefs  of  two  attraftions  above  two  repulfions,  need 
(we  imagine)  no  addition.  But  the  following  confider- 
ations  place  the  matter  beyond  doubt  : 

1.  The  magnetilm  of  the  two  poles  is  evidently  of  an 
oppofite  nature;  the  one  repelling  what  the  other  at- 
traSs.  If  the  one  attradls  iron,  therefore,  the  other  , 
Ihould  repel  it.  But  each  pole,  by  inducing  a  magne- 
tilm oppofite  to  its  own,  on  the  nearell  end  of  the  iron, 
and  the  fame  with  its  own  on  the  remote  end,  and  its 
action  dimlnilhing  with  an  increafe  of  dillance,  there 
mull  always  be  an  excefs  of  attraflion,  and  the  iron  muil 
be  attrafted. 

2.  Each  of  the  magnets  A  and  B,  in  either  of  the 
pofitlons  reprefented  in  fig.  12.  would  alone  attraft  the 
piece  of  common  iron  C  But  when  placed  together, 
the  fouth  pole  of  A  tends  to  render  the  upper  end  of 
C  a  north  pole  ;  while  the  north  pole  of  B  tends  to 
make  it  a  iouth  pole.  If  their  adlions  be  nearly  equal, 
the  weight  of  C  cannot  be  fupported  by  the  magnetifm 
induced  by  any  difference  of  aftion  that  may  remain. 
While  C  is  hanging  by  B  alone,  let  A  be  gradually 
brought  near  ;  it  gradually  deftroys  the  adlion  of  the 
north  pole  of  B,  lo  that  C  gradually  lofesits  magnetifm 
and  polarity,  and  its  weight  pievails. 

3.  In  all  thofe  cafes  where  the  induflion  of  magne- 
tifm is  flow,  the  attraftion  is  weak  in  proportiim.  This 
is  particularly  remarked  by  Dr  Gilbert.  If  we  take 
pieces  of  common  iron,  and  of  Heel  of  different  tempers, 
but  all  of  the  fame  fize  and  form,  we  (hall  find  that  the 
iron  is  much  more  flrongly  attrafted  than  any  of  the 
reft,  and  that  the  attraftion  for  each  of  them  is  weaker 
in  proportion  as  they  are  harder.  This  diverfity  is  fo 
accurately  obferved,  that  when  the  piece  is  thoroughly 
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fufceptible  of  msffnetifm,  we  can  tell,  with  confideiahle 
nrecifion,  what  degree  will  be  ultimately  acquired,  and 
iidw  mucli  will  be  fiiiallv  retained.  Alfo,  the  attiaiition 
of  the  magnet  for  any  of  thofe  pieces  of  fteel  increafcs 
cxaftly  in  proportion  as  their  acquired  magnetifm  in- 
creafcs. 

4.  An  ore  of  iron  incapable  of  acquiring  magnetifm  is 
not  attrafted  by  a  magnet.  But  we  know  that,  by  ce- 
mentation with  charcoal  dull,  they  may  he  rendered  ful- 
ceptible  of  magnetifm.  In  this  (late  they  are  attraClcd. 
It  is  an  univerfal  fadl,  that  any  fubllance  that  is  attratl- 
cd  by  a  magnet  may  be  rendered  magnetical,  and  that 
none  elfe  can.  We  have  already  obferved  that  red  hot 
iron  is  not  attrafted  ;  nor  does  it  acquire  any  direftive 
power  while  in  that  ilate.  From  all  this  we  mud  con- 
elude,  tiiat  the  previous  iiiduftion  of  magnetilm  is  the 
mean  of  the  obferved  attraftlon  of  magnets  for  iron,  and 
that  this  is  not  a  primary  faft  in  magnetifm. 

Thefe  obfervations  alfo  complete  the  proof  that  mag- 
netic attrai'tion  an<l  repulfion  arc  equal  at  the  fame  di- 
ftance,  and  follow  the  fame  law.  Dr  Gilbert  feems  to 
think  that  the  repulfion  is  always  weaker  than  the  at- 
traftion  ;  and  this  is  almod  the  only  millake  in  concep- 
tion into  which  that  excellent  philufopher  has  fallen. 
But  it  only  requires  a  fair  comparifon  of  facts  to  con- 
vince a  good  Idgician,  that  fmce,  in  every  cafe,  and  at 
every  diltance,  either  pole  of  a  magnet  attrafts  either 
end  of  a  piece  of  common  iron,  it  is  impoffible  that  one 
of  thefe  forces  can  exceed  the  other.  It  might  be  )o, 
were  it  not  that  induced  magnetifm  is  durable  in  proper 
fubflances.  And  if  we  take  magnets  which  have  been 
made  fuch  by  induftion,  and  prefent  them  to  each  other 
with  their  fimilar  poles  fronting  each  other,  they  never 
fail  to  repel  each  other  at  confiderable  dillances,  and 
even  at  very  fmall  diftances  for  a  few  moments;  and  this 
is  the  cale  whldiever  poles  are  next  each  other.  I'his 
cannot  be  on  any  other  fnppofition.  Cafes  would  occur 
of  polarity  without  attradtion,  or  of  attraftion  without 
polarity.  Such  have  never  been  feen,  any  more  than 
the  Theamedes.  always  repelling  iron. 

Let  a  great  number  of  imall  oblong  pieces  of  iron  be 
lying  very  near  each  other  on  the  furtace  of  quicklilvcr. 
Bring  a  ftrong  magnet  into  the  midfl;  of  them.  It  im- 
mediately renders  them  all  magnetical  by  induftion. 
The  one  neareft  the  north  pole  of  the  magnet  immedi- 
ately turns  one  end  toward  It,  and  the  other  end  away 
from  it.  The  fame  cffeft  is  produced  on  the  one  that 
is  juft  be3ond  this  neareft  one  Thus  the  remote  end 
of  the  firft  becomes  a  north  pole,  and  the  neareft  end 
of  the  fecond  becomes  a  louth  pole.  Thefe,  being 
very  near  each  other,  muft  mutually  attraft.  The  fame 
thing  may  be  faid  of  a  third,  a  fourth,  and  fo  on.  And 
thus  it  appears  that  not  only  is  magncrlfm  Induced  on 
them  all,  but  alfo  that  the  magnetifm  of  each  Is  fo  dlf- 
poled,  that  both  ends  of  it  are  in  a  Hate  of  attraction 
for  the  ends  of  fome  of  its  nelgiibour.;  ;  and  that  they 
will  therefore  arrange  themfelves  by  coalefcenee  In  fome 
.particular  manner.  Should  a  parcel  of  them  chance  to 
be  Handing  with  ihcir  centres  In  a  magnetic  curve,  with 
their  heads  and  points  turned  in  any  ways  whatever, 
the  moment  that  the  magnet  is  brought  among  them, 
and  let  in  the  axis  of  that  magnetic  curve,  the  whole 
pieces  of  this  row  will  Inftantly  turn  towards  each  other, 
and  their  ends  will  adhere  together,  If  they  are  near 
enough  ;  otherwife  they  will  only  point  toward  each 
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other,  forming  a  fct  of  tangents  to  the  magnetic  curve, 
reaching  from  one  pole  of  the  magnet  to  the  other. 

Or,  fuppofe  a  vaft  number  of  fmall  bits  of  iron,  each 
(liaped  like  a  grain  of  barley,  a  little  oblong.  Let  them 
be  Icattercd  over  the  furface  of  a  table,  fo  near  each 
other  as  juft  to  have  room  to  turn  round.  I^et  a  mag- 
net be  placed  in  the  midft  of  them.  They  will  all  have 
magnetilm  induced  on  them  in  an  inftant  ;  and  fuch  as 
are  not  already  touching  others,  will  turn  round  (be- 
caufe  they  reft  on  the  table  by  ime  point  only),  and 
each  will  turn  its  ends  to  the  ends  of  its  neighbours  ; 
and  thus  they  will  arrange  themfelves  iu  curves,  which 
will  not  differ  greatly  from  tiuc  magnetic  curves  (be- 
caufe  each  grain  is  very  (hort),  IfTniiig  fiom  one  pole  of 
the  magnet,  and  terminating  in  the  other. 

Does  not  this  fuggeft  to  the  reflefting  reader  an  ex- 
planation of  that  curious  arrangement  of  iron  filings 
round  a  magnet,  which  has  fo  long  entertained  and 
puzzled  both  the  phllofophers  and  the  unlearned,  and 
which  has  given  rife  to  the  Cartefian  and  other  theories 
of  magnetifm  ?  The  particles  of  iron  filings  are  little 
rags  of  foft  iron  torn  off'  by  the  file,  and  generally  a 
little  oblong.  Thefe  mujl  have  magnetifm  induced  on 
them  by  a  magnet,  and,  while  falling  through  the  air 
from  the  hand  that  ftrewsthem  about  the  magnet,  they 
are  at  perfeft  liberty  to  arrange  themfelves  magnetical- 
ly  ;  and  mnjl  therefore  fo  arrange  ihcmfthes,  forming  on 
the  table  curves,  which  diftervery  little  indeed  from  the 
true  magnetic  curves.  !3up[)ofe  them  fcattered  about 
the  table  before  the  magnet  is  laid  on  it.  If  we  pat 
the  table  a  little,  fo  as  to  throw  it  into  tremors,  this  will 
allow  the  particles  to  dance,  and  turn  round  on  their 
points  of  fupport,  till  they  coalefce  by  their  ends  in 
the  manner  already  defcribed. 

All  this  is  the  genuine  and  inevitable  confequence  of 
what  Dr  Gilbert  has  taught  us  of  induced  magnetifm. 
It  mull  be  fo  ;  and  cannot  be  otherwife.  Tills  curious 
arrangement  of  iron  filings  round  a  magnet  is  therefore 
nut  a  ]>rimary  facl,  and  a  foundation  for  a  theory,  but 
thewciult  of  principles  much  more  general. 

Muft  of  our  readers  know  that  this  difpofition  ofRenTa'rki 
iron  filings  has  given  rife  to  the  chief  mechanical  theo-™  ^l^^ ''j'^" 
ries  which  have  been  propofed  by  ingenious  men  for  the*"^','.  5" '"' 
explanation  of  all  the  phenoinena  of  magnetifm.  An 
invlfible  fluid  has  been  fuppofcd  to  circulate  through 
the  pores  of  a  magnet,  running  along  its  axis,  iirulng 
from  one  pole,  ftrcaming  round  the  magnet,  and  enter- 
ing again  by  the  other  pole.  This  is  thought  to  be  in- 
dicated  by  thofe  lines  formed  by  the  filings.  The 
ftream,  running  alfo  through  ihem,  or  around  them,  ar- 
ranges them  in  the  dire&ion  of  its  motion,  jtift  as  we 
oblerve  a  ftream  of  water  arrange  the  flute  grafs  and 
weeds.  It  would  require  a  volume  to  detail  the  diffe- 
rent manners  In  which  thofe  mechanicians  attempt  to 
account  for  the  attraftion,  repulliun,  and  polarity  of 
magnetic  bodies,  by  the  mechanical  impulfion  of  this 
fluid.  Let  it  fuftiee  to  fay,  that  alnioft  every  ftep  of 
their  theories  is  in  contradiftion  to  the  acknowledged 
laws  of  inipuhion..  Nay,  the  whole  attempt  is  againft 
the  firft  rule  of  all  philoluphlcal  dli'culfion,  never  to  ad- 
mit for  an  explanation  of  phenomena  the  agency  of 
any  caufe  which  we  do  not  know  to  exift,  and  to  ope- 
rate  in  the  very  phot.cinenon.  We  know  of  no  fuch 
fluid ;  and  we  can  demonftrate,  that  the  genuine  ef- 
fcfts  of  its  impulfion  would  be  totally  unlike  the  phe- 
K  noitien* 
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nomena  of  magnetirm.  But  the  proper  refutation  of 
thefe  theories  would  fill  volinnes.  Let  it  fuffice  (and 
to  tveiy  logician  it  will  abuiidantty  fuffice)  to  remark, 
that  this  phenomenon  is  but  a  fccondary  fad,  depending 
on,  and  refulting  from,  principles  much  more  genei;^l, 
viz.  the  induftion  of  magnetifm,  and  the  attraction  of 
diffimilar,  and  repuHion  of  finiilar,  poles. 

The  above  explanation  of  the   curioua  difpofition  of 
iro;i  filings  round  a  magnet,  occurred  to  the  writer  of 
this  article  while  Ihidymg  natural  philofophy,   on  iee- 
ing  the  ProfelTor  exhibit  Mr  Henlhaw's  beautiful  expe- 
riment in  proof  of  terreftrial  magnetifm*.      He  at  that 
»SeeVA-    time  imagined  himfelf  the  author,   and  promiled  him- 
niATioN,    felf  fome  credit  for  the  thought.      But  having  feen  the 
Encyd.         Phyjiohgid  No-vii  ile  MdgneU-  by   Dr  Gilbert,   he  found 
f-^"'         that  it  had  not  efcaped  the  notice  of  that  fagacious  phi- 
lofopher  ;  as  will  appear  paft  difpute  from  the  following 
paffage,  as  well  as  fome  othejs,  lefs  pointed,  in  that  work  : 
*'  Magnetica  frulla  (that  is,   fubllances  lulcep|ible  of 
magnetifm)  bene  et  convenienter  intra  vires  pofita,  mu- 
•     tuo  coh^erent.      Ferramenta,  prcfcnte  magnete  (etiamfi 
mao-netem  non  attingant ),  concurrunt,  folicite  ie  mutuo 
qUKrunt.et  amplexantur,et,  conjuna3,quaf^ferruminan- 
tur.      Scobs  ferrea,  vel  in  pulverem  redatta,   fillulis  im- 
pofita  chartaceis— fupra  lapidem  meridionaliter  locata, 
vel  propius  tantum  admota,  in  unum  coalefcet  corpus  ; 
et  fubito  tarn  multje  partes  concrefcunt  et  combinantur; 
ferrumque  aliud  affeftat   conjuratorum  turma  et  attra- 
hit,  ac  ii  unum  tantum  et  integrum  effet  ferri  baciUura; 
diriiJ-iturque  fupra  lapidem  in  feptemtriones  et  meridiem. 
Sed  cum  longius  a  magnete   removeantur  (tanquam  fo- 
luta  rurfus)   feparantur,  et  diffluunt  fingula  corpufcu- 
la."      B.  ii.  c.  23. 

Mr  jEpinus  alfo  had  taken  the  fame  view  of  the  fub- 
•  See§3c6.jea*.  It  is  alfo  very  clearly  conceived  and  exprelTcd 
by  the  celebrated  David  Gregory,  Savilian  Profeffor  of 
aftronomy  in  the  Univerfity  of  Oxford,  in  a  MS.  vo- 
lume of  notes  and  commentaries,  written  by  him  in 
1693,  on  Newton's  Pnndpia,  and  ufed  by  Newton  in 
improving  the  fecond  edition.  The  MS.  is  now  iathe 
library  of  the  univcriity  of  Edinburgh.  Gregory's 
words  are  as  follow  :  "  Mihi  femper  dubium  vifum  eft 
num  magnetica  virtus  mechanice,  i.  e.  per  impulfum, 
producalur.  Mirum  eft,  effluvia,  qus  ferrum  agitare 
valent,  bracfeas  aureas  inlcrpofitas  ne  vel  minimum  a 
loco  movere.  Lucretii  et  Cartefii  theoriam,  de  fugato 
intermedio  acre,  refutat  expcrimentum  infra  aquam  in- 
ftitutum.  Sulci  in  Umalitra  ftrri^  magmti  in  piano  ciijiif- 
vis  meridiani  circiimpofUa,  non  fiutit  ah  ejjlwviis  fuundum 
ijfos  canales  irwtis,  fed  ex  inde,  quod  ipja  raincnta,  mag- 
netics excilata,  fefe  fectindiim  longiludinem  et  Jecundum  po- 
los difponunt.  Ex  altera  vero  parte  exinde  quod  vis 
magnetica,  interveniente  flamma  aut  calore,  interrumpa- 
tur,  quod  virga  fenea,  vel  diuturno  fitu  perpendiculai  i, 
•vel  in  eo  fitu  frigefcendo,  virtutem  magneticam  a  tel- 
lure  acquirat,  ut  nos  docet  perfpicaciffimus  Gilbertus. 
Quod  mallei  fuper  incudem  iftu  forti  ad  alterum  ex- 
tremum,  virtutem  acquirat  magneticam;  quod  iclu  forti 
vel  faltem  fortiori  ad  alterum  extremum  poli  permu- 
tantur,  ut  qui  prius  feptemtriones  refpiciebat  nunc 
aullrum  refpicit  ;  quod  ittu  forti  ad  medium,  virtutem 


illam  prorfus  amittat.  Haec  inquam,  et  fimilia,  mecha. 
nicam  ejus  qualitates  ortum  arguunt.  Hugcnius,  pra- 
ter gravitateni,  etiam  magneticam,  et  elettricam  virtu- 
tem, aliafque  plures  experimento  novit  vires  naturalcs, 
ut  mihi  Ipli  narravit  hac  eftate  anni  1693.  Q^alis  ut 
liJKO  forfitan  quod  cyinba  papyracea,  prope  labra  valis 
aquam,  cui  innatet,  cuntinentis,  pofita,  labium  vicinilli- 
muin  continuo,  et  cum  impetu  petat  (a)."  Nat.  MS. 
ill  Prop.  23.  ii.  Prin. 
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Not  only  the  mere  arrangement  of  the  filings  in  curve  Filirgs 
lines  follows  of  necelTity  from  the  properties  of  induced '*eakly 
magnetifm,  but  all  the  fubordinate  circumltances  of  this"  "*• 
phenomenon  are  included  in  the  fame  explanation.  By 
continuing  to  tap  the  table,  and  throw  it  into  tremors, 
the  filings  are  obferved  to  approach  gradually,  but  very 
flowly,  lo  the  poles  of  the  magnet.  Each  particle  is  a 
very  fmall  temporary  magnet.  The  attractive  power 
of  the  great  magnet,  m  — p  —  n  —  y,  is  therefore  ex- 
tremely fmall  in  proportion  to  its  directive  power,  m  ■\-  p 
—  fl  -J-  y.  And  we  obferve  that  the  accumulation  of 
the  filings  round  the  poles  of  the  magnet  is  fo  much 
the  flower  as  the  filings  are  finer. 

If  a  paper  be  laid  above  the  magnet,  and  the  filings Curiou* 
be  fprinklcd  on  it,  we  obferve  them  to  conftipate  along  "• 
its  edges,  while  none  remain  immediately  above  its  fub- 
llancc  ;  they  are  all  beyond,  or  on  the  outfide  of  its 
outline,  and  they  are  obferved  not  to  be  lying  flat  on  the 
paper,  but  to  be  ftanding  obliquely  on  one  point.  They 
move  oif  from  the  paper  immediately  above  the  magnet, 
becaufe  they  repel  each  other.  They  Hand  obliquely 
from  the  edges,  becaufe  that  is  the  direftion  of  a  mag- 
netic meridian  at  its  parting  from  the  pole.  If  the 
magnet  be  at  fume  diftance  below  the  paper,  then  tap- 
ping the  paper  will  cauic  the  filings  to  move  away  fiom 
the  magnet  laterally.  This  lingular  and  unexpefled  ap- 
pearance is  owing  to  the  combination  of  gravity  with 
the  magnetic  adion.  A  particle,  fuch  as  n  s  (fig.  13.), 
refts  on  the  paper  by  the  point  «,  which  is  a  temporary 
north  pole  (S  being  fuppofed  the  fouth  pole  of  the 
magnet).  '1  he  particle  takes  a  pofition  n  j-  nearer  to 
the  horizon  than  the  pofition  n  0,  which  it  would  take 
if  its  centre  of  gravity  b  were  fupported.  The  pofition 
is  fuch,  that  its  weight,  afting  vertically  at  b,  is  in  equi- 
librio  with  the  magnetic  repuJfion  s  d,  exerted  between 
S  and  s.  When  the  paper  is  tapped,  It  is  beaten  down, 
or  withdrawn  from  «,  and  the  particle  of  iron  is  left  for 
a  moment  in  the  air.  It  therefore  turns  quickly  round 
b,  in  order  to  alfume  a  pofition  parallel  to  n  0,  and  It 
meets  the  paper,  as  that  rifes  again  after  the  ftroke, 
in  a  point  farther  removed  from  the  magnet,  and  again 
dclccnds  by  its  weight  (turning  round  tiie  newly  fup- 
ported point  n),  till  it  again  takes  a  pofition  parallel  to 
n  s,  but  farther  off,  as  reprefented  by  the  dotted  line. 
Thus  it  travels  gradually  outwards  from  the  magnet, 
appearing  to  be  repelled,  although  it  is  really  attrafted 
by  it.  If  the  magnet  be  held  above  the  paper,  at  a 
little  diftance,  the  filings,  when  we  repeatedly  pat  the 
paper,  gradually  colleft  into  a  heap  under  it.  This  will 
appear  very  plainly  to  one  who  confiders  the  fituatlon 
of  a  particle  In  the  manner  now  explained. 

The 


(a)  Perhaps  it  may  be  proper  to  obferve,  that  Dr  Gregory  exprefles  his  differing  In  his  opinion  from  Newtors 
about  magnetifm.  Newton,  in  this  propolition,  thinks  that  the  law  of  magnetic  aftlon  approaches  to  the  in<- 
verfe  triplicate  ratio  of  the  diitances.     Dr  Gregory  invalidates  the  argument  ufed  by  Newton. 
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The  eiirvc  lines  formed  liy  very  fine  filings  approach 
■  very  nearly  ti)  the  form  of  tlie  ])rimary  curve  which  in- 
dicates the  law  of  magnetic  aflion  in  the  way  already 
explained.  If  the  magnet  be  placed  under  water,  and 
if  fih'ngs  be  fprinklcd  copioufly  on  the  furface  of  it  from 
a  gauze  fearce,  held  at  fonic  dillance  above  it,  the  refift- 
ance  to  their  motion  through  the  water  gives  them 
time  to  arrange  thcmfelves  magnetically  before  they 
reach  the  bottom,  ar.d  the  lines  become  more  accurate. 
But  they  were  fo  much  deranged  by  any  method  that 
we  could  take  for  removing  tlie  water,  and  meafnring 
them,  that  we  were  diiappointed  in  our  expeftaiions  of 
obtaining  a  very  near  approximation  to  the  law  of  ac- 
tion. 

We  took  notice  of  foine  very  fingular  phenomena  of 
a  compafs  needle  in  the  nei'_;hbourhond  of  two  magnets, 
and  we  obferved  that,  in  this  cafe  alfo,  the  needle  was 
always  a  tangent  to  a  curve  of  another  kind,  and  which 
we  csiWfd  fcionr/ary  and  compound  nw<^iietic  curves.  Thefe 
are  produced  in  the  fame  way,  by  ihewing  iron-filings 
round  the  magnets.  Many  reprefentations  have  been 
given  of  thefe  curves  by  different  authors,  particularly 
b)  Mufchenbroeck,  in  his  Effais  de  Phyjique;  and  by  Fufs 
in  the  Comment.  PetropnUt.  Great  ule  has  been  made 
of  thefe  arrangements  of  filings  by  two  magiiets  in  the 
theories  of  magnctifm  propofed  by  thofe  who  infill  on 
explaining  all  motion  by  impulfe.  When  the  diffimilar 
poles  of  two  magnets  A  and  B  (fig.  14.)  face  each 
other,  the  curves  formed  by  the  filings  confiderably  re- 
femble  thofe  which  furround  a  fingle  magnet,  and  give 
the  whole  fomewhat  of  the  appearance  of  a  magnet 
with  very  diffufed  poles.  The  arranging  fluid,  which 
ftreams  from  one  pole  of  a  magnet,  is  fuppofed  to  meet 
with  no  obftrudlion  to  its  entry  into  the  adjoining  pole 
of  the  other  magnet,  but,  on  the  contrary,  to  be  impel- 
led into  it  ;  and  thcrefoie  (fay  the  propofers)  it  circu- 
lates round  both  as  one  magnet,  and  by  its  vortex  brings 
the  magnets  together  ;  which  phenomenon  we  call  the 
attradtion  of  the  magnets.  But  when  the  fimilar  poles 
front  each  other  ;  for  example,  the  poles  from  which 
the  arranging  fluid  ilfues,  then  the  two  ftreams  meet, 
obftruft  each  other,  accumulate,  and,  by  this  accumula- 
tion, caufe  th.e  magneto  to  recedi-  from  each  other; 
which  we  call  the  repulfion  of  the  magnets.  This  is  the 
otdy  explanation  of  this  kind  that  can  njakc  any  preteu- 
fions  to  probability,  or  indeed  that  can  be  conceived. 
For  how  the  free  circulation  in  the  former  cafe  can  bring 
the  two  magnets  together,  no  perfon  can  form  to  him- 
fclf  any  conception.  We  fee  nothing  like  this  produ- 
ced by  any  vortex  that  we  are  acquainted  with.  A\\ 
fuch  vortices  caufe  bodies  to  feparate.  But  even  this 
explanation  of  magnetic  repulfion  is  inadmiffible.  It 
will  not  apply  to  the  repulfion  of  the  receiving  poles  j 
and  the  phenomena  of  the  filings  are  inconfiftent  with 
the  notion  of  accumulation.  The  filings  indeed  accu- 
mulate, and  they  look  not  unlike  two  ftreams  which  op- 
pofe  each  other,  and  defleft  to  the  fides  (fee  fig.  15.)  : 
But,  unfortunately,  by  tapping  the  paper  gently,  tlie 
filings  do  not  move  off  from  the  iriagnets,  but  approach 
them  much  faftcr  than  in  any  other  experiment.  The 
phenomenon  receives  a  complete  and  palpable  explana- 
tion from  the  principles  we  have  eftabliftied.  Both  mag- 
nets concur  in  giving  the  fame  polarity  to  eveiy  par- 
ticle of  the  filings.  Thus,  if  the  fronting  poles  are 
north  poles,  each  particle  has  its  neareft  end  made  a  vi- 
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gorous  fouth  pole,  and  Its  remots  fud  a  north  pole;  nnd 
it  is  iherefore  ftrongly  attrafted  towards  botli  magnets 
while  it  is  arranged  in  the  tangent  to  the  fecondary 
curve  of  that  clals,  which  croffcs  the  others  nearly  at 
right  angles. 

Since  it  is  found,  that  the  magnetifm,  even  of  natu  Migrctj 
ral  ioadHones  and  hard  ftcel,  and  ftill  more  thofe  of  fof-"'"}*  sf*^* 
ter  tempered  fteel,  are  continually  tending   to  decay  j^ 
and  fince  we  find  that   it   may  be  induced   by  mere  ap- 
proach to  a  magnet  ;   and  fince  we  know  that  ma  mifts 
may  oppofe  each  other  in  producing  it — it  is  rcafonable 
to  fuppofe,   that   when  a  piece   of  iron   has  acquired  a 
flight,  though  permanent  magnetifm,  by  the  vicinity  of 
a  magnet,   a  magnet  applied   in   tfie  oppofiic  diredion 
will   deftroy    it,  and  afterwards   produce   the  oppofite 
magnetifm. 

Accordingly,  we  may  change  the  poles  of  foft  mag. 
nets  at  pleafure. 

Fartlier ;  fince  we  find  that  loadllones  and  hard  tem- 
pered fteel  bars  are  diftinguidied  from  foft  ones  only  by 
the  degree  of  obttinacy  with  wliich  tlicy  retain  their 
prefent  condition,  we  fhould  alfo  cxpedt  that  hard  mag- 
nets will  even  afFe<ft  each  other.  It  inuft  therefore  hap. 
pen,  that  a  powerful  magnet  applied  to  a  weak  one,  io 
that  their  fimilar  poles  are  in  contaft,  (hall  weaken,  de- 
ftroy, and  even  change  the  magnetifm  of  the  weaker. 
Dr  Knight's  famous  magazine  of  magnets  enabled  him 
to  change  the  poles  of  the  greateft  and  the  ftrongeil  na- 
tural loadftone,  or  artificial  magnet,  that  could  be  given 
him,  in  the  fpace  of  one  ininute. 

We  now  fee  clearly  the  reafon  why  magnetic  repul-  Aftrail'on 
fion   is  weaker   than   attradlion   at   the   fame  diftance.  niuft  ap- 
When  magnets  are  placed  with  their  fimilar  poles  front-  P'^^J  '"  "* 
ing  each  other,  in  order  to  make  trials  of  their  repul- u'       '' 
fion,   they  really  do  weaken  each  other,  and  are  not  in 
the  fame  magnetical  condition  as  before.      For  fimilar 
reafons,  we  fee  how  experiments  with  magnets  attract- 
ing each  other  rather  improve  them,  and  make  their 
attraftive  powers  appear  greater  than    they  are.      All 
thefe  effefts   muft  be  moft  remarkable  in  foft  magnets, 
efpecially  when  long. 

We  alfo  fee,  tiiat  the  obferved  law  of  attraftion  andThe  ubfiT.. 
repulfion  between  two  magnets  mull   be  different  from  vi-d  law 
the   real   law  of  magnetic  aftion.      For,   in  the  experi- '"•'f'^''' f*"""* 
ments  made  on   attraction  at  different   diftances,   begin-  '^ 

ning  with  the  greateft  diftance,  the  magnetifm  is  con- 
tinually increaling,  and  the  attraftion  will  appear  to  in- 
creafe  in  a  higher  rate  than  the  juft  one  :  the  contrary 
may  happen,  if  we  begin  with  the  fmaller  diftances. 
The  refults  of  experiments  on  repulfion  iriuft  be  iliU 
more  erroneous  ;  becaufe  it  is  eafier  to  diminilli  any  ac- 
cumulation which  required  an  exertion  to  produce  it, 
than  to  pufh  it  ftill  farther. 

We  have  now  a  complete  explanation  of  the  remark-  Ma'nietifm 
able    faft,  that  the  induftion   of  magnetifm   does   not  improves 
weaken  the  magnet   employed;   but,  on   the  contrary,  ^V  i".'^"- 
improves  it.    The  magnetifm  induced  on  the  iron  caufes^"'^'   " 
it  to  aft  on  the  magnet  employed  in  the  very  fame  man- 
ner  that  a  permanent  magnet  of  the  fame   fhape,  fize, 
and  ftrength,  would  do.   Nay,  it  will  have  even  a  great- 
er elfeft  ;  for  as  it  improves  the  magnet,  its  own  indu- 
ced  magnetifm  will  improve  ;    and  will  therefore  ftill 
farther  improve  the  magnet. 

Hence   it   is,  that,   in   whatever   manner  a   magnet       ,5, 
touches  a  piece  of  iron,  it  improves  by  it.     It  may  be 
R  2  hurt 
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hurt  by  a  magnet  in  an  improper  pofition  ;  but  it  always  bringing  the  pole  of  a  magnet  near  to  any  magnetifdble 
jjuts  common  iron  into  a  Hate  which  increafcs  its  own  matter,  produces  a  magnetifm  of  the  kind  oppofite  to 
magnetifm.  This  has  been  known  as  long  as  magne-  that  of  the  pole  employed.  We  know  that  this  is  the 
tifm  itfclf ;  and  the  ancients  conceived  the  notion  that  cafe  with  both  poles,  and  that  it  obtains  at  all  the  dif- 
the  magnet  fomehow  fed  upon  the  iron  (b).  tances  w-here  magnetifm  is  obferved.  We  know  that 
We  think  that  thefe  obfcrvations  authorife  us  to  fay,  the  aflion  of  one  pole  is  contrary  to  that  of  the  other  ; 
that  In  reducing  a  loadftune  into  a  convenient  Ihape,  as  that  is,  it  counteraAs  the  other,  prevents  it  from  pro- 
much  as  pofTiblc  of  the  operation  fhould  be  perform.ed  ducing  its  effeft,  and  deilroys  it  when  already  produced: 
by  grinding  them  with  emery,  in  cavitiesmr.de  In  large  and  we  know  that  the  produftlon  of  thele  effects  re- 
blocks  of  hcimmered  Iron.  The  magnetifm  induced  on  fenibles,  in  its  rtfult,  the  protrufion  of  fomcthing  fluid 
the  iron  muft  be  favourable  to  the  conltrvation  of  that  through  the  pores  of  the  body,  conftlpating  It  in  all  re- 
in the  loadllone  ;  which,  we  are  perfuaded,  Is  rapidly  mote  parts  ;  as  if  the  virtue  of  a  pole  refided  in  this 
dlflipated  by  the  tremors  into  which  this  very  elal'tlc  moveable  matter.  This  Is  nearly  all  that  we  know  of  It ; 
fubftance  is  thrown  by  the  grinding  with  coarfe  powders  and  by  thefe  fafts  and  notions  we  mull  judge  of  the  pro- 
in  any  mould  but  iron.  We  imagine  that  the  cutting  priety  and  effect  ofall  theproceifcs  formagnetifingbodles. 
off  flices  by  the  lapidaries  wheel  has  the  fame  bad  effeft.  The  mod  fimple  method  of  magtietihng  a  ileel  bar, 
57-  Not  only  will  a  magnet  lift  a  greater  lump  of  iron  is  to  apply  the  north  pole  of  a  magnet  to  that  end 
by  its  north  pole,  when  another  lump  Is  applied  to  Its  which  we  wlfli  to  render  a  fouth  pole.  Attention  to 
fouth  pole,  but  it  will  lift  a  greater  piece  of  iron  from  an  the  effeds  of  this  application  is  very  Inllrudtlve.  Have 
anvil  than  from  a  wooden  table  :  for  the  magnet  indu-  In  readlncfs  a  very  fmall  compafs  needle  ;  turning  on  its 
ces  the  properly  difpofed  polarity,  not  only  in  the  iron  pivot.  It  (hould  not  exceed  half  an  inch  in  length, 
which  it  lifts,  but  alfo  in  the  anvil,  or  any  piece  of  iron  and  IhoulJ  be  as  hard  tempered  as  poffible,  and  llrong- 
immediately  beyond  it.  This  Is  fo  dllpofed  as  to  in-  ly  Impregnated.  Immediately  after  the  application  of 
creafe  the  magnetifm  of  the  piece  of  iron  between  them;  the  magnet,  carry  the  needle  along  the  fide  of  the  bar. 
and  therefore  to  increafe  their  attraftlon.  The  mag-  If  the  bar  be  long,  and  very  iiard,  we  Ihall  obferve  a 
netifm  induced  on  the  anviP  is  alfo  In  part,  and  per-  fouth  polarity  at  the  place  of  .CDutad  ;.»  north  polarity 
haps  chiefly,  induced  by  the  intervening  iron.  Thefe  at  a  fmall  dlllance  from  It  ;  beyond  this  a  weak  fouth 
experiments  are  extremely  variable  In  their  rcfults. —  polarity;  then  a  weak  and  difFuled  north  polarity,  Sec; 
Sometimes  a  fmall  magnet  will  pull  an  iron  wire  from  a  toward  the  remote  end  the  polarity  will  be  found  very 
large  and  llrong  one.  Sometimes  this  *ill  be  done  even  uncertain.  The  fame  thing  may  be  diicovered  by  lay- 
by a  piece  of  unmagnetic  iron  ;  and  the  rcfults  appear  ing  a  ftlff  paper  on  the  bar,  and  fprinkling  Iron  filings 
quite  capricious.  But  they  are  accurately  fixed,  depend-  over  it,  and  then  gently  tapping  the  paper,  to  mike 
ing  on  the  induced  compound  magnetifm.  Mr  iEpi-  them  arrange  themfelves  in  curve  lines  ;  which  will 
nus  has  dated  fonie  of  the  more  fimple  cafes,  in  which  point  out  the  various  poles,  and  fliew  whether  they  arc 
■we  can  tell  which  magnet  (hal^  prevail.  But  the  un-  diffufed  or  conftipateJ.  It  is  very  amufing  and  inflruc- 
folding  even  of  thefe  cafes  would  take  a  great  deal  of  live  to  obferve  the  progrefs  of  this  Impregnation.  In 
room,  and  mull  be  omitted  here.  Befides,  we  are  too  a  few  minutes  after  the  lirll  application  uf  the  magnet, 
imperfetlly  acquainted  with  the  degree  of  magnetifm  we  fhail  perceive  the  flate  of  magnetifm  very  ienfibly 
induced  on  the  various  parts  of  an  iron  rod,  and  the  de-  changed.  The  north  pole  will  be  farther  from  the  mag- 
gree  of  magnetifm  inherent  in  the  various  parts  of  the  net,  and  will  be  more  dlillnft;  the  fouthern  polarity  will 
magnets,  to  be  able  to  fay,  with  certainty,  even  in  thofe  alfo  be  protruded,  and  may  appear  for  a  moment  at  the  re- 
finiple  cafes,  on  which  fide  the  fuperiorlty  of  attraftlon  mote  extremity.  Tlie  change  advances;  but  the  progrefs 
rg  will  remain.  •  is  more  flow,  and  at  lall  is  infenlible.  When  the  bar  is 
Making  of  We  may  now  proceed  to  deduce  from  this  theory  not  harder  than  the  temper  of  a  cutting  tool,  the  pro- 
artificial  ^f^r  fo  it  may  jufl:ly  be  called,  fincc  all  is  reduced  to  cefs  is  foon  over  ;  and  If  the  bar  is  but  fix  or  eight  Inches 
Biagnets.  ^^^^  {^iGi)  the  procefs  for  communicating  magnetifm  to  long,  the  remote  end  Ihews  the  north  polarity  In  a  very 
bodies  fitted  for  receiving  and  retaining  it  ;  that  is,  the  few  minutes.  When  the  bar  is  very  hard,  the  progrefs 
method  of  making  artificial  magnets.  We  {hall  not  of  impregnation  is  greatly  expedited  by  ilrlking  It  fo  as 
employ  much  time  on  this,  becaufe  the  mod  approved  to  make  It  found.  If  It  be  futpended  by  a  firing  In  a 
methods  have  been  delivered  at  length  in  the  article  vertical  pofition,  and  the  magnet  applied  to  its  lower 
Magnetism  of  the  Et,cyclops:dhi  Brkannica;  and  there-  end,  the  ftriking  It  with  a  key  will  make  It  rmg  ;  and 
fore  we  fliall  jud  make  fuch  obfcrvations  on  them  as  in  this  way  make  the  progrefs  of  magnetization  very 
ferve  to  confirm,  or  to  perfeft  tliem  by  the  theory.  We  quick  :  but  It  does  not  allow  it  to  acquire  all  the  mag- 
acknowledge,  that  we  do  not  know  the  internal  procefs  netifm  that  can  be  given  it  by  a  very  flrong  magnet. 
by  which  magnetifm  is  induced,  nor  even  in  what  this  But  this  is  a  bad  way  of  impregnation.  It  Is  fel(^m 
magnetifm  confids.     All  that   we  know   is,   that  the  that  uniform  magnetifm,  with  only  two  poles,  and  thofe 

of 


(b)   So  Claudian. "  Nam  ferro  nurunt  vitam,  ferrlque  vigore 

Vefcitur,  hoc  dulces  epulas,  hoc  pabula  novit 
Hinc  proprias  renovat  vires,  hinc  fufa  per  artus 
Afpcra  fecretum  fervant  allmenta  vigorem 
Hoc  abfente  perit,  trifti  morlentia  torpent 
Membra  fame,  venafque  fills  confumit  apertas." 
Pliny  fays,  "  Sola  haec   materia  (ferrum)  vires  ab  eo  lapide,  accipit  retinetque  longo  tempore,  almd  appre- 
liendcns  ferrum,  ut  annulorum  catena  fpetlctur  intcrdum,  quod  imp^ritum  valgus  ferrum  appellat  vivum.  ■ 
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ef  equal  ftiength,  can  be  given.  Even  when  there  are 
but  two,  the  remote  pole  is  generally  diffufed,  and 
therefore  feeble.  It  is  much  improved  by  employing 
two  magnets,  one  at  each  end.  And  it  the  bar  is  not 
more  than  fix  or  eight  inches  long,  and  good  magnets 
are  employed,  the  magnetilm  is  abundantly  legular. 
This,  accordingly,  is  praCtifed  for  the  impregnation  of 
dipping  needles,  which  niiill  not  be  touched,  left  we 
diftnrb  the  centre  of  gravity  of  the  needle.  But  in  all 
cafes,  this  method  is  tedious,  and  does  not  give  ftrong 
magnetifm. 

The  method  which  was  ufually  praftifed  before  we 
had  obtained  a  pretty  clear  knowledge  of  magnetifm, 
was  to  apply  the  pole  of  a  magnet  to  one  end  of  the 
bar,  and  pafs  it  along  to  the  other  end,  prefling  mo- 
derately. This  was  repeated  feveral  times  on  both  fides 
of  the  bar,  always  beginning  the  llroke  at  the  fame  end 
as  at  firft,  and,  in  bringing  the  magnet  back  to  that 
end,  keeping  it  at  a  diftance  from  the  bar.  The  etlcdl 
of  this  operation  was  to  leave  the  end  at  which  we  be- 
gan the  ftroke  poflefTed  of  the  polarity  of  the  pole  em- 
ployed. 

A  general  notion  of  the  procefs  may  be  given  as  fol- 
lows, obferving,  however,  that  there  occur  very  many 
great  and  capricious  anomalies.  When  the  north  pole 
N  (fig.  1 6.)  of  the  magnet  A  is  fet  on  the  end  C  of 
the  bar  CBD,  a  fouth  pole  is  produced  at  C,  and  a 
north  pole  at  D,  wlien  the  length  of  the  bar  is  mode- 
rate. As  the  magnet  advances  flowI)Mtlong  the  bar, 
the  fouthern  polarity  at  C  firft  increafes,  then  diminifties, 
and  vanifties  entirely  when  N  has  arrived  at  a  certain 
point  a  ;  after  which,  a  northern  polarity  appears  at  C, 
and  increafes  during  the  whole  progrefs  of  the  magnet. 
In  the  mean  time,  the  northern  polarity  firft  produced 
at  L)  increafes  till  the  magnet  reaches  a  certain  point  e, 
then  diminilhes,  vanifhes  when  the  mat^net  reaches  a 
certain  point_/";  after  which,  a  fouthern  polarity  np- 
pears  at  D,  which  increafes  till  the  magnet  reaches  L). 
Mr  Crugniann,  who  firft  attended  niiiiatelv  to  tliele  par- 
ticulars (^for  Gilbert  fpeaks  of  them  pointedly),  calls  a 
z^<\J poinis  pf  indifference,  and  e  the  culminalirig  point 
of  the  pole  D,  and  i  the  culminating  point  of  the  pole 
C.  Hardly  can  any  general  rule  be  given  for  the  fitua- 
tion  ot  thele  points,  nor  even  for  the  order  in  which 
they  ftand  ;  fo  great  and  capricious  are  the  anomalies 
in  an  amazing  feries  ot  experiments  narrated  by  Brug- 
mann  and  by  Van  Swiiidtn.  Repeating  the  operation, 
and  beginning  at  C,  the  northern  polarity  there  is  wea- 
kened (lonietimes  deftroytd),  then  reftorcd,  and  conti- 
nually incrcafed  during  the  reft  of  the  ftroke.  The 
fouthern  polarity  at  D  is  alfo  firft  weakcni.J,  and  fome- 
times  deftroyed  ;  then  reftored,  and  finally  augmcriled. 
The  points  (',  a,  e,J\  change  their  fitualioiiS,  and  fie- 
quently  thtir  order. 

Van  Swiriden  has  attempted  to  deduce  fome  general 
laws  from  lus  immenfe  lift  of  experiments,  avoiding 
every  coiifideration  of  a  hypothcfis,  or  the  leaft  conjec- 
ture by  what  means  thefe  faculties  are  excited.  But 
though  we  have  peruled  his  invcftigation  with  care  and 
candor,  we  muft  acknowledge,  that  we  have  not  deri- 
ved any  knowledge  which  can  help  us  to  predift  there- 
iult  of  particular  modes  of  treatment  wjth  any  greater 
precifion  than  is  fuggeltcd  by  a  fort  of  common  fenfe 
aided  (or  perhaps  perverted)  by  a  vague  notion,  that 
thefe  energies  refide  in  fomething,  which  avoids  the 
pole  of  the  fame  name,   carrying  along  with  it  ihit  di- 
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ftinftive  energy  or  polarity.  This  conception  tallies 
perfectly  with  thefe  obfervations  of  Brugmann  and  Van 
Swindell  ;  and  admits  of  all  the  anomalies  in  the  fitua- 
tloii  ot  Bergmann's  indifferent  and  culminating  points, 
if  we  only  fnppofe  that  this  motion  is  obftrufted  by  the 
particles  of  the  body.  We  ninft  leave  this  to  the  re- 
flection ot  the  reader,  who  will  guefs  how,  when  the 
magnet  is  between  C  and  ;,  this  fubftance,  avoiding  the 
pole  N  of  the  magnet,  efeapes  below  it,  and  goes  to- 
ward the  farther  end.  As  the  magnet  advances,  it 
drives  fome  of  this  back  again,  &c.  &c.  This  is  gra- 
tuitous; but  it  aids  the  fancy,  which,  without  fome  con- 
ception of  this  kind,  has  no  objeft  of  fteady  contempla- 
tion. We  have  no  thought  when  we  fpeak  of  the  ge- 
nerating at  C,  or  a,  or  «,  a  faculty  of  fome  kind,  by  the 
exertion  of  the  fame  faculty  in  N.  The  conception  is 
too  abftrafted,  and  much  too  complex.  We  muft  con- 
tent ourfelves  with  knowing,  that  N  produces  a  fouth 
pole  immediately  under  it,  and  a  north  pole  everywhere 
elfe,  or  endeavours  to  do  fo.  It  is  unnecetfary  to  infill 
longeron  this  method;  Common  fcnfe  fhews  it  to  be 
a  very  judicious  one. 

This  method  was  greatly  improved  in  beginning  the 
frIAion  at  the  centre.  Apply  the  north  pole  at  the 
centre  or  middle  of  the  bar,  and  draw  it  over  the  end 
intended  for  the  fouth  pole.  Having  done  this  feveral 
times  to  one  end  on  both  fides,  turn  the  magnet,  ap- 
plying its  fouth  pole  to  the  middle  of  the  bar,  and  draw- 
ing it  feveral  times  over  the  end  intended  for  the  nortn 
pole. 

It  was  ftill  'more  improved  by  employing  two  mag- 
nets at  once,  placed  as  in  fig.  17.  on  the  middle  B  of 
the  bar,  and  drawing  them  away  from  each  other,  -^'er 
the  ends  ef  it,  as  Ihewn  by  the  diretting  darts,  and  re- 
peating this  operation.  It  is  plain  that,  as  far  as  we 
undeilland  any  thing  of  this  matter,  this  procels  m.ull. 
be  much  preferable  to  either  of  the  former  two.  Tfie 
magnets  A  and  E  certainly  eonciir  in  pruducing  a  pro— 
peily  difpofed  magnetilm  on  all  that  lies  between  them;, 
and  therefore  on  the  wliole  bar  at  the  end  of  each> 
ftroke.  The  end  C  muft  become  a  north,  and  D  a. 
fouth  pole.  Still,  however,  as  the  ftroke  goes  on  to  the- 
point  of  indifference,  iich  magnet  tends  to  weaken  the 
polarity  of  the  parts  iituated  beyond  it. 

1  his  method  continued  to  be  pradlifed  till  about  the 
year  1753.  Mr  Canton,  availing  himfelf  of  (he  expe- 
riments  of  Mr  Mitchell  of  Cambridge,  publiihcd  his  me- 
thod by  the  DOUBLE  touch  as  it  is  called.  Hce  Monthly 
Review  ior  I "jS^.  jn 

We  need  not  repeat   what  has  been  detailed  in   the  Mtthnd  of 
EncyckpctJia,   Magnetism,  p.  440,  &c.  and  Ihall  only "l""'^'" 
make  tome  obfervations  on  tlie  peculiar  advantages  ot  """■  ' 
this  proc;fs,  as  prefcribed  by  Mitchell,  Canton,  and  im- 
proved  by   Mr  Antheaume,  in   his  memoir  fur  les  yli- 
mans  artijicieh  1766,   which   was  crowned   by  the  Aca- 
demy  ot  Sciences,    (See  alio  diilertations  on  the  fuLi^cl 
by  l.e  M aire  and  D II  Hamel,  1745). 

There  is  an  evident  propriety  in  the  arrangement  in- 
vented by  Mr  Mitchell,   reprefented  in  fig.  18.      The_ 
niagneliim  induced  on  the  two  pieces  of  fott  iron  AD 
and  BC  is  an  excellent  method  ior  fecuring  every  accef-  ^ 

fioii  of  magnetifm  to  either  of  the  bars.  A  good  deal 
depends  on  the  proper  fize  and  length  of  thele  pieces  ; 
and  our  ignorance  of  the  interior  procefs  obliges  us  'o 
liave  recourfe  to  experiment  alione  for  afccrtaining  this. 
Whatever  circumftances  induce  the  ftiongeft  magnetifm 

on 


^4  M  A  G  N 

on  thefo  pieces  of  iron,  will  caufe  them  to  produce  the 
grjateft  efFe<ft  on  the  ileel  bars  ;  and  this  will  fie  indica- 
te !  by  a  (Ti-=iter  attva(ili()n.  Therefore  that  diftance  will 
be  the  bell  which  enables  two  bars  AB  and  DC  to  lir't 
the  jr'f-i^ell  ^vcijht  hung  on  the  piece  AD  or  BC. 
When  we  imp'.\-gi;jted  bars  whofe  breadth  was  about 
one  ien'h  of  thi.ir  length,  and  tiieir  thScknefs  about  one- 
h;;ir  of  their  breadth,  we  fou!.d,  that  if  AD  was  about 
on:  'ourth,  or  nc.irly  one-third,  of  Ah,  they  carried 
more  han  if  it  was  either  much  longer  or  much  Ihort- 
er.  Mr  Antheauiue's  addition  of  the  tw  >  great  bars  of 
\  iron  E  and  F  makes  a  fc  ifible  improvement   of  the   be- 

g'ln:::-:^  of  the  impi conation,  when  very  weak  magnets 
arc  employed  j  but  did  not  feem  to  us  to  be  of  any  far- 
ther fervicfc  o.;  the  table.  This  is  agreeable  to  any 
theory  which  can  he  eftablilhed  by  what  we  have  faid 
hitherto. 

The  method  of  employing  the  magnets  A  and  E 
(fig.  19),  prefcribed  by  Mitchell  and  Canton,  is  ex- 
tremely judicious.  The  meeting  of  the  diffimilar  poles 
at  top  increafes  the  magnetifm  of  each.  The  two  dif- 
fimilar p.les  F  and  G,  certainly  tend  to  give  a  regular 
and  proper  magnetifm  to  the  part  FG  of  the  bar  which 
lies  between  them  ;  and  this  is  the  cafe  on  whatever 
part  of  the  bar  they  are  placed.  But  each  pole  tends 
to  deilroy  the  prefent  magnetifm  of  what  lies  between 
it  and  the  pole  of  the  bar  on  that  fide.  But  mark  — 
they  tend  to  produce  the  defired  magnetifm  on  what 
lies  between  them  with  the  fum  of  their  forces  ;  while 
each  tends  to  dcftroy  the  magnetifm  of  the  part  with- 
out it  by  the  d\Jference  only  of  their  forces.  Therefore, 
on  the  whole,  as  they  are  moved  to  and  fro  along  the 
bar,  and  the  foremolt  one  even  made  to  pafs  over  the 
end  of  it  a  little  way,  they  always  add  to  the  magnetifm 
already  acquired.  This  confideration  feems  to  enjoin 
fettiiig  F  and  G  extremely  near  each  other  ;  tor  this 
feems  to  increafethe  fum,  and  to  diminifh  the  difference 
of  their  aftion.  But  it  may  be  a  queftlon,  Whether 
we  gain  more  by  ftrongly  maguetifing  a  very  fmall  part 
during  a  very  fliort  while  that  the  magnets  pafs  over 
it,  or  by  acling  on  more  of  the  bar  at  once,  and  conti- 
nuing a  weaker  adtion  for  a  longer  while  on  this  larger 
portion.  Mr  JEpinns  adds  ano'lier  confideration  de- 
pending on  his  notion  of  the  internal  procefs  ;  but  we 
defer  this  to  another  opportunity.  The  lafell  direction 
feems  to  be,  to  place  them  at  the  dillance  which  ena* 
bles  them  to  lift  the  greatell  weiglit.  They  are  then 
undoubtedly  afting  with  the  greatell  effeft. 

Mr  Antheaume  direftsto  place  the  touching  magnets 
as  in  fig.  20.  for  a  reafon  to  be  mentioned  afterwards. 
Mr  ./Epinus  alfo  recommends  it  for  i-eafons  founded  on 
his  own  hypothefis.  We  muil  fay,  that  in  our  trials, 
we  have  found  this  metliod  very  fenfibly  fuperior,  cfi)e- 
cially  in  the  latter  parts  of  the  operation,  when  the  re- 
fiflance  to  far.her  impregnation  becomes  nearly  a  ba- 
lance for  the  accumulating  power  of  the  magnets  ;  and 
we  confider  this  as  no  inconfiderable  argument  for  the 
juflice  of  Mr  iEpinus's  hypothefis. 

The  great  advantage  of  this  method  is  the  regularity 
of  the  magnetifm  which  it  produces.  We  never  find 
more  then  two  poles  ;  and  when  the  bars  are  hard,  and 
of  uniform  texture,  the  polarity  is  very  little  diffufed, 
and  feemingly  confined  to  a  very  fmall  fpace  at  the 
very  extremities  of  the  bar.  This  is  indeed  a  prodi- 
gious advantage  in  point  of  ilrengtli.     It  is  no  lefs  fo 
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in  order  to  fit  the  magnets  for  experiinfnts  on  the  lav» 
of  magnetic  adlion  ;  for  the  latitude  whicli  the  diffufed 
condition  of  the  poles  gives  in  the  felcction  of  tfie  points 
from  vvliich  the  dillances  are  to  be  computed,  has  hi- 
therto hindered  us  from  pronouncing  on  the  law  of 
magnetic  adtion  with  the  precilion  of  whii-h  we  tliink 
it  fully  fufccptible.  This  method  alfo  ie  the  only  one 
by  which  we  have  been  able  to  impregnate  two  bars 
joined  end  to  end,  confidering  then;  as  one  bar.  We 
have  fometimes  (though  very  rarely)  fuccecded  in  this  j 
fo  that  when  filings  were  llreweJ  over  them,  the  ap- 
pearance could  not  be  dillinguilhed  from  a  fingle  bar. — 
N.  B,  Yet  even  in  this  cafe,  in  one  experiment  with 
two  bars  of  fix  inches  long,  treated  as  one,  when  it 
could  not  be  dillinguilhed,  either  by  the  appearance  of 
the  filings,  or  by  going  round  it  very  near  with  a  com. 
pafs  needle,  a  very  fmall  compafs  needle  difcovered  a 
neutral  point,  and  a  reverfion  of  polarity  fimilar  to 
fig.  14.  at  F,  fliewing  that  it  was  really  acling  as  two 
bars.  Perhaps  it  mutl  always  be  fo  ;  and  this  qucflion 
is  of  confiderable  importance  in  the  eftablifhment  of  any 
theory  of  the  internal  procefs. 

It  defcrves  remark,  that,  in  order  to  fucceed  in  this 
attempt,  a  very  confiderable  prefTure  is  necelTary.  We 
were  obliged  to  clean  the  ends  of  the  bars  very  careful- 
ly, and  to  force  the  frame  of  bars  and  foft  pieces  of  iron 
ftrongly  together  by  wedges,  in  the  manner  of  a  form 
of  types.  We  thought  that  wetting  the  ends  of  the 
bars  with  pure  water  aided  the  experiment  ;  and  we  are 
•very  certain  that  oil  not  only  greatly  obftrufted  it,  but 
even  fenfibly  impeded  the  common  procefs.  We  had 
put  a  fingle  drop  of  oil  on  a  pair  of  bars  which  we  were 
touching  in  the  common  Cantoninn  method,  that  the 
magnets  might  be  more  eafily  drawn  along  them  ;  but 
we  were  furprifcd  at  finding  that  we  could  not  give  a 
ftrong  impregnation.  The  oil  undoubtedly  prevents 
the  clofe  contatl.  We  found  tiie  fineil  gold  leaf  pro- 
duce the  fame  efleft  -in  a  great  degree  ;  as  alfo  talc,  of 
which  a  fquare  inch  weighed  ^jth  of  a  grain.  We  do 
not  infer  any  thing  like  obttruftion  to  the  paffatre  of 
fomething  material,  but  rather  afcribe  it  to  mere  di- 
ftance; althougli  we  are  of  opinion,  that  in  the  impreg- 
nation of  two  contiguous  bars,  fo  that  the  magnetifm 
(whatever  it  is)  is  difpoltd  precifely  as  in  one  bar,  there 
ii  a  material  transference.  But  we  fliall  fpeak  of  this  in 
its  due  place. 

It  is  not  unworthy  of  remark,  that  we  found  bars  to 
acquire  more  powerful  magnetilm  when  pretty  well  po- 
liilied  than  when  rough.  But  we  alfo  found,  that  bars 
conliderably  roiigli  acquired  the  firll  degrees  of  it  much 
tnore  expeditioully  than  thofe  which  are  finooth  ;  al- 
though we  never  could  bring  them  to  that  high  degree 
of  magnetifm  that  the  fame  bars  acquired  after  they 
had  been  polifi'.ed.  We  think  it  probable,  that  the 
tremors,  occafioned  by  tiie  rough  and  harfli  furfaces  of 
the  hard  fteel,  are  the  caufes  of  this  phenomenon. 

Some  more  obfervations  on  this  method  of  the  double 
touch  will  be  made  afterwards,  wheii  we  confider  the 
hypothefis  of  Mr  ./Epinus  ;  and  we  conclude  tlie  pre- 
fent fubjeft,  by  attempting  to  explain  fome  puzzh'ng 
appearances  which  frequently  occur  in  making  artificial 
magnets.  ^° . 

A  bar  touched  by  a  very  ftrong  magnet  has  been  Difficulti 
faid  by  Mufchenbroek  to  be  impaired  by  going  over  it'"''  *"" 
with  a  weaker  magnet.     If  it  had  been  made  as  ftrong 
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as  poffible,  the  weaker  magnet,  when  paiTt'd  over  it  in 
the  way  praftifcd  by  Mufcht-ubroek,  muft  Jirjl  deftroy 
part  of  this  magnetilm  ;  and  liaviiig  done  fo,  it  is  un- 
able to  raife  it  anew  to  tlie  fame  degree  of  vigour. 

Yet  (fays  Mufchtnbroek  witli  furprifc)  a  large  bar 
of  common  iron  has  greatly  improved  the  magnet.  A 
very  large  piece  of  iron  mujl  do  this  (efpecially  if  fha- 
ped  like  a  horfelhoe,  and  applied  with  both  heels),  if 
the  bar  bi-  not  idrcady  at  its  maximum. 

It  was  thought   wonderful,   that,   in    the   method  of 
double  touch,  not  only  was  the  magnetifm  of  the  mag- 
nets employed  not  impaired,  but,  beginning   with  two 
magnets,   whoie  power  is  almoft  infenlible,    and   repeat- 
ing the  operations  in  the  precife   manner  defcribed  by 
Mitchel   or   Canton,   not  only  the  bars  intended  to  be 
made  magnetical,  but  alfo  the  magnets  employed,    may 
be  brought  to  their  hightft  poflible  llate  of  magnetifm. 
This  is  in  evident  conformity  to  the  general  faiits  of  in- 
duced magnetifm,   and  affords  the    rtrongi.(l  proof  that 
nothing   is  communicated   iu   this    operation,  but  that 
powers  refiding  in  the  bars  are  excited,  or  brouglit  into 
aftion.     The  manipulation  merely  ^/•yfj  otTfl/rsH  to   this 
,         aftion,  as  a  fpark  of  lire  kindles  a  city, 
plana-         There  Hill  remain  fome  circumllances  of  this  method, 
1  of  the  as  praflifed  by  Savery,  Canton,  and  Anthcaume,  which 
[inning   are  extremely  curious  and  important, 
savery,        j^j^.  g^^ery  l^^(j  obferved  a  fmall   bit    of  ftecl  acquire 
I  pj^_      very  fenlible  magnetifm  by  lying  long   in   contaiS  with 
aume's    the  lower  end  of  a  great  window  bar.     Telling  this  to 
«f»,       a  friend,  he  vvas,  for  the  firft  time,   informed,  that  this 
had  been  long  obferved,  and  that  Dr  Gilbert  had  made 
fome    curious   inferences  from   it.     Mr   Savery  wanted 
feme  magnets,  and  was  at  a  dlllance  from   town.     Re- 
fleftlng,  like  a  pbilofopher,   on  what  he  had  heard  and 
obferved,  he  faw   here  a  fource  of  magnetifm  which  he 
could  increafe,   in   the  manner  commonly  praftifed   in 
making  magnets.     He  placed  the  bar  AB   (fig.  21.) 
to  be  magnetifed   between  two  great   bars  of  common 
iron  C  and  D,  placing  all  the  three  in   the   magnetical 
direftion.   He  took  another  bar  EF,  and  put  two  little 
pieces  of  iron,  like   the   armour  of  a  loadllone,  on  its 
ends  :  and  with  thefe  ends  he  rubbed  the  bar  AB,   rub- 
bing the  upper  half  of  it  with  the  end  F,  and  the  lower 
with  the  end  £.     The  refult  of  this  was  a  very   bride 
_  magnetifm  in  a  few  minutes,  which,  by  various  well  de- 
vifed  alternations,  he  brought  it  to  its  highell  degree. 
His  numerous  experiments  published  in  the    philofophi- 
«al  Tranfaftions  in  1746,   contain   much  curious  infor- 
mation, highly  deferving  the  attention  of  the   philofo- 
pliers.      Mr   Canton,   proceeding  on  the  fame    princi- 
ple, that  bars  of  iron,  which  have  been  long  in  a  verti- 
cal pofition,  acquire  an  efficient  magnetifm,  begins   his 
operations   by   placing  his  fteel  bar  on   the  head  of  a 
kitchen  poker,  and  rubs  it  with  the  lower  end  of  a  pair 
of  kitchen  tongs.      Mr  Antheaume  adheres  more  ftrld- 
ly  to  the  inferences  from    the   principle  of   terreftrial 
magnetifm,   and  repeats  precifcly  tUe   previous  dlfpofi- 
tion  of  things  praftifed  by  Mr  Savery,  placing  his  little 
fteel  bar  AB  (fig.  22.)  between  two  great    bars  C  and 
D   of  common   iron,  and  arranging  the  whole  in  the 
magnetic  direftion.     Then,  proceeding  moft  judiciouf- 
ly  on  the  fame  principle,  he  greatly    improves  the  pro- 
cefs,   by  employing    two  bars  EF   and   GH    for  the 
touch,  holding  them  about  an  inch  apart,  inclined  a- 
bout  15°  to  the  bar  AB.  It  is  plain,  that  the  lower  end 
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of  each  of  thefe  'ivii  bars  is  a  north  pole,  and  the  upper 
end  a  louih  pole.  Therefore  the  poles  F  and  G  con- 
cur in  giving  the  proper  magnetifm  to  the  portion  FG 
of  the  ifeel  bar  which  is  between  them  ;  and  by  rub- 
bing it  with  thefe  poles  vip  and  down,  overpaffing  eacii 
extremity  about  h?lf  an  inch,  he  muft  foon  give  to  the 
bar  AB  a  regular  magnetifm  ;  weak,  perhaps,  but  to 
be  afterwards  increafed  in  the  Cantonian  method,  on  a 
horizontal  table.  In  this  manner  did  Mr  Anthcaume 
make  magnets  of  very  great  ftrength  in  17C6.  See  his 
Dijjertation  already  quoted.  ^. 

Thefe  obfervations  naturally  bring  us  to  the  Physio- Gilbert's 
LOGiA  Nova   de    Magnet    et    corporibus  Magne-''^"'-"'^"' 
Ticis  of  Dr  Gilbert  ;  a  difcovery  which    the  fagacious'"^Sn«ifm. 
Kepler    clalfes    among    the    greateft  in  the  annals  of 
fcience. 

It  could  not  be  that  a  phenomenon  fo  general,  and 
fo  intcrefting  and  important  as  the  natural  polarity  of 
magnetic  bodies,  would  be  lc)ng  known  without  exci- 
ting cm  iofity  about  its  caufe.  Accordingly  the  philo- 
fophers  of  the  16th  century  fpeculated  much  about  it, 
and  entertained  a  variety  of  opinion,  if  that  can  be 
calleil  an  opinion  which  can  hardly  be  faid  to  exprefs  a 
th<)\ight.  We  have  in  MarfigU  Fkitio  a  ftiort  notice 
of  many  of  thefe  opinions,  tiome  maintained  that  the 
needle  was  direfted  by  a  certain  point  in  the  heavens, 
as  if  that  were  faying  more  than  that  it  always  pointed 
one  way.  Others,  with  more  appearance  of  reafoning, 
afcribcd  the  direftion  to  vaft  magnetic  rocks.  But  all 
this  was  without  giving  themfelves  the  trouble  of  tTV- 
ing  to  afcertain  what  fituation  of  fuch  rocks  would  pro- 
duce the  direftion  that  is  obferved.  Fracafteri  was,  if  we 
miftake  not,  the  firft  vs'ho  thought  this  trouble  at  all  ne- 
ceffary  ;  and  he  obferves  very  fenfibly,  that  if  thofc  rocks, 
are  fuppofed  to  be  in  any  place  yet  vifited  by  naviga- 
tors, and  if  they  aft  as  loadftones  do  (a  circumftance 
which  he  fays  muil  be  admitted,  if  we  attempt  to  ex- 
plain), the  direftion  of  the  needle  will  be  very  different 
from  wliat  we  know  it  to  be.  He  therefore  places  them 
in  the  inacceflible  polar  regions,  but  not  in  the  very- 
pole.  Norman,  the  difcoverer  of  the  dip  of  the  mari- 
ner's  needle,  or  of  the  true  magnetic  direftion,  was  na- 
turally led  by  his  difcovery  to  conceive  the  direfting-  * 
caufe  as  placed  in  the  earth  ;  becaufe  the  north  point  of 
the  needle,  in  every  part  of  Europe,  points  very  far  be- 
low the  horizon.  But  although  he  calls  the  treat ife  in 
which  he  announces  his  difcovery  the  New  A.'tranlvf, 
he  does  not  exprefs  himfelf  as  fuppofing  the  needle  to 
be  attrafted  by  any  point  within  the  earth,  but  only 
that  it  is  always  direfted  to  that  point. 

It  is  to  Dr  Gilbert  of  Colchefter  that  we  owe  the 
opinion  now  univcrfally  admitted,  that  magrictic  pola- 
rity is  a  part  of  the  conftitution  of  this  globe.  Nor- 
man had,  not  long  before,  difcovered,  that  if  a  fteel 
needle  be  very  exaftly  balanced  on  a  horizontal  axis, 
like  the  beam  of  a  common  balance,  fo  that  it  would 
retain  any  pofition  given  it,  and  if  it  be  then  touched 
with  a  magnet,  and  placed  on  its  axis  in  the  magnetic 
merdlau,  it  is  no  longer  in  equilibrio,  but  at  (at  London) 
the  north  point  of  it  will  dip  72  or  73  degrees  below 
the  horizon.  He  did  not,  however,  publiih  his  difco- 
very till  he  had  obtained  information  how  it  ftood  in 
other  parts  of  the  world.  The  differences  in  the  va. 
riation  in  different  places  naturally  fuggefted  the  necef- 
fity  of  this  to  him.     Being  a  maker  of  mariners  com- 
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pafTes,  and  teacher  of  navigrition  in  London,  lie  had  the 
faireli  opportunities  that  could  be  dtlired,  by  furnilhiiig 
dippini;  needles  to  fiicli  of  the  navigators,  his  fcholars, 
as  lie  knew  mod  able  to  give  liim  good  information. 
And  the  accounts  which  he  received  made  his  difco- 
very,  when  announced  to  the  world,  a  very  complete 
thing  ;  for  the  commanders  of  Ihips  engaged  in  long 
•voyages,  and  particularly  to  China,  informed  him  that, 
•in  the  vicinity  of  tiie  eqifator,  his  dipping  needles  re- 
mained parallel  to  the  horizon,  but  that  in  coming  to- 
ward the  north  pole,  the  north  end  of  the  needle  was 
deprefled,  and  that  the  fouth  end  dipped  in  like  man- 
ner at  the  Cape  of  Good  Hope,  and  in  the  Indian  O- 
cean  ;  that  the  needle,  gradu.illy  approached  the  hori- 
zontal pofition  as  the  (hip  approached  the  equator,  but 
that  in  coming  to  the  north  of  it  at  Batavia,  the  north 
point  again  dipped,  and  at  Canton  was  feveral  degrees 
below  the  horizon. 

On  thefe  authorities,  Norman  boldly  faid  that,  jn  the 
"equatorial  regions,  the  needle  was  horizontal,  and  that 
either  end  dipped  regularly  as  it  approached  either 
pole;  and  that  in  the  poles  of  the  earth,  the  needle  was 
perpendicular  to  the  horizon.  He  therefore  announ- 
ced this  as  a  difcovery,  not  only  fingularly  curious,  but 
alfo  of  immenfe  importance  ;  for  by  means  of  a  dipping 
needle  the  latitude  of  a  fliip  at  fea  may  be  found  with- 
out feeing  the  fun  or  ftars. 

Dr  Gilbert,  comparing  this  pofition  of  the  compafs 
needle  with  the  pofitions  which  he  had  obfcrvcd  fmall 
needles  affume  in  his  numerous  experiments  in  relation 
to  a  magnet,  as  we  have  defcribed  at  great  length,  was 
naturally  led  to  the  notion  of  the  earth's  being  a  great 
loadftone,  or  as  containing  one,  and  that  this  arranged 
the  dipping,  or,  in  general,  the  mariner's  needle,  in  the 
fame  manner  as  he  obferved  a  great  magnet  arrange  a 
fmall  needle  poifed  on  its  pivot.  He  therefore  compo- 
fed  his  Phijiologia  Nova  Je  Magnete,  et  de  Ttllure  niagno 
Magntie  ;  in  which  he  notices  fo  many  points  of  relem- 
blance  to  the  direftive  power  of  a  magnet,  that  the  point 
feems  no  longer  to  admit  of  any  doubt.  Dr  Gilbert's 
theory  may  be  thus  exprefled  : 

All  the  phenomena  of  natural  magnetifm  are  analo- 
gous  to  what  we  fhould  obferve,  if  the  earth  were  a 
great  magnet,  having  its  poles  near  the  poles  of  the 
earth's  equator,  the  north  pole  not  far  from  Baffin's 
Bay,  and  the  fouth  pole  nearly  in  the  oppolite  part  of 
the  globe.  A  dipping  needle,  under  the  influence  of 
this  great  magnet,  mull  arrange  itfelf  in  a  plane  which 
pafTes  through  the  poles  of  the  magnet,  the  pofition  of 
which  plane  is  indicated  (at  lead  nearly)  by  the  ordi- 
nary compafs  needle  ;  and  it  will  be  inclined  to  the  ho- 
rizon  fo  much  the  more  as  we  recede  from  the  equator 
of  the  great  magnet. 

This  opinion  of  Dr  Gilbert  was  not  lefs  ingenious 
than  important  ;  and  if  firmly  eilablilhed,  it  furniflies  a 
complete  theory  of  all  th;  phenomena  of  magnetifm. 
But  obfervations  were  neither  fufficiently  numerous  in 
the  time  of  Dr  Gilbert,  nor  fufficiently  accurate,  to 
-enable  that  great  genius  to  affign  the  pofition  of  this 
great  magnet,  nor  the  laws  of  its  aClion.  The  theory 
was  chiefly  founded  on  the  phenomena  of  the  dipping 
needle  ;  phenomena  which  might  have  been  unknown 
for  ages,  had  the  firll  notice  of  them  f  lUen  into  any 
other  hands  than  Norman's.  They  are  not,  like  thofe 
©f  variation,  which  might  be  made  by  any  failor.     They 


require  for  their  exhibition  a  dipping  needle,  and  the 
attention  to  circumftanccs  which  can  occur  only  to  « 
mathematician.  A  dipping  needle  is  to  this  day,  not- 
witlirtanding  all  our  impmvements  in  the  arts,  one  of 
the  mod  delicate  and  difficult  tafl'CS  that  an  iiiilrunient 
maker  can  take  in  hand,  and  a  good  one  cannot  be  had 
for  lefs  than  twenty  guineas.  We  are  confident  that 
fiich  as  even  Norman  could  make  were  far  inferior  to 
what  are  now  made,  and  quite  unfit  for  ufe  at  fea  while 
the  (hip  ie  under  fail,  although  they  may  be  tolerably 
exadt  for  an  obfervation  of  the  dip  in  any  port  ;  and 
we  prefume  that  it  was  fuch  obfervations  only  that 
Norman  confided  in.  Our  readers  will  readily  conceive 
the  difficulty  of  poifing  a  needle  with  fuch  a  perfect 
coincidence  of  its  centre  of  gravity  and  axis  of  motion, 
and  perfeft  roOndnefs  of  this  axis,  that  it  fliall  remain 
in  any  pofition  that  is  given  it.  Add  to  this,  that  a 
grain  of  duft,  invifible  to  the  niceft  eye,  getting  under 
one  fide  of  this  axis,  may  be  fufficient  for  making  it 
afl"ume  another  pofition.  It  mull  alio  be  a  difficult 
matter  to  preferve  this  delicate  thing,  fo  as  that  no 
change  can  happen  to  it.  Befides,  all  this  muft  be 
performed  on  a  piece  of  tempered  Heel  which  we  are 
certain  has  no  magnetifm.  Where  can  this  be  got,  or 
what  can  infure  us  againft  magnetifm?  Nor  is  there  lefs 
difficulty  in  making  the  obfervations  without  great  rilk 
of  error.  If  the  needle,  moveable  only  in  a  vertical 
plane,  be  not  fet  in  the  plane  of  a  magnetic  meridian,  it 
will  always  dip  too  much.  At  London,  where  the 
magnetic  direction  is  inclined  73''  to  the  horizon,  if  it 
be  in  a  plane  20"  from  the  magnetic  meridian,  it  will 
ftand  almoft  perpendicular ;  for  it  is  eafy  to  fee,  by  the 
mechanical  refolution  of  forces,  that  it  will  take  the  po- 
fition which  brings  it  neareft  to  the  true  magnetic  di- 
reftion.  This,  we  think,  is  confiimcd  by  feveral  of 
Norman's  and  other  old  obfervations  oi  dip.  They  are 
much  greater  than  they  have  been  fince  found  in  the 
fame  places. 

Mr  Daniel  Bernoulli  has  given  a  very  ingenious  prin-D^nj^"! 
ciple,  by  which  we  can  make  a  dipping  needle  which  uoulli 
will  give  a  very  accurate  obfervation  on  fliore  ;  and  be-pmgni 
ing  fo  eafily  executed,  it  defervcs  to  be  generally  known. 
Let  a  dipping  needle  be  made  in  the  bell  manner  that 
can  be  done  by  a  workman  of  the  place,  and  balanced 
with  fome  care  before  impregnation,  fo  that -we  may  be 
certain  that  when  touched  it  will  take  nearly  the  tru« 
dip.  Touch  it,  and  obferve  the  dip  Deitroy  its  mag- 
netifm, and  then  alter  its  balance  in  fuch  a  manner  that, 
without  any  magnetifm,  it  will  arrange  itfelf  in  the  in- 
clination of  the  obferved  dip.  Now  touch  it  again,  gi- 
ving it  the  fame  poles  as  before.  It  is  plain  that  it  will 
now  approach  exceedingly  near  indeed  to  the  true  dip, 
becaule  its  want  oi perfeU  equilibrium  deranged  it  but  a 
few  degrees  from  the  proper  direction.  If  this  fecond 
obfervation  of  the  dip  Ihould  differ  feveral  degrees  from 
tlie  firft,  by  the  inaccurate  full  formation  of  the  needle, 
it  will  be  proper  to  repeat  the  operation.  Very  rarely, 
indeed,  will  the  third  obfervation  of  the  dip  vary  from 
the  truth  half  a  degree. 

Mr  Bernoulli  makes  this  fimple  contrivance  anfwer 
the  purpofe  of  an  univerfal  inftrument  in  the  following 
ingciiiouH  manner.  A  very  light  brals  graduated  circle 
EFG  (fig.  23.)  is  fixed  to  one  fide  of  the  needle,  con- 
centric with  its  axis,  and  the  whole  is  balanced  as  nice- 
ly as  poffible  before  impregnation.     A  very  light  index 
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CD  is  then  fittecl  on  the  axis,  fo  as  to  turn  rather  ftiffly 
on  it.  This  will  dcllroy  the  equilibrium  of  the  needle. 
If  the  needle  has  been  made  with  pcrfcift  accuracy,  and 
perfedly  balanced,  the  addition  of  this  index  would 
canfe  it  always  to  fettle  with  the  index  perpendicular  to 
the  liDrizon,  whatever  degree  of  the  circle  it  may  chance 
to  point  at.  But  as  this  is  fcarctjy  to  be  expedted,  fct 
the  index  at  variiius  degrees  of  the  circle,  and  note 
what  inclination  tiie  unniagnetic  needle  takes  for  each 
place  of  the  index,  and  record  ihcm  all  in  a  t.ible.  Snp- 
pofc,  for  example,  that  when  the  index  is  at  5c,  the 
needle  Inclines  46'  from  the  horizon.  If  in  any  place 
we  obferve  that  the  needle  (rendered  magnetic  by  lying 
between  two  llrong  majjncts),  having  the  index  at  50, 
inclines  46°,  we  may  be  certain  that  this  is  the  dip  at 
that  place  ;  for  the  needle  is  not  deranged  by  the  mag- 
netifm  from  the  politlon  which  gravity  alone  wonld 
give  it.  As  we  generally  know  fomcthing  of  the  dip 
that  is  to  be  expedted  In  any  place,  we  mull  fet  the  in- 
dex accordingly.  If  the  needle  docs  not  (hew  the  ex- 
pefted  dip,  alter  the  pufitlon  of  the  index,  and  aga'n 
obferve  the  dip.  See  whether  this  fecond  pofitic.n  of 
the  index  and  this  dip  form  a  pair  which  is  in  the  table. 
If  they  do,  we  have  got  the  true  dip.  If  not,  we  mull 
try  another  pofuion  of  the  Index.  Noticing  whether 
the  agreement  of  this  laft  pair  be  greater  or  lefs  than 
that  of  the  former  pair,  we  learn  whether  to  change 
the  pofition  of  the  Index  In  the  lame  diredtion  as  before, 
or  in  the  oppofite.  The  writer  of  this  article  has  a  dip- 
ping needle  of  this  kind,  made  by  a  perfon  totally  un- 
acquainted with  the  making  of  philofophical  inftruments. 
It  has  been  ufed  at  Leith,  at  Cronlladt  in  Ruflla,  at 
Scarborough,  and  at  New  York,  and  the  dip  indicated 
by  it  did  not  in  any  fingle  trial  differ  i  [  degrees  from 
other  trials,  or  from  the  dip  obferved  by  the  finell  in- 
ftruments. He  tried  It  himfelf  in  Leith  Roads,  in  a 
rough  fea  ;  and  does  not  think  it  inferior,  either  In  cer- 
tainty or  difpatch,  to  a  needle  of  the  moll  elaborate 
conftrudtlon.  It  Is  worthy  of  Its  moll  ingenious  au- 
thor, and  of  the  pubhc  notice,  bcca'jfe  it  may  be  made 
for  a  moderate  expence,  and  therefore  may  be  the  means 
of  multiplying  the  obfervations  of  the  dip,  which  are 
of  immenfc  confequence  in  the  theory  of  magnetifm, 
and  for  giving  us  an  accurate  knowledge  of  the  magne- 
tic d  conllitutlon  of  this  globe. 

This  knowledge  Is  Hill  very  Imperfcdl,  owing  to  the 
want  of  a  very  numerous  colleftion  of  obfervations  of 
the  dip.  Tlicy  are  of  more  importance  than  thofe  of 
the  horizontal  deviations  from  the  meridian.  All  that 
we  can  lay  is,  that  the  earth  adls  on  the  mariner's  needle 
as  a  great  loadftone  would  do.  But  we  do  not  think 
that  the  appearances  rtfemble  the  efl'edls  of  what  we 
would  call  a  good  loadftone,  having  the  regular  magne- 
tifm of  two  vigorous  poles.  The  dips  of  the  needle  In 
various  parts  of  the  earth  feem  to  be  fuch  as  would  re- 
lult  from  the  aftionof  an  extremely  Irregular  loadftone, 
having  its  poles  exceedingly  dIfFufed.  The  Increafe  of 
the  dip,  as  we  recede  trom  thofe  places  where  the  needle 
IS  horizontal,  Is  too  rapid  to  agree  with  the  fuppofition 
of  two  poles  of  conftipated  magnetifm,  whether  we  fup- 
pofe  the  magnetic  aftion  in  the  Inverfe  fimple  or  dupli- 
cate ratio  of  the  diftances,  unlefs  the  great  terreftrlal 
magnet  be  of  much  fmaller  dimenfions  than  what  fome 
other  appearances  oblige  us  to  fuppofe.  If  there  be 
four  poles,  as  Dr  Halley  imagined,  it  will  be  next  to 
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Impoflible  to  afcertain  the  pofitions  of  the  dipping 
needle.  It  will  be  a  tangent  to  one  of  the  fecondary 
magnetic  curves,  and  thefe  will  be  of  a  very  intricati: 
fpecies.  We  cannot  but  confider  the  difcovery  of  the 
magnetic  conftitulion  of  this  globe  :is  a  point  of  very 
great  importance,  both  to  the  philoUi|;her  ai\d  to  fo. 
cicty.  We  jjiive  confidercd  it  with  fome  caie;  hut  hi-' 
therto  we  have  not  been  able  to  form  a  fyftematlc  view 
of  the  appearances  which  gives  us  any  fatisfadlion. 
The  well  informed  reader  is  fenfible,  that  the  attempt 
by  means  of  the  horizontal  or  variation  needle  is  ex- 
tremely tedious  in  its  application,  and  is  very  unlikely 
t.i  fueceed;  at  the  (ame  lime  it  mull  be  will  underftood. 
The  two  diflcrtatlons  by  Euler,  in  the  1  ?'h  and  2 id 
volumes  of  the  Men.oirs  of  the  Royal  1^  cadtniy  at  Ber- 
lin, are  moil  excellent  performances,  and  give  a  true 
notion  of  the  difficulty  of  the  fubjedl,  Yet,  even  ia 
thefe,  a  circumftance  Is  overlooked,  which,  for  any  thing 
we  know  to  the  contrary,  may  have  a  very  great  etledl. 
If  the  magnetic  axis  be  far  removed  from  the  axis  of 
revolution,  as  far,  tor  example,  as  Mr  ChuiciinvAn  places 
It,  the  magnetic  meridians  will  be  (generally)  ini.ch  In-SeeVARiA. 
cllned  to  the  horizon  ;  and  we  (hall  err  very  far,  if  wcT'o",  £n- 
fuppole  (as  in  Euler's  calculus)  that  the  dipp'ng  ni.c  I'e"^' ' 
will  arrange  itftlf  In  the  verticlc  plane,  palfing  ti. rough 
the  diredtion  of  the  horizontal  or  variation  needle;  or  if 
we  Imagine  that  the  poles  of  the  great  magnet  are  In  that 
plane.  We  even  prefume  to  think  that  Mr  Euler's  af- 
fumptlon  of  the  place  of  his  fiftltlous  poles  (namely, 
where  the  needle  Is  vertical),  in  order  to  obtain  a  ma- 
nageable calculus,  Is  erroneous.  The  hitrodndtion  of 
this  circumftance  of  inclination  of  the  magnetic  meri- 
dians to  the  horizon,  complicates  the  calculatioii  to  fuch 
a  degree  as  to  make  it  almoft  unmanageable,  except  in 
fome  felefted  fituatlons.  Fortunately,  they  are  import- 
ant ones  for  afcertalning  the  places  of  the  poles.  But 
the  inveftigatlon  by  the  pofitlons  of  the  dippin<T  needle. 
Is  Incomparably  inore  fimple,  and  more  likely  to  give 
us  a  knowledge  of  a  multiplicity  of  poles.  The  confi- 
deration  of  the  magnetic  curves  (in  the  fenfe  ufed  In 
the  prefent  article),  teaches  us  that  we  are  not  to  ima- 
gine the  poles  im medial ely  under  thofe  parts  of  the 
furface  where  the  needle  ftands  perpendicular  to  the  ho- 
rizon, nor  the  miignetic  equator  to  be  In  thofe  places 
where  the  needle  is  horizontal;  a  notion  commonly  and 
plaulibly  entertdiaed.  Unfortunately  our  mod  numerous 
obfervations  of  the  dip  are  not  in  places  where  tluy  are 
the  moil  inftruftlve.  A  feries  (hculd  be  obtained,  ex- 
tending from  New  Zealand  northward,  acrofs  the  Paci- 
fic Ocean  to  Cape  Fairvveathtr  on  the  well  coaft  of 
North  America,  and  continued  through  that  part  of  the 
continent.  Another  feries  ftiould  extend  from  the  Cape 
of  Good  Hope,  up  along  the  wt  (I  coaft  of  Africa  to 
the  tropic  of  Capricorn  ;  from  thence  acrofs  the  inte- 
rior of  Africa  (where  It  would  be  of  greet  in  portance 
to  mark  the  place  of  its  horizontality)  through  Sicily, 
Italy,  Dalmatia,  the  eaft  of  Germany,  the  Gulph  of 
Bothnia,  Lapland,  and  the  weft  point  of  Greenland. 
This  would  be  nearly  a  plane  paffing  throiigli  the  pro- 
bable fituatlons  of  the  poles.  Another  feries  (hould  be 
made  at  right  angles  to  this,  forming  a  fmall  circle, 
croffing  the  other  neai  Cape  Falrweather.  This  would 
pafs  near  Japan,  through  Borneo,  and  the  well  end  of 
New  Holland  ;  alfo  near  Mexico,  and  a  few  degrees 
weft  of  Eafter  Ifland.  In  this  place,  and  at  Borneo, 
S  the 
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tlie  inclination  of  tlie  mngnetic  plane  to  the  horizon 
would  be  confiderable,  but  >ve  cannot  find  this  out.  It 
may,  however,  be  Jifcovercd  in  other  points  of  this 
circle,  where  the  dip  is  eonfiderable.  We  have  not 
room  in  this  (hort  account  to  illuHrate  the  advantages 
derived  from  thefe  feriefes ;  but  the  reflefting  reader 
will  be  very  fcnlible  of  them,  if  he  only  fuppofes  the 
great  magnet  to  be  accompanied  by  its  magnetic  curves, 
to  which  the  needle  is  always  a  tangent.  He  will  then 
fee  that  the  fii  il  feries  from  New  Zealand  to  Cape  Fair- 
weather,  and  the  fecond  from  Cape  Fairweather  round 
the  other  fide  of  the  globe,  being  in  one  plane,  and  at 
very  different  diftanccs  from  the  magnetic  axis,  mull 
contain  very  inftruftive  pofitions  of  the  needle.  But 
we  ftill  confefs,  that  when  we  compare  the  dips  already 
known  with  the  variations,  they  appear  fo  irreconcile- 
able  with  the  refults  of  an  uniform  regular  magnetifm, 
that  we  defpair  of  iuccefs.  Every  thing  feems  to  indi- 
cate a  multiplicity  of  poles,  or,  what  is  ftill  more  ad- 
verfe  to  all  calculation,  an  irregular  magnetifm  with  ve- 
ry diffufed  polarity. 

Much  inftruftion  may  furely  be  expefted  from  the 

obfervations  of  the  Ruffian  academicians  and  their  eleves, 

who  are  employed  in  furveying  that  vaft  empire  ;  yet 

we  do  not  meet  with  a  fingle  obfervation  of  the  dip  of 

the  needle  in  all  the  bygone  publications  of  that  acade. 

,    ,*5        my,  nor  indeed  are  there  many  of  the  variation. 

,.„•„    '.t.        For  want  of  fuch  information,  philofophers  are  ex- 

lituation  of  'femely  diviaed  in  their  opinions  oi  tiie  iituation  ot  the 

its  poles,      magnetic  poles  of  this  globe.     Profeffor  Krufft,  in  the 

17th  volume  of  the  Peterfburgh  Commentaries,  places 

the  north  pole  in  lat.  70°  N.   and  long.  2^"  W.  from 

London  ;  and  the  fouth  pole   in  lat.  50°  S.  and  long. 

920  E. 

Wilcke  of  Stockholm,  in  his  indication  chart  {Sived. 
Mem.  torn.  XXX.  p.  218.),  places  the  north  pole  in  N. 
X.at.  75°,  near  Baffin's  Bay,  in  the  longitude  of  Cali- 
fornia. The  fouth  pole  is  in  the  Pacific  Ocean,  in  lat. 
70"  S. 

Churchman  places  the  north  pole  in  lat.  3:9°  N.  and 
long.  1350  W.  a  little  way  inland  from  Cape  Fairwea- 
ther ;  and  the  fouth  pole  in  lat.  59"  S.  Long.  165"^  E. 
due  fouth  from  New  Zealand. 

A  planifphere  by  the  Academy  of  Sciences  at  Paris 
for  1786,  places  the  magnetic  equator  fo  as  to  interfect 
the  earth's  equator  in  long.  7  s°,  and  155"  from  Ferro 
Canary  Ifland,  with  an  inclination  of  12  degrees  near- 
ly, making  it  a  great  circle  very  nearly.  But  we  are 
not  informed  on  what  authority  this  is  done  ;  and  it 
does  not  accord  with  many  obfervations  of  the  dip 
which  we  have  collefted  from  the  voyages  of  feveral 
Britifh  navigators,  and  from  fome  voyages  between 
Stockholm  and  Canton.  Mr  Churchman  has  given  a 
Iketch  of  a  planifphere  with  lines,  which  may  be  called 
parallels  of  the  dip.  Thofe  parts  of  each  parallel  that 
have  been  afcertained  by  obfervation  are  marked  by 
dots  fo  that  we  can  judge  of  his  authority  for  the 
wl  oie  conftrHiStion.  It  is  but  a  fketch,  but  gives  more 
fynoptical  information  than  any  thing  yet  publifhed. 
The  magnetic  equator  cuts  the  earth's  equator  in  long, 
150,  and  195"  E.  from  Greenwich,  in  an  angle  of  nearly 
17  degrees.  The  circles  of  magnetic  inclination  are 
not  parallel,  being  confiderably  nearer  to  each  other  on 
the  fhoit  meridian  than  on  its  oppofite.  This  circum- 
ilance,  being  founded  on  obfervation,  i«  one  of  the 


ftrongeft  arguments  for  the  exiftence  of  a  magnet  of  to. 
lerable  regularity,  as  the  caufe  of  all  the  pofitions  of  the 
compafs  needle  ;  for  fuch  mujl  be  the  pofitions  of  the 
circles  of  equal  dip,  if  the  axis  of  this  magnet  is  far  re- 
moved from  the  axis  of  rotation,  and  docs  not  inter- 
fed  it. 

Now,  if  the  fituation  of  the  poles  be  any  thing  near  66, 
the  average  or  medium  of  thefe  determinations,  and  if 
we  form  all  our  notions  by  analogy,  cum])aring  the  po- 
fitions of  the  compafs  needle  in  relation  to  the  great 
terreftrial  magnet,  with  the  pofitions  affumcd  by  a  fmall 
needle  in  the  neighbourhood  of  a  magnet,  we  muil  con- 
clude, that  the  magnetical  conftitutioii  of  this  globe  has 
little  or  no  reference  to  its  regular  external  form.  The 
axis  of  the  magnet  is  very  far  removed  from  that  of  the 
globe  (at  leaft  1500  miles),  and  is  not  nearly  parallel 
to  it,  nor  in-  the  fame  plane.  It  required  the  fagacity 
and  the  llcill  of  a  Euler  to  fubjcft  fuch  anomalous  mag- 
netifm to  any  rules  of  computation  ;  and  every  perlon 
qualified  to  judge  of  the  fubjeft  muft  allow  his  dlfferta- 
tion  in  the  13th  volume  of  the  Berlin  Memoirs  to  be  a 
work  of  wonderful  refea'rch.  It  is  a  very  agreeable 
thing  to  fee  fuch  a  conformity  between  the  lines  which 
exprefs  the  regular  magnetifm  of  Euler's  diftertation, 
and  the  lines  drawn  by  Dr  Halley  from  obfervation, 
and  which  appeared  to  himfelf  fo  capricious,  that  he 
defpaired  (notwithftanding  his  confunimate  fl<ill  in  geo- 
metry) of  their  ever  being  reduced  to  a  mathematical 
and  precife  f)  ftem.  g. 

Without  detracting  from  the  merit  of  Dr  Gilbert,  Con firma- 
we  may  prefume  to  fay  that  his  notion  of  the  earth's ''ons  of  Di 
being  a  great  magnet  was  not,  in  his  mind,  more  than  ,'  .^  1  J 
a  fagacious  conjefture,  formed  from  a  very  general  and  ' 

even  vague  comparifon.  Yet  the  companfon  was  fuffi- 
eiently  good  to  give  him  great  confidence  in  his  opinion 
that  the  aftion  of  this  great  magnet,  in  perfefl  confor- 
mity to  what  we  obferve  in  our  experiments  with  mag- 
nets, is  the  fource  of  all  the  magnetifm  that  we  obferve. 
If  there  was  nothing  elfe  in  proof  of  the  juftnels  of  his 
theory,  it  is  abundantly  proved  by  the  beautiful  experi- 
ment of  Mr  Henlhaw,  mentioned  in  the  article  Vari.i- 
TJON,  Encycl.  p.  621.  col.  2.  An  iron  bar  held  nearly 
upright,  attradts  the  fouth  end  of  a  compafs  needle 
with  its  lower  end  ;  and  if  that  end  of  the  bar  be  kept 
in  its  place,  and  the  bar  turned  round  till  it  becomes 
the  upper  end,  the  fouth  point  of  the  needle  immedi- 
ately turns  away  from  It,  and  the  north  end  is  now 
attrafted.  This  experiment  may  be  perfeftly  imitated 
with  artificial  magnetifm. 

Having  fupported  a  large  magnet  SAN  (fig.  24.), 
fo  that  its  ends  are  detached  from  furrouiiding  bodies, 
place  a  fmall  needle  B  (poifed  on  its  pivot)  about  three 
inches  below  the  north  pole  N  of  the  magnet,  and  in 
fuch  a  fituation  that  its  polarity  to  the  magnet  may  be 
very  weak.  Take  now  a  fmall  piece  of  common  iron, 
and  hold  it  in  the  pofition  reprefented  at  C.  Its  lower 
end  becomes  a  north  pole,  attracting  the  fouth  pole  of 
the  needle.  Keeping  this  in  its  place,  turn  round  the 
piece  of  iron  into  the  pofition  D  ;  the  fouth  pole  of  B 
will  now  avoid  it,  and  the  north  pole  will  be  attrafted. 
We  direfted  the  needle  to  be  fo  placed,  that  its  polari- 
ty, in  relation  to  the  magnet,  may  be  weak.  If  it  be 
ftrong,  it  may  aft  on  the  end  of  C  or  D  like  a  magnet, 
and  counteraft  the  magnetifm  induced  on  C  or  D  by 
vicinity  to  A. 

An 


M  A  G  N 

An  anonymous  writer  in  the  Philofophical  Tranfac- 
tions,  N"  177.  Vol.  XV.  relates  feveral  obfervations 
made  during  a  voyage  to  the  Eail  Indies,  which  are  quite 
conformable  to  this.  A  few  leagues  northweft  from 
the  iiland  Afcenfion,  the  foutli  point  of  the  compafs 
needle  hardly  (hewed  any  tendency  to  or  from  the  lower 
end  of  an  iron  bar.  It  feemed  rather  to  avoid  the  up- 
per end  ;  it  was  not  in  the  lead  afFetled  by  the  middle 
of  the  bar  ;  but  when  the  bar  was  laid  horizontal,  in 
the  magnetic  dirtftion,  its  two  ends  affefted  the  difli- 
milar  ends  of  the  compafs  needle  very  flrongly  ;  but 
when  horizontal,  and  lying  at  right  angles  to  the  mag- 
netic direfliou,  its  polarity  was  altogether  indifferent. 

As  the  other  phenomena  of  induced  artificial  mag- 
net ifm  have  the  fame  refemblance  to  the  phenomena  of 
natural  magnetiim,  a  bar  which  has  remained  long  in 
the  vicinity  of  a  magnet  acquires  magnetifm  (permanent) 
in  the  fame  way,  and  modified  by  the  fame  circumftan- 
ces,  as  in  natural  magnetifm.  Hammering  a  bit  of  com- 
mon iron  in  the  immediate  vicinity  of  a  magnet,  gives 
it  very  good  magnetifm.  Expofing  a  red  hot  bar  to 
cool  in  the  neighbourhood  of  a  magnet  has  the  fame  ef- 
fe<ft.  Alfo  quenching  it  fuddenly  has  the  fame  effeft. 
Quenching  a  fmall  red  hot  fteel  bar  between  two  mag- 
nets, was  found  by  us  to  communicate  a  much  ftronger 
magnetifm  than  we  could  give  it  by  any  other  method. 
Its  form  indeed  was  very  unfavourable  for  the  ordinary 
method  of  touching  ;  for  it  confided  of  two  little  fpheres 
connedled  by  a  (lender  rod,  and  could  fcarcely  be  im- 
pregnated in  any  other  way  than  by  placing  it  for  a 
very  long  while  between  magnets.  In  all  thefe  experi- 
ments, the  polarity  acquired  is  precifely  fimilar  to  that 
acquired  by  the  fame  treatment  in  relation  to  this  fup- 
pofed  great  terrcftrial  magnet.  In  ihort,  in  whatever 
manner  we  purfue  this  analogy  in  our  experiments,  we 
find  the  refemblance  moll  pcrfeft  in  the  phenomena. 

We  cannot  but  think,  therefore,  that  this  new  phy- 
fiology  of  the  magnet  by  Dr  Gilbert  is  well  eftablifhed  ; 
and  we  think  ourfelves  authorifed  to  alTume  it  as  a  pro- 
pofition  fully  demonftrated,  that  the  earth  is  a  great 
magnet,  or  contains  a  great  magnet,  the  agency  of  which 
produces  the  diredlion  of  the  magnetic  needle,  and  all 
the  magnetifm  which  iron  acquires  by  long  continuance 
in  a  proper  pofition.  It  is  this  which  made  us  fay,  in 
the  beginning  of  this  article,  that  attraftion  and  polari- 
ty were  not  cnnfined  to  magnets,  but  were  properties 
belonging  to  all  iron  in  its  metallic  Itate.  We  now  fee 
the  reafon  why  any  piece  of  iron  brought  very  near 
to  another  piece  will  attraft  it — both  become  magnctl- 
cal,  in  confequence  of  the  agency  of  the  great  magnet; 
and  their  magnetifm  is  fo  difpofed,  that  their  mutual 
attraftions  exceed  their  repulfions.  Alfo,  why  an  iron 
rod,  placed  nearly  in  the  magnetical  dircftion,  will  fi- 
nally arrange  itfelf  in  that  direfkion.  Alfo,  why  the 
terreftrial  polarity  of  common  iron  is  indifferent,  and 
either  end  of  the  rod  will  fettle  in  the  north,  if  it  have 
nearly  that  pofitlou  at  firft.  The  magnetifm  induced 
by  mere  momentaiy  pofition  is  fo  feeble  as  to  yield  to 
any  artificial  magnetifm.  As  a  moment  was  fufficient 
for  imparting  it,  a  moment  fuflices  for  deltroying  it  ; 
and  another  moment  will  impart  the  oppofite  magnc- 
tifm.  But  artificial  magnetifm  requires  more  force  for 
its  produftion,  and  fome  of  it  remains  when  the  produ- 
cing caufe  is  removed,  and  it  does  not  yield  at  once 
to  the  contrary  magnetifm.     Tlrat  there  i«  no  farther 
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difference  app'ears  from  this,  that  long  continued  pofi- 
tion gives  determined  and  permanent  magnetifm,  and 
that  it  is  dellroyed  by  an  equally  long  continuance  in 
the  contrary  pofition.  It  feems  to  be  very  generally 
true,  that  a  magnet  will  cany  more  by  Its  north  than 
by  its  fouth  pole.  It  (hould  be  fo  in  this  part  of  the 
world,  becaufe  the  terreftrial  magnetifm  induced  on  the 
iron  confpires  with  the  magnetifm  induced  by  the  north 
pole  of  a  magnet,  but  counteratts  the  magnetifm  indu- 
ced  by  the  fouth  pole. 

The  propriety  of  Mr  Savery's,  Mr  Canton's,  and 
Mr^  Antheaume's  procefTes  for  beginning  the  impreg- 
nation  of  hard  fteel  bars  is  now  plain,  and  the  fuperior 
eficd  of  the  two  great  bars  of  common  iron  in  the  pro- 
pofed  method  of  Mr  Antlieaume.  We  cannot  but  take 
this  opportunity  of  paying  the  proper  tribute  of  praife 
to  the  ingenuity  of  Mr  Savtry.  Every  circumftance 
of  his  procefs  was  felcdled  in  confequence  of  an  accu- 
rate conception  of  magnetifm,  and  the  combination  of 
this  fcience  with  Dr  Gilbert's  theory.  His  procefs  is 
the  fame  with  Antheaume's  in  every  refpeft,  except  the 
circumftjmce  of  the  double  touch  borrowed  from  Mit- 
chell and  Canton.  Thefe  obfervations  do  not  detraft 
from  the  difcernment  of  Mitchell  and  Canton,  who  faw 
in  thofe  experiments  what  had  efcaped  the  attention  of 
hundreds  of  readers.  ,« 

But  there  occurs  an  obje£lion  to  this  theory  of  Dr  Seeming 
Gilbert,  v/hich  was  urged  agaiiift  it  with  great  force,  "''i':'^'"" 
We  obferve  no  tendency  in  the  magnet  or  compafs  ?.''^'|"j^,f 
needle  toward  this  fuppofed  magnet.  An  iron  or  fteel  «am  of^ 
bar  is  not  found  to  increafe  its  tendency  downwards,  fenfible  at- 
that  is,  is  not  fenfibly  heavier,  when  its  fouth  pole  is  up-"a<aion. 
permoft  in  this  part  of  the  world.  A  needle  fet  afloat 
on  a  piece  of  cork  arranges  itftlf  quickly  in  the  proper 
diredlion  ;  but  if  continued  ever  fo  long  afloat,  it  has 
never  been  obferved  to  approach  the  north  fide  of  the 
veifcl.  This  is  quite  unlike  what  we  obferve  in  the 
mutual  aftions  of  magnets,  or  the  aftion  of  magnets  on 
iron.  Thisobjeftion  appears  to  have  given  Dr  Gilbert 
fome  concern  ;  and  he  mentions  many  experiments  which 
have  been  tried  on  purpofe  to  difcover  fome  magnetical 
tendency.  He  gets  rid  of  it  as  well  as  be  can,  by  fay- 
ing that  the  diredive  power  of  a  magnet  extends  much 
farther  than  its  attraflive  power.  He  confirms  this  by 
feveral  experiments.  But  Dr  Gilbert  had  not  ftudied 
tbe  fimultaneous  adions  of  the  four  poles,  nor  explained, 
by  the  principles  of  compound  motion,  how  thefe  pro- 
duced all  the  pofiible  pofitions  of  the  needle.  Indeed, 
the  compofition  of  mechanical  forces  was  by  no  means 
familiar  with  philofi)phers  at  the  end  of  the  i6th  cen- 
tury.  We  fee  it  now  very  diftindly.  The  polarity  of 
the  needle,  or  the  force  with  which  it  tun;s  ilfelf  into 
the  magnetical  pofition,  depends  on  the  difterence  be- 
tween the  fums  of  the  anions  of  each  pole  of  the  mag- 
net on  both  the  poles  of  the  needle  ;  whereas  its  ten- 
dency  towards  the  magnet  depends  on  the  difference 
of  the  clifcrenccs  of  thofe  aftions  (fee  n''  22,  25.)  The 
firft  may  thus  be  very  great  when  the  other  is  almoll 
infcnfible.  We  fee  that  coarfc  iron  filings  heap  about 
the  magnet  very  faft,  and  that  very  fine  fihngs  approach 
it  very  flowly.  Now,  the  largeft  magnet  that  we  caa 
employ,  when  compared  with  the  great  magnet  in  the 
earth,  is  but  as  a  particle  of  the  fineft  filings  that  can  be 
conceived.  This  furely  diminiflies  exceedingly,  if  it 
does  not  entirely  annihilate  the  objeftion :  but  as  we 
S  2  have 
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have  heard  it  urged  by  many  as  an  improbable  thing, 
that  a  long  msgnet,  kept  afloat  for  many  months  (which 
lias  been  done)  (hall  not  fhevv  the  fmalhjl  tendency  to- 
wards the  pole  of  the  terrcllrial  magnet,  we  think  it  de- 
ferves  to  be  conlidertd  with  accuracy,  and  tlie  queftiun 
decided  in  a  way  which  will  admit  of  no  doubt. 

Let  the  very  fmall  magnet  C  (fig.  25.)  be  placed 
near  a  great  magnet  A,  and  then  near  a  Imaller  mag- 
net V>.  in  fuch  3  manner  that  its  polarity  lo  both  fhall 
be  ihc  lame  ;  and  then  let  us  determine  the  proportion 
between  the  attraftions  of  A  and  B  for  the  fmail  mag- 
net C. 

This  will  evidently  depend  on  the  law  of  magnetic 
aftion.  For  greater  fimplicity  of  invelligation,  we  fliall 
content  ourfclves  with  I'nppofing  the  aition  to  be  in- 
verfcly  as  the  diftance. 

Let  AN,  =  AS,=^;  BN  =  i;  C  n  =  r,  AC  =  </, 
BC  =  !  ;  and  let  the  abfolute  force  of  A  be  to  that  of 
B  at  the  fame  diftance  as  m  to  1. 

The  magnetic  attion  being  fuppofed  proportional  to 

-j,  we  have, 


I.  Aftionof  ANonCj  = 


d—a- 


AN  on  Cn  = 
AS  on  Cs  := 
AS  on  C  fl  = 


•  a  ■+• ' 


{1  ■\-  a  —  c' 
m 


The  whole  aftion  = 


S  m  a  c  J 


d^ — a+c'  X  li'  —  a-  c' 

6.  If  c  be  very  fmall  in  comparifon  with  a  or  i,  the 

8  m  a  c  d 

whole  axftion  of  A  is  very  nearly  =  -, -,  . 

d  —  a 

7.  And  the  tendency  of  C  to  B  is,  in  like  manner, 

The  direAive  powers  of  A  and  B  are  at  their  maxi- 
mum ilate  when  C  is  placed  with  its  axis  at  right  angles 
to  the  lines  AC  or  BC.      In  which  cafe  we  have, 

\m  a 

8.  The  direftive  power  of  A  =:    , , i. 

a,b 

9.  The  directive  power  of  B  =   ^^ ,1, 

When  thefe  direftive  powers  are  inade  equal,  by  pla- 
sing  C  at  the  proper  diftanees  from  A  and  B,  we 
have, 

^m  a  :  /^b,  Qix  m  a  :  b  z=.  d"-  —  fl':^  —  h 
And  mai"^  ~  maV'  —  b d^  — b a'- 
mai'^  =  b  {^d^  —  a^).-^ma  b'' 

b 

J^  =  Id^  —  aA  -f  b^. 


10. 


II. 


sj  w 


{^d'-  —  a^)  +b\ 


Let  the  attraftions  of  A  and  B  for  the  very  fmall 
magnet  C,  when   its  polarity  to  both  is  the  fame,  be 
expreffed  by  the  fymbols  «  and  /».     VVe  have 
Smacd  Bbcf  ,.  ,      , 


8  [d^  —  a-)cd     8  (  1' 


h')  c  J J 

(j^_  b'Y    ~  d'—] 


■i'' 


-       (d--ar^      . 
ziz  b d  :  m  al  ;  that  is, 

13.  Attr"  of  A  :  attr"  of  B  =  b  d:  maK 
As  an  example  of  this  comparifon,  let  us  fnppofe  the 
great  terrellrial  magnet  to  be  a  ihoufand  times  larger 
and  llronger  than  the  magnet  whofe  attraftion  we  are 
comparing  with  that  of  terreftrial  magnctifm.  Let  119 
alfo  fuppofe  the  dillance  from  the  pule  of  the  great 
magnet  to  be  fmall,  lo  that  its  atnaftion  mav  be  con- 
fidtrable.  Let  us  make  d  =  1200,  a  being  =  1000, 
and  b  ■=.  \ .  Thefe  are  all  very  reafonable  luppofitiuns. 
Subllituting  thefe  values  in  the  formula,  we  have  attr" 
of  A  :  attr"  of  B  =  t  :  loco  very  nearly  ;  and  there- 
fore when  the  needle,  when  placed  near  a  magnet,  vi- 
brates by  its  polarity  as  tail  as  it  does  by  natural  niag- 
netifm,  its  tendency  toward  that  magnet  mull  be  alto- 
gether infenfible  ;  tor  the  difproportion  is  incomparably 
greater  than  that  of  i  to  1000,  in  the  largeft  magnets 
with  which  we  can  make  experiments.  Obftrve  alfo, 
that  we  have  taken  the  cafe  where  the  attraflions  are 
the  ftrongeft,  viz.  when  the  magnet  C  is  placed  in  the 
axis  of  A  or  B.  In  the  oblique  poiitions,  tangents  to 
the  magnetic  curves,  the  attradlions  are  fmaller,  almoft 
in  any  ratio 

We  took  the  inverfe  ratio  of  the  diftanees  for  the 
law  of  aftion,  only  becaufe  the  analyfis  was  very  fimple. 
It  is  very  evident  that  the  difproportion  will  be  Hill 
more  remarkable,  if  theaftion  be  inverfely  as  the  fquarc 
of  the  dift^ance. 

The  objeftion  therefore  to  the  origin  of  the  polarity 
of  the  compals  needle,  and  of  all  other  magnets,  name- 
ly, the  aftion  of  a  great  magnet  contained  in  the  earth, 
appears  plainly  to  be  of  no  force.  We  rather  think  that 
the  want  of  all  fenfible  attradlion,  where  there  is  a  bride 
polarity,  is  a  proof  of  the  juftnefs  of  the  conjefture  ;. 
for  if  the  compafs  needle  were  arranged  by  the  adlion 
of  magnetic  rocks,  or  even  extenfive  llrata,  near  the  fur- 
face  of  the  earth,  the  attraftions  would  bear  a  greater 
proportion  to  the  polarities.  We  have  even  oblerved. 
this.  A  confidcrable  mafs  of  magnetic  tlratum  was 
found  to  derange  the  needle  of  a  furveyor's  theodolite 
at  a  confiderable  diftance  all  around  (about  14^  yards). 
The  writer  placed  the  needle  on  a  thin  lath,  which  jult 
floated  it  on  water  in  a  large  wooden  dith,  and  fet  it 
in  a  place  where  it  was  drawn  about  i  j  degrees  from 
the  magnetic  meridian.  It  was  left  in  that  fituation  a 
whole  night,  well  defended  from  the  wind  by  a  board 
laid  on  the  difli.  Next  morning  it  was  found  applied 
to  that  tide  of  the  difti  which  was  neareil  to  the  dif- 
turbing  rocks.  It  had  moved  about  fix  inches.  This 
was  repeated  three  times,  and  each  time  it  moved  in  the 
fame  diredtiou  (nearly),  which  differed  confiderably  from 
the  direftion  of  the  needle  ittelf. 

It  is  now  plain  that  we  may,  with  confidence,  alTume 
Dr  Gilbert's  theory  of  terreftrial  magnetifm  as  fu£B- 
ciently  ellablilhcd.  And,  iince  we  mull  ceitainly  call 
that  the  north  pole  of  the  great  magnet  which  is  fitua- 
ted  in  the  northern  parts  of  the  earth,  and  fince  thofc 
poles  of  magnets  which  attraft  each  other  have  oppo- 
life  polarities,  we  mull  fay,  that  what  we  call  the  north 
pole  of  a  mariner's  needle,  or  of  any  other  magnet,  has 
the  fouthern  polarity. 

We  may  now  venture  to  go  farther  with  Dr  Gilbert, 

and 
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:o       and   to  fay  that  all  the  magiftirm  which  we  obferve, 

"he  iireJt   whether  in  nature  or  art,  is  either  tlie  immediate  or  the 

■apj"'  '•'    remote  efl'eft  of  the  aftioii  of  the  great    maciiet.      As 

fallnatu-  lo"  oars  foon  acquire  a  tranlieut   magnetiliri  ;  as  hard 

i\  nngne   bars,  after  long  expofure,  accpiire  a  fenlibie  and  perma- 

ifa.  neiit  magiiclifm — we  mull  infer,  that  ores  of  iron,  which 

are  in  a  ftate  fit  for  impregnation,   mull  acquire  a  fen- 

fible  and  permanent  magnetifm,  by  continuing,  for  a  fe- 

ries  of  agts,  in  the  bowels  of  the  earth.      And  thus  the 

magnetilm  of  loadltones,   which,  till  the  difcovery  of 

the  natural  magnetifm   acquired  by  polition,   were  the 

fources  of  all  our  m3j;n.'tical  phenomena,  is  now  proved 

to  be  a  necefTai-y  conlequence  of  the  exilleuce  and   a- 

gency  of  a  great  magnet  contained  in  the  bowels  ot  the 

71         eartli. 

.oadftones       jj  {^^^^  to  refult   from   thU  -theory,   that,   in   thefe 

i  the  mine  ,  c.l  ij,i  i  .1 

lavhav    northern  parts  or   the  world,  that  part  ot  every  natural 

heir  poles  loadltone  that  is  at  the  extremity  of  the  line  drawn 
I  any  po-  through  the  (lone  in  the  magnetic  direttion  rtiould  be 
nun.  Jtg  poij.  .  3n(i  j(^3t  tj,P  loadftone,  when  properly  poifed, 
Ihould  of  itlelf  afhime  the  very  poCtion  which  it  had  in 
the  mine.  l)r  Gilbert  complains  of  the  inattention  of 
miners  [rudf  hominum  genus,  lucro  pot'ius  quam  ph'Jicj  con- 
fulenles^  to  this  important  circunillance.  Once,  how- 
ever, he  had  the  good  fortune  to  be  advertiled  of  a  great 
magnetic  mafs  lying  in  its  matrix.  He  repaired  quick- 
ly to  the  mine,  examined  it,  and  marked  its  points 
which  were  in  the  extremities  of  the  magnetic  line. 
When  it  was  detached  from  its  matrix,  he  had  the  plea- 
fure  of  finding  its  poles  in  the  very  places  he  expetted. 
The  loadllone  was  of  confiderable  fize,  weighing  about 
20  pounds. — Mr  Wllcke  gives,  in  the  Swedifh  Com- 
mentaries, fcveral  inflances  of  the  fame  kind. 

But  (hould  tin's  always  be  the  cafe  ?  By  no  means. 
There  are  many  circumftances  which  may  give  the  mag- 
netifm of  a  loadllone  a  very  different  direftion.  We 
have  found,  that  fimple  juxtapofition  to  a  magnet  will 
fometimes  give  a  fucceffion  of  poles  to  a  long  bar  of 
hard  fteel.  The  fame  thing  may  happen  to  an  extenfive 
vein  of  magnetifable  matter.  The  loadftone  taken  out 
of  this  vein  may  have  been  placed  like  that  of  a  foft  bar 
placed  in  the  magnetic  line,  if  lying  in  one  part  of  the 
vein  ;  it  taken  from  another  part  of  it,  its  polarity  may 
be  the  very  reverfe  ;  and  in  another  part  of  it  may  have 
no  magnetitm,  although  completely  fitted  for  acquiring- 
it.  It  may  have  its  poles  placed  in  a  diredlion  ditlerent 
from  all  thefe,  in  conlequence  of  the  vicinity  of  a  great- 
er hiadllone.  As  loadilones  poflefTed  of  vigorous  mag- 
iietifm  are  always  found  only  in  fmall  pieces,  and  in  pieces 
of  various  fizes  and  force,  we  mull  expect  eveiy  pofi- 
tion  of  their  poles.  The  only  thing  that  we  can  ex- 
peft  by  theory  is,  that  adjoining  loadilones  will  liave 
their  friendly  poles  turned  toward  each  other,  and  a 
general  prevalence  of  or  tendency  to  a  polarity  fymme- 
trical  with  that  of  the  earth.  The  reader  will  find 
feme  more  obfcrvations  to  this  purpofe  in  the  article 
Variation,  Encycl.  p.  623.  as  alfo  in  Gilbert's  Trea- 
tife,  B.  III.  c.  2.  p.  121. 

Kor  {hould  all  ftrata  or  maffes  of  iron  ore  be  magne- 
tical.  We  know  that  none  are  fufccptible  of  induced 
magnetifm,  but  fuch  as  are,  to  a  certain  degree,  in  the 
metallic  ftate.  Such  ores  are  not  abundant.  Nay, 
even  all  of  fuch  ftrata  do  not  necelTarily  acquire  magne- 
tifm by  the  aftion  of  the  great  magnet.  If  their  prin- 
cipal dimenfions  lie  nearly  perpendicular  to  tie  Boagne- 


E  T  I  S  M.  141 

tic  direction,  they  will  not  acquire  any  fenfible  quanti- 
ty. A  llratum  in  this  country,  rifiiig  about  17"  to  the 
N.N.  W.  will  fcarcely  acquire  magnetifm.  It  may  al- 
io happen,  that  the  influence  of  the  great  magnet  is 
counterailted  by  that  of  lome  extenfive  ftratum  iiiaccef- 
iible  to  man,  by  reafon  of  its  great  dejjth. 

Thus  we  lee  that  all  the  appearances  of  the  original  Probable 
magnetifm  of  loadilones  are  perfectly  conliftent  withcaufcof 
the  notion  that  they  are  efiVas  of  one  general  cofmical''"^"  '^Y"' 
caufe,  the  adion  of  the  great  magnet  contained  in  the'l^y^^" 
earth  ;  and  that  there  is  no  occaiion  to  fuppofe  this  ^'reat 
magnet  to  ditter,  in  its  conftituiloii  or  manner  of  action, 
from  the  (mall  maffes  of  limilar  matter  called  loadftone. 
The  only  d'lliculty  that  prefents  itfelf  is  the  great  fu- 
periority  ot  magnetic  force  oblcrvable  in  fome  load- 
ilones over  other  maffes  of  ores  circumjacent,  which  are 
not  diilluguilhablc  by  us  by  any  other  circumflance.  We 
acknowledge  ourfelves  unable  to  folve  this  difficulty  5 
tor  the  magnetilm  of  fuch  pieces  is  fometimes  incom- 
parably ftrongcr  than  what  a  bar  of  iron  acquires  by  po- 
lition ;  yet  this  bar  is  much  mere  fufceptible  than  the 
ores  which  arc  fit  tor  becoming  loadftoncs.  Peilwps 
there  is  fome  chemical  change  which  obtains  gradually 
in  certain  mafiVs,  which  aids  the  impregnation,  in  the 
fame  way  that  we  know  that  being  red  hot  deftroys  all 
magnetifm,  whether  in  a  m.ctal  bar  or  in  armne.  This 
leenis  to  be  confirmed  by  what  we  fee  in  fome  old  iron. 
Itanchions,  which  acquire  the  ftrongeft  magnetifm  in 
thofe  parts  of  their  fubftance  which  are  combining 
themielves  with  ingredients  floating  in  the  atmofphere. 
That  part  which  is  cafcd  in  the  ftone,  and  exfoliates 
and  Iplits  with  ruft,  being  converted  into  fomething 
.like  what  is  called  finery-cinder,  becomes  higlily  and 
permanently  magnetic.  Such  peculiarities  as  thefe, 
operating  for  ages,  may  allow  a  degree  of  magnetical 
impregnation  (in  whatever  this  may  confill)  tcP  take 
place,  to  which  we  can  fee  no  refemblance  in  our  expe- 
riments. It  would  be  worth  while  to  place  iron  wires 
in  a  tube  in  the  magnetic  diretllon,  which  could  be  kept 
of  a  proper  red  heat,  while  it  is  converted  into  aethiopa 
by  ftcam.  It  is  not  unlikely  that  it  would  acquire  a 
fenfible  and  permanent  magnetifm  in  this  way.  It  may 
be,  that  the  little  atoms,  as  they  arrange  themftlvcs  in 
a  fart  of  cryltalline  or  fymmetrical  form,  mav  alfo  ar- 
range fo  as  to  favour  magnetifm.  Were  this  tried  in 
the  vicinity  of  a  ttrong  magnet,  the  effeft  might  be 
more  remarkable  and  precife.  Perhaps,  too,  while  iront 
is  precipitated  in  a  metallic  form  from  its  folutions  by 
another  metal,  fomething  of  the  fame  kind  may  happen. 
We  know  that  proper  ores  of  irijii,  expofed  to  cemen- 
tation in  a  low  red  heat,  in  the  magnetic  direction,  be- 
comes magnetic. 

Notice  has  been  taken  in  the  Encycl.   article  Varia- Natural 
TioN,  of  the  attempts  of  ingenious  men  to  explain  the  i^aufe.s  of 
change  wlu'ch  is  obferved  in  all  parts  of  the  globe,  on ''^'^ '^''^"8«* 
the  direction  of  the  mariner's  needle,  the  gradual  change  °  !  '  "^" 
of  the  variation.      The  hypothelis  of  Dr  Halley,  thatciou. 
the  globe  which  we  inhabit  is  hollow,  and  inclofes  a 
magnetic  nucleus,  moving  round  another  axis,   is  not 
inconfiftent  with  any  natural  law,  if  he  did  not  fuppofe 
the  interval  filled   up  with  fome  fluid.      The  adion   of 
the  nucleus  and  ftiell  on   the   intervening   fluid  would 
gradually  bring  the  two  to  one  common  motion  of  ro- 
tation, as  may  be  inferred  from  the  reafaningj  employ- 
ed by  Newton  in  his  remarks  on  the  Csrtelian  vortices^ 

Leaving 


142  M  A  G  N 

Leaving  out  this  circumftance,  there  is  only  another 
caufe  wliich  can  affeft,  and  muft  affedt,  the  rotation  of 
both  ;  namely,  the  mutual  aftion  of  the  magnetic  nu- 
cleus, and  the  mafles  of  magnetic  matter  in  the  niell. 
If  the  axis  of  rotation  of  this  nucleus  be  different  from 
the  line  joining  its  magnetic  poles,  thefc  poles  will  have 
a  motion  relative  to  the  (hell;  and  this  motion  may  ea- 
fily  be  conceived  fuch  as  will  produce  the  changes  of 
magnetic  diredion  which  we  obferve.  It  may  even 
produce  a  motion  of  the  northern  magnetic  pole  in  one 
direction,  and  of  the  fouthern  pole  in  the  oppofite  di- 
reftion,  and  this  with  the  appearance  of  different  periods 
of  rotation,  as  fuppofed  by  Mr  Churchman.  We  may 
here  obferve,  by  the  way,  that  the  change  of  magnetic 
direftion  in  this  country  is  not  nearly  fo  great  as  is 
commonly  imagined.  The  horizontal  needle  has  fhifted 
its  pofition  about  35°  at  London  iince  1585  ;  but  the 
point  of  the  dipping  needle  has  not  changed  10°.  We 
may  alfo  obferve,  that  when  the  pole  of  the  central  mag- 
net changes  its  place,  the  magnetifm  of  an  extenfive 
rtratum,  influenced  by  it,  may  fo  alter  its  difpofition,  as 
to  change  the  pofition  of  the  compafs  needle  in  the  op- 
pofite direflion  to  that  of  the  change  which  the  central 
magnet  alone  would  induce  on  it. 

But  as  motions  have  not  yet  been  affigned  to  this  nu- 
cleus, which  quadrate  with  the  obferved  pofitionsof  the 
needle,  and  as  the  very  exillence  of  it  is  hypothetical, 
it  may  not  be  amifs  to  examine  whether  fuch  a  change 
of  variation  may  not  be  explained  by  what  we  know  of 
the  laws  of  magnetifm,  and  of  the  internal  conftitution 
of  this  earth  ? 

I.  It  is  pretty  certain  that  the  veins  in  which  load- 
ftones  are  found  are  not  parts  of  the  great  magnet. 
This  appears  from  their  havi.  g  two  poles  while  in  the 
mine,  and  alfo  from  the  very  fmall  depth  to  which  man 
has  been  able  to  penetrate.  When  we  compare  the  po- 
fitions  of  the  dipping  needle  with  thofe  of  a  fmall  needle 
near  a  magnet,  we  mud  infer,  that  the  poles  are  very  far 
below  the  furface. 

Yet  we  know  that  there  are  magnetifable  ftrata  of  ve- 
ry great  extent,  occupying  a  very  confiderable  portion 
of  the  external  covering.  Though  their  bulk  and  abfo- 
lutc  power  may  be  fmall,  when  compared  with  thofe  of 
the  great  magnet,  yet  their  greater  vicinity  to  the 
needles  on  which  obfervations  are  made,  may  give  them 
a  very  fenfible  influence.  In  this  way  may  a  great  deal 
of  the  ubfevved  irregularities  of  the  pofitions  of  the 
needle  be  accounted  for.  In  the  Lagoon  at  Teneriffe, 
Fetiilles  obferved  the  variation  13''  30'  weft  in  1724, 
while  at  the  head  of  tl>e  ifland  it  was  only  5°.  The  dip 
at  the  Lagoon  was  63"  30',  greatly  furpafiing  what  was 
obferved  in  the  neighbourhood.  Muller  found,  in  the 
mountains  vf  Bohemia,  great  and  defultory  differences 
of  declination,  amounting  fometimes  to  50°.  At  Man- 
tua, the  variation  in  1758  was  12^;  while  at  Bononia 
and  Brixia  it  was  nearly  18°.  Great  irregularities  were 
obferved  by  Goete  in  the  Gulph  of  Finland,  efpecially 
near  the  ifland  of  Suffari,  among  fome  rocks  :  on  one  of 
thefe,  the  needle  {liewcd  no  polarity.  'Captain  Cook 
and  Captain  Phipps  obferved  differences  of  10°,  extend- 
ing to  a  confiderable  diftance,  on  the  well  coalls  of 
North  America.  In  the  neighbourhood  of  the  ifland 
Elba  in  the  Mediterranean,  the  pofition  of  the  needle  is 
greatly  affefted  by  the  iron  ftrata,  in  which  that  ifland 
io  much  abounds.     In  this  country,  there  are  alfo  ob- 
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ferved  fmall  deviations,  •which  extend  over  confiderable 
trafts  of  country,  indicating  a  great  extent  of  llrata 
that  are  weakly  magnetic.  Since  fuch  ftrata  receive 
their  magnetifm  by  induftion,  in  a  manner  fimllar  to  a 
bar  of  hard  fteel,  and  fince  we  know  that  this  receives 
It  gradually,  it  may  very  probably  happen,  that  a  long 
feries  of  years  may  elapfe  before  the  magnetifm  attains 
its  ultimate  difpofition. 

Here  then  is  a  neceffary  change  of  the  magnetic  di- 
reftion  ;  and  although  it  may  be  very  different  in  diffe- 
rent places,  according  to  the  difpofition  and  the  power 
of  thofe  ftrata,  there  mutt  be  a  general  vergency  of  it 
one  way. 

2.  It  is  well  known  that  all  metals,  and  particularly 
iron,  are  in  a  progrefs  of  continual  produftion  and  de- 
metallization.  The  veins  of  metals,  and  more  particu- 
larly thofe  of  iron,  are  evidently  of  pofterior  date  to 
that  of  the  rocks  in  which  they  are  lodged.  Chemiftry 
teaches  us,  by  the  very  nature  of  the  fubftances  which 
compofe  them,  that  they  are  in  a  ftate  of  continual 
change.  This  is  another  caufe  of  change  in  the  magne- 
tic direftion.  Nay,  we  know  that  fome  of  them  have 
fuddenly  changed  their  fituation  by  earthquakes  and 
volcanoes.  Some  of  the  ftreams  of  lava  from  Vefuvius 
and  ./Etna  abound  in  iron.  This  has  greatly  changed 
its  fituation  ;  and  if  the  ftrata  from  which  it  proceeded 
were  magnetical,  the  needle  in  its  neighbourhood  mufli 
be  affefted.  Nay,  fubterranean  heat  alone  will  effeft  a 
change,  by  changing  the  magnetifm  of  the  ftrata.  Mr 
Lievog,  royal  aftronon  er  ai  Breffcftedt  in  Iceland, 
writes,  that  the  great  eruption  from  Hecla,  in  178?, 
changed  the  direftion  of  the  needle  nine  degrees  in  the 
immediate  neighbourhood.  This  change  was  produced 
at  a  mile's  diftance  from  the  frozen  lava  ;  and  it  dimi- 
niftied  to  two  degrees  at  the  diftance  of  2^  miles.  He 
could  r.ot  approach  any  nearer,  on  account  of  the  heat 
ftill  remaining  in  the  lava  after  an  interval  of  14  months. 

Ail  thefe  caufes  of  change  in  the  direftion  of  the 
mariner's  needle  muft  be  partial  and  irregulai.  But 
there  is  another  caufe,  which  is  cofmical  and  univerfal. 
Dr  Halley's  fuppofition  of  four  poles,  or,  at  leall,  the 
fuppofition  of  irregular  and  diffufed  poles,  feems  the 
only  thing  that  will  agree  with  the  obfervations  of  de- 
clination. We  know  that  all  magnetilrn  of  this  kind 
(that  is,  difpofed  in  this  manner)  has  a  natural  tendency 
to  change.  The  two  nortiiern  poles  may  have  the  fame 
or  oppofite  polarities.  If  they  are  the  i  ire,  their  ac- 
tion on  each  other  tends  to  dlminifti  the  gcii'.-ral  magne- 
tifm, and  to  caufe  the  centre  o!  -  llort  to  approach  the 
centre  of  the  magnet.  If  they  have  oppofite  jiularities, 
the  contrary  effett  will  be  a.'.iUicid.  Tht  geneir.l  mag- 
netifm of  each  will  iucreafe,  and  the  pole  {or  its  centre 
of  effort)  will  approach  to  the  furface.  In  either  of 
thefe  cafes,  the  compound  magnetifm  of  the  whole  may 
change  exceedingly,  by  a  change  by  no  means  confider- 
able in  the  magnetifm  of  each  pair  of  poles.  It  is  diffi- 
cult to  fubjedt  this  to  calculation  ;  but  the  rea'er  may 
have  very  convincing  proof  of  it,  by  taking  a  ftrong 
and  a  weaker  magnet  of  the  fame  length,  and  one  of 
them,  at  leaft,  of  fteel  not  harder  than  fpring  temper. 
Lay  them  acrofs  each  other  like  an  acute  letter  X  ; 
a'ld  then  place  a  compafs  needle,  fo  that  its  plane  of  ro- 
tation may  be  per;.;  ndicular  to  the  plane  of  the  X. 
Note  exadlly  tie  pofition  in  which  the  needle  fettles. 
In  a  few  minutes  after,  it  will  be  found  to  change  con- 

fiderably. 
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fiderably,  although  no  remarkable  change  has  yet  hap- 
pened to  the  magnets  themfelvea. 
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We  flatter  ourfclves,  that  our  readers  will  grant  that 
the  preceding  pages  contain  what  may  jullly  be  called 
a  theory  of  magnetifm,  in  as  much  as  we  have  been  able 
to  conclude  every  phenomenon  in  one  general  fatt,  the 
'indutlion  of  magnetifm;  and  have  given  Inch  a  de- 
fcrlption  of  that  faft  and  its  modifications,  that  we  can 
accurately  predift  what  will  be  the  appearances  of  mag- 
nets and  iron  put  into  any  delired  fituation  with  refpeA 
to  each  other.  If  our  notions  of  philofophical  difqui- 
fition  (delivered  in  art.  Philosophy,  Encycl.  Brit.)  be 
juft,  we  have  explained  the  fubordinate  phenomena,  or 
have  given  a  theory  of  magnetifm. 

But  it  is  not  eafy  to  fatisfy  human  curiofity.  Men 
have  even  inveftigated,  or  fought  for  caules  ot  the  per- 
feverance  of  matter  in  its  prefent  condition.  We  have 
not  been  contented  with  Newton's  theory  of  the  celef- 
tial  motions,  and  have  fought  for  the  caufe  of  that  mu- 
tual tendency  which  he  called  gravitation,  and  of  which 
all  the  motions  are  particular  inftances. 

Philofophers  have  been  no  lefs  inquifitive  after  what 
may  be  the  caufe  of  that  mutual  attraftion  of  the  diffi- 
milar  poles,  and  the  repuUlon  of  the  firailar  poles,  and 
that  faculty  of  mutual  impregnation,  or  excitement, 
which  fo  remarkably  diilinguifli  iron,  in  its  various  ftates, 
from  all  other  fubftances.  The  aftion  of  bodies  on  each 
other  at  a  dillance,  has  appeared  to  them  an  abfurdity, 
and  all  have  had  recourfe  to  fome  material  Intermedium. 
The  phenomenon  of  the  arrangement  of  iron  fdings  is 
extremely  curious,  and  naturally  engages  the  attention. 
It  is  hardly  poffible  to  look  at  it  without  the  thought 
arifmg  in  the  mind  of  a  ftream  ifluing  from  one  pole  of  the 
magnet,  moving  round  it,  entering  by  the  other  pole,  and 
again  ifluing  from  the  former  outlet.  Accordingly,  this 
notion  has  been  entertained  from  the  earlieft  times,  and 
different  fpeculatilts  have  had  different  waysof  conceiving 
how  this  ftream  operated  the  eftcfts  which  we  obferve. 

The  fimplefl  and  mofl  obvious  was  jull  to  make  it 
aft  like  any  other  ftream  of  fluid  matter,  by  impullion., 
Impullion  is  the  tiling  aimed  at  by  all  the  fpeculatifts. 
Taey  have  a  notion,  that  we  conceive  this  way  of  coin- 
municating  motion  with  intuitive  clearnefs,  and  that  a 
thing  is  fully  explained  when  it  can  be  fhewn  that  it  is 
a  cafe  of  impullion.  We  have  confidered  the  authority 
of  thefe  explanations  in  the  article  Impulsion  of  this 
Supplement,  and  need  not  repeat  our  reafons  for  refuting 
it  any  pre-eminence.  But  even  when  we  have  fhewn 
the  phenomena  to  be  cafes  of  impullion  by  fuch  a  flream, 
the  greatell  difficulty,  the  mofl  curious  and  the  moft 
embarrafTing,  is  to  afcertain  the  fources  of  this  im])ulfive 
motion  of  the  fluid — How,  and  from  what  caufe  does  it 
begin?  What  forces  bend  it  in  curves  round  the  magnet? 
Thofe  philofophers,  whofe  principle  obliges  them  to  ex- 
plain gravitation  alfo  by  impulfe,  muft  have  another 
flream  to  impel  this  into  its  curves.  Afting  by  impul- 
fion,  this  magnetic  flream  mufl  lofe  a  quantity  of  mo- 
tion equal  to  what  it  communicates.  What  Is  to  re- 
ftore  this  ?  What  direfts  it  in  a  particular  courfe  thro' 
the  magnet  ?  And  what  is  it  that  can  totally  alter  that 
courfe — in  a  moment — in  all  the  phenomena  of  induced 
magnetifm  ?  How  does  it  impel  ?  Lucretius,  cither 
of  himfelf,  or  fpeaking   after  the  Greek  philofophers, 


makes  it  impel,  not  the  iron,  but  the  furrounding  air, 
fweeping  it  out  of  the  way  ;  and  thus  giving  occalion 
for  the  furrounding  air  to  rufh  around  the  magnet,  and 
to  hurry  the  bits  of  iron  toward  it.  There  Is,  perhaps, 
more  ingenious  refinement  in  this  thought  than  in  any 
of  the  impulfive  theories  adopted  fincc  his  day  by  Dea 
Cartes,  Euler,  and  other  great  philofophers  :  But  it  is 
fagacioufly  remarked  by  D.  Gregory,  in  his  MS.  notes 
on  Newton,  that  this  theory  of  Lucretius  falls  to  the 
ground  ;  becaufe  the  experiments  fucceed  jufl  as  well 
under  water  as  in  the  air.  As  to  the  explanations,  or 
defcriptions,  of  the  canals  and  their  dock  gates,  open- 
ing in  one  direftion,  and  (hutting  in  the  other,  conftruc- 
tionsthat  are  changed  in  an  inftant  in  a  bar  of  iron,  by 
changing  the  pofition  of  the  magnet,  we  only  wonder' 
that  men,  who  have  a  reputation  to  lofe,  fhould  ever 
hazard  fuch  crude  and  unmechanical  dreams  before  the 
public  eye.  The  mind  of  man  cannot  conceive  the  pof- 
fibility  of  their  formation  ;  and  if  they  are  really  form- 
ed, the  effefts  fhould  be  the  very  oppolite  of  thofe  that 
are  obferved  :  the  flream  fliould  move  thofe  bodies  leafl 
which  afford  ready  channels  for  its  paffage.  If  a  rag- 
of  iron  filings  be  arranged  by  the  impulfion  of  fuch  a 
flream,  it  fliould  be  carried  along  by  it  ;  and  if  it  is  im- 
pelled  toward  one  end  of  the  magnet,  it  fliould  be  im- 
pelled yj-om  the  other  end.  Since  we  now  know,  that 
each  particle  of  filings  Is  a  momentary  magnet,  we  muft 
allow  a  fimilar  flream  whirling  round  each.  Is  that  an- 
explanation  which  exceeds  all  power  of  conception  ? 

But  has  it  ever  been  fliewn  that  there  is  any  impul- 
fion at  all  in  thefe  phenomena  ?  Where  Is  the  Impelllng- 
fubflance  ?  The  only  argument  ever  offered  for  its  ex- 
iilence  Is,  that  we  are  refolved  that  the  phenomena  of 
magnetifm  fhall  be  produced  by  impulfion,  and  the  ar- 
rangement of  Iron  filings  looks  fomewhat  like  a  flream. 
But  enough  of  this.  We  trufl  that  we  have  fhewn  the 
way  in  which  this  arrangement  obtains  in  the  cleareft 
manner.  Every  particle  becomes  magnetic  by  indue* 
tion.  This  Is  a  faft,  which  fets  all  reafoning  at  defi- 
ance. The  polarity  of  each  rag  is  fo  difpofed,  that 
their  adjoining  ends  turn  to  each  other.  This  Is  ano- 
ther uncontrovertible  faft.  And  thefe  two  fads  explain 
the  whole.  The  arrangement  of  iron  filings,  therefore,  Is 
a  fecondary  faft,  depending  on  principles  more  general; 
and  therefore  cannot,  confiflently  with  jufl  logic,  be  af- 
fumed  as  the  foundation  of  a  theory. 

Had  magnetifm  exhibited  no  phenomena  befides  the 
attraftion  and  repulfion  of  magnets,  it  is  likely  that  we 
fhould  not  have  proceeded  very  far  in  our  theories,  and 
would  have  contented  ourfelves  with  reducing  thefe 
phenomena  to  their  mofl  general  laws.  But  the  com- 
munication of  magnetifm  feems  a  great  myflery.  The 
fimple  approach  of  a  magnet  communicates  thefe  powers 
to  a  piece  of  iron  ;  and  this  without  any  diminution  of 
its  own  powers.  Qii  the  contrary,  beginning  with  mag- 
nets which  have  hardly  any  fenlible  power,  we  can,  by 
a  proper  alternation  of  the  manipulations,  communicate 
the  flrongefl  magnetifm  to  as  maoy  hard  fleel  bars  as 
we  pleafe  ;  and  the  original  magnets  fhall  be  brought 
to  their  highefl  degree  of  magnetifm.  We  have  no 
notion  of  powers  or  faculties,  but  as  qualities  of  fome 
fubflances  In  which  they  are  Inherent.  Yet  here  is  no 
appearance  of  fomething  abftrafted  from  one  body,  and 
communicated  to,  or.fhared  with  another.  The  pro- 
cefs  is  like  kindling  a  great  firs  by  a  fimple  fpark  j  here 
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is  no  communication,  but  only  occ/ifwn  givt-n  to  the  ex- 
ertion of  pow.crs  inherent  in  the  combuftible  matter.  It 
appears  probable,  that  the  cafe  is  the  fame  in  magne- 
tifm ;  and  that  all  that  is  performed  in  making  a  magnet 
is  the  excitement  of  powers  already  in  the  ileel,  or  the  gi- 
viiig  occafion  for  their  exertion  ;  as  burning  the  thread 
■which  ties  together  the  two  ends  of  a  bow,  allows  it  to 
unbend.  This  notion  did  not  efcape  the  fagacity  of 
Dr  Gilbtr:  ;  and  he  is  at  much  pains  to  fliew,  that  the 
ts'ttio  magnftica  is  a  quality  inherent  in  all  magnetical 
bodies,  andoaly  requires  the  proper  circumftante  for  its 
exerti<jn.  He  is  not  very  fortunate  in  his  altrmpts  to 
explain  ho<!u  It  is  developed  by  the  vicinity  of  a  mag- 
net, snd  lujw  t!iis  faculty,  or  aitual  exertion  of  this 
power,  becomes  permanent  in  one  body,  while  in  an- 
otht-r  it  requires  the  conftant  prefence  of  the  magnet. 
Magnetical  It  i^  to  Mr  .ffipinus,  of  the  Imperial  Academy  of  St 
hypothefis  Peterfbnrgh,  that  we  are  indebted  for  the  firll  really 
"f'^P'""^  philofophical  attempt  to  explain  all  thcfe  myfteries. 
We  mentioned,  in  the  article  EtEcrRicrrY,  Sujtpl.  the 
circumftance  which  fuggefled  the  firll  hint  of  this  the- 
ory to  iEpinus,  I'/'u.  the  refemblance  between  the  at- 
tractions and  repuliions  of  the  tourmaline  and  of  a  mag- 
net. A  material  caufe  of  the  eleftric  phenomena  had 
long  been  thought  familiar  to  the  phllofophers.  They  had 
attributed  them  to  a  fluid  which  they  called  an  elettric 
fluid,  and  which  they  conceived  to  be  fhared  among  bo- 
dies in  different  proportions,  and  to  be  transferable  from 
one  to  another.  Ur  Franklin's  theory  of  the  Leyden 
phial,  which  led  him  to  think  that  the  faculty  of  pro- 
ducing the  eleftrical  phenomena  depended  on  the  defi- 
ciency as  well  as  the  redundancy  of  this  fluid,  combi- 
ned with  the  phenomena  of  induced  eleftriclty,  fuggtll- 
'  cd  to  ./Epinus  a  very  perfpicuous  method  of  Hating  the 

analogy  of  the  tourmaline  and  the   magnet  ;   which  l.e 
publiihed  in  1758  in  a  p'Sper  read  to  the  academy. 

Reflefting  more  deeply  on  thcfe  things,  Mr  .£plnus 
came  by  degrees  to  perceive  the  perfeil  iimilanty  be 
tween  all  the  phenomena  of  eleilricity  by  pofitlon  and 
thcfe  of  magnetifm  ;  and  this  led  him  to  account  for 
them  In  the  fame  manner.  As  the  phenomena  of  the 
Leyden  phial,  explained  In  Franklin's  manner,  ihews 
that  a  body  may  appear  eleftrical  all  over,  by  having  lels 
than  its  natural  quantity  of  the  eleftrlc  fluid,  as  well  as 
by  having  mOre,  it  feemed  to  follow,  that  it  may  alfo 
be  fo  in  refpeft  to  different  parts  of  the  fame  body  ; 
and  therefore  a  body  may  become  eleftrllied  in  oppo- 
fite  ways  at  its  two  extremities,  merely  by  abllrafting 
the  fluid  from  one  end,  and  condenfing  it  In  the  other  ; 
and  thus  may  be  explained  the  phenomena  of  Induced 
eleftriclty,  where  nothing  appears  to  have  been  commu- 
nicated from  one  body  to  the  other.  If  this  be  the  cafe, 
the  two  ends  of  a  body  rendered  elettric  by  inducStlun 
fliould  exhibit  the  fame  difllnftions  of  phenomena  that 
are  exhibited  by  bodies  wholly  redundant  and  wholly 
deficient.  The  redundant  ends  fliould  repel  each  other  ; 
fo  fhould  the  deficient  ends  ;  and  a  redundant  part 
fhould  attraft  a  deficient.  All  thefe  refults  of  the  con- 
jefture  tally  exactly  with  oblervatlon,  and  give  a  high 
degree  of  probability  to  the  conjecture.  The  fimllarlty 
of  thefe  phenomena  to  the  attraClions  of  the  dlffimllar 
poles  of  a  magnet,  and  the  repnlfions  of  the  fimllar  poles. 
Is  fo  ftrlking,  that  the  fame  mode  of  explanation  forces 
itfelf  on  the  mind,  and  led  Mr  .flipinus  to  think,  that 
the  faculty  of  producing  the  magnetical  phenomena  be- 
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longed  to  a  magnetical  fluid,  rcfiding  in  all  bodies  fufcep. 
tible  of  magnetilm  ;  and  that  the  exertion  of  this  facul- 
ty require  nothing  but  the  abflraCtion  of  the  fluid  from 
one  end  of  the  magnetic  bar,  and  its  conllipatlon  In  the 
other.  And  this  conjeCIure  was  confirmed  by  obfer- 
vlng,  that  in  the  induClion  of  magneiifin  on  a  piece  of 
iron,  the  power  of  the  magnet  Is  not  diminlflicd. 

All  thefe  circumllances  led  Mr  JEpinus  to  frame  the 
foUowIrig  hypothefis  : 

1.  There  cxifls-a  fubftance  in  all  magnetic  bodies, 
which  may  be  called  the  magnetic  fluid  ;  the  particles 
of  which  repel  each  other  with  a  force  decreafing  as  the 
dillance  Increafes. 

2.  'I  he  particles  of  magnetic  fluid  attraCf,  and  are 
attracted  by  the  particles  of  iron,  with  a  force  that  va- 
ries according  to  the  fame  law. 

3.  The  particles  of  iron  repel  each  other  acccording 
to  the  fame  law. 

4.  The  magnetic  fluid  moves,  without  any  confide- 
rable  obilruClIon,  through  the  pores  of  iron  and  foft 
fl;eel  ;  but  is  more  and  more  obilruCled  in  its  motion  as 
the  fteel  is  tempered  harder;  and  in  bard  tempered  Heel, 
and  iu  the  ores  of  iron,  it  is  moved  with  the  greatell 
difficulty. 

In  confequeiice  of  this  fuppofed  attraftion  for  iron, 
the  fluid  may  be  contained  in  it  in  a  certain  determinate 
quantity.  This  quantity  will  be  fuch,  that  the  accumula- 
ted attraction  of  a  particle  for  all  the  iron  balances,  or  is 
equal  to,  the  repulfion  of  all  the  fluid  which  the  Iron  con- 
tains. The  quantity  of  fluid  competent  to  a  particle  of 
iron  is  fuppofed  to  be  fuch,  that  the  repulfion  exerted 
between  it  and  the  fluid  competent  to  another  particle 
of  iron  is  alfo  equal  to  Its  attraftlon  for  that  particle  of 
iron  :  And  therefore  the  attraCtlon  between  the  fluid  in 
an  Iron  bar  A  for  the  iron  of  another  bar  B,  Is  jull  equal 
to  its  repulfion  for  the  fluid  in  B  ;  it  is  alfo  equcd  to  the 
repulfion  of  the  iron  In  A  for  the  iron  in  B.  This 
quantity  of  fluid    refiding  in  the  iron  may  be  called   itj 

NATURAL   QUANTITY. 

In  confequence  of  the  mobility  through  the  pores 
of  the  iron,  the  magnetic  fluid  may  be  abfiraCfed 
from  one  end  of  a  bar,  and  condenfed  in  the  other,  by 
the  agency  of  a  proper  external  force.  But  this  Is  a 
violent  Hate.  The  mutual  repulfion  ot  the  particks  of 
condenfed  fluid,  and  the  attraction  of  the  iron  which  it 
has  quitted,  tend  to  produce  a  more  uniform  diftrlbu- 
tlon.  If  we  refleCf  on  the  law  of  aCtion,  we  fhall  clear- 
ly perceive,  that  fomewhat  of  this  tendency  muft  ob- 
tain in  every  ftate  of  condenfation  and  rarefaCtlon,  and 
that  there  can  be  a  perfect  equilibrium  only  v\hen  the 
fluid  is  diffufed  with  peifett  uniformity.  This,  there- 
fore, may  be  called  tlie  natural  state  of  the  iron. 

If  the  refinance  oppofed  by  the  iron  to  the  motion  of 
the  magnetic  fluid  be  like  that  of  perfeCl  fluids  to  the 
motion  of  folld  bodies,  arlfing  entirely  from  the  com- 
munication of  motion,  there  is  no  tendency  to  unifoim 
dlffufion  fo  weak  as  not  to  overcome  fuch  refillance,  and 
finally  to  produce  this  uniform  diftribution.  But  (as 
is  more  probable)  If  tiie  obilructlon  refembles  that  ot  a 
clammy  fluid,  or  of  a  foft  plaflic  body  like  clay,  fome 
of  the  accumulation,  produced  by  the  agency  of  an  ex- 
ternal force,  may  remain  when  the  force  is  removed  ;  the 
dlffufion  will  ceafe  whenever  the  equalifing  force  is  jud 
in  equillbrio  with  the  obftruCfion. 

All  the   preceding  circumllances  of  the  hypothefis 
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arc  fo  perfeftly  analogous  to  the  hypothefis  of  Mr  jE- 
piiuis  for  explairiing  the  electrical  phenomena,  whieli  is 
given  in  detail  in  the  article  Electricipy  of  this  Su/>- 
pLm-nl,  that  it  would  he  fuperfluous  to  enter  into  a  mi- 
nute dircudion  ot  tiien-  immediate  reliilts.  We  there- 
fore beg  the  reader  to  perufe  that  pait  of  the  article 
litKCTMCi  r?  where  the  elements  ot  JEpinus's  tiypothe- 
fis  are  delivered,  and  the  phenomena  ot  induced  eledri- 
eiiy  explained  (viz,  from  n"  I  i.  to  60.  inclufive),  and 
to  iuppofe  the  difcourfe  to  relate  to  the  n/iif«i'/,Vij/ fluid. 
Let  N,  S,  n,  J,  be  confidered  as  the  overcharged  and 
undercharged  parts  of  a  niagnetical  body,  or  the  poles 
of  a  magnet,  and  of  iron  rendered  mi'gnetical  by  induc- 
tion. We  Ihall  confine  our  obfervations  in  this  place 
to  thofe  circnni (lances  in  which  the  mechanical  pheno- 
mena of  magnetifm  are  linu'ted  by  the  circumllance  that 
magnets  always  contain  their  natural  quantity  ot  fluid  ; 
fo  that  their  adtion  on  iron,  and  on  each  other,  dcpeiids 
entirely  on  its  unequable  diitribution  ;  as  is  the  cale 
with  induced  elcftricity. 
MaJnetifm  Let  the  magnet  NAS  (fig.  26.),  haviog  its  north 
low  indu-  pole  NA  overcharged,  be  let  near  to  liie  bar  n  B  j  of 
:edoniron  common  iron,  and  let  their  axes  form  one  ilraight  line. 
Q^on'  ^'^^  Then  (as  in  the  cafe  of  eledtrics)  the  overcharged  pole 
NA  adls  on  thfe  bar  B  only  by  means  of  the  redundant 
fluid  which  it  contains.  For  that  portion  of  its  fluid, 
which  is  jull  fufficient  for  faturating  the  iron,  will  repel 
the  fluid  in  B,  juft  as  much  as  the  iron  in  NA  attrafts 
it  ;  and  therefore  the  fluid  in  B  fufl;ains  no  change  from 
this  portion  of  the  fluid  in  NA.  In  like  manner,  the 
pole  SA  afts  on  B  only  in  confequence  of  the  iron  in 
SA,  which  is  not  faturated  or  attended  by  its  equiva- 
len^  fluid. 

If  the  fluid  in  B  is  immoveable,  even  the  redundant 
fluid  in  NA,  and  redundant  iron  in  SA,  will  pro- 
duce no  fenfible  effeft  on  it  :  For  every  particle  of  iron 
in  B  is  accompanied  by  as  much  fluid  as  will  balance, 
by  its  repulfions  and  attractions,  the  attraitions  and  re- 
pulfions  of  the  equidiltant  particle  of  iron.  But  as  the 
magnetical  fluid  in  B  is  fuppofed  to  be  eafily  moveable, 
it  will  be  repelled  by  the  redundant  fluid  in  AN  toward 
the  remote  extremity  n,  till  the  refiftance  that  it  meets 
with,  joined  to  its  own  tendency  to  uniform  difl"ufion, 
jufl;  balances  the  rcpulfion  of  AN.  This  tendency  to 
uniform  diifufion  obtains  as  foon  as  any  fluid  quits  its 
place  ;  as  has  been  fufficiently  explained  in  the  Supple- 
mentary article -Electricit  Y,  n°  16,  17,  &c. 

But,  at  the  fame  time,  the  redundant  iron  in  AS  at- 
tradls  the  fluid  in  B,  and  would  abilradl  it  from  B  h, 
and  condenie  it  into  B  j.  This  attradlion  oppofes  the 
repulfion  now  mentioned.  But,  becaufe  AS  is  more 
remote  from  every  point  of  B  than  AN  is  from  the 
fame  point,  the  repulfions  of  the  redundant  fluid  in  AN 
will  prevail  ;  and,  on  the  whole,  fluid  will  be  propelled 
toward  n,  and  will  be  rarefied  on  the  part  B  s.  But  as 
to  what  will  be  the  law  of  diftribution,  both  in  the  re- 
dundant and  deficient  parts  of  B,  it  is  plain  that  no- 
thing can  be  faid  with  precifion.  This  muft  depend  on 
the  drllribution  of  the  fluid  in  the  magnet  NAS.  The 
more  diffufed  that  we  fuppofe  the  redundant  fluid  and 
matter  in  the  magnet,  the  farther  removed  will  the  cen- 
tres of  cfi'ort  of  its  poles  be  from  their  extremities  ;  the 
fmaller  will  be  the  aftion  of  AN  and  AS,  the  fmaller 
will  be  their  difference  of  aftion  ;  and  therefore  the 
fmaller  will  be  the  condenfation  in  B  n,  and  the  rarc- 
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faftion  in  B  s.  Hence  we  learn,  in  the  outfet  of  this 
attempt  to  explanation,  that  the  aftion  of  a  magnet  will 
be  fo  much  the  greater  as  its  poles  are  more  concentra- 
ted. This  is  agreeable  to  obfervalion,  and  gives  fome 
credit  to  the  hypothefis.  W^e  can  jull  fee,  in  a  vtiy 
gener;d  manner,  that  the  fluid  will  be  rarer  than  itb  na- 
tural ft:ate  in  s,  and  denier  in  n;  and  that  the  cliange 
of  denfity  is  gradual,  and  that  the  denfity  may  be  re- 
prefented  by  the  ordinntcs  of  fome  line  i  b il  (fig.  27.), 
while  the  natural  denfitv  is  reprefeiited  by  tlie  ordinates 
to  the  hne  C/'D,  parallel  to  s  n.  There  will  be  fome 
point  B  of  the  iron  bar,  where  the  fluid  will  be  of  its 
natural  denlity,  and  the  ordinate  B  h  will  meet  the  line 
c  b  dm.  the  point  of  its  interfcflion  with  CD. 

All  this  a&ion  is  internal  and  iniperccptilile.  Let  us 
inquire  what  will  be  ihi:  fenfible  external  aftion.  Tliere 
is  a  fuperiority  of  attrac-tion  towards  the  magm  '^  :  For 
fince  the  magnetic  aftion  is  fuppolcd  to  diiinnifli  con- 
tinually by  an  iiicreafe  of  diilance,  the  curve,  whoie  or- 
dinates  reprefent  tiie  forces,  has  its  convexity  li.ward 
the  axis.  Alfo,  the  force  of  tiie  poles  AN,  AS,  are 
equal  at  equal  diftances  :  For,  by  the  hypothcui  the 
attratlion  and  repulfion  of  an  individual  particle  are 
equal  at  equal  diltances  ;  and  tlie  condenfatio::  in  ,iN 
is  equal  to  the  deficiency  in  AS,  by  the  fame  hyputhd- 
fis  ;  becaufe  NAS  ftill  contains  its  natural  quantity  of 
fluid.  Therefore  the  adtion  of  both  poles  niay  be  ex- 
prcfled  by  the  ordinates  of  the  fame  curve,  and  th^-v  will 
differ  only  by  reafon  of  their  diltances.  We  may  trere- 
fore  exprefs  the  aftions  by  the  four  ordinates  Mm,  P/, 
Nn,  Q^q,  of  fig.  2.  ;  of  which  the  property  (dtcuced 
from  the  fingle  circumllance  of  its  being  c;nvcx  to- 
ward the  axis)  is,  that  M  ffi  -f  Q  17  is  great-r  th<in  "Pp 
-J-  N  n.  There  is  therefore  a  furplus  of  altr;.ction.  it 
is  only  this  furplus  that  is  perceiv.  d.  The  fliyd,  move- 
able in  B,  but  retained  by  it  fo  as  not  to  be  allowed  to 
efcape,  is  prefled  towards  its  remote  end  n  by  the  ex- 
cefs  P/>  —  Oq  of  the  repulfion  of  the  redundant  fluid 
in  AN,  above  the  attraftlon  of  the  redundant  iron  in 
AS.  This  excefs  on  every  particle  of  the  fluid  is  tranf- 
mitted,  by  the  common  laws  of  hydrollaiics,  to  the 
ftratum  immediately  incumbent  on  the  extremity  n,  and 
B  is  thus  preffed  away  from  A.  But  every  particle  of 
the  folid  matter  in  B  is  attrafted  towards  A  by  the  ex- 
cefs Mm — N«  of  the  attratti'in  of  the  redundant 
fluid  in  AN  above  the  repulfion  of  the  redundant  iron 
in  AS  :  and  this  excefs  is  greater  than  the  other  ;  fof 
m  Jc  q  K  greater  than  p  ^  n. 

The  piece  of  common  iion  n  B  j  is  therefore  attract- 
ed, in  confequence  of  the  fluid  in  it  having  been  pro- 
pelled towards  its  remote  extremity,  and  dillributed  in 
a  manner  fomewhat  refembliug  i's  diftribution  in  NAS. 
Now,  in  this  hypothefis,  magnetilm  is  held  tj  depend 
entirely  on  the  diftribution  of  the  fluid.  B  has  there- 
fore become  a  magnet,  has  magnetifm  induced  on  it, 
and,  only  in  confequence  of  this  induction,  is  attraCled 
by  A. 

Had  we  fuppofed  the  deficient,  or  fouth  pole  of  A, 
to  have  been  neareft  to  B,  the  redundant  maitf-  in  AN 
would  have  attrafted  the  moveable  fluid  in  B  more  than 
the  remoter  redundant  fluid  in  AS  repels  it  ;  and,  on 
this  account,  the  magnetic  fluid  would  have  bt-en  con- 
ftipated  in  Bj,  and  rarefied  in  B /..  It  would,  ii  vhis 
cafe  «ilfo,  have  been  diftributed  in  a  manner  limilar  to 
T  its 
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its  fitiiation  in  the  magnet.  And  B  would  tlierefore  have  wire  reprefented  in  fig.  y.  the  aftions  of  fome  of  the 
been  a  momentary  magnet,  having  its  redundant  pole  poles  on  the  moveahle  fluid  in  the  iron  are  oblique  in 
fronting  the  deficient  or  dilfunilar  pole  of  A.  It  is  plain  regard  to  the  length  of  the  pieces;  bnt,  fince  the  move- 
that  there  would  be  the  fame  furplus  ol  attradion  in  able  matter  is  fiippofed  to  be  a  fluid,  it  will  Hill  be  pro- 
this  as  in  the  former  itiftance,  and  B  would  (on  the  pelled  along  the  pieces,  notwithftanding  their  obliquity, 
whole)  be  attraded  in  confeqiience,  and  only  in  conie-  in  the  fame  manner  as  gravity  makes  water  occupy  the 
qucnce,  of  having  had  a  properly  difpoitd  magnetilni  lower  end  of  a  pipe  1\  Ing  obliquely.  If  indeed  the 
induced  on  it  by  juxtapolition.  The  feniible  attrac-  magnetic  fluid  could  efcape  from  the  iron  without  any 
tion,  in  this  cafe,  is  a  cori/lqueiue  of  tht  dlllribuiioti  now  obllruftion  by  the  propulilon  of  the  magnet,  it  could 
defcribed  J  becaufe,  iince  the  fluid  conllipated  in  the  produce  no  attraftion,  or  fenfible  motion,  any  more 
end  next  to  A  cannot  quit  B,  the  tendency  of  this  fluid  than  light  does  in  a  tranfparent  body.  What  is  demon- 
toward  A  mnfl  prefs  the  folid  matter  of  B  in  this  di-  ilrated  of  the  elettric  fluid  in  the  Supplemental  article 
reftion  (by  hydioilatical  laws)  more  than  this  folid  Electkicity,  n°  133.  is  equally  true  here.  Why  the 
matter  is  repelled  in  the  oppolitc  dire£fion.  fluid  does  not  efcape  when  it  is  fo  perfeftly  moveable. 

Thus  it  appears  that  the  hypothefis  tallies^  precifcly  is  a  queftion  of  another  kind,  and  will  be  confidered  af- 

■with  the  indnftion  of  magnetiim.      We  do  not  call  this  terwards ;  at  prefent,  the  hypothcjh  is,  that   it  does  not 

an  explanation  of  the  phenomenon  ;  for  the  fail  is,  that  efcape. 

it  is  the  hypothefis  that    is  explained   by  the  phenoine-  If  the  key  and  wire  have  the   pofition   fig.  10.  n°  j. 

non  :   That  is,  if  any  perfon  be  told  that  induced  mag-  the  fluid  is  expelled   from  the  parts  in   contact,  and   is 

iietifm  is  pioduced  by   the  attion  of  a  fluid,   in  confe-  condenfcd  in  the  remote  ends.      So  far  from  attrafting 

quence  of  its  ikuation  being  changed,  he  will  find,  that  each  other,  the   key   and   wire   mufl:  repel.     They  are 

in  order  to  agree  with  the   attraftiou  of  dilFimllar,  and  temporary  magnets,  having  their  fimilar  poles  fronting 

the  repuHion  of  fimilar  poles,    he  mufl.  accommodate  each  other.      They  mult  repel  each  other,  if  prefented 

the  flnld  to  the   phenomena,   by  giving  it  the  proper-  in  a  fimilar  manner  to  the  fouth  pole  of  the  magnet, 

ties  aiTigned  to  it  by  ^pinus.  If  they  be   prefented  as  in  n°  2.  fig.  10.   where  the 

But  the  agreement  with  this  fimpleft  poffible  cafe  of  aflioiis  of  both  poles  of  the  magnet  are  equal,  the  ftate 

the  moft  fimple  example  of  induced   magnetifm,  is  not  of  the  fluid  in  them  will  not  be  affefted.      The  redun- 

enough  to  make  us  adopt  the  hypothefis  as  adequate  to  dant  pole  of  the  magnet   repels  the   moveable  fluid    in 

the  explanation  of  all  the  magnetic  phenomena.     We  both  the  key  and  the  wire  toward  the  upper  ends;  but 

muft  confront  the  hypothefis  with  3  variety  of  obferva-  the  deficient  pole  ails  equally  on  it  in  the  oppofite  di- 

tions,  to  fee  whether  the  coincidence   will  be  without  reclion.       It   therefore    remains    uniformly    diftributcd 

exception.  through  their  fubftance  ;  and  therefore  they  can  exhi- 

When  the  key  CB,  in  fig.  8.  is  brought  below  the  bit  no  appearance  of  magnetifm. 
conftipated  north  pole  N  of  the  magnet  SAN,  its  own  But  if  the  key  and  wire  be  prefented  to  t\\i  fawie 
moveable  flnid  is  propelled  from  C  towards  B,  aiul^  is  part  of  the  magnet,  but  in  another  pofition,  as  fhewn 
tjifpofed  in  CD  nearly  after  the  fame  manner  as  in  SAN.  in  fig.  8.  n"  3.  the  fluid  of  llie  key  will  be  abllracled 
Therefore  the  redundant  fluid  in  the  lower  end  of  the  from  C,  and  condenfed  in  B,  by  the  joint  aftion  of 
key  repels  the  moveable  fluid  in  the  wire  BD  more  both  poles  of  the  magnet.  The  fame  thing  will  happen 
than  the  redundant  matter  in  the  upper  end  C  attracts  in  the  wire  BD.  Here,  therefore,  we  have  two  mag- 
it  ;  and  thus  the  fluid  is  rarefied  in  the  upper  end  of  nets  with  their  diflimilar  poles  touching.  They  will  at- 
the  wire  BD,  and  condenfed  in  its  lower  end-D.  CB  traCl  each  other  llrongly  ;  and  if  carried  gradually  to- 
and  BD  therefore  are  two  temporary  magnets,  having  ward  the  upper  or  lower  end  of  the  magnet,  they  will 
their  dliTimilar  poles  in  contadl,  or  nearell  to  each  other,  feparate  before  the  point  B  arrives  abreaft  of  N  or  S. 
This  is  all  that  is  required  for  their  attrartion.  This  For  fimilar  reafons,  the  pieces  ot  iron  prefented  to  the 
effeiil  is  promoted  by  the  adlion  of  N  on  the  wire  BD,  middle  of  the  magnet,  as  in  fig.  10.  will  have  one  fide 
alfo  propelling  the  fluid  toward  D;  and  thus  increafiug  a  weak  north  pole,  and  the  other  fide  a  weak  fouth 
the  mutual  attraftion  of  CB  and  BD.  In  like  man-  pole;  but  this  will  not  be  confpicuous,  uiilefs  the  pieces 
ner,  when   the  key  CB  is  held   above  the   magnet,   the  be  broad. 

moveable  Suid  in  it  is  more  attraftcd  by  the  redundant  This  experiment  fliews,  in  a  very  perfpicuous  man- 
matter  in  S.\  than  it  is  repelled  by  the  more  remote  ner,  the  competency  of  the  hypothefis  to  the  explana- 
redundaiit  fluid  in  AN.  The  fame  thing  happens  to  tion  of  the  phenomena.  When  the  fluid  is  not  moved, 
the  fluid  in  the  wire  BD.  Therefore  CB  and  BD  magnetifm  is  not  induced,  even  on  the  moll  fufceptible 
mufl  attraft  each  other  ;  and  the   key  will  carry  the  fubilance. 

wire,  although  the  magnet  is  below  it,  and  alfo  atlratts  When  a  piece  of  iron  A  (fig.  10.),  nearly  as  large  as 
it.  This  fiigubrity  proceeds  from  the  almoft  perfect  the  magnet  can  carry,  hangs  at  either  pole,  a  large  piece 
mobility  of  the  fluid  in  the  two  pieces  of  common  iron,  of  iron  B,  brought  near  to  the  pole  on  the  other  fide, 
which  renders  their  poles  extremely  conftipated  ;  where-  ftiould  caufe  it  immediately  to  fall.  If  S  be  the  defi- 
as  the  hardnefs  required  for  the  fixed  magnetifm  of  the  cient  pole,  it  caufes  the  fluid  in  A  to  afcend  to  the  top, 
magnet  prevents  this  complete  conftipation  and  rare-  and  A  is  attratled  :  but,  for  the  fame  reafon,  it  caufes 
faftion.  This  can  be  flridlly  deinonllrated  in  the  cale  the  fluid  in  B  to  accumulate  in  its  lower  end.  This 
of  flender  rods  of  iron  ;  but  v/e  can  fiiew,  and  expe-  redundant  fiuid  mull  evidently  counteraft  the  redun- 
rience  confirms  it,  that  in  other  cafes,  depending  on  the  dant  matter  in  S,  in  the-  induAion  of  the  magnetic  ftate 
fhape  and  the  temper  of  the  pieces,  the  wire  will  not  on  A.  Being  more  remote  from  A  than  S  is,  it  can- 
adhere  to  the  key,  but  to  the  magnet.  not  wholly  prevent  the  accumulation  in  the  upper  end 
111  the  various  fituatiuns  and  pofitions  of  the  kejr  aad  of  A  j  but  it  renders  it  fo  tailing,  that  the  remaining 
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«tiraA'on  thence  an'ling  cannot  fupport  the  weight  of 
A.     This  is  a  very  inftrutlive  experiment. 

But  if,  on  the  contrary,  we  brinjr  a  large  piece  of 
iron  C  below  the  heavy  key  A,  this  piece  C  will  have 
its  fluid  accumulated  in  its  upper  end,  both  by  the  ac- 
tion of  A  on  it,  and  by  the  aftion  (if  the  inagnet.  The 
attraftion  of  the  magnet  for  A  (liould  therefore  be  aug- 
mented ;  and  a  magnet  fliould  carry  a  heavier  lump  of 
iron  when  a  great  lump  is  beyond  it.  And  it  is  clear 
(we  think),  for  hmilar  realuns,  that  the  magnetilm  of 
the  magnet  itfelf  in  tig.  ii.  fliould  be  increafed  by 
bringing  a  great  lump  of  iron  Dear  its  oppolite  pole  : 
for  the  magnet  differs  from  common  iron  only  in  the 
degree  of  the  mobility  of  its  fluid. 

When  a  compafs  needle  is  placed  oppofite  to  the  re- 
dundant pole  N  of  a  magnet  AN  (fig.  28.),  it  arranges 
Itfelf  magnetically.  If  a  piece  of  common  iron  be  now 
prefented  laterally  to  the  near  point  of  the  needle,  the 
redundant  matter  in  the  adjoining  parts  of  the  needle 
and  the  iron  (hould  make  them  repel ;  but  if  prefented 
to  the  remote  end,  the  redundant  matter  in  the  iron 
fliould  attraft  the  redundant  fluid  in  that  end  of  the 
needle,  and  that  end  fliould  turn  toward  the  iron. 

A  parcel  of  flcnder  iron  wires,  carried  by  the  pole  of 
a  magnet,  as  in  tig.  29.  fliould  avoid  each  other.  If  N 
be  the  redundant  pole,  the  fluid  in  each  wire  will  be 
driven  to  the  remote  end,  where  it  mull  repel  the  fimi- 
larlv  fituatrd  fluid  of  its  neighbour.  The  fame  exter- 
nal appearance  m\dl  be  exhibited  by  pieces  of  wire  hang- 
ing at  the  deficient  pole  of  the  magnet. 

The  redundant  pole  of  a  magnet  A  (fig.  30.)  being 
held  vertically  above  the  centre  of  two  pieces  of  com- 
mon iron,  moveable  round  a  flender  pin,  renders  the 
middle  of  each  deficient,  and  their  extremities  redun- 
dant ;  therefore  they  fliould  repel  each  other,  and  ipread 
out.  The  fame  efl^ect  ihould  be  produced  by  the  un- 
dercharged pole  of  A. 

The  redundant  pole  of  a  magnet  A  being  applied  to 
one  branch  of  the  piece  of  forked  iron  NCS  (fig.  31  ), 
fliould  drive  the  fluid  into  its  remote  parts  C,  and  then 
the  branch  NC  fliould  be  able  to  induce  the  magnetic 
4late  on  a  bit  of  iron  D.  But  if  the  deficient  pole  S 
of  another  magnet  B  be  applied  to  the  other  brancli, 
tbefe  two  aftions  fnould  counteraft  each  other  at  C, 
and  the  iron  fliould  remain  indifferent,  and  fall. — Yet 
the  magnet  B  alone  would  equally  caufe  C  to  carry  the 
piece  of  iron. 

It  is  furely  unneceffary  to  demoiifl;rate,  that  the  con- 
fcquence  of  this  hypothefis  mufl  be,  that  wlien  a  mag- 
net puts  any  piece  of  iron  into  the  magnetic  ftate,  its 
own  magnetifni  is  improved.  For  the  induced  magne- 
tifm  of  the  iron  is  always  fo  difpofed  as  to  give  the  fluid 
in  the  magnet  a  greater  conlli|)ation  where  already  con- 
denfed,  and  to  abftraiit  more  fluid  from  the  parts  alrca- 
•dy  deficient.  If  magnetifni  be  produced  by  fuch  a 
fluid,  a  magnet  muil  always  improve  by  lying  any  how 
among  pieces  of  iron. 

But  the  cafe  may  be  very  different  when  magnets  are 
kept  ill  each  others  neighbourhood.  When  the  overchar- 
ged poles  of  two  magnets  are  placed  fronting  each  o- 
ther,  the  redundant  fluid  in  each  repels  that  in  the  other 
more  than  it  attracts  the  remoter  redundant  iron.  The 
magnets  muft  therefore  repsl  each  other.-  Moreover, 
in  rendering  them  magni;tical,  the  repulfion  of  redun- 
-dant  fluid,  or  the  attradUon  of  reduudaot  tnatter  of  fome 
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other  magnet,  had  been  employed  ;  and  when  tlic  mag- 
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net  was  removed,  fome  of  the  condipated  fluid  over- 
came  the  obfl;ru6\ion  to  its  uniform  difl'nfion,  and  efca- 
ped  into  the  deficient  pole  ;  what  remains  is  withheld 
by  the  obft;ruftion,  and  the  redoring  forces  arc  jull  in 
equilibrio  with  tin's  obftruftion.  If  we  now  add  to 
thetn  the  repulfion  of  redundant  fluid,  direfted  toward 
the  deficient  pole,  fome  more  of  the  condipated  fluid 
muft  be  driven  that  way,  and  the  magnet  mull  be  weak- 
ened. Nay,  it  may  be  deftroyed,  and  even  reverfed, 
if  one  of  the  magnets  be  very  powerful,  and  have  its 
own  magnetifm  very  fixed  ;  that  is,  if  its  fluid  be  very 
redundant,  and  meet  with  very  great  obftruftion  to  its 
motion.  Hence  it  alfo  fliould  follow,  that  the  repul- 
fion obferved  between  two  mapnets  fli<mld  be  weaker 
at  the  fame  dillance  than  their  attraition,  and  fliould 
follow  a  different  law.  For  in  the  courfe  of  the  expe- 
riments, the  fituation  of  the  flui  i  in  the  magnets  is  con- 
tinually changing,  and  approaching  to  a  ftate  of  uni- 
form diffulion. 

Let  us  now  examine  into  the  feufible  effeft  of  thisExpUna- 
fluid  on   a  magnet   wliich  cannot  move  from  its  place, '"""  ^f'*" 
but  can  turn  on  its  centre  like  a  compafs  needle.     This''"^''  '^^.j 
fcarcely  requires  any  difcnffion.    \Ve  ihould  only  be  te-gf  ^gij^.ty^ 
peating  with  regard  to   the  redundant  fluid  and  rtdun- 
dant  matter,  what  we  formerly  faid  in  regard  of  north 
pole  and  fouth  pole  ;  the  little  magnet  muft  arrange  it- 
felf neaily  in  the  tangent  of  a  magnetic  curve.      But  it 
requires  a  more  minute  inveftfgation  to  determine  wliat 
the  fenfible  phenomenon  fliotdd  be  when  the  fluid  of  the 
little  magnet  is  perfeftly  moveable. 

Suppofe  therefore  a  particle  C  {^^g.  32.)  of  magne- 
tic  fluid,  at  perfeft  liberty  to  move  in  every  direftion, 
and  afted  on  by  the  redundant  and  deficient  poles  of  a 
magnet  NAS.  The  redundant  iron  in  iS  attradts  C  in 
the  direftion  and  with  the  force  CF,  while  the  redun- 
dant fluid  in  N  repels  it  in  the  direction  and  with  the 
force  CD.  By  their  joint  adtiou  it  muft  be  urged  in 
the  diredlion  and  with  the  force  CE,  the  diagonal  of 
the  parallelogram  CDEF,  which  muft  be  accurately  a 
tangent  to  a  magnetic  curve.  If  this  particle  of  fluid 
belong  to  the  piece  of  iron  ri  C  s,  which  lies  in  that  very 
direftion,  it  will  unqueftionably  be  puflicd  towards  the 
extremity  n.  The  fame  muft  happen  to  other  parti- 
cles. Hence  it  appears  that  a  piece  of  common  iron 
in  this  fituation  and  pofition  muft  become  a  magnet,  and 
muft  retain  tliis  puliiion  ;  only  the  mechanical  energy 
of  the  lever  may  change  the  equilibrium  oi  the  magne- 
tic forces  a  little  ;  becaufe  wheji  the  piece  of  iron  n  C  x 
has  any  fenfible  magnitude,  the  action  on  its  different 
points  will  be  a  httle  ur.equal,  and  may  compofe  dia- 
gonals which  divide  a  little  troin  the  tangent. 

Should  the  iron  needle  chance  not  to  have  the  exa£^ 
pofition,  but  not  deviate  very  far  from  it,  it  is  alfo 
clear  that  the  fluid,  not  being  able  to  efcape,  will  prcfs 
on  the  fide  toward  wliich  it  is  impelled  ;  and  thus  will 
caufe  the  needle  to  turn  on  its  pivot,  and  finally  arrange 
itfelf  in  magnetical  and  mechanical  equilibrium,  devia- 
ting fo  much  the  lefs  from  a  tangent  to  a  magnetic 
, curve  as  the  piece  of  iron  is  fmaller.  Any  piece  of 
conimon  iron,  held  in  the  neighbourhood  oi  a  magnet, 
w  ill  become  more  overcharged  at  one  end  and  under- 
charged at  the  other,  in  proportion  as  the  pofition  of  its 
length  comes  nearer  to  the  tangent  of  a  magnetic  curve. 
A  flender  wire  held  perpendicular  to  this  pofition,  that 
T  2  is, 
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is,  perpendicular  to  tlic  curve,  (liould  not  acquire  any 
feufible  magnetifm,  either  attraftive  or  directive. 

We  furely  need  not  now  employ  many  words  to 
(hew  that  a  parcel  of  iron  filings,  llr^vtd  round  a  mag- 
net, fhould  arrange  thenifelvcs  in  the  primary  magnetic 
curves,  or  that  when  ftrcwcd  round  two  magnets  they 
Ihould  form  the  fccondary  or  compofite  curves. 

Let  us  now  enquire  more  particularly  into  the  modi- 
fications of  this  aLCumiilatiun  of  magnetic  fluid  which 
may  reiult  from  the  nature  of  the  piece  of  iron,  as  it  is 
put  into  the  magnetic  Hate.  The  propelling  force  of 
,A  adts  againil  the  mutual  repuliion  of  the  particles  of 
fluid  in  B,  aiid  alfo  againil  the  obtlruCtion  to  its  motion 
through  the  ports  of  B.  The  greater  this  obilruclion, 
the  fmaller  will  be  the  accumulation  which  fuffices,  in 
conjunftion  with  the  obRrudion  and  the  attradion  of 
the  deferted  iron,  to  balance  the  propulfive  force  of  the 
redundant  fluid  in  the  overcharged  pole  of  A.  This 
clrcumilance  therefore  muil  limit  the  accumulation  that 
can  be  produced  in  a  given  time.  Therefore  the  mag- 
netifm produced  oti  foft  fl;eel  or  iron  fhould  be  greater 
than  that  produced  in  hard  fteel  at  the  fame  diilance. 
Hence  the  great  advantage  of  foft  poles,  or  of  armour, 
or  of  capping,  to  a  loadfl;one,  or  to  a  bundle  of  hard 
bars.  The  beft  form  and  dinienfions  of  this  armour  is 
certainly  determinable  by  mathematical  principles,  if 
■we  kr.ew  the  law  of  magnetical  action,  and  the  difpofi- 
tion  of  the  magnetifm  in  our  loadilone  ;  but  thefe  are 
too  imperfeftly  known  in  all  cafes  for  us  to  pretend  to 
give  any  exaft  rules.  We  mull  decide  experimentally 
by  making  the  caps  large  at  fii-ft,  and  reducing  them  till 
we  find  the  loadflone  carry  Icfs  ;  then  make  them  a 
fmall  matter  larger.  The  chief  things  to  be  minded  are 
the  purity,  the  uniformity,  and  the  foftnefs  of  the  iron, 
and  the  clofell  poffible  contadl. 

If  the  obilruilion  refemble  that  to  inotion  through  a 
clammy  fluid,  the  final  accumulation  in  hard  fteel  may 
be  nearly  equal  to  that  in  iron,  but  will  require  much 
longer  time.  Alfo,  bccaufe  fuch  obilruftion  to  tne  mo- 
tion of  the  fluid  will  nearly  balance  the  propelling  force 
in  parts  that  are  far  removed  from  the  magnet,  the  ac- 
cumulation will  begin  thereabouts,  while  the  bar  beyond 
is  not  yet  afl^ected.  A  redundant  pole  will  be  formed 
in  that  place.  This  will  operate  on  what  is  immediately 
beyond  it,  driving  the  fluid  farther  on,  and  occafioning 
another  accumulation  at  a  fmall  diilance.  This  may 
produce  a  fimilar  effeA  in  a  ftill  fmaller  degree  farther 
on.  Thus  the  fteel  bar  will  have  the  fluid  alternately 
condenfcd  and  rarefied,  and  contain  alternate  north  and 
fouth  poles.  This  Hate  of  diftribution  will  not  be  per- 
manent ;  fluid  will  be  gradually  changing  its  place; 
thefe  poles  will  gvadually  advance  along  the  bar,  the  re- 
moter polts  becomitig  gradually  more  difiufe  and  faint  ; 
and  it  will  not  be  till  after  a  very  lo;  g  time  that  a  re- 
gular magnetifm  with  two  poles  will  be  produced.  To 
ftate  mathenialically  the  procedure  of  this  luechanifm 
would  require  many  pages.  Yet  it  may  be  done  in 
fome  fimple  cafes,  as  Newton  has  ftated  the  procefs  of 
aerial  undulation.  But  we  cannot  enter  upon  the  taflc 
in  this  limited  differtation.  What  is  faid  in  the  Supple- 
mentary article  Electricity  (n^  217,  218.)  on  the 
diftribution  of  the  electric  fluid  in  an  imperfeCl  infula- 
tor,  will  affift  the  reader  to  form  a  notion  of  the  ftate 
cf  magnetifm  during  its  indndlion.  That  fuch  alterna- 
tions proceed  from  fuch  mechanifm,  we  have  fufficient 


proof  in  the  inftances  mentioned  In  the  former  part  of 
this  article.  The  wave,  or  curl,  produced  on  the  fur- 
lace  of  a  clammy  fluid,  is  a  phenomenon  of  the  fame 
kind,  and  owing  to  fimilar  caufes. 

When  the  magnet  which  has  produced  all  thefe  chan- 
ges is  removed,  it  is  evident  that  a  part  of  this  accu- 
mulation will  be  undone  again.  The  repulfion  of  the 
condenfed  fluid,  and  the  attraction  of  the  deferted  iron, 
will  bring  back  fome  of  the  fluid.  But  it  is  very  evi- 
dent, that  a  part  of  the  accumulation  will  remain,  by 
rcafon  of  the  obftruClion  to  its  njotion  in  returning  ; 
and  this  remainder  muft  be  fo  much  the  greater  as  the 
obftruftion  to  the  change  of  fituation  is  greater.  In 
(liort,  we  cannot  doubt  but  that  the  magnetifm  whicii 
remains  will  be  greater  in  hard  than  in  fpring-tempered 

"e^l-  .  .  so 

Thus  have  we  traced  the  hypothefis  in  a  great  variety  Rationale 
of  circuraftances  and  iituations,  and  pointed  out  what  of  the  pro- 
fhould  be  the  external  appearance  in   each.     We  did '^'". 
not,  in  each  inftance,   mention  the  perfe6t  coincidence  ^ 

of  thefe  confequences  with  what  is  really  obfcrved,  but 
left  it  to  the  recolleftion  of  the  reader.  The  coinci- 
dence is  indeed  fo  complete,  that  it  feems  hardly  pof- 
fible to  refufe  granting  that  nature  operates  in  this  or 
fome  very  fimilar  manner.  We  get  fome  confidence  in 
the  conjeCiure,  and  may  even  proceed  to  explain  com- 
plicated phenomena  by  this  hypothetical  theory.  We 
might  proceed  to  fliew,  that  the  efi'ecls  of  all  the  me- 
thods praC\ifed  by  the  artills  in  making  artificial  mag- 
nets are  eafy  confequences  of  the  hypothefis;  but  this 
is  hardly  neceflary.  We  fliall  jail  mention  fome  fafts  in 
thofe  procefles  which  have  puzzled  the  naturaliils. 

1.  A  ftrong  magnet  is  known  to  communiciile  the 
greateft  magnetifm  to  a  bar  of  hard  fteel ;  but  Muichen- 
broek  frequently  found,  that  a  weak  magnet  would 
communicate  more  to  a  foft  than  to  a  hard  bar. 

Explanation.  When  the  magnet  Is  ftrong  enough  to 
impregnate  both  as  highly  as  they  are  capable  of,  the 
hard  bar  riiuft  be  the  tlrongell  ;  but  If  It  can  faturate 
neither,  the  fpring-tempered  bar  muft  be  left  the  moft 
magnetical. 

2.  A  ftrong  magnet  has  fometimes  communicated  no 
higher  magnetifm  than  a  weaker  one  ;  botii  have  been 
able  to  faturate  the  bar. 

3.  A  weak  magnet  has  often  impaired  a  ftrong  one 
by  fim.ply  paffing  along  It  two  or  three  times  ;  but  a 
piece  of  Iron  always  improves  a  magnet  by  the  lame 
treatment. 

Explanaliun.  When  the  north  pole  of  a  weak  but 
hard  magnet  is  fet  on  the  north  pole  of  a  ftrong  one,  it 
muft  certainly  repel  part  of  the  fluid  towards  the  other 
end,  and  thus  it  muft  weaken  the  magnet.  When  It  is 
carried  forward,  it  cannot  repel  this  back  again,  becaufe 
it  is  not  of  Itielf  fuppofed  capable  cf  making  the  mag- 
net fo  ftrong.  But  the  end  of  a  piece  of  iron,  always 
acquiring  a  magnetifm  oppofite  to  that  of  the  part 
which  it  touches,  muft  increafe  the  accumulation  of 
fluid  where  it  is  already  condenfed,  and  muft  expel  more 
from  thofe  parts  which  are  already  deficient. 

4.  All  the  parts  of  the  procefs  of  the  double  touch,  as 
praClifed  by  Meffrs  Mitchell  and  Canton,  are  eafily  ex-  . 
plained  by  this  hypothefis.  A  particle  of  fluid  p  (fig. 
33.),  fituated  in  the  middle  between  the  two  magnets, 
is  repelled  in  the  direftion  p  e\ty  the  redundant  pole  of 
the  magnet  AN,  whofe  centre  of  effort  is  fuppofed  to 

be 
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be  at  C.  It  is  attrafted  with  an  equal  force  in  the  di- 
reftion/)</  toward  the  centre  of  effort  of  the  deficient 
pole  of  AS.  By  thefe  combined  attions  it  is  impelled 
in  the  direction  pf.  Now  it  is  plain  that,  althoni^h  by 
increafing  the  didance  between  N  and  S,  the  forces 
with  which  thefe  poles  aC\  on  p  are  diminifhed,  yet  the 
compound  force  //  may  increafc  by  the  diminution  of 

I 
the  angle  dp  e.     If  the  adion  is  as  — ,  //will  be  great- 

Cof.  Jf>f   .  ,  ,     X         , 

eft  when  r is  a  maximum,  or   (nearly)  when 

Sin.'  J p  f  X  Cof.  (Ip/u  a  maximum  :  but  this  depends 
on  the  place  of  the  centre  of  effort.  We  can,  however, 
gather  from  this  obfervation,  that  the  nearer  we  fup- 
pofe  the  centres  of  effort  of  the  poles  N  and  S  to  the 
extremities  of  the  magnets,  the  nearer  mull  they  be  pla- 
ced to  each  other.  But  we  muft  alfo  attend  to  another 
circumtlance  ;  that  by  bringing  the  poles  nearer  toge- 
ther, although  we  produce  a  greater  aftion  on  the  in- 
teiTtning  fluid,  this  aftion  is  exerted  on  a  fniallcr  quan- 
tity of  it,  and  therefore  a  lefs  tffctl  may  be  produced. 
This  makes  a  wider  pofition  preferable  ;  but  we  have 
too  imperfeft  a  knowledge  of  the  circumllances  to  be 
able  to  determine  this  with  accuracy.  The  unfavour- 
able aftion  on  the  fluid  beyond  the  magnets  mull  alfo 
be  confidered.  Yet  all  this  may  be  afcertained  with 
precifion  in  fome  very  firrple  inftances,  and  the  deter- 
mination might  be  of  fervice,  if  we  had  not  a  better 
method,  independent  of  all  hypothefes  or  theory  ;  name- 
ly, to  place  the  magnets  at  the  dilfance  where  they  are 
obferved  to  lift  the  heavieft  bar  of  iron  ;  then  we  are 
certain  that  their  aflion  is  moft  favourable,  all  circura- 
ftances  being  combiiied. 

We  alfo  lee  a  fufficient  reafon  for  preferring  the  po- 
fition of  the  magnets  employed  by  Mr  Antheaurae  (and 
before  him  by  Mr  Servington  Savery),  in  his  procefs 
for  making  aniiici;d  magnets.  The  form  of  the  paral- 
lelogram dp'ef  is  then  much  more  favourable,  the  dia- 
gonal//  being  much  longer. 

We  alfo  fee,  in  general,  that,  by  the  method  of 
double  touch,  a  much  greater  accumulation  of  fluid  may- 
be produced  than  by  any  other  known  procefs. 

And,  laftly,  fince  no  appearances  indicate  any  diffe- 
~  rence  between  natural  and  artificial  magnctifm,  this  hy- 
pothefis  is  equally  applicable  to  the  explanation  of  the 
phenomena  of  natural  magnetifm  ;  fuch  as  the  pofition 
of  the  horizontal,  and  of  the  dipping  needle,  and  the 
impregnation  of  natural  loadftones. 

Having  fuch  a  body  of  evidence  for  the  aptitude  of 
this  hypothefis  for  the  explanation  of  phenomena,  it 
will  furely  be  agreeable  to  meet  with  any  circumllances 
which  render  the  hypothefis  itfclf  more  probable.  Thefe 
are  not  wanting  ;  althoujih  it  mufl  be  acknowledged 
that  nothing  has  yet  appealed,  befides  the  phenomena 
of  magnetifm,  to  give  us  any  indication  of  the  cxiflence 
of  fuch  a  fluid  ;  but  there  are  many  particulars  in  their 
appearance  which  greatly  refcmble  the  mechanical  pro- 
j,         perties  of  a  fluid. 

ababili-  Heating  a  rod  of  iron,  and  allowing  it  to  cool  in  a 
of  the  pofition  perpendicular  to  the  magnetic  diredlion,  de- 
a  maj  '^''°y^  ''*  magnetifm.  Iron  is  expanded  by  heat.  If 
ical  the  particles  of  the  magnetic  fluid  are  retained  between 
ci,  thofe  of  the  iron,  notwithllanding  the  forces  which  tend 

to  diffufe  them  uniformly,  they  may  thus  efcape  from 
between  the  ferruginous  particles  which  withheld  them. 


%% 


For  fimilar  reafons,  magnetifm  fhould  be  acquired  by 
heating  a  bar  and  letting  it  cool  in  the  magnetic  dl- 
reftion.  But,  befides  this  evident  mechanical  opportu- 
nity of  motion,  the  union  of  fire  (or  whatever  name 
the  neologills  may  choofe  to  give  to  the  caufe  of  ex- 
panfion  and  of  heat)  with  the  particles  of  iron  may  to- 
tally chan,;;e  the  atlion  of  thofe  particles  on  the  parti- 
cles of  fluid  in  immediate  contact  with  them  ;  nay,  it 
may  even  change  the  fcnfibk  law  of  aclion  between 
magnet  and  magnet.  Of  this  no  one  can  doubt  who 
undcrdands  the  application  of  matheiriatical  fcience  to 
corpufcular  attraction  (See  Boscovich,  Stippl.)  A 
change  mav  be  produced  in-the  aition  between  magnets 
without  any  remarkable  change  happening  in  tlic  ac- 
tions within  the  magnet,  and  it  may  be  jull  thereverfe. 
The  union  of  fire  with  the  magnetic  fluid  may  increafe 
the  mutual  repulfion  of  its  parts,  as  it  does  in  ail  aerial 
fluids  or  gafes.  This  alone  would  produce  a  difiipation 
of  fome  magnetifm.  It  may  increafe  the  attraftioii  (at 
iufenfibie  dillanees)  between  the  fluid  and  the  iron,  as  it 
does  in  numberlefs  cafes  in  chemillry. 

It  is  well  known  that  vinlcntly  knocking  or  hammer- Farther 
ing  a  magnet  weakens  its  force,  and  that  hammering  aground? 
piece  of  iron  in  the  magnetic  direction  will  give  it  fome"f ''^''''* 
magnetifm.  By  this  tieatmcnt  the  parts  of  the  iron 
are  put  into  a  tremulous  motion,  alternately  approach- 
ing and  receding  from  each  other.  In  the  inftants  of 
their  recefs,  the  pent-up  particles  of  the  fluid  may  make 
their  efcape.  A  quautity  of  fmall  fliot  may  be  uni- 
formly mixed  with  a  quantity  of  wheat,  and  will  re- 
main fo  for  ever,  if  nothing  dillurb  the  veirel ;  but  con- 
tinue  to  tap  it  fmartly  with  a  (lick  for  a  long  time,  and 
the  grains  of  fmall  fhot  will  efcape  from  their  confine- 
ments, and  will  all  go  to  the  bottom,.  We  may  con- 
ceive the  particles  of  magnetic  fluid  to  be  affeftcd  in 
the  fame  way.  The  fair.c  effect  is  produced  by  grind- 
ing or  filing  magnets  and  loadilones.  The  latter  are  . 
frequently  mad^f  worthlefs  by  grinding  them  into  the 
proper  ihape.  This  fliould  be  avoided  as  much  as  pof- 
fible,  and  it  fliould  always  be  done  in  moulds  irade  of 
foft  iron  a.id  very  mafiive;  but  this  will  not  always  pre- 
vent the  difliipation  oi  Jirong  magnetifm.  As  a  farther 
reafon  for  afligning  this  canle  for  the  dlflipation  in  fuch 
cafes,  it  muft  be  obferved  (Mufchenbroek  takes  notice 
of  it),  that  a  magnet  or  loadftone  may  be  ground  at  its 
neutral  point  without  much  damage.  But  we  had  the 
following  moft  diftlnft  example  of  the  procefs.  A  very 
fine  artificial  magnet  was  fufpended  by  a  thread,  with 
its  fouth  pole  down.  A  perfon  was  employed  to  knock 
it  inceffantlv  with  a  piece  of  pebble,  in  fuch  a  manner 
as  to  make  it  ring  very  clearly,  being  extremely  hard 
and  elaftic.  Its  ifiagnetifm  was  examined  from  time  to 
time  with  a  very  fmall  compafs  needle.  In  three  quar- 
ters of  an  hour,  its  magnctifm  was  not  only  deftroyed, 
but  the  lower  end  ftiewed  figns  of  a  north  pole.  The 
fame  magnet  was  again  touched,  and  made  as  ftrong  as 
before,  and  was  then  wound  about  very  tight  with 
wetted  whipcord,  leaving  a  fmall  part  bare  in  the  middle. 
It  was  again  knocked  with  the  pebble,  but  could  no 
longer  ring.  At  the  end  of  three  quarters  of  an  hour 
its  magnetifm  was  Hill  vigorous,  and  was  not  near  gone 
after  two  hours  and  a  quarter.  We  difcharged  a  Ley- 
den  jar  (coated  with  gold  leaf)  in  the  fame  way.  It 
ftood  on  the  top  of  an  axis  ;  and  while  this  was  turned 
round,  the  edge  was  rubbed  with  a  very  dry  cork  filled 
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with  nvfiii,  and  faflenej  to  the  end  of  a  glafs  rod.   This  its  natural  denfity.     Suppofs  the  part  N«  to  he  feps- 

madc  tlif  \:\r  loiitid  like  the  gkiTs  of  a  hannonica.     One  rati-d   from  the   reft,    containing    the    rednndant   fluiii 

of  them  was  fpht  in  this  operation.  ND/n.    The  tendency  of  this  fluid  to  efcipe  from  the 

A  fitiall  bar  of  ftcel  was  lieated  red  hot  and  temper-  iron  with  wliich   it   is  connoded   will  be  greater   (Mr 

cd  hani  between   two  ftrung   mairncts   hing  in  (hallow  yEpinus  think?)  than    before;  becauff  its  tendency  to 

boxes  filled  with  water,  and  was  more  ItVongly  impieg-  quit  the   magnet  formerly  was  repnffed   by  the  attr.ic- 

liattd  in  thiswav  than  in  any  other  that  we  could  think  tions  of  the  redundant  matter  contained  in    ',S.     This 

of  for  a  bar  of  tiiat   fliape.      It  has  not    yet  been  afcer-  is   certainly  true  of  the   extremity  N  ;   nay,  perhaps  of 

tained  in  what  temperature  it  is  moft  fufceptible  of  mag-  all  the  old  external  furface.    Fluid  will  therefore  efcape. 

netifm,  but  it  was  confiderably  hotter  than  to  be  jud  Suppofe   that  fo   much  has  quitted  the  iron   that  the 

vilible   in  a  dark  place.      It  is   no  objeftion  to  our  way  point  n  has  the  fluid  of  its  natural  denfity,   as  is  repre- 

oi  conceiving  magnetifm,  that  the  fluid  is  immoveable  fented  in  n"  3.  there  is  fl;ill  a  force  operating  at  n,  tend- 

or   inaftive  when  the  iron   is  red  hot.      Either  of  thefe,  ing  to  efcape,  arifing  from  the  repulfion  of  all  the  re- 

or  both  of  them,   may  rcfult  from  the   union  with  the  dundant  fluid   «  DN.      If  this  be  fufficient  for  overco- 

caufe  of  heat.      Even   a  particular  degree  of  expanfion  ming  the  obllruiftiou,  it  will  really  efcape,  and  the  iron 

may  fo  change  the  law  of  aftion  as  to  make  it  imniove-  will  be  left   in   the  ftate  reprefented  by   n"  4.   with  an 

tib/e;  or  the  imion  with  caloric  may  render  it  inaaive  at  overcharged  part/N,  and  an  undercharged  part/n. 
all  fenfible  diftances.     We  cannot   but  think  that  fome  In  like  manner,  the  tendency  of  the  magnetic  fluid 

very  inftruftive  fads  might  be  obtained  by  experiments  furrounding  the  magnet  to  enter  into  its  dehcient  pole, 

made   on  iron   in  the    moment  of  its   produftion,  and  will  be  greater  when  it  is  feparated  from  the  other,  not 

changes  in  various  chemical  proccfles.     All  magnetifm  being  checked  by  the  repulfion  of  the  redundant  fluid 

is  gone  when  it  is  united  with  fulphur  and  arfenic  in  the  in  that  other. 

"■reateft  number  of  ores  ;  and  wlien  it  is  in  the  ftate  of         Mr  jEpinus  relates  fome  experiments  which  he  made 

an  ochre,  ruft,  sthiops,  or  folution  in  acids  ;   and  when  on  this  fubjeft.     The  general  refult  of  them  Wits,  that 

luilted  with  aftringent  fubftances,  fuch  as  galls.  When,  the  moment  the  parts  were  feparated,  each  had  two 

and  in  what  ftate,    does   it  become  magnetic  ?     And  poles,  and  that  the  neutral  point  of  each  magnet  was 

whence  comes  th.e  fluid  of  ^pinus  ?     It  were  worth  much  nearer  to  the  place  of  their  former  union  than  to 

while  to  try  whether   magnets   have  any   influence  in  their  other  ends.     In  a  quarter  of  an    hour  afterward, 

the  formation  or  cryftallization   of  the   martial   falls  ;  the  neutral  points  had  advanced  nearer  to  their  middle, 

and  what  will  be  their  efFcdl  on  iron  when   precipitated  and  continued  to  do  fo,  by  very  fmall   fteps,   tor  fome 

from  its  folutions  by  another  metal,  &c.  &c.  hours,  and  fometimes  days,  and  finally  were   ilationary 

There  remains  one  remarkable  faft  to  be  taken  no-  in  their  middles. 
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Its^avT'  tice  of,  which,  in  one  point  of  view,  is  a  confirmation  We   acknowledge  that  this  reafoning  does  not  alto-peftcils  0 

aU-ays         of  the  hypothefis,  but   in  another  prefents  confiderable  gether  fatisfy  us,  and  that  the  gradual  pivgrefs  of  thethis  reafo 

.more  than  difficulties.      It  is  well  known  that   no  magnet  has  ever  neutral  point  toward  the  middle  of  each  piece,  although'"S' 

one  pole.     ^^^^  ^^^^  which  lias  but  one  pole  ;  that  is,  on  the  hy-  agreeable  to  what  fhould  refult'from  an  efciipe  of  fluid, 

pothelis  of   ^pinus,   which   is    wholly   redundant,   or  is  not  a  proof  of  it.     We  knovv   already,   that  the  in- 

wholly  deficient.     If  all  magnetifm  be  either  the  iinme-  dudion   of  magnetifm  is  a  progrtfRve  thing;  and   we 

diate  or  the  remote  effed  of  the  great  magnet  contain-  fhould  have  expefted  this  change  of  the  fitiiation  of  The 

ed  in   the  earth,  and  if  it  be  produced  by   induftion,  neutral  point,  whatever   be  the   nature  of  magnetifm. 

without  any  communicj^tion  of  fubftance,   but  only  by  There  is  foinething  fimilar  to  this,  and  perhaps  equally 

changing  the  difpofition  of  the  fluid  already  in  the  iron,  pu'/zling,  in  the  immediate  recovery  of  magnetilm  which, 

we  never  fhould  fee  a  magnet  with  only  one  pole.     It  has  been  weakened  by  heat  ;  it  is  partly   recovered  on 

muft  be  owned,  that  we  never  can  make  fu,ch  a  magnet  cooling. 

by  any  of  the  procefTes  hitherto  deferibed  ;   but  the  ex-  But   our  chief  difficulty   is   this  :   At  the  point   A 

iftence  of  fuch  does  not  feem  impoflible.      Suppofing  a  (fig.  34.)  every  thing  is  in  equilibrium  before  the  frac- 

magnet,  of  the  moft  regular  magnetifm,  having  only  ture.      The   particle   A   is  repelled  by   the   redundant 

two  poles  ;  and   that  we  cut   it  through  at  the  neutral  fluid  in  AN,  and  attrafled   by  the  redundant  matter  in 

point,  or  that  we  cut  or  break  off  any  part  of  it — the  AS  ;  yet  it  does  not  move,  forJ;he   magnetifm  is  fup- 

{■d&  is  (for   the   experiment  has  been   tried  ever  fince  pofed  to  have  permanency.      Therefore  the  obdruflion 

men    began  to  fpeculate   about  magnetifm),  that  each  at  A  cannot   be   overcome  by  the  united   repulfion  of 

part  becomes  an  ordinary  magnet,  with  two  poles,  one  AN  and  attraftion  of  AS.      Nor  can  the  obftvutlion 

of  which  is  of  the  fame   kind  as  before  the  feparation.  at  N  be  overcome  by  the  difference  of  theft;  two  forces. 

The  queftion  now  is.  What  fliould  happen  according  to  Now   fuppofe  AS  annihilated.      The  change  made  on 

the  theory   maintained   by   iEpinus  : — Tetitam.  Theor.  the  ftate  of  things  at  A  is  furely  greater  than  that  at 

Eha.  et  Magnelijmi,  p.  104,  Sec.  N,  becaule  the  force  abftrafted  is  greater,  the  diftance 

Let   NAS  (fitc-  34-)   be  a  magnet,  of  which  N   is  being  Itfs.     It  does  not  clearly  appear,  therefore,  that 

the  overcharged  pole.      Let  the  ordinatts  of  the  curve  the  removal  of  AS  ftiould  occafion  an  efflux  at  N.   This, 

DAE  exprefs  the  difi'erence  between  the  natural  denfi  however,  is  not  impolTible  ;  becaule  the  fluid  may  be  fo 

ty  of  the  fluid,  in  a  ftate  of  uniform  diffufion,  and  its  difpofed,  by  great   conftipation   near  N,   and  no  great 

denfity  as  it  is  really  difpofed    in   the  magnet.      The  excefs   of  denfity  near  A,  that  a  fmaller  change  at  N 

area/nND  will   there  exprefs   the  quantit")'  of  redun-  may  produce  an  efllux  there.      But  furely  the  tendency 

dant  fluid  in  the  part  «  N,  and  the  area  q  ES  m  expref-  to  efc;ipe  at  A  muft  now  be  diminlflied,  inftead  of  be 

fes  the  fluid  wanting  in  the  part  S  m.     The  interfetlion  ing  greater  after  the  frafture.      And  if  any  efcape  fron 

A  marks  that  part  of  the  magnet  where  the  fluid  is  of  N,  this  wiU  ftill  more  uiuiinifli  that  tendency  to  efcapi 
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from  A.  It  does  not  therefore  appear  a  clear  confe- 
<juenceof  the  general  theory,  that  the  conftipated  fluid 
(hould  efcape  ;  and  more  particularly,  that  A  (hould 
become  deficient.  And  with  rclpeft  to  the  entry  of 
fluid  into  the  other  fragment,  and  its  becoming  over- 
charged at  m,  the  reafoning  feems  flill  lefs  convincing. 
The  lleps  of  the  phyfical  proccfs  in  the  two  parts  of 
the  original  magnet  are  by  no  means  convertible  or 
counterparts  of  each  other.  There  is  nothing  in  the 
part  AS  to  reiemble  the  force  of  repulfion  really  exert- 
ing itfelf  in  the  correfponding  point  of  AN.  There 
■would  be,  if  there  were  a  particle  of  fluid  in  that  place ; 
but  there  is  not.  The  tendency  therefore  of  external 
fluid  to  enter  there,  does  not  refemble  the  tendency  of 
the  internal  fluid  to  expand  and  diffipate.  It  is  true, 
indeed,  the  difcourfe  fhould  be  confined  to  points  of 
the  furface.  But  the  internal  motion  muft  alfo  be  con- 
Udered  ;  and  the  great  objeftion  always  remains,  name- 
ly, that  the  obftruftion  at  A  (n"  i.)  or  at  n  (n°  3.) 
is  fufficient  to  prevent  the  paflage  of  a  particle  of  fluid 
from  the  pole  AN  into  the  pole  AS,  when  urged  by 
the  repulfion  of  the  fluid  in  the  one  and  the  attraftion 
of  the  iron  in  the  other  ;  and  yet  will  not  prevent  the 
efcape  of  a  particle  when  one  of  thofe  cauies  of  motion 
is  removed.  Add  to  this,  that  the  whole  hypothefis 
aflTumes  as  a  principle,  that  the  refiftance  to  efcape  from 
any  point  is  greatet  than  the  obftruftion  to  motion 
through  the  pores.  This  is  readily  granted  ;  for  how- 
ever great  we  fuppofe  the  attraftion,  in  the  li.mits  of 
phyfical  contaft,  it  will  be  no  obfl;ru£lion  to  motion 
through  the  pores,  becaufe  the  particle  is  equally  af- 
fefted  by  the  oppofite  fides  of  the  pores ;  whereas,  in 
quitting  the  body  altogether,  there  is  nothing  beyond 
the  body  to  counteraft  the  attraftion  by  which  it  is  re- 
tained. 

There  feems  fomething  wanting  to  acccmimodate  this 
beautiful  hypothefis  of  Mr  jEpinus  to  this  remarkable 
phenoinenon ;  and  the  coincidence  is  otherwiic  fo  com- 
plete, that  we  are  almoll  obliged  to  conclude  that  it  is 
merely  a  deficiency,  arifing  trom  our  not  havijig  a  fuf- 
ficient knowledge  of  the  law  of  magnetic  aftion.  This 
is  quite  fufficient  :  For  it  may  be  llridtly  di-monftrated, 
that  if  the  magnetic  aftion  decreafes  in  higiier  ratio 
than  that  of  the  fquares  of  the  diiiances,  the  permanen- 
cy of  the  fluid  in  any  particular  difpofition  has  fcarcely 
any  dependence  on  the  particles  at  any  fenfible  diilanct, 
and  is  effeiledonly  by  the  •varlaUor.s  of  its  deiifity  (See 
Electricitv,  Si.ppl.  w'  217.  for  a  cafe  fomcwhat  fi- 
milar).  Therefore,  if  the  fluid  be  I'o  difpofcil,  that  its 
denfity  may  be  reprefented  by  the  oidinatcs  of  fucii  a 
curve  as  is  drawn  m  fig.  34.  having  its  two  cxLvcmities 
concave  tow  ard  the  axis,  and  a  point  of  contrary  flex- 
ure at  A,  the  tendency  to  efcape  at  A  will  be  the  great- 
eft  poilible  ;  and  when'  the  magnet  is  broken  at  A 
(n°  I.),  or  when  the  fluid  has  taken  the  arrangement  re- 
prefented by  n"  3.  it  cannot  ftop  there,  and  mujl  become 
deficient  in  that  part.  Now,  it  muft  be  acknowledged, 
that  wc  are  not  abfolntely  certain  that  the  magnetic 
aftion  is  in  the  precife  inverfe  duplicate  ratio  of  the  di- 
ftance.  All  that  we  are  certain  of  is,  that  it  is  much 
nearer  to  it  than  to  either  the  inverfe  fin>ple  or  inverie 
triplicate  ratio.  We  own  ourfelves  rather  difpofed  to 
afcribe  the  prefent  difficulty  to  oiu-  ignorance  of  fome 
circumftance,  purely  mathematical,  overlooked,  or  mif- 


lit 


E  T  I  S  M. 

taken,  than  to  think  a  conjefture  unfounded,  which  tal- 
lies  fo  accurately  with  fuch  a  variety  of  phenomena. 

We  may  here  obferve,  that  we  are  not  altogether  fa- 
tisficd  with  iEpinus's  form  of  the  experiment.  He  did 
not  break  a  magnet  ;  he  fet  two  ilcel  bars  end  to  end, 
and  touched  them  as  one  bar,  making  the  niagnetifiri 
perfeftly  regular  ;  he  then  feparated  them,  and  found 
that  each  had  two  poles.  But  was  he  certain  that, 
when  joined,  they  made  but  one  magnet  ?  We  haie 
fometimes  lucceeded  in  doing  this,  as  we  thought,  by 
the  curves  of  iron  filings  ;  but  on  putting  the  needle 
with  which  we  were  examining  their  polarity  into  pro- 
per fituations,  we  fometimes  found  it  in  the  fecond  in- 
terfcftion  of  the  fecondary  curves,  fhewing'that  the  bars 
were  really  two  magnets,  and  not  one. 

On  the  other  hand,  when  a  piece  is  broken  off  from 
a  magnet,  the  fuccuflion  and  elaltic  tremor  into  which 
the  parts  are  thrown,  and  even  the  bending  previous  to 
the  frafture,  may  give  opportunity  to  a  diffipation, 
which  could  not  othcrwife  happen.  The  parts  fliould 
be  fepai-ated  by  corrofion  in  an  acid,  and  the  gradual 
change  of  magnetifm  fhould  be  carefully  noted.  The 
writer  of  this  article  has  made  fome  experiments  of  this 
nature,  the  refults  of  which  prei'ent  fome  curious  obfcr- 
vations :  but  they  are  not  yet  brought  to  a  conclufion 
that  is  fit  to  be  laid  before  the  public. 

Mr  Preyot  of  Geneva,  in  a  dilfertation  on  the  origin  Hvp.  thefis 
of  magnetic  forces,  endeavours  to  give  a  theory  which  of  Prevui. 
obviates  the  only  difSculty  in  that  of  jEpinus  ;  but  it 
is  incomparably  more  complex,  employing  two  fluids, 
which  by  their  union  compofe  a  third,  which  he  calls 
combined  fluid.  There  is  much  ingenuity,  and  even 
mathematical  addrefs,  in  adjufting  the  relative  properties 
of  tliofe  fluids.  But  fome  of  them  are  palpably  incom- 
patible ;  ex.  gr.  the  particles  of -each  attract  eacli  other, 
but  thole  of  the  other  kind  moft  (Irongly;   yet  they  are 

both  elallic   like  air.      This  is  furely  inconceivable. 

Granting  this,  however,  he  fuits  liisdiff"cient  attraftions, 
fo  that  a  (hong  eleftive  attraclion  of  the  combined 
fluid  for  iron  decompofes  part  of  the  fluid  in  the  iron, 
and  each  of  its  ingredients  occupies  oppofite  ends  of 
the  bar ;  then  will  the  bars  approach  or  recede,  accord- 
ing as  the  near  ends  contain  a  diflFcrent  or  the  fame  in- 
gredient.    All  this  is  operated  without  rcpuHion. 

But  the  whole  of  this  is  mere  accommodation,  like  ' 
iEpmus's,  but  fo  much  more  complex,  that  it  re-  ■ 
'quires  very  intenfe  contemplation  to  follow  the  author 
tlirough  the  confequences.  Add  to  this,  that  his  attrac- 
tions are  operated  by  another  fluid,  infinitely  more  fubtle 
than  either  of  thole  already  mentioned,  every  particle 
of  thefe  being,  as  it  were,  a  world  in  comparifon  of 
thofd  of  tiie  other.  In  fliort,  he  adopts  all  the  extra- 
vagant luppofitions  of  Le  Sage  of  Geneva,  and  every- 
thing IS  ultimately  impulfion.  Nor  is  the  contrivance 
for  obviating  the  difficulty  (fo  often  mentioned)  at  all 
clear  and  convincing  ;  and  it  is  equally  gratuitous  vi-ith 
the  reft.  We  cannot  think  this  hypothefis  at  all  inti- 
tlcd  to  the  name  of  explanation. 

This  mull  ferve  for  an   account  of  the  hypothefis  of  ,      ^'^ 
JEpinus.      The  philofopliical  reader  will  fee,  that  how.^",'yp" 
ever   exaclly  it   may  tally  with  every   phenomenon,  ittliefei. 
cannot  be  called  an  explanation  of  the  phenomena  ;   be- 
caufe It  is  the  phenomena  which  explain   the  hypothe- 
fis, or  give  us  the  charaftera  of  the  magnetic  fluid,  if 
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fuch  fluid  exifts.   But  we  are  rot  obliged  to  admit  tliis 

exiftence,  as  we  admit   that    to  be   the   true  decypho- 

riiig  of  a  letttr  which  makes  fenfe    of    it.      In   that 

cafe  we  know  both  parts  of  the  fuljjeft — the  charaders 

and  the  founds  ;  but  are  ignorant  which  correfponds  to 

which.      Did   we  fee   a    flnid  abii rafted  from  one  part 

of  a  bar  and   conllipated   in   another,   and  perceive  the 

abftraCtion  and  conftipation  always  accompanied  by  the     others    ftill    more    general  ;  and  at 

obfervcd  attraftions  and  repuUioiis,   the   rules  of  philo-     one  which  is  difcoverable   in   them 


We  conclude  with  defiriHg  the  reader  to  remark,  that  87  ] 
the  explanation  which  we  have  given  of  the  niagncticar^'^P''" 
phenomena  is  independent  of  the  liypothcfis  of  .<Epi.-'"'5''"' 
nus,  or  any  hypothefis  whatever.  We  have  narrated  a  JothelU..! 
variety  of  very  diftinguilhable    fafts,    and   have  marked  ! 

their  dillinctions.      We  have   been  able  to  reduce  them 
to  general  clalfes  ;  and  even  to  groupe  thufc  clafLs  int  j 

laft,  to  point  out 
all.  This,  is  giving 
a  philofophical  theory,  in  the  itriclell  fenfe  of  the  word  ; 
becaule  we  fhew,  in  every  cafe,  the  modification  vf 
tiie  general  faft  which  allots  it  this  or  that  particular 
place  in  the  claffification.  Thus  we  have  (hewn  that 
the  polarity  or  directive  power  of  magnets  is  only  a  mo. 


fophical  difeuffion,  nay,    the  conllitution  of   our  own 

mind,  would  oblige  us  to  affign  the  one  as  the  caufe  or 

occafion  of  the  other.      But  this  important  circuinllance 

is  wanting  in   the  prefent  cafe.     We  think,   however, 

that  it  merits  a  clofe  attention  ;   and  we  entei  tain  great 

hopes  of  it  being  one  day  completed,    by  including  this  dification  of  the  general  tadl  of  attraction  and  repulfion. 

fmgle  exception.  Dr  Gilbert's  theory  of  terrejlrial  magnetifm  is  indeed  a 

At  the  fame  time,  it  mud  be  owned,  that  it  gives  no  hypothefis,  and  we  enounced  it  as  fuch.      It  only  claims 

extenfion  of  knowledge  ;  for  it  can  have  no  greater  ex-  probability,   and  we  apprehend  that  a  very  high  degree 

tenfion  than  the  phenomena  on  which  it  is  founded,  and  ot  credit  will  be  given  to  it. 

cannot,  without    rin<  of  error,  be  applied  to  an  untried  We  hope  that   many  of  our  readers  will  have  their 

cafe,  of  a  kind  difllmilar  in  its  nature  to  the  phenomena  curiofity  excited  by  the  account  we  have  given  of  .^pi- 

on  which  it  is  founded.      We  doubt  not  but  that  its  in-  nus's  theory.      To  fuch  we  earnelUy  reconimend  the  fe- 

genious  author  would  have  faid,   that  a   bit   broken   otf  rious  perufal  of  the  book    Teniamm    IhcorKz  Elsdricil'u 

from   the  north,  pole   of  a  magnet  would  be  wholly  a  et  MagneUfm'i,  AuB.  F.  Mp'tno,   Petropoli,    1759.     Vaa 

north  pole,    if    he  had  not   known  that  the  fait  v/as  Swinden  has  included  a   very  good  abftraft  of  it  in   his 

otherwife.  2d  volume  Sur  I' EleSrlcite,  written  by  profeffor  Steig- 

But  this  hypothefis  greatly  aids   the  imagination  in  lehner  of   Ratifbon  or  Ingolftadt.     The  mathematical 

conceiving   the  procefs  of  the  magnctical  phenomena,  part  is  greatly  fimplified,  and  the  whole  is  prefented  iu 

The  more  we  ftudy  them,  the  more  do  they  appear  to  a  very  clear  and  accurate  manner.     Mr  Van  Swinden  is 

rcfemble  the  protrufion  of  a  fluid  through  the  parts  of  a  profefled  foe  to  all  hypothefes ;   but   he  is  not  niode- 

an  obllrnfting  body.      It  proceeds  gradually.      It  may  rate,  and  we  wifli  that  we  conld   fay  that   he  is  candid, 

be,  as  it  were,  overdone,  and  regorges  when  the  propel-  He  attacks  every  thing  ;  and  takes  the  opportunity  of 

ling  caufe  is  removed.      The   motion   is   aided  by  what  every  analogy  pointed  out  by  jEpinus  between  magne- 

we  know  to  aid  other  obllrufted  motions.     As   a   fluid  tifm  and  electricity  to   repeat  the  firfl   fentence  of  his 

would  be  conftipated  in  all  protuberances,   fo  the  facul-  dilfertation,  namely,   that  niagnctilni  and  eledricity  are 

ty  of  producing  the  phenomena  is  greater  in  ail  fuch  li-  not  the  lame  ;  a  thing  that  vlipinus  alfo  maintains.  But 

tuations,  &c.  &c.      This,  joined  to  the  impollibillty  of  he  even  charges  ./Epinus  with  a  mifl;ake  in  his  funda- 

fpeaking,  with  clearnefs  of  conception,  of  the  propaga-  mental  equations,   which  invalidates  his  whole   theory. 

tJon  of  powers  without  the  protrufion  of  fomething  in  He  fays    that  jEpinijS  has  omitted  one  of  the  acliug 

which  tliey  inhere,   gives  it  a  hold   of  the   imagination  forces  afl'umed  in  his  hypothefis.  This  is  a  moft  ground- 

which  is  not  eafily  fliaken  off.  lels  charge  ;    and  we  own  that  we  cannot  conceive  liow 

To  fay  that  nothing  is   explained   when   the  attrac-  Van  Swinden  conld  fall  into  fuch   a   millake.      We  are 

tion  of  the   fluid  is  not   explained,   and  that  this  is  the  unwilling  to  call  it   intentional,  for  the  mere  purpofe  of 

main  quellion,  gives  us  little  concern.     We  ofiier  no  ex-  raifing  a  man  of    ftraw    to    knock    him   down  again, 

planation  of  this  attraction,  more  than  of  the  attraftion  Abbe  Haiiy  of  the  French  Acdemy  has  alfo  publiihed 

of  gravity.     There  is  nothing  contrary  to   the   laws  of  an  abridgment  of  iEpinus's  theory,  with  many  excellent 

human  intelleft,  nothing  inconfillenl  with  the  rules  of  remarks,  tending  to  clear  the  theory  of  the  only  defeCl 

reafoning,    in  faying,    that    things  are  fo  confl.ituted,  that  has  been  found  in   it.      This  work  was  much  ap- 

that  when  two  panicles  are  together,    they    feparate,  proved  of,  and  recommended   by  the   Academy.      We. 

although  we  are  ignorant  of  the  immediate    caufe  of  have  not  had  tiie  good  fortune  to  fee  a  copy  of  it.  88 

their  feparation.      Thofe  who  think  that  all  motion   is  The  reader  cannot  but  have  remarked  tiie  clofe  analo-    "^J^ 

performed   by   impulfion,  and  who  explain  magnetilm  gy  between  the  magnctical  phenomena  and  thole  ot  uitlu-.,,,,!;,!^ 


by  a  dream  of  fluid  circulating  round  the  magnet, 
muft;  have  another  flnid  to  impel  this  flnid  into  its  cur- 
vilineal  path  ;  for  they  infill,  thac  the  planets  are  fo 
impelled.  Then  they  muft- have  a  third  fluid  to  de- 
ficit the  vertical  motions  of  the  fecond,  and  fo  on  with- 
out end.  This  is  evident,  and  it  is  abfurd.  But  we 
have  faid  enough  in  the  article  Impulsion,    Si/pp/.  to 


ccd  electricity  ;  indeed,  all  the  phenomena  of  attraction  citj. 
and  repulfion  are  the  fame  in  both.  The  mechanical 
compofition  of  thofe  actions  produces  a  directive  power 
aiid  a  polarity,  in  elefirical  as  well  as  in  magnetical  bo- 
dies. We  can  make  an  eleftrical  needle  which  will  ar.. 
range  itfelf,  with  refped  to  the  overcharged  and  under- 
charged ends  of  a  body  eledtrified  by  mere  pofition.jufl; 


fliew  that  all  hypothefes  framed  on  purpofe  to  explain  ac-  as  a  compafs  needle  is  arranged  by  a  magnet.      We  can 

tion  e  djjlanti    by   impulfion  are  illogical;  becaufe  im-  touch  a  itick  of  fealing  wax  in  the  manner  of  the  double 

pulfion  requires  explanation  as   much  as  t4ie  other,  and  touch,  fo  as  to   give  it   poles  of  confiderable  force  and 

neither  the  one  nor  the  other  will  ever  be  rcfolved  into  durability.     As  a  red  hot  ftcel  bar  acquires  permanent 

any  thing  but  the  fiat  of  the  AUwife  Author  of  the  poles  by  quenching  it  near  a  magnet,  fo  melted  wax 

univerfe.                             -  acquires  them  by  freezing  in  the  neighbourhood  of  a 

pofitive 


pofitire  and  negative  eleftric 

famenefs  of  origin  of  thefe  two  fpecies  of  powers  from 
thofe  various  circiimftances  of  refemblance  ;  but  the 
orit,inal  caiifes  fccm  to  be  diftinft  on  many  accounts. 
Kleclricity  is  common  to  all  bodies.  The  caiife  of 
magnctifm  can  operate  only  on  iron.  Although  light- 
ning or  an  eleftrioal  fliock  gives  polarity  to  a  needle, 
we  need  not  infer  the  identity  of  the  caufe,  becaufe  the 
polarity  which  it  gives  is  always  the  fame  with  that  gi- 
ven by  great  heat  ;  and  there  is  always  intcnfe  heat  in 
this  operation.  The  phenomenon  which  lookr;  the  mod 
like  an  indication  of  identity  of  the  origin  of  eleftricity 
and  magnetifm  is  the  direftion  of  the  rays  of  the  aurora 
borealis — they  converge  to  the  fame  point  of  the  hea- 
vens to  which  the  elevated  pole  of  the  dipping  needle 
diredls  itfelf.  But  this  is  by  no  means  a  fufficient  foun- 
dation for  eftablifhing  a  famenefs.  Eleftricity  and 
magnetifm  may,  however,  be  related  by  means  of  fome 
powers  hitherto  unknown.  But  we  are  decidedly  of 
opinon,  that  the  eleftric  and  magnetic  fluid  are  totally 
different,  although  their  mechanical  aftions  are  fo  like 
that  there  is  hardly  a  phenomenon  in  the  one  which  has 
not  an  exaft  counterpart  in  the  other.  But  we  fee 
them  both  operating,  with  all  their  marks  of  dillinc- 
tion,  in  the  fame  body  ;  for  iron  and  loadftones  may  be 
eleftrified,  like  any  other  body,  and  their  magnetifm 
fuffers  no  change  of  modification.  We  can  fet  thefe 
two  forces  in  oppolition  or  conipofition,  juft  as  we  can 
oppofc  or  compound  gravity  with  either.  While  the 
iron  filings  are  arranging  themfelves  round  a  magnet, 
the  mechanical  aftion  of  eleftricity  may  be  employed 
either  to  promote  or  hinder  the  arrangement.  They  are 
therefore  dillinft  powers,  inherent  in  different  fubjcfts. 
But  there  are  abundance  of  other  phenomena  which 
fliew  this  diverfity.  There  is  nothing  in  magnetifm  like 
effefls^  body  overcharged  or  undercharged  in  tola.  There  is 
the  fame  nothing  which  indicates  the  prefence  of  the  fluid  to  the 


S) 
^ey  are 
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ife. 


other  fenfes — nothing  like  the  fpark,  the  fnap,  tlie  vi- 
fible  dillipation  ;  becaule  the  magnetic  fluid  enters  into 
no  union  with  air,  or  any  thing  but  iron.  There  is  no- 
thing refembling  that  inconceivably  rapid  motion  which 
we  fee  in  eleftricity  ;  the  quickeft  motion  of  magnetifm 
feems  inferior  (even  beyond  comparifon)  with  the  flow- 
eft  motion  along  any  eleftric  conduftor.  Therefore 
there  is  no  poffibility  of  difcharging  a  magnet  as  we 
difcharge  a  coated  plate.  Indeed,  the  refemblance  be- 
tween a  magnet  and  a  coated  plate  of  glafs  is  exceed, 
ingly  flight.  The  only  refemblance  is  between  the 
magnet  and  an  inconceivably  thin  ftratum  of  the  glafs, 
which  ftratum  is  pofitive  in  one  fide  and  negative  in  the 
other.  The  only  perfeft  refemblance  is  between  the 
induced  magnetifm  of  common  iron,  and  the  induced 
eleftricity  of  a  conductor. 

The  following  feem  the  moft  inftrui^tive  differtations 
on  magnetifm,  either  as  valuable  collettions  of  obferva- 
tions,  or  as  judicious  reafoniiigs  from  them,  or  as  the 
(peculations  of  eminent  or  ingenious  men  concerning 
the  nature  of  magnetifm. 

Gilbertus  de  Magnete,  Lond.   1  6oo,  fol. 

/Epini  Tentamen  Theorise  Magn.  et  Electr. 

Eberhard's  Tentam.  Theor.  Magnetifmi,  1720. 

Differtations  fur  I'aimant,  par  du  Fay,  172S. 

Mufchenbrotk  Differt.  Phyfico  Experimentalis  de 
Magnete. 

Pieces  qui  ont  emporte  le  prix  de  I'Acad.  Jes  Sciences 
SuppL.  Vol.  H.  Part  f. 


MAGNETISM. 

Some  have  inferred  a  a  Paris  fur  la  meilleure  conftruflron  des  Bouffoles  de  de- 
clination.     Recucil  des  pieces  courouiiees,  tom.  v. 

Euleri  opulcula,  tom  ill.  continens  Theoriam  Magne- 
tis,  Berlin,  1751. 

TEpini  Oratio  Academica,  1758. 

./Epini  item  Comment.  Pctrop.  nov.  tom.  x. 

Anton.  Brngmanni  tentam.  Phil,  de  materia  Magnc- 
tica,  Francqueras,   1  765. 

There  is  a  German  tranflation  of  this  work  by  Eifen- 
bach,  with  many   very  valuable  additions. 

Scarella  de  Magnete,  2  tom.  fol. 

Van  kiwindeu  Tentamlna  Magnetica,  4to. 

Van  Swinden  fur  I'Analogle  entre  les  phenoraenes 
Eleflriques  et  Magnetiques,  3  tom.  8vo. 

Differtation  fur  les  Aimans  artificielles  par  An- 
theaume. 

Experiences  fur  les  Aimans  artificielles  par  Nicholas, 
Fus,  1782. 

Effai  fur  I'Origine  des  Forces  Magnetiques  par  Mr 
Prevoft. 

Sur  les  Aimans  artificielles  par  Rivoir,  Paris  1 75  2. 

Differtatio  de  Magnetifmo  par  Sam.  Klingenftier  et 
Jo.  Brander,  Holm,  1752. 

Dcfcription  des  Courants  Magnetiques,  Straftjourg, 

Traite  de  I'Aiman  par  Balance,  Amft.  1687. 

Befides  thefe  original  works,  we  have  feveral  differta- 
tions on  magnetical  vortices  by  Des  Cartes,  Bernoulli, 
Euler,  Du  Tour,  &c.  publiflied  in  the  colletf  ions  of  the 
works  of  thole  authors,  and  many  differtations  in  the 
memoirs  of  different  academies  ;  and  there  are  many- 
popular  treatifes  by  the  traders  in  experimental  philo- 
fopliy  in  London  and  Paris.  Dr  Gown  Knight,  the 
perfon  in  Europe  who  was  moft  eminently  flcilled  in  the 
knowledge  of  the  phenomena,  alfo  publiflied  a  differta- 
tion intitled,  ^n  attempt  to  explain  the  Phenomena  of 
Nature  by  t-wo  principles,  Attraction  and  Repulfwn,  Lond. 
1748,  4to,  in  which  he  has  included  a  theory  of  mag- 
netifm. It  is  a  very  curious  work,  and  fliould  be  ftu- 
died  by  all  thofe  who  have  recourfc  without  fcruple  to 
the  agency  of  invifible  fluids,  when  they  are  tired  of  pa- 
tient thinking.  Tlicy  would  there  fee  what  thought 
and  combination  are  neceffary  before  an  invifible  fluid 
can  be  really  fitted  for  performing  any  office  we  choofe 
to  affign  it.  And  they  will  get  real  inftruftion  as  to 
v/hat  fervices  we  may  cxped  of  fuch  agents,  and  from 
what  tall<s  they  muft  be  excluded.  The  Doftor's  theory 
of  magnetifm  is  very  unlike  the  reft  of  the  performance  ; 
for  he  does  not  avail  himfclf  of  the  vail  aj)paratU3  of 
propofitions  which  he  had  ellabliflied,  and  adopts  with- 
out any  nice  adjuftment  the  moft  common  notions  of 
an  impulfive  vortex.  Both  the  produiSion  and  mainte- 
nance of  this  vortex,  and  its  mode  of  operation,  are  ir- 
reconcileabie  with  the  acknowledged  laws  of  impullion. 

Si  quid  novijli  rcclius  i/Iis,  candidus  imperii— Ji  nan^ 
his  utere  mecuin. 


^Si 


APPENDIX. 

We  have  been  favoured  with  the  following  invtftiga.  rnvtfties- 
tion  of  the  curves,  to  which  a  needle  of  indefinite  minute-  tifin  of  the 
ncls  will  be  a  tangent,  by  Mr  Playfair,  Profeffor  of  Ma- ""agnet'C 
thcmatics  in  the  Uiiivei  hty  of  Edinburgh.  cujve. 

U  Two 


1^4  M  A  G  N  E 

Two  magnetlcal  poles  being  given  in  pofiti.on,  the 
force  of  each  of  which  is  fiippofcd  to  be  as  the  mth 
power  of  the  didance  from  it  rcciprocall)',  it  is  required 
to  find  a  curve,  in  any  point  of  which  a  needle  (indefi- 
nitely fhorl)  being  placed,  its  direftion,  when  at  reft, 
may  be  a  tangent  to  the  curve  ? 

1.  Let  A  and  B  (fig.  35.)  be  the  poles  of  a  magnet, 
C  anv  point  in  the  curve  required  ;  then  v.'C  may  fup- 
pofe  the  one  of  thefe  pole"!  to  aft  on  the  needle  only  by 
repulfion,  and  the  other  only  by  attrattlon,  and  the  di- 
reftion  of  the  needle,  when  at  reft,  will  be  the  diagonal 
of  a  parallelogram,  the  fides  of  wh'ch  reprcfent  tliefe 
forces.    Therefore,  having  joined  AC  and  BC,  let  AD 

be  drawn  parallel  to  BC,  and  make  T7T^  '•  unm  '•  '•  -^^ 

:  AD  ;  join  CD,,  then  CDF  will  touch  the  curve  in  C. 

2.  Hence  an  expreffion  for  AF  may  be  obtained. 

AC"*' 
For,  by  the  conftruftion,  AD  =     uc"   '  ^'"^  ''"''^  -^^ 

:  AD  :  :  BF  :  FA,  and  BC  —  AD  :  AD  :  :  AB  :  AF, 

ABX  AC'"*' 
we  have  AF  =  ^qI,,-:^.  __  /^(y^T^' 

3.  A  fluxionary  expreffion  for  AF  may  alfo  be  found 

in  terms  of  the  angles  CAB,  ABC.      In  CF  take  the 

indefinitely  fmall  part  CH,  draw  AH,  BH,  and  from 

C   draw  CL  perpendicular  to  AH,   and   CK  to   BH. 

Draw  alfo  BC  and  AM  at  right   angles  to  FH.      Let 

the  andes  CAB  =   f,    and   CBA  =   +  ;   then   CAH 

=  f.and  CBH  =  —.;,;  alfo  CL  =  AC  X  i,  and  CK 

=  —  BC  X>t.      Now  HC   :  CL  :  :  AC  :  AM  = 

AC'x;        ,,'         ,     .  r      i^n  BC'Xj; 

— Tjp — ;  and  tor  the  iame  rcalon  dC  =  —  — rTp — 

Therefore  fince  AF  :  FB  :  :  AM  :  BC,  AF  :  FB  :  : 
AC-X^  BC'XX         ,  aT,      ,T,        ... 

— Uq— : UC~'  '  •  •        -i-'f'  — 

fin,  4,'^'  —  fin.  ,,^4, ;    wherefore   if  AB  =  a,  AF   = 

—  Of  fin.  J,' 
^  fin.  (;'^-h  f  iin.^^ 

4.  If  this  value  of  A.F  be  put  equal  to  that  already 

found,   a  fluxionary  equation  will  be  obtained,   by   tlie 

integration    of   which    the    curve    may    be    conftrutl- 

ABxAC't' 
ed.     Becaufe  AF  =  -:5^ — rx: r — ;7TT  >    and   fince 


AC  = 


a  fin.  J, 


he"' 
and 


•  —  A, 
BC  = 


a  fin. 


fin.  (  ^  +0,)' 


fin. 


a  fin 


fin  (^  +4)' 

have  by  fubftitullon  AF  = 

a  i  fin.  j,^ 

r ; 7. .     Hence,  fin.  j»  X  4,  Un.  i'"+'  + 

4,  fin.  ,'+  ^  lin.  ^^  >         if        y  u-  -r 

;,  fin.  4.'"  +  --  =  —  fin.  J.'  X  r  fin.  r'"*'  +  t  fin.  j,"'*', 
and  therefore  4  fin.  4™"'  =  —  j  fin.  j,'""'  ;  and  alfo, 

/4fin.  4-"'"'  +/?   fin.  ^'"-'   =:  C. 

5.  Thefe   fiuents  are    eafily  found  when    m  Is    any 
whole  pofitlve  number. 

If  HI  zz   I,  we  have  4+^=0 

4.  fin.  4  +  ^  fin.  ^  =:  0 
a  fin.  41+  ;  fin.  f'  =;  0 
4,  fin.  4,3+  ?'  fin.  fS  =:  0 

Therefore,  &c. 
^   "4-  4,  =;  C 
cof  f,  -(-  cof.  4  =:  C 
■  fin.  2^+2 r  —  fin. 24,  + 24  =  C 
cof.  3  p  —  9  cof.  5,  +  cof.  34  — 


m 

•zz 

2v 

m 

=: 

3. 

m 

= 

4. 

Alfo  I 

if  m 

~ 

I. 

m 

= 

■>, 

m 

= 

3. 

- 

m 

:z 

4. 

5  cof. 

4  = 

=  C,  &c. 

&c, 

T  I  S  M. 

The  firft  of  the  above  equations  belongs  to  a  fegment 
of  a  circle  dcfcrlhed  upon  AB,  which  therefore  would 
be  the  curve  required  if  the  magnetlcal  force  were  in- 
verfely  as  the  diftances. 

If  the  magnetlcal  force  be  inverfcly  as  the  fquare  of 
the  diftance,  that  is,  II  m  =  2,  cof.  ^  +  cof.  4  is  equal 
to  a  conftant  quantity.  Hence  if,  befide  the  points  A 
and  B,  any  other  point  be  given  in  the  curve,  the 
whole  may  be  defcribed.  For  inftancc,  let  the  point 
E  (fig  36.)  be  given  in  the  curve,  and  in  the  line  DE 
which  bifefts  AB  at  right  angles.  Defcrlbe  from  the 
centre  A  a  circle  through  E,  viz.  QER  ;  then  AD 
being  the  cofine  of  DAE  to  the  radius  AE,  the  fum  of 
the  cofines  of ;  X  4.  will  be  everywhere  (to  the  fame  ra- 
dius)  =  2  AD  =  AB.  Therefore  to  find  E',  the  point 
in  which  any  other  line  AN,  making  a  given  angle  with 
AB,  meets  the  curve,  draw  from  N,  the  point  In  which 
it  meets  the  circumference  of  the  circle  QER,  NO,  per- 
pendicular to  AB,  fo  that  AO  may  be  the  cofine  of 
NAO,  and  from  O  toward  A  take  OP  =  AB,  then  AP 
will  be  the  cofine  of  the  angle  ABE'  ;  fo  to  find  BE', 
draw  PQ^pevpendicular  to  AP,  meeting  the  circle  in 
Q_^;  join  AQ_j  and  draw  BE'  parallel  to  AQ,  meeting 
AE'  in  E',  the  point  E'  is  In  the  curve.  In  this  way 
the  other  points  of  the  curve  may  be  found. 

The  curve  will  pafs  through  B,  and  will  cut  AB  at 
an  angle  of  vi'hich  the  cofine  1^  RB.  If  then  E  be  fuch, 
that  AE  =  AB,  the  curve  will  cut  AB  at  right  angles. 
If  E"  be  more  remote  from  A,  the  curve  will  make 
with  AB  an  obtufe  angle  toward  D  ;  in  other  cafes  it 
will  make  with  It  an  acute  angle. 

A  conftruftlon  fomewhat  more  expeditious  may  be, 
had  by  defcrlbing  the  femiclrcle  AFB,  cutting  AE  in 
F,  and  AE'  in  N,  and  defciiLing  a  circle  round  A,  with 
the  dlflance  AL  =  2  AF,  cutting  AE'  in  b.  If  AG 
be  applied  in  the  femiclrcle  AFB  =  N />,  AG  muft  cut 
AN  in  a  point  E'  of  the  curve,  becaufe  AN  -f  BG  ^ 
2  AF,  and  AN  and  GB  are  cofines  of  the  angles  at  A 
and  B. 

As  the  lines  AN  and  BG  may  be  applied  either  a- 
bove  or  below  AB,  there   is  another  fituatlon  of  their  . 

interfeftlon  E'.     Thus  An  being   applied  above,  and  \ 

V>  g  below,  the  interfeftlon  Is  In  «'.  The  curve  has  a 
branch  extending  below  A  ;  and  if  D  f  be  made  =:  DE, 
and  B  «  be  drawn,  it  will  be  an  affymptote  to  this 
branch.  There  Is  a  fimllar  branch  below  B.  But  thefe 
portions  of  the  curve  evidently  fuppofe  an  oppofite  di- 
reftlon  of  one  of  the  two  magnetic  forces,  and  there, 
fore  have  no  connection  with  the  pofitlon  of  the  needle. 

We  omitted  the  infcrting  In  Its  proper  place,  11°  65.  Addition t( 
a  hypotiiefis  of  the  celebrated  aftronomer  Tobias  Mayern"  65. 
of  Gottingen,  by  which  the  direftion  of  the  mariner's, 
needle  in  all  parts  of  the  earth  may  be  determined.  He 
fuppofes  that  the  earth  contains  a  very  powerful  magnet, 
of  Inconfiderable  dimenfions,  which  arranges  the  needle, 
according  to  the  known  laws  of  magnetifm.  The  centre 
of  this  magnet  was  diftant  from  the  centre  of  the  earth 
about  4*10  Engllfh  miles  in  1756,  and  a  line  joining 
thife  centres  interfefted  the  earth's  furface  in  a  point 
fituated  in  I  7"  N.  Lat.  and  i  83°  E.  Long,  from  Lon- 
don. The  axis  of  the  magnet  Is  perpedlcular  to  this 
line,  and  the  plane  in  which  it  hes  is  inclined  about  11° 
to  the  plane  of  the  meridian,  the  north  end  of  the  axis 
lying  on  the  eaft  fide  of  that  meridian.  From  thefe  data, 
it  will  be  found  that  the  axis  of  this  magnet  cuts  the 
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furface  of  tlie  earth  about  the  middle  of  the  eaftern  (liore 
of  BiilTin's  Bay,  and  in  another  point  abont   8oo  miles 
S.S.W.  of  the  fouthern  point  of  New  Zealand.     Pro- 
feifor  Lichtenberg  of  Gottingen,  who  gives  this  extradt 
from  the  manufeript,  fays,  that  the  hypothefis  is  accom- 
par.ied  by  a  confiderable  lift  of  variations  and  dips  eul- 
culated  by  it,  and  compared  uith  obfervatious,  and  that 
the  aa-reement  is  very  remarkable.      He  gives  indeed  a 
dozen   inftances   in  very  different   regions  of  the  earth. 
Bat  we  fiifped  that  there  is  fome  error  or  defeft  in  the 
data  given  by  him,  becaufe  the  annual  changes,  which 
he  alfo  gives,  are  fnch  as  are  inconfiilent  with  the  data, 
and  even  with  each  other.      He  fays,  that  the  dillance 
from  the  centre  increafes  about  four  miles  annually,  and 
that  th<-nce  arifes  an  annual  diminution  of  8  minutes  In 
the  latitude  and  14  in  the  longitude  of  that  point  where 
the  ftraight  line  joining  the  centres  meets  the   furface. 
It  can  have  no  fuch  confequence.      He  fays  alio,  that 
the  above  mentioned  inclination  of  the  planes  increafes 
8  minutes  annually.      The  compound  force  of  the  mag- 
net  is    fald  to  be  as  the  fquare   root  of  the  diltance  in- 
verfcly.    We  are  at  a  lofs  to  underlland  the  meaning  of 
this  circumftance  ;  becaufe  Mayer's  hypothefis  concern- 
ing the  law  of  magnetic  atlion  is  exceedingly  different, 
as  related  by  Mr  Lichtenberg  from  the  fame  manufeript. 
But  it  was  our  duty  to  communicate  this  notice,  though 
imperfecl,  of  the  fpeculations  of  this  celebrated  mathe- 
matician.     See  Exlwcn's  Elem.  of  Nat.   Phil,  pubhlhed 


by  Lichtenberg  1784,  p.  645. 
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Addition  to  n°  64. 
Let  HZOF   (fig.  37.)   be  the  plane  of  a  magnetic 


......dian,  H«'0  the  plane  of  the  horizon,  and  NS  the 

pofition  of  the  magnetic  needle  in  any  place,  when  it  is 
at  liberty  to  fettle  in  the  true  magnetic  direction.  1'he 
angle  HON  is  the  inclination  or  dip  of  the  needle.  Let 
Z  «  F  be  a  vertical  circle,  in  which  a  well  cnnftrnaed 
dipping  needle  can  freely  play  up  a!\d  down.  This 
needle  cannot  place  itfcU  in  the  magnetic  diiciftion,  be- 
caufe it  can  only  move  in  a  vertical  plane.  Its  north 
point  is  impelled  in  the  dircftion  no,  and  its  fouth 
point  in  the  diredlion  s  f>,  both  of  which  are  parallel  to 
NS.  By  the  laws  of  mechanical  equilibrium,  it  cannot 
reft,  except  in  fuch  a  pc^fition  that  the  forces  n  0  and  s  p 
are  in  a  plane  perpendicular  to  the  plane  Z  n  F.  In 
any  other  pofition,  there  would  be  a  force  Impelling  the 
needle  toward  that  fide  on  which  n  0  makes  an  acute 
angle  with  the  tangent  r  n  i  ui  the  vertical  circle. 
Therefore  the  fpherical  triangle  N«  F  is  right  angled 
in  n,  and  Cof.  NFn  :  R  =  Tan.  «  F  :  Tan.  NF,  = 
Tan.  HN  :  Tan.  n  n.  Therefore 
Tan.  HN 

Tan.  n' n  =  ,^   r  tj     »  =  Tan.  HN  X  Sec.  H  n'. 
Lol.  H  n 

Therefore,  in  any  place,  the  real  inclination  of  the  mag- 
netical  direftion  to  the  horizon  is  difFereiit  from  what 
is  pointed  out  by  a  dipping  needle  wlien  it  is  in  a  plane 
which  declines  from  the  magnetic  meridian  ;  and  the 
tangent  of  the  obferved  dip  of  the  needle  exceeds  that 
of  the  inclination  of  the  magnetic  dlreftion  in  the  pro- 
portion of  radius  to  the  cofine  of  the  deviation  HC  11', 
or  the  proportion  of  the  fecant  of  this  angle  to  the  ra- 
dius. If  therefore  the  dipping  needle  play  in  a  mag- 
netic eaft  and  well  circle,  it  will  ftand  p'erpendicular  to 
the  horizon. 
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Ht3,g.  MALESHERBES  ;Chriftian  William  de  Lamolg- 

flierhe5.     non )  was  born   December  the  6th  1721.      At  the  age 
— ^<  of  24  he  became  a   ccunfellor  of  Parliament,   and  fix 

years  afterwards  chief  prefident  of  the  cour  des  aidi-s. 
He  remained  in  that  important  fituation  during  a  pe- 
riod of  25  years,  and  difplayed  on  many  occafions 
proofs  of  firmnefs,  eloquence,   and  wiidom. 

Wheu  tlje  prince  of  Conde  was  fent  by  the  king  in 
1768  to  fjlence  the  magiltrates  who  oppofed  the  taxes, 
Malcnierocs  replied  to  him,  "  Truth,  Sir,  mull  indeed 
be  formidable,  fince  fo  many  eiforts  are  made  to  prevent 
its  approach  to  the  throne."  About  the  fame  time  that 
he  became  prefident  of  the  cour  des  aides,  he  was  ap- 
pointed by  his  father,  then  chancellor  of  France,  fuper- 
intendant  of  the  prtfs  ;  an  office  of  the  greateft  import- 
ance, of  which  the  principles  which  Malefherbes  had  im- 
bibed from  D'AleUibert  rendered  him  very  ill  qualified 
to  difeharge  the  duties.  He  was  what  the  French  call- 
ed a  philofopha-  ;  a  term  with  them  of  the  fame  import 
with  a  naturalift,  who  openly  denies  revealed  religion, 
and  has  no  adequate  notions  of  the  moral  attributes  of 
God.  The  confequence  was,  that  when  the  authors  of 
impious  and  immoral  books  were  brought  before  him  in 
Ills  official  capacity  to  undergo  examination,  he  appear- 
ed to  them  as  advifing,  affifting,  and  protefting  them, 
againft  that  very  power  which  was  vefted  in  himfelf ; 
and  they  were  commonly  difmiffed  with  the  fenfelefs 
obfervation,  that  all  books  of  whatever  tendency  fhould 
be  confidered  merely  as  objeSs  of  commerce.     Had  it  not 
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been  for  the  protefting  influence  of  Malefherbes,  the  Male- 
Encyclopedie,  of  which  the  publication  was  frequently  "  ^''  , 
fufpended  (fee  Diderot  in  this  5u/'/>/«n,fn/ ),  would  pro- 
bably have  been  altogether  fupprcifed  ;  and  the  works 
of  Rouffiau  and  Raynal,  which  fo  powerfully  contribu- 
ted to  that  revolution  in  v\hlch  he  was  (vcrwl-.elmed, 
would  certainly  not  have  fpread  fo  rapidly  over  the 
kingdom  of  France.  It  was  he,  faid  D'Alembert,  who 
broke  ihe  Jhackles  of  literature. 

In  vain  will  It  be  replied,  that  he  left  the  fame  liber- 
ty to  the  religious  as  to  the  impious  writers  ;  for  that 
was  not  always  ftridlly  true.  The  Abbe  Barrue!  has 
brought  the  tellimony  of  D'Alembert  himfelf  to  prove, 
that  it  was  much  againft  his  will  that  Malefherbes  fuf- 
fered  works  refuting  the  fophifters  to  appear  ;  and,  as 
he  very  properly  obferves,  what  a  minifler  allows  with 
reluctance,  he  finds  abundant  means  of  preventing. 

In  1775  he  refigned  the  office  of  chief  prefident  of 
the  cour  des  aides,  and  was  appointed  mir.Ift.er  and  fe- 
cretary  of  ftate  in  the  place  of  Li  Vrilliere.  Thus 
placed  in  the  centre  of  a  frivolous  yet  brilliant  court, 
Malefherbes  did  not  in  the  leafl  deviate  from  his  former 
fimplicity  of  life  and  manner?  ;  but,  defplfing  the  e- 
ftablifhed  etiquette  which  required  magiftratcs,  wl'.en 
they  became  minifters  of  flate,  to  exchange  their  fable 
habit  and  head-drefs  for  a  coloured  fuit,  bag-wig, 
and  fword,  he  retained  his  black  coat  and  raagifle- 
rial  peruke!  This  is  recorded  by  a  panegyrill  to  his 
honour  j  but  we  perceive  not  the  honour  which  it 
U  2  reflea»" 
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reflefls  on  li!in.  It  finely  rciiuiies  no  great  powers  of 
abttradtioM  to  difcovcr,  that  a  coloured  coat,  bag-wig, 
and  fword,  are  not  in  tlicmlelvcs  more  frivolous  or 
contrary  to  nature,  than  a  blaek  co.it  and  enormous  pe- 
ruke ;  and  if  tiie  manners  of  a  country  have  appropria- 
ted thcfe  different  drefles  to  different  ftntions  in  life,  the 
individual  mull;  be  aiftuated  by  a  very  abfurd  kind  of 
pride,  who  lets  up  his  own  cajnice  agaiuft  the  public 
upinion. 

As,  when  invefted  with  the  power  to  rellrain  within 
juft  limits  the  freedom  ot  the  prefs,  it  was  his  chief  aim 
to  encourage  and  extend  that  freedom  ;  fo,  when  raifed 
to  an  office  which  gave  him  the  unlimited  power  of  il- 
fuing  kllres  de  cachet,  it  was  their  total  fupprelfion  that 
Ixjcamc  tl'.e  earliefl  objeiS  of  his  mojl  ardent  zeal.  Till 
that  time  littres  de  cachet,  being  conlidered  as  a  part  of 
the  general  police,  as  well  as  of  the  royal  prerogative, 
were  iffued  not  only  at  the  will  of  the  miniiler,  but 
.  «ven  at  the  pleafure  of  a  common  clerk,  or  perfons  ftill 
more  inlignificant.  Maltllierbes  began  by  rclinquirtiing 
himfelf  this  abfurd  and  iniquitous  privilege.  He  dele- 
gated  the  right  to  a  kind  of  tribunal,  compofed  of  the 
rnoft  upright  magilti'ates,  whofe  opinion  was  to  be  un- 
animous, and  founded  unon  ojien  and  well  eftablifhed 
fafts.  He  had  but  one  more  objedl  to  attain,  and  that 
was  to  fubftitute  a  legal  tribunal  in  the  place  of  that 
which  he  had  eftablifhed  ;  and  this  objeft  he  was  upon 
the  point  ot  accomplifhing,  wlien  the  intrigues  of  the 
court  procured  the  difmiflion  of  Turgot  ;  and  Maleflier- 
bes,  in  confequence,  refigned  on  "he  12th  of  May 
J  776.  For  this  part  of  his  conduct  he  is  intitled  to 
praife,  which  we  feci  not  onrftlvcs  inclined  to  with- 
hold from  his  memory.  Even  M.  Barruel  admits,  that 
he  had  many  rr^oral  virtues,  and  that  he  difplayed  real 
benevolence  when  alleviating  the  rigours  of  imprifon- 
ment,  and  remedying  the  abufe  of /el  ires  de  ccichet  ;  but 
France,  fays  he,  fliall  neverthelefs  demand  of  him  her 
temples  that  have  been  deftroyed  ;  for  it  was  he  who, 
above  all  other  minifters,  abufed  his  authority  to  ella- 
blifh  in  that  kingdom  the  reign  of  impiety. 

After  this  epoch  he  undertook  feveral  journeys  into 
different  parts  of  France,  Holland,  and  Switzerland, 
where  he  coUefted  with  zeal  and  tafle  objefts  of  every 
kind  interefling  to  arts  and  fciences.  As  he  travelled 
with  the  limplicity  and  economy  of  a  man  of  letters, 
who  had  emerged  from  obfcurity  for  the  purpofe  of 
making  obfervations  and  acquiring  knowledge,  he  by 
that  means  was  enabled  to  relcrve  his  fortune  for  im- 
portant occailons,  in  which  it  might  procure  him  ni- 
formation  on  intcrefting  iubjedts.  He  travelled  flowly, 
and  frequently  on  foot,  that  his  obfervations  might  be 
the  more  minute  ;  and  employed  part  of  his  time  in 
fuitably  arranging  them.  Thefe  obfervations  formed  a 
valuable  collection  of  interellisg  matter  relative  to  the 
arts  and  fciences,  but  which  has  been  almoil  totally  de- 
ftroyed by  the  fury  of  revolutioniifs,  who  have  done  as 
■tnuch  prejudice  to  the  interefts  of  fcience  as  of  huma- 
nity. 

Returning  from  his  travels,  Malefherbes  for  feveral 
years  enjoyed  a  philofophic  leifure,  which  he  well  knew 
how  to  diredt  to  ufcful  and  important  objects.  The 
two  treatifes  which  he  compoled  in  the  years  1785  and 
1786  on  the  civil  flafe  of  the  protcflants  in  France  are 
well  known.  The  law  which  he  propofed  in  thefe,  was 
only  preparatory  to  a  more  extenfive  reform  ;  and  thefe 
treatifes    were   to   have   been  followed  up  by  another 
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work,  the  plan  of  which  he  had  already  laid  down,  when 

affairs  growing   too  difficult  to  be  managed  by  thofe 

who  held  the  reigns  of  government,  they  were  compelled  ' 

to  call  him  to  tlitir  councils.  They  did  not,  however, 
aflign  him  the  direition  of  any  department,  and  intro- 
duced him  merely  (as  fubfequcnt  events  have  fliewn)  to 
cover  their  tranfatlions  under  a  popular  name,  and  pafs 
them  on  the  world  as  afls  in  which  he  had  taken  part. 
Malefherbes  accepted  their  overtures  merely  to  fatisfy 
the  delire  he  felt  to  reveal  fome  ufeful  truths  ;  but  it 
was  not  for  that  purpofe  that  they  had  invited  him  to 
their  councils.  Thofe  who  prelided  at  them  took  um- 
brage at  his  firfl  efforts  to  call  their  attention  to  the 
voice  of  truth  and  wifdom  ;  and  fucceeded  fo  well  in 
their  oppofition,  that  he  was  reduced  to  the  necefhty  of 
delivering  in  writing  the  counfel  which  he  wiflied  to  of- 
fer. Such  was  the  origin  of  two  treatifes  relative  to 
the  calamities  of  France,  and  the  meSns  of  repairing 
them.  He  tranfmitted  thefe  treatifes  to  the  king,  who 
never  read  them  ;  nor  was  he  ever  able  to  obtain  a  pri- 
vate audience  altliough  a  miriiifer  of  (late. 

Such  is  the  account  of  his  laft  condnft  in  office 
which  is  given  by  his  friends  ;  and  as  we  have  not  read 
his  treatifes  on  the  calamities  of  France,  we  have  no 
right  to  controvert  it.  From  his  known  principles, 
however,  we  are  intitled  to  conclude,  that  his  plans  of 
reformation  were  fimilar  to  thofe  of  Neckar,  the  off- 
fpring  rather  of  a  head  teeming  with  vilionary  theories, 
than  of  the  enlightened  mind  of  a  pradlical  ftatefman, 
or  the  corrupt  heart  of  a  Jacobin  confpirator. 

Perceiving  the  inutility  of  his  endeavours,  diiguRed 
with  what  he  thought  the  repeated  errors  of  the  go- 
vernment, and  deprived  of  every  means  ot  expofing 
them,  or  preventing  their  fatal  effedts  ;  after  frequent 
fohcitations,  he  at  length  obtained  leave  to  retire.  He 
repaired  to  his  eflate  at  Maklherbes,  and  from  that  mo- 
ment entirely  devoted  his  time  to  thofe  occupations 
thit  had  ever  formed  the  chief  pleafure  of  his  life.  He 
palled  the  evenings  and  a  great  part  of  the  night  in 
reading  and  ftudy. 

In  this  tranquil  flate  he  was  paffing  the  evening  of 
his  days  amidH  his  woods  and  fields,  when  the  horrors 
of  the  Revolution  brought  him  again  to  Paris.  During 
the  whole  of  its  progrefs,  he  had  his  eyes  conllantly  fix- 
ed on  his  unhappy  fovereign,  and,  fubduing.  liis  natural 
fondnefs  of  retirement,  went  regularly  to  court  every 
Sunday,  to  give  him  proofs  of  his  refpeft  and  attach- 
ment. He  impoled  it  as  a  duty  on  himfelf  to  give  the 
minifters  regular  information  of  the  defigns  of  the  regi- 
cide faftion  *  ;  and  when  it  was  determined  to  hung* Birtrattft 
the  king  to  trial,  he  voluntarily  offered  to  be  the  de-  Memoirs, 
fender  of  his  malfer,  in  his  memorable  letter  of  the  i  'th^°  '"' 
of  December  1792,  that  eternal  monument  of  his  loy- 
alty and  affedlion.  His  offer  was  accepted  ;  and  he 
pleaded  the  caufe  of  the  monarch  with  a  Itrength  of  ar- 
gument that  nothing  could  have  refilled  but  the  blood- 
thiifty  minds  of  a  den  of  Jacobins.  "  What  French- 
man (fays  a  valuable  writer),  what  virtuous  man  of  any 
country,  can  never  forget  that  affetling  fcene,  when  the 
refpeSable  old  man,  penetrating,  for  the  firil  time,  in- 
to the  prifon  of  the  Temple,  melted  into  tears,  on  find- 
ing himfelf  preffed  in  the  arms  of  his  king  ;  and  that 
ftill  more  affctting  fcene,  when,  entrutled  with  the  moil 
a;gonizing  commiifion  thiA  a  fubjeft  could  poiTibly  have 
to  his  fovereign,  he  threw  himfelf  at  the  feet  ot  the  m- 
nocent  vidim,  while,  fuifocated  with  his  fobs,  his  voice, 
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till  re-animated  by  the  courage  of  the  virtuous  Louis, 
was  Inadequate  to  announce  the  fatulfentence  of  death*." 

Having  difcharged  this  painful  and  hazardous  duty 
he  once  more  returned  to  his  country  refidence,  ^nd  re- 
fumed  his  tranquil  courfe  of  life.  But  this  tranquillity 
wasof  fliort  duration.  About  a  twelvemonth  afterwards, 
in  the  month  of  December  i  yyq,  three  worthy  members 
of  the  Revolutionary  Committee  of  Paris  came  to  re- 
fide  with  him,  his  fon-in-law,  and  his  daughter,  and  ap- 
prehended the  two  latter  as  criminals.  Left  alone  with 
his  grandchildren,  Malelherbes  endeavoured  to  confole 
the  reft  of  his  unfortunate  family  with  the  hopes  which 
he  himfelf  was  far  from  entertaining,  when,  the  next  day, 
the  new  formed  guards  arrived  to  apprehend  him,  and 
the  whole  of  his  family,  even  the  youngcft  infants.  This 
circumdance  fpread  a  general  confternation  throughout 
the  whole  department  ;  for  there  was  hardly  a  man  in 
France,  a  few  ex-jefuits  excepted,  who  did  not  revere 
the  mild  virtues  of  the  laft  friend  of  the  unfortunate  king. 

In  this  calamity  Malelherbes  preferved  the  undillurb- 
ed  equanimity  of  virtue.  His  affability  and  good  hu- 
mour never  torfook  him,  and  his  converfation  was  as 
ufual  ;  fo  that  to  have  beheld  liim  (without  noticing  his 
^¥retched  guards),  it  feemed  that  he  was  travelling  for 
his  pleafjie  with  his  neighbours  and  friends.  He  was 
condufted  the  fame  night  to  the  prifon  of  the  Madelo- 
nette  with  his  grandfon  Louis  Lepelletier,  at  the  fame 
time  that  his  other  grandchildren  were  feparated  into 
different  pritons.  This  feparation  proving  extremely 
afflicting  to  him,  he  earntllly  folicitcd  again  it  it  ;  and  at 
length,  on  his  repeated  entreaties,  they  all  met  together 
once  more  at  Port-Libre.  They  remained  there  but  a 
(hort  period.  The  fon-in-Iaw  of  Maledierbes,  the  vir- 
tuous Lepelletier  Rafambo,  the  firft  of  them  who  was 
nrrcfted,  was  ordered  into  another  prifon,  and  facrihced 
a  few  days  after.  Malelherbes  himfelf,  his  daughter, 
his  grand-daughter,  and  her  hufband,  were  foon  after 
all  brought  to  the  guillotine.  They  approached  it 
with  fortitude  and  ferenity.  It  was  then  that  his 
dang^iter  addreficd  thefe  pathetic  words  to  Mademoi- 
f«lle  Sombreuil,  who  had  faved  the  life  of  her  own  fa- 
ther on  the  2d  of  September  :  "  You  have  had  the  ex- 
alted honour  to  preierve  your  father —  I  have,  at  leaft, 
the  confolation  to  die  with  mine." 

Malcfherbes,  ftill  the  fame,  even  to  his  laft  moments 
exhibited  to  his  relations  an  example  of  fortitude.  He 
converfed  with  tl)e  perfons  that  were  near  him  without 
beftowing  the  leaft  attentitm  on  the  brutah'ties  of  the 
wretches  who  tied  his  hands.  As  he  was  leaving  the 
prifon  to  aicend  the  fatal  cart,  he  ftumbled  agali.ft  a 
ftone,  and  made  a  falfe  ftep.  "  See  (faid  he  fniiling), 
how  bad  an  omen  !  A  Roman  in  my  fituation  would 
have  been  fent  back  again."  He  paffed  througli  Paris, 
afcended  the  fcaffold,  and  fubmitted  to  death  with  the 
fame  unftiaken  courage.  He  died  at  the  age  of  7  2 
years,  4  months,  and  i  ,-  days.  He  liad  only  two 
daughters  ;  and  the  fon  of  one  of  them  alone  remains  to 
fucceed.  From  this  account  of  Maleflierbes's  behaviour 
at  his  laft  moments,  we  are  inclined  to  believe  that  his 
intentions  Were  better  than  fome  parts  of  his  practical 
conduft  ;  and  we  know,  that  havti);;  difpelled  the  vain 
Jllufionsof  philofcphifm,  he  ackiKJwledged  hit«  paft  er- 
rors ;  exclaiming,  in  the  accents  of  grief;  "  That  falfe 
philofcphy    (to  which   I  confefs  i  was  myfelf  a  dupe) 
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has  plunged  us  into  the  gulph  of  deftru£lion,  and,  by 
an  inconceivable  magic,  has  fafcinated  the  eyes  of  the 
n-.ition,  and  made  us  facrifice  reality  to  a  mere  phantom. 
For  the  fimplc  words  political  liberty,  France. has  loft 
that  facial  freedom  whicli  (he  poffeiTed  in  every  refpeft, 
in  a  higher  degree,  tiian  any  other  nation  !  How  truly 
great  did  the  king  appear  in  his  laft  iriomtnts  !  All 
their  efforts  to  degrade  him  were  vain  ;  hii  unfhakeu 
virtue  triumphed  over  their  wickedncls.  It  is  true, 
then,  that  religion  alone  Iransfufes  fuflicicnt  courage  in- 
to the  mind  of  man,  to  enable  him  to  fupport,  with  fo 
much  dignity,  fuch  dreadful  trials  ■!"." 

MALGUZZARY,  in  the  language  of  Bengal,  ^/jjr. 
mcnt  of  revenue  ;   the  revenue  itfelf. 

MALPHAGHINO  (John),  otherwife  called  John 
de  Ravenna,  from  the  place  of  his  birth,  was  born  in  tlit 
year  1392,  of  a  family  diftinguifhed  neither  by  riches 
nor  nobility.  His  father,  however,  committed  hira  to 
the  care  of  Donatus  the  grammarian,  an  intimate  friend 
of  Petrarch,  who  at  that  time  taught  the  Latin  tongue 
with  great  applanfe  at  Venice.  Donatus  thought  he 
difcovered  fuch  happy  difpofitions  in  young  Malphaghi- 
no,  that  he  recommended  him  to  Petrach,  not  only  as  an 
excellent  affiftant  to  facilitate  his  labours,  by  reading  or 
tranfcribing  for  him,  but  as  a  youth  of  the  moft  pro- 
mifing  talents,  and  worthy  of  beirig  formed  under  the 
infpeclion  of  the  greateft  man  of  the  fourteenth  century. 

It  appears  from  fome  of  Petrarch's  letters,  for  it  is 
from  thefe  chiefly  we  can  obtain  information  refpei^fing 
John  de  Ravenna,  that  he  fully  anfwered  the  expecta- 
tions formed  of  him  ;  and  that  he  even  gained  the  fa- 
vour and  affeftion  of  his  patron  fo  much,  that  he  loved 
him  and  treated  him  as  if  he  had  been  his  own  fon.  In 
a  letter  to  John  de  Certaldo  (a),  Petrarch  highly  ex- 
tols him,  not  only  for  his  genius  and  talents,  but  alio 
for  i\is  prudent  and  virtuous  conduit.  "  He  polfeiles 
(fays  he)  what  is  very  rare  in  our  times,  a  great  turn 
for  poetry,  and>  a  noble  dellre  to  become  acquainted 
with  every  ufeful  and  ornamental  part  of  knowledg-e. 
He  is  favoured  by  the  Mufes,  aHid  already  attempts 
verfes  of  his  own  ;  from  which  one  can  foretel,  that,  if 
his  life  be  fpared,  and  it  he  jjfoes  on  as  hitherto,  fome- 
thing  great  may  be  expected  from  him." 

Not  long,  however,- after  this  panegyric  was  written, 
young  Malphaghino  conceived  an  inliiperable  delire  to 
fee  the  world  ;  and,  notwilhflanding  all  Petrarch';,  re- 
monflrances,  perilftcd  in  his  refolution  of  quitting  hitn. 
Petrarch's  paternal  care  and  regard  for  his  pupil  appear, 
on  this  occafion,  in  the  moft  iavourabie  light,  as  may  be 
feen  in  his  letters  to  Donatus  ;  and  his  wliule  behaviour, 
though  the  young  man  infifted  on  leaving  liiin,  without 
aliigning  a  fufficicnt  reafon  for  his  precipitate  and  un- 
grateful conduct,  docs  as  much  honour  to  lu's  head  ac  to 
his  heart, 

The  precipitation  with  which  John  de  R<ivenna  car- 
ried his  plan  into  execution  was  not  likely  to  make  it 
anfwer  his  expectations.  He  departed  without  taking 
with  liim  letters  of  recommendation  which  Petrarch  or- 
fered  him  to  his  friends.  He,  however,  ])urfutd  his 
journey  over  the  Appenines,  amidft  continual  rain,  gi- 
ving out  that  be  had  been  difmiffcd  by  Petrarch  ;  but-, 
tiuiugh  he  experienced  i>T>.n  many  a  compallioii  to 
wnich  lie  was  not  entitled  by  his  conduct,  be  now  began 
to  awakenfrom  bis  drcaai.     He  proceeded  therefore  to 
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(a)  Better  known  under  the  name  of  Boccaccio  or  Boccace,     Certaldo  was  the  place  of  his  birth. 
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Malpbag-  Pifa,  in  order  to  procure  a  veffel  to  cnrrj*  him  back  to- 
hinn.  .yjrds  Pavin  ;  hut  being  difappoiiited*  while  hii  money 
wafted  as  mucli  as  his  patience  decrtafed,  he  luddenly 
refolved  to  travel  back  acrofs  the  Appenines.  When 
he  defcended  into  tiie  Lig'iiian  planes,  he  attempted 
to  wade  through  a  river  in  the  dillriclof  Parma,  which 
was  much  fwelled  by  the  rains  ;  and  being  carried  by 
the  force  of  the  ilream  into  a  whirlpool,  he  would  h:ive 
loft  his  life,  had  he  not  been  faved  by  fome  people  who 
were  accidentally  pafling  that  way.  After  efcaping 
this  dana;er,  he  arrived,  pennylefs  and  faniiflied,  at  the 
houfe  of  his  former  patron,  who  happened  then  not  to 
be  at  home  ;  but  he  was  received  and  kindly  entertained 
by  his  fervants  till  their  mafter  returned. 

Petrarch,  by  his  intreaties  and  paternal  admonitions, 
retained  the  young  man  at  his  houfe  for  about  a  year, 
and  prevented  him  from  engaging  in  any  more  romantic 
adventures  ;  bvit,  at  the  end  of  that  period,  his  defire 
for  rambling  again  returned  ;  and  as  Petrarch  found 
that  all  attempts  to  check  him  would  be  fruitlefs,  he 
gave  him  letters  of  recommendation  to  two  of  his 
friends,  Hugo  de  St  Severino  and  Francifcus  Brunus, 
at  Rome.  To  the  former  of  thefe,  Petrarch  fays, 
♦'  This  youth  of  rare  talents,  but  ftill  a  youth,  after 
propofuig  to  himielf  various  plana,  has  at  length  embra- 
ced the  nobleft  ;  and  as  he  once  travelled,  he  is  now  de- 
firous  of  doinE(  fo  again,  in  order  to  gratify  his  thirll  of 
knowledge,  fie  has,  in  particular,  a  ftrong  inclination 
for  the  Greek  h'.nguage  ;  and  entertains  a  wifti  which 
Cato  firll  conceived  in  his  old  age.  This  wilh  I  have 
endeavoured  for  fome  years  to  hibdue  ;  fometlmes  by 
intreaties,  at  other  times  by  admonition  ;  fotretimes  by 
reprefenting  how  much  he  is  tlill  deficient  in  the  Ro- 
-man  language  ;  and  fometimes  by  laying  before  him  the 
difficulties  which  muft  attend  him  in  his  journey,  efpe. 
tially  as  he  once  before  left  me,  and  by  want  was  ob- 
liged to  retniTi.  As  long  as  that  unfortunate  excurfion 
■was  frefh  in  his  memory  he  remained  quiet,  and  gave 
me  hopes  that  his  rcftlefs  fpirit  could  be  overcome  and 
Teftrained.  But  now,  fince  the  remembrance  of  his 
misfortunes  is  almoft  obliterated,  he  again  fighs  after 
the  world  ;  and  can  be  retained  neither  by  iorce  nor 
perfuafion.  Excited  by  a  defire  which  betrays  more 
ardour  than  prudence,  he  is  refolved  to  leave  his  coun- 
try, friends,  and  relations,  his  aged  father,  and  me  whom 
he  loved  as  a  father,  and  whofe  company  he  prttcrred 
to  a  refidence  at  home,  and  to  liai^rti  to  you  whom  he 
-knows  only  by  name.  This  precipitation  even  has  an 
appearance  of  prudence.  The  young  man  firft  wilhed 
to  vifit  Conftantinople  ;  but  when  I  told  him  that 
Greece,  at  prefent,  is  as  poor  as  it  was  formerly  rich  in 
learning,  he  gave  credit  to  my  aflertion,  and  at  any  rate 
altered  his  plan,  which  he  could  not  carry  into  execu- 
tion. He  is  now  delirous  uf  traverfing  Calabria,  and 
the  whole  coaft  of  Italy,  diiUnguilhed  formerly  by  the 
name  of  Magna  Groecin,  becaufe  I  once  told  him  that 
there  were  in  that  quarter  feveral  men  well  Ikilled  in  the 
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Greek  langtiage,  particularly  a  monk,  Bsrlaam,  and  one  Malphag- 
Leo,  or  Leontius,  with  whom  I  was  intimately  acquaint-  ''■'"'• 
ed,  and  of  whom  the  firll  had  been  fome  time  my  fcho-  """"* 
lar.  In  confequcnce  of  this  propofal,  he  begged  me  to 
give  him  a  recommendatory  letter  to  you,  as  yo\i  have 
confiderable  influence  in  that  part  of  the  country.  This 
requeft  I  granted,  in  hopes  that  the  young  man,  by  his 
genius  and  talents,  will  afford  you  fatisfaftion  equal  to 
the  fervice  which  you  may  render  to  liim."  In  his  let- 
ter to  Brunus,  Petrarch  exprefles  himfelf  as  follows ; 
''  He  is  a  young  man  who  wiflies  to  fee  the  world  as  I 
formerly  did  ;  but  I  never  refletl  on  it  without  horror. 
He  is  defirousof  feeing  Rome  ;  and  this  defire  I  cannot 
condemn,  as  I  myfelf  have  fo  often  vifited  that  city,  and 
could  ftill  revifit  it  with  pleafure.  I  lufpett,  however, 
that  he  will  venture  on  a  more  extenfive  ocean,  and  that 
he  imagines  to  find  a  fortune  where  he  will,  perhaps,  meet 
with  a  Ihlpwreck.  At  any  rate,  he  is  dv^firous,  he  fays, 
of  putting  his  fortune  to  a  trial.  1  uilh  it  may  be  fa- 
vourable ;  fhoald  it  be  adverfe,  he  is  lull  at  liberty  to 
return  to  my  peaceful,  though  fmall,  haven  ;  for  1  hang 
out  a  light  during  the  day  as  wtU  as  the  night,  to 
guide  thofe  who  quit  me  through  youthful  folly,  and 
to  enable  them  to  find  their  way  back.  The  ardour 
by  which  he  is  impelled  muft  not  be  alcribed  fo  much 
to  hira  as  to  his  age,  and  is  in  itfelf  commendable.  If 
I  am  not  much  deceived,  the  young  man  loves  me  and 
virtue  in  general.  He  is  unlleady,  but  modeft  ;  and  de- 
ferves  that  all  good  men  fiiould  contribute  to  his  pro- 
fperity  as  far  as  they  can." 

From  the  letters  of  Petrarch,  there  is  reafon  to  be- 
lieve, that  John  de  Ravenna  lived  with  him  only  about 
three  years  in  all  ;  and  that  he  had  not  attained  to  the 
full  age  of  manhood  when  he  left  him.  It  appears  alfo, 
for  this  circumftance  is  very  oblcure,  that  after  he  quit- 
ted him,  he  wandered  about  a  confiderable  time  before 
he  was  fo  fortunate  as  to  meet  with  a  protettor  and  pa- 
tron, at  whole  houfe,  as  he  wrote  to  Petrarcli,  he  at  lail 
found  a  permanent  afylum.  How  long  he  remained 
with  his  patron,  whom  fome  believe  to  have  been  Car- 
dinal Philip,  and  what  happened  to  him  till  the  death 
of  Petrarch  in  i  :;74,  and  for  fome  years  after,  is  un- 
known. The  literary  monuments  of  the  fourteenth  and 
fifteenth  centuries  fay  nothing  farther  of  him  till  hij  ap- 
pearance at  Padua  ;  where,  according  to  the  teftimony 
of  Sicco  (b),  one  of  the  molt  celebrated  of  his  fcholars, 
he  not  oiil)-  tauolit  the  Roman  Eloquence,  but  alio  tlie 
fcience  of  moral  phllofophy,  with  fucli  fuceefs  and  ap- 
plaufe,  and  improved  his  fcholars  fo  much  by  his  lite  and 
example,  that,  according  to  uiiiverfal  opinion,  he  far  ex- 
celled all  the  profeffors  of  thofe  fciences  who  had  ever 
before  appeared.  That  he  was  here  of  confiderable  fer- 
vice ill  revivi:-.g  the  ftudy  of  the  Latin  language,  and  of 
the  works  of  the  ancient  Romans,  was  acknowledged  by 
all  his  fcholars,  and  is  confirmed  by  the  following  tefti- 
mony of  Blondus  (c). 

"  »\bout  the  fame  period,   Ravenna  produced  that 

learned 


(b^  Adolefcens  turn  ego  poetas,  et  inflltuta  TuUil  audiebam.  Legebat  tunc  hac  in  civitate  Padua,  llterarum 
Tiutrice,  fohannes  Ravennas,  vir  et  fanftlmonia  morum  et  fludio  ifto  excellens,  atque  fi  potcft  'i\\\t  invidia,  did  ce- 
teris, qui  magiftri  artis  hnivs  In  terra  Italia  ufquam  degerent  et  doAIiTimi  haberentur,  quantum  recordari  videor, 
omnium  judicio  pra^ferendus.  Hoc  namque  a  prseceptore  non  eloquentia  modo,  quam  ex  ordlue  legerit,  fed  mores 
etiam,  ac  qusedam  bene  honefteque  vivendi  ratio  cum  doftrina  turn  exemphs  dif'cebatur. — Sicco  Poleutonus,  Ap. 
Mehus,  1.  c.  p.  139. 

(c)  Blondi  Flavii  Forlivienfis  Italia  illuftrata.     Bas.  1559.  fol.  p.  346. 
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tph^g  learned  c^ramtnarian  and  rhetorician  Johannes,  of  whom 
iisio.  Lconardns  Arctitius  ufcd  to  fay,  that  he  firlt  introdu- 
~*  ced  into  Italy,  after  a  long  pc; iod  of  harbarifm,  the 

Ihidy  of  the  latin  language  and  eloquence,  now  fo  fluu- 
rifliing  ;  a  circuniftance  which  dcfcrves  to  be  enlarged 
on  in  the  prefent  work.  Thdfe  well  acquainted  with 
Roman  literature  know,  that  after  the  periods  of  Am- 
brofe,  Jeroni,  and  Auguftine,  there  were  none,  or  very 
few,  h4io  wrote  with  any  elegance,  iinlefs  we  add  to 
thefe  good  writers,  St  Gregory,  the  venerable  Bcda, 
and  St  Bernard.  Francis  Pctrarcha  was  the  firft  who, 
with  much  genius,  and  Hill  greater  care,  recalled  from 
the  dull  the  true  art  of  poetry  and  of  eloquence.  He 
did  not  attain  to  the  flowers  of  Ciceronian  eloquence, 
with  which  many  are  adorned  in  the  prefent  century  ; 
but  this  was  owing  rather  to  a  want  of  books  than  of 
talents.  Though  he  boafted  of  having  found  at  Ver- 
cclli  Cicero's  letters  to  Lentulus,  he  was  unacquainted 
with  the  books  of  that  great  Roman  De  Oratore^  Quiu- 
tilian's  Inftitutes,  the  Orator,  the  Brutus,  and  other 
writings  of  Cicero.  John  de  Ravenna  was  known  to 
Petrarch  both  in  his  youth  and  in  his  old  age.  He 
was  not  more  convei  fant  with  the  ancients  than  Pe- 
trarch ;  and,  as  far  as  I  know,  left  no  works  behind 
him.  By  his  excellent  genius,  however,  and,  as  Leo- 
nardus  Aretinus  fays,  by  the  particular  difpcnfation  of 
God,  he  was  the  preceptor  of  this  Leonardus,  of  Pe- 
trus  Paulus  Vergerius,  of  Annebonus  de  Padua,  of  Ro- 
bert I^olTi,  of  J.nnes  Angeli  of  Florence,  of  Poggins 
and  Guarino  of  Verona,  of  Viftorinus,  Sicco,  and  other 
men  of  lefs  note,  whom  he  incited  to  the  ftudy  of  bet- 
ter knowledge,  and  to  imitate  Cicero,  if  he  could  not 
form  them  or  inllrudl  them  completely. 

"  About  tlie  fame  time,  Manuel  Chryfoloras,  a  man 
as  virtuous  as  learned,  came  from  Conflantinople  to  Ita- 
ly, and  inilrufted  in  the  Greek  language,  partly  at  Ve- 
nice and  partly  at  Florence  and  Rome,  all  the  before 
mentioned  fchohrs  of  John  de  Ravenna.  After  he  had 
continued  this  inllruttion  for  fome  years,  thofe  unac- 
quainted with  the  Greek  langn^.ge,  and  the  ancient 
Greek  writers,  were  confidercd  in  Italy  as  more  igno- 
rant than  thofe  unacquainted  with  the  Latin.  A  great 
many  young  men  and  youths  were  inflamed  with  an  en- 
thuliaftic  defire  for  the  works  of  the  ancient  Greeks 
and  Romaiis.  At  the  time  of  the  council  of  Confl.ince, 
in  the  beginning  of  the  15th  century,  many  of  my 
countrymen  endeavoured,  by  fearching  the  neighbour- 
ing convents  and  cities,  to  difcover  fome  of  tlie  Roman 
nianulcripts  which  had  been  loft.  Poggins  firft  difco- 
vered  a  complete  copy  of  Qiiintilian,  which  was  foon 
followed  by  the  letters  of  Cicero  to  Atticus.  As  our 
youth  applied  to  the  ftudy  of  thefe  works  with  the  ut- 
moft  diligence,  that  celebrated  grammarian  aad  rheto- 
rician Caf|)arnius  de  Bergamo,  opened  a  fchool  at  Ve- 
nice, fuperior  to  the  former,  and  in  which  loung  per- 
fons  were  encouraged  to  ftudy  the  ancient  languages 
and  writers.  About  the  fame  time  flourifhed  Petris  Pau- 
lus Vergerus,  Leonardus  Aretinus,  Robert  Roffi,  James 
Angeli,  Poggins,  and  Nicolaus  de  Medici,  whom  Aretin 
had  long  inftruftcd.  Guarinus  alfo  had  begun  to 
inftruct  many  at  Venice,  and  Vidtorinus  at  Mantua, 
when  Phillip  III.  Duke  of  Milan,  recalled  Cafparinus 
as  his  fubjeft,  from  Venice  to  Padua  and  Milan.  The 
increafing  iludy  of  ancient  literature  was  much  promo- 
ted by  Gerard  Landriano  bifhop  of  Lodi,  difcovering 
under  fome  ruins  an  old  copy  of  Cicero,  written  in  cha- 
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rafters  fcarcely  legible,  which,  among  other  rhetorical  Malp)  ag 
writings  of  that  great  Roman,  contained  the  whole ,  "' '° 
books  i)c  Oralore,  with  his  Brulis  and  Orator.  Tiiis 
favtd  Cafparinus  the  trouble  ol  fupplying  the  books  of 
Cicero  Dn  Oratorc,  as  he  had  attempted  to  lupply  the 
works  of  Ouintilian.  As  no  one  was  found  in  all  Mi- 
lan who  could  read  this  old  manufcript  of  Cicero,  an 
ingenious  young  man  of  Verona,  named  Cafmus,  was 
fo  fortunate  as  lirft  to  tranfcribe  the  books  De  Oralore, 
and  to  fill  all  Italy  with  copies  of  a  work  which  was 
univerfally  fought  for  with  the  utmoft  avidity,  I  my- 
felf,  in  my  youth,  when  I  went  to  Milan  on  the  buli- 
nefs  of  my  native  city,  tranfcribed,  with  as  much  ar- 
dour as  fpeed,  the  Brutus  of  Cicero,  and  fent  copies  of 
my  tranfcription  to  Guarinus  at  Verona,  and  to  Leo- 
naid  Juftiiiiani  at  Venice  ;  by  which  means  this  work 
was  foou  difperfed  all  over  Italy.  By  thefe  new  works 
eloquence  acquired  new  fire  ;  and  hence  it  happens,  that 
in  our  age  people  fpeak  and  write  better  than  in  the 
time  of  Petrarch.  The  ftudy  of  the  Greek  language, 
belidts  the  abundance  of  new  and  ufetul  knowledge 
which  it  difcloled,  was  attended  with  this  giVat  advan- 
tage, that  many  attempted  to  tranflate  Greek  v/orks 
into  Latin,  and  thereby  inipvoved  their  fiyle  much  more 
than  they  could  have  dune  without  that  practice.  Af- 
ter this  pel  iod,  fchools  lor  teaching  the  ancient  langua- 
ges iacreaied  in  Italy,  and  flfurilhed  mere  and  more. 
Moll  cities  had  fchools  of  this  kind  ;  and  it  gives  one 
pleafure  to  obferve,  that  the  Ichohirs  excelled  their  ma- 
fters,  not  only  when  they  left  them,  but  even  while  they 
were  under  their  tuition.  Of  the  fcholars  of  John  de 
Ravenna,  two  of  the  oldeft,  Guarinus  and  Vidorinus, 
the  former  at  Venice,  and  the  latter  at  Mantua,  Vero- 
na, Florence,  and  Ferrara,  inilrufted  an  immenfe  num- 
ber of  pupils  ;  and  among  thele,  the  Princes  of  Ferrara 
and  Mantua.  George  of  Trebifonde,  when  he  leftured, 
at  Rome,  had  for  his  auditors,  befides  Italians,  many- 
Freneh,  Spaniards,  and  Germans,  among  whom  fome- 
times  there  were  men  of  rank  and  eminence.  Francif- 
cus  Phllelphus,  who  liad  been  taught  at  Conftantinople 
by  Chryfoloras  himfelf,  inftruftcd  a  great  many  young, 
men  and  youths  in  the  Greek  and  Latin  languages  at 
Venice,  Florence,  .Siena,  Bologna,  and,  laft  of  r.ll,  at 
Milan."  In  the  above  quotation,  the  fliare  which  John 
de  Ravenna  had  in  reviling  and  diftiiang  a  knowledge, 
not  only  of  the  Roman,  but  alfo  of  the  Grecian  litera- 
ture, is  fo  clearly  reprefented,  that  no  farther  teftimony 
is  neccn"ary  to  eflablidl  his  claim  to  celebrity. 

After  John  de  Ravenna  had  taught  at  Padua,  he  re- 
moved for  the  like  purpofe  to  Florence  ;  where,  as  ap- 
pears, he  inftrufled  young  people  for  fome  time,  with- 
out being  exprefsly  invited  by  the  government,  and 
without  being  publicly  paid  for  his  labours.  In  the 
beginning  of  his  refidence  at  Florence,  he  feems  to  hate. 
been  recommended  by  Colucius  to  the  learned  Charles 
de  Malatefta.  "  There  lives  here  at  prefent  (fays  Co- 
lucius, in  one  of  his  letters)  a  teacher  of  great  merit, 
John  de  Ravenna. — He  is  (continues  he)  of  mature 
age  ;  irreproachable  in  his  manners,  and  lo  difpofed  in. 
general,  that  if  you  receive  him,  as  I  hope  and  widi,. 
among  the  number. of  your  intimate  friends,  you  will 
find  him  an  agreeable  and  incomparable  aftiftant  to  you 
in  your  labours  and  ftudies.  Vv'hat  can  be  more  defi- 
rable  to  you  than  to  pofiefs  a  man  who  will  lucubrate 
and  labour  for  you  ?  and  who,  in  a  ftiort  time,  can  com- 
municate to  you  what  you  could  not  obtain  by  your 
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own  exertions  without  great  difiiculty.  I  do  not  know 
whetlier  you  will  iiiid  his  like  in  all  Italy  ;  and  I  theix-- 
j  fore  wifh,  that,  if  you  confide  in  my  judgment,  you  will 
rctrive  John  de  Ravenna  in  the  room  of  your  late  karn- 
fd  friend  James  de  Alegretti."  It  is  not  known  whe- 
ther John  dc  Ravenna  went  to  relide  with  Malatefta  or 
not.  It  is,  however,  certain,  that  the  former,  in  1397 
(rhe  fame  year  in  which  Manuel  Chryfoloras  came  to 
Florence),  was  invited  thither  by  the  magillrates  of 
that  city,  with  the  promife  of  an  annual  fahry,  to  in- 
ftrucl  young  people  in  the  Roman  language  and  elo- 
quence ;  that  John  de  Ravenna,  at  the  period  when  he 
entered  into  this  honourable  engagement,  was  4J  years 
of  age  ;  and  that  the  fcholars  of  John  de  Ravenna  were, 
at  the  fame  time,  fcholars  of  Chyfoloras.  Saluratus 
Colucius,  in  all  probability,  was  the  caufe  of  this  invita- 
tion, as  he  was  acquainted  with  the  fervices  of  John 
de  Ravenna,  and  knew  how  to  appreciate  them.  "  We 
know  (fays  he),  in  one  of  his  letters  to  John  de*  Raven- 
na), and  all  who  refpeft  you  know  alfo,  that  none  of 
the  moderns,  or  even  ancients,  approached  fo  near  to 
Cicero  as  you  ;  and  that  to  the  moft  wonderful  beauty 
and  powers  of  fpeech,  you  join  the  deepefl  knowledge." 
John  de  Ravenna,  like  Chryfoloras,  and  reoft  ot  the 
teachers  of  the  Greek  and  Roman  languages  in  the  be- 
giimlng  of  the  fifteenth  century,  was,  no  doubt,  engaged 
at  firft  only  for  a  few  years  ;  when  thefe  were  elapfed, 
the  engagement  was  renewed,  perhaps  for  the  laft  time, 
in  1412,  and  he  was  bound,  befides  teaching  the  Ro- 
man eloquence,  to  read  publicly,  and  explain  in  the  ca- 
thedral, on  feftivals,  the  poems  of  Dante.  John  de  Ra- 
venna did  not  long  furvive  the  above  renewal  of  his  en- 
gagement ;  for  an  anonymous  writer,  who,  in  1420,  fi- 
nlllied  yf  Guide  to  Letter-iuriling,  according  tn  the  Prin- 
ciples of  John  lie  Ravenna,"  fpeaks  of  his  preceptor  as 
of  a  man  not  then  in  exiftence. 

MALT.  See  Brev/ing  {EncycL),  where  a  full  ac- 
count is  given  of  Sir  Robert  Murray's  method  of  malt- 
making,  together  with  fome  valuable  obfervations  on 
malt  by  Mr  Richardfon  of  Hull.  In  a  late  edition  of 
this  latter  gentleman's  Theoretic  Flints  on  Breioing,  we 
are  told,  that  Mr  Edward  Rigby  of  Norwich  is  of  opi- 
nion, that  the  mere  exficcatiou  of  corn  is  not  the  only 
objeft  obtainable  by  drying  it  on  the  kiln,  but  that  fome 
portion  of  the  faccharum  of  malt  is  the  effeft  of  that 
procefs.  "  The  operation  of  kiln  drying  the  malt  (lays 
Mr  Rigby)  is  as  follows  : — The  grain  is  fpread  thick 
upon  a  floor  made  of  flat  bricks  (//'/«),  or  iron  plates, 
which  are  full  of  perforations  ;  immediately  ur  'er  this 
floor  is  the  oven  or  furnace,  in  which  is  a  large  fiix 
made  of  coah,  cinders,  or,  in  fome  places,  billet  wood  ; 
a  current  of  air,  at  the  mouth  of  the  furnace,  keeps  up 
the  combullion  of  the  coaks,  and  the  air  which  is  phlo- 
gifticated  bv  their  burning,  and  which,  in  a  common 
fire-place,  riles  up  the  chimney,  pafl't-s,  in  this  inftance, 
througjh  the  apertures  in  the  floor,  and  penetrates  the 
whole  llratum  of  malt  before  it  can  pals  into  the  exter. 
nal  air.  Under  thefe  circumltances,  it  is  evident,  that 
the  intertlices  of  the  malt  mull  be  filled  with  phlogifUc 
air;  and  as  the  grain  ufually  remains  in  this  fituation 
about  two  days,  it  is  obvious,  that  if  it  have  the  power 
of  abforbing  phlogifton,  it  certainly  mufl;  do  it  when 
fo  ling  in  contaft  with  it.  And  that  the  malt  does 
really  imbibe  fome  of  this  principle,  is  not  only  probable 
0,1  the   general  ground  of   the  truth  of  the  preceding 
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theory,  but,  I  believe,  it  will  be  found,  that  the  phlo. 
gilticated  air  which  rifcs  from  the  burning  fubftances  ' 
underneath,  is  correfted  in  pafling  through  the  malt  ; 
for  withou'  its  being  meliorated  by  this  or  fome  other 
caufe,  it  is  evident  that  the  air  in  the  kiln-chamber, 
more  efpecially  the  lower  ftrata  of  it,  muil  be  noxious, 
and  probably  even  fo  much  fo  as  to  be  unfit  for  refpira- 
tion  and  combufi.ion.  But  fo  far  from  this  being  the 
cafe,  I  am  informed,  that  workmen  will  lie  and  fleep 
many  hours  on  the  malt  in  this  fituation  without  fufFer- 
ing  any  inconvenience.  And  after  mentioning  this,  it 
is  icarcely  neceflary  to  add,  that  I  find  alfo,  by  experi- 
ment, that  a  candle  will  burn  perfcAly  well  in  the  air 
which  is  immediately  on  the  furface  of  the  malt. 

"  Were  heat  alone  fufficient  for  the  purpofe  of  com- 
pleting the  operation  of  malting,  it  certainly  might  be 
applied  in  a  much  more  cheap  way  than  is  at  prefent 
done  ;  for  the  floor  on  which  the  grain  is  laid  might, 
unquefliionably,  be  heated  equally  without  there  being 
perforations  in  it,  as  with  them.  In  which  cafe,  one 
kind  of  fuel  would  be  as  good  as  another  ;  and,  confe- 
quently,  the  prefent  expence  of  previoufly  burning  the 
coals,  to  convert  them  into  coaks  or  cinders,  might  be 
faved. 

"  But,  admitting  that  the  application  of  phlogifton 
to  the  malt,  as  well  as  heat,  is  requifitc  in  this  opera- 
tion, the  neceffity  of  thefe  perforationS'becomes  evident, 
and  alio  the  propriety  of  previoufly  burning  the  coals 
in  fuch  a  way,  that  all  the  water,  and  thofe  other  hete- 
rogeneous particles  which  compofe  fmoke  and  foot,  may 
be  diflipated  ;  for  thefe,  merely  as  fuch,  would  obviouf- 
ly  contribute  little  to  the  phlogiftication  of  the  malt, 
and  would  evidently  impart  fome  offenfive  flavour,  if  not 
fome  obnoxious  quality  to  it. 

"  Reafoning  from  the  above  premifes  (Mr  Rigby 
concludes),  it  would  feem,  that  as  all  the  farinaceous 
parts  of  the  barley  are  feldom  diflblved  in  brewing,  and 
the  grains  which  are  left  have  ufually  the  difpofition  to 
become  four,  thereby  manifeftiug  ibme  of  the  acid  prin- 
ciple to  be  ftilt  exitting  in  them,  it  is  not  improbable 
but  fome  further  faccharine  matter  might  be  obtained 
from  the  grain  by  another  expofure  to  phlogillicated 
air,  or,  in  other  words,  by  being  once  more  laid  on  the 
kiln." 

This  is  indeed  fo  far  from  being  improbable,  that  we 
think  it  muft  infallibly  be  the  cafe.  Sugar,  it  is  well 
known,  confilts  of  oxygen,  hydrogen,  and  carbon  (fee 
Chemistry  in  this  Supplement,  n"  466.)  ;  but  from  the 
difpofition  of  the  grains  to  become  four,  it  is  plain,  that 
after  the  procefs  of  brewing  they  ilill  retain  much  oxy- 
gen ;  and  the  azotic  gas,  which  is  here  called  phlogilli- 
cated air,  there  is  every  rcafon  to  believe  contains  both 
hydrogen  and  carbon.  Thefe,  therefore,  uniting  with 
the  oxygen  of  the  grains,  mud  make  an  addition  to  the 
faccharine  matter.  This  has,  indeed,  been  found  to  be 
the  fait  by  Mr  Richardlon,  who,  in  confequence  of  Mr 
Rigby *s  fnggcftion,  was  induced  to  brew  a  fmall  brew- 
ing of  malt,  often  quarters  only,  and  (lopping  the  pro- 
cefs when,  according  to  his  general  praclice,  one  extraft 
was  ilill  due,  he  ordered  the  grains  to  be  laid  upon  one 
of  his  malt- kilns,  and  cinders  to  be  applied  the  fame  as 
for  drying  of  malt.  This  was  continued  for  two  days 
and  a  half,  when  the  grains,  being  perfe&ly  dried,  were 
put  into  fdcks,  and,  when  cold,  returned  again  into  the 
maflitun.     The  event,   in  louiC  mcalure,  jnilified  Mr 
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RJghy's  expei5tation  ;  for  the  produce  of  feimentabic 
matter  was  confiderably  more  than  he  had  reafon  to 
conclude  would  have  been  the  cafe,  had  the  extraft  been 
made  in  immediate  fucceflion,  as  it  would  have  been  in 
the  ordinary  courfe  of  his  praftice.  He  attempts,  in- 
deed, to  account  for  it  in  a  way  very  different  from 
ours  ;  but  though  we  have  the  highell  confidence  in  Mr 
Riehardfon  as  an  experienced  brewer,  we  mull  fome- 
tinies  beg  leave  to  think  for  ourfelves  as  clieiiiifls.  I^ike 
a  man  of  fcnle,  however,  and  a  man  of  fcience,  he  fays, 
"  I  am  fo  well  fatisfied  with  the  event  of  this  experi- 
ment, that  I  (hall  proliably  be  inclined,  on  fume  futuie 
occafion,  to  repeat  it,  in  various  ilages  of  the  proecfs. 
The  fine  lively  froth  on  the  furface  of  the  wort,  in  the 
underback,  added  to  its  tranfpnrencv  and  good  flavour, 
are  eijcumftances  which  induce  me  to  thank  Mr  Rigby 
for  the  hint,  which,  it  is  not  improbable,  may  be  ap- 
plied to  fome  ufcful  purpofe,  in  certain  iituations  which 
fometimes  occur  in  the  brewing  trade." 

MAMMALUKES,  Mamalucs,  Mamdoucs,  or 
Mamluhs,  were  a  dynafly  that  reigntd  for  a  confiderable 
time  in  Egypt,  and  of  which  fome  account  has  been 
given  in  that  article  i^Encycl)  A  fuller  account  of 
them  muft,  however,  be  acceptable  to  our  readers,  as, 
fince  their  connexions  with  the  French,  they  have  at- 
trafted  confiderahle  attention. 

They  were  iirft  introduced  into  Egypt,  as  we  have 
already  obferved,  by  Saladine,  who,  when  he  had  it  in 
contemplation  to  beCege  Jerufaleni,  very  naturally  en- 
deavoured to  colleft  the  mod  forcible  means  to  accom- 
plidi  fo  defirable  an  end  ;  and,  in  confequence,  obferving 
that  the  ancient  inhabitants  of  Egypt  were,  from  their 
effeminate  mode  of  education,  and  the  quiet  and  tran- 
quil habits  of  their  lives,  much  fitter  for  thofe  occupa- 
tions in  which  they  delighted,  namely,  the  arts,  mer- 
chandise, and  mechanics,  than  military  tatlics  and  mili- 
tary toil,  he  refolved,  as  httle  as  poflible,  to  employ  or 
depend  upon  them. 

This  refolution  ftimulating  him  to  procure  a  hardier 
race  of  ioldiers,  he  therefore  commifiioned  agents  to 
treat  with  the  Circaflians,  by  the  Lake  of  Mxotis,  near 
Tawrica  Cherfonefas,  whence,  about  the  year  1176, 
they  purehafed  more  than  a  thoufand  flaves.  Men  inu- 
red to  hardfhip,  nurtured  in  the  lap  of  toil  and  danger, 
and  bred  from  their  infancy  to  war,  which  was  to  them 
rather  than  an  inftiuft  than  a  fcience,  as  the  continual 
iiicurfions  of  the  Tartars  rendered  felf-defence,  in  their 
fituation,  ahfolutely  neceflary. 

Thefe  Haves  Saladine  trained  to  military  difcipline, 
and,  at  the  fame  time  that  he  made  them  renounce 
Chriftianlty,  had  them  inllrufted  in  the  Mahometan  re- 
ligion ;  and  although  he  proiiibited  them  from  marry- 
ing, he  allowed  them  an  unbounded  licenfe  with  refpedl 
to  defultory  gallantry.  What  progrefs  they  made  in 
the  dottrines  of  the  Alcoran,  whether  the  tenets  of 
that  facred  voiumi  effeftually  eradicated  all  their  firfl 
principles,  is  uncertain  ;  but  it  is  certain,  that  in  time 
they  became  excellent  foldiers,  and  that  the  military 
glory  of  Saladine,  which  was  feebly  fupported  by  the 
native  Egyptians,  expanded  in  the  hands  of  the  Mame- 
loucs,  who  extended  their  conquefts  on  every  fide,  un- 
til, pervading  the  Holy  Land,  they  entered  in  the  plain 
cfAn<elon. 

1.  hefe  Mameloucs,  who  were  continually  adding  to 
their  numbers,   in  procefs  of  time  became  naturalized 
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to  the  country  ;  and,  as  it  lias  been  obferved,  they  ex-  Mamma, 
celled  the  Egyptians  in  ftrength  of  body,  in  military  '"'''*'  . 
difcipline,  in  their  (liill  in  horfemanfhip,  and  in  courage  ;  ' 

io  they,  by  the  liberality  of  their  generals,  and  the  plun- 
der of  cities  and  provinces,  alfo  excelled  them  in  weidch. 
In  faft,  their  mode  of  education  fitted  them  for  the 
moll  dangerous  and  adventurous  entcrprifes,  and,  from 
being  the  flaves,  enabled  them  in  time  to  become  the 
mailers  of  even  the  Turks,  by  whom  they  had  original- 
ly been  purehafed. 

After  the  death  of  Saladine,  who  left  the  kingdom 
to  his  brother,  they  rofe  to  IllU  greater  importance  than 
tlicy  had  acquired  during  his  reign,  and  continued,  if 
iu)t  abfolutely  to  govern,  yet,  like  the  Roman  foldiers 
in  the  time  of  Pertiaax,  Alexander,  and  Valerian,  to 
awe  the  monarch. 

This  influence  continued  through  the  reigns  of  five 
fucceffive  Caliphs,  until  that  of  jVIelachfala.the  laii  of 
the  pofterity  of  Saladine,  who  being  at  war  with  the 
Arrillians,  and,  at  the  fame  time,  wilhing  to  reprefjthe 
enormous  power  of  the  Mameloucs,  purehafed  Haves 
from  all  the  farrounding  countries,  whom,  in  iniit:ition 
of  his  anceftor,  he  armed  and  appointed  to  defend  his 
dominions.  The  event  of  this  meafure  was  exactly 
what  might  have  been  expefted.  Melachfala  was,  ia 
confequence  of  a  confpiracy  betwixt  his  new  and  his  old 
foldiers,  flain  ;  and  Turquemenus,  the  leader  of  this  mu- 
tiny and  rebellion,  hailed  by  the  title  of  Great  Sultan 
of  Egypt.  With  him  began  the  government  of  the 
Mameloucs,  about  the  year  i2jo  ;  which  had  the  next 
year  gathered  fuch  ftrength,  that  it  was  thought  necef- 
fary,  in  order  to  reprefs  thofe  exuberances  to  which  new 
formed  governments  are  liable,  and  bring  it  nearer  to  a 
fyllem,  to  caufe  the  following  articles,  in  the  form  of  a 
charter,  to  be  fubfcribed  to  by  their  principal  leaders, 
as  an  act  of  the  whole  people  : — "  1  ft.  That  the  Sul- 
tan fhould  be  chofen  from  the  body  of  Mameloucs;  zdly, 
That  none  fhould  be  admitted  into  the  order  that  were 
by  birth  either  Jews  or  Turks,  but  only  Chrillian  cap- 
tives ;  3dly,  That  the  native  Egyptians  (hould  not  be 
permitted  to  ufe,  or  have,  any  weapons,  except  the  in- 
Itruments  of  agriculture." 

Turquemenus,  as  is  frequently  the  praftice  \Wth  thofe 
that  experience  a  fudden  elevation,  endeavoured  to  kick 
down  the  ladder  by  which  he  had  been  raifed  ;  or,  in 
other  words.  Iris  carriage  was  fo  haughty  and  difdainful 
to  his  former  companions,  that  he  was  by  them,  or  ra- 
ther by  one  of  them  named  Clotho,  fuddenly  flain  ;  for 
which  the  murderer  was  rewarded  with  his  fceptr». 
After  him  fucceeded  3  long  race  of  princes,  many  qf 
whom  were  as  eminent  for  their  talents  as  for  their  va- 
lour ;  among  whom,  the  name  of  Caitbeius  has  been 
tranfmltted  to  us  as  that  of  the  greatcft  ftatefman  and 
general  of  his  age  ;  but,  as  every  one  who  confiders  the 
materials  of  which  the  government  was  compofed,  muft 
rather  wonder  that  it  exifted  fo  long,  than  that  it  fhould, 
through  almoft  the  whole  courfe  of  its  operation,  be 
expofed  to  all  the  various  evils  and  diftrelTes  arifing 
from  a  long  train  of  ledition  and  tumults,  fo  he  muil 
lament  that  it  fhould  expire  in  the  reign  of  one  of  their 
wifeft  and  beft  monarchs  :  yet  it  is  fome  confolation  to 
refleft,  that  Campfon,  the  laft  Sultan  of  the  Mame- 
loucs, was  not  murdered  by  his  own  fubjeSs,  but  having 
for  many  years  governed  the  kingdoms  of  Egypt,  Ju- 
dca,  and  Syria,  in  a  manner  that  has  excited  the  praifc 
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of  the  hllloric  pen,  he,  opprefTed  with  age  and  ditcafe, 
,  iind  encumbered  with  his  anr.our,  funk  upon  the  iield 
of  battlr,  and,  with  his  lad  breath,  yielded  the  victory 
to  the  fortunate  Selini. 

With  this  monarch,  who  expired  January  20,  15  16, 
ended  the  government  of  the  Mameh)ucs,  alter  it  had 
continued  276  years;  for  allhoue;ii  an  attempt  was 
made  by  'i'omuinby  to  get  liimfelf  declared  Sultan,  in 
which  attempt  he  aflually  fucceeded  fo  far  as  to  be  in- 
veiled  witli  the  title,  yet  he  was  foon  after  defeated  by 
the  viflorious  Selim.  He  was  then  forf;\ken  by  his 
troops,  taken  and  executed  ;  while  the  Ma:neloucs,  bro- 
ken and  difperfcd,  it  was  the  policy  of  Selim  to  rally, 
and,  by  offers  too  tempting  to  be  by  them  rcfufed,  en- 
gage in  Ills  fervice.  The  ufc  of  thefe  foldiers  foon  be- 
came fufiiciently  apparent  to  the  Turkilh  Emperors,  to 
ftimulatc  them  to  augment  their  number,  enlaige  their 
fphere  of  aftion,  and  combine  them  cloler  to  the  ftate, 
by  the  allowance  of  full  greater  privileges  and  advanta- 
ges than  ihey  had  before  enjoy td. 

The  Beys  were  oidained  to  be  chofen  from  among 
them  ;  and  the  Pafha,  or  chief  governor  for  the  Porte, 
was  to  Ihare  his  power  with  thole  Beys,  and  even  to 
continue  in  office  no  longer  than  fliould  be  agreeable  to 
their  collcftive  will.  At  firil  the  power  of  the  Pallia 
was  very  cxtenfive  ;  but,  by  the  intrigues  and  ambition 
of  the  Beys,  it  has  been  reduced  almoll  to  a  cypher. 
It  was  rather  of  a  civil  than  militarv  nature.  ^  He  was 
always  prefidcnt  of  the  Divan,  which  was  held  in  the 
callle  where  he  rcfided.  But  that  council  now  com- 
monly meets  in  the  palace  of  one  of  the  chief  Beys,  ex- 
cept when  a  firman  or  mandate  is  received  from  Conflan- 
tiuople,  when  the  Beys  are  fummoned  to  the  caftle,  to 
hear  the  commands  of  the  Porte.  The  few  who  attend, 
as  foon  as  the  leading  is  finifhed,  anfwer,  as  is  ufnal, 
'•  Efrnaua  ii'a  taariu,"  "We  have  heard,  and  we  obey." 
On  leaving  the  callle,  their  general  voice  is  "  Efmana 
tua  aivfina,"  "  We  have  heard,  and  fliall  difobey." 

In  the  year  t79i<  Salah  Aga,  a  flave  of  Murad  Bey, 
ii'as  deputed  from  the  government  of  Egypt  to  nego- 
ciate  thtir  peace  with  the  Porte.  He  carried  prefents 
of  horfes,  rich  ftufts,  &c.  A  fpontancous  tribute,  which 
»he  Porte  was  in  no  condition  to  enforce,  implied  obll- 
j^ation  on  the  part  of  the  latter.  He  was  well  received, 
and  afterwards  was  appointed  Waquil  es  Sultan,  agent 
or  attorney  to  the  Sultan  in  Cairo.  ?t  is  probable 
this  office  was  given  him  to  incline  him  to  fecond  the 
efforts  of  the  Court  in  difuniting  the  Beys  ;  but  it  was 
ineffedlual.  Thele  had  formerly  experienced  the  evils 
of  divifion,  and  now  were  united  by  common  intereft, 
grown  rich,  and  well  provided  with  flaves ;  fo  that  no 
tribute  has  fmce  that  time  found  its  way  to  Conllanti- 
Dople. 

The  MameloHcs  remain,  as  they  have  ever  been,  mi- 
litary flaves,  imported  from  Georgia,  Circafiia,  and  Min- 
grelia.  A  few  have  been  prifoners,  taken  from  the 
Auftrians  and  Ruffians,  who  have  exchanged  their  reli- 
gion for  an  ellablilhraent.  The  Beys  give  general  or- 
ders to  their  agents  at  Conftantinople  to  purchale  a 
certain  number  every  year;  and  many  are  brought  to 
Egypt  by  private  merchants  on  (peculation.  When 
the  fupply  proves  infufBcient,  or  many  have  been  ex- 
pended, black  flaves  from  the  interior  of  Africa  are  fub- 
ftituted,  and,  if  found  docile,  are  armed  and  accoutred 
like  the  reft. 
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Particular  attention  is  paid  to  the  education  of  thefe  M.iinmi. 
favourc<l  Haves.     They  are  inftrudled  in  every  exercife     '"I"'- 
of  agility  or  ftrength,  and  are,  in  general,  diftinguilhed         'f'^ 
by  the  grace  and  beauty  of  their  perfons.     The  grati- 
tude of  the  dilciples  is  equal  to  the  favour  of  their  ma- 
ilers, whom  they  never  quit  in  the  hour  of  danger.      If 
they  have  a  difpufition  for  learning,  they  are  taught  the 
ufd  of  letters,   and  fome  of  them  are  excellent  fcribes  ; 
but  the    greater  part   neither  can    read  nor  write.     A 
llriking   example  of   which  deficiency  is  obfcrvable  in 
Murad  Bey  liimfelf. 

The  inierior  Mameloucs  conflantly  appear  in  the  mi- 
litary  drels,  and  are  commonly  armed  with  a  pair  of 
piftols,  a  labre,  and  a  dagger.  They  wear  a  peculiar 
cap  of  a  greenifti  hue,  around  which  is  wreathed  a  tur- 
ban. The  rell  of  their  drefs  refembles  that  of  other 
Mahomedan  citizens,  and  is  rellrifted  to  no  particular 
colour;  but  another  fingularity  is,  their  large  drawers 
of  thick  Venetian  cloth,  of  a  crimfon  colour,  to  which 
are  attached  their  flippers  of  red  leather.  On  horfe- 
back  they  add  to  their  arms  a  pair  of  large  horfe  pi- 
ftols, and  the  dubbus  or  battle-axe.  In  battle,  many  of 
them  wear  an  open  helmet,  and  the  ancient  ring  ar- 
mour of  interwoven  links  of  Heel,  worn  under  part  of 
their  drefs,  and  thus  concealed.  Thefe  are  dear;  fome- 
times  coiling  500  piaftres,  or  about  L.  ^o.  Some  of 
them  are  made  at  Coiiibmtinople,  others  in  Perlia. 
Their  horfes  are  of  the  lined  Arabian  breed,  and  are  of- 
ten purchafcd  at  three  or  four  purfes,  L.  150  to  L.  200 
fterling. 

They  have  no  pay,  as  they  eat  at  a  table  in  the  houfe 
of  their  mafter  the  Bey,  Calhef,  or  other  officer.  Any 
military  ofBcer  may  purchafc  a  flave,  who  becomes  ipfj 
faSo  a  Mamelouc.  The  name,  from  maiek,  to  polTefs, 
implies  merely  a  pcrfon  who  is  the  property  of  another. 
After  a  proper  education,  the  candidate  thus  conilitu- 
ted  a  Mamelouc,  receives  a  prefent  ot  a  horie  and  arms 
from  his  mafter,  together  with  a  fuit  of  clothes;  which 
is  renewed  every  year  in  the  month  Ramadan.  The 
generohty  of  their  mailers,  and  rewards  or  extortions 
from  others,  aflord  them  iupplies  of  money,  either  tor 
avarice  rr  debauchery.  Some  of  them,  admitted  to  pe- 
culiar favour  by  the  Beys,  a3  chafnadars,  or  purfc-bear- 
ers,  &c.  acquire  great  wealth.  They  are  rather  gay 
and  thoughtlels  than  iufolcut,  tond  of  fhow,  and  unprin- 
cipled in  their  means  of  acquiring  it.  They  feldom 
marry  till  they  acquire  fome  olHce. 

Though  born  of  Chriftian  parents,  they  feem  highly 
fatistied  with  their  condition,  which  they  have  been 
known  to  refufe  to  exchange  for  freedom.  The  ma- 
jority are  regarded  by  the  Arabs  as  little  drift  in  the 
principles  or  duties  of  Mohamedilm.  It  is  worthy  of 
remark,  that  though  the  Mameloucs,  in  general,  be 
ftrong  and  perfonable  men,  yet  the  few  who  marry  very 
feldom  have  children.  As  the  fon,  even  of  a  Bey,  is. 
not  honoured  wirh  any  particular  couiideration,  tlie  wo- 
men, perhaps,  procure  abortions.  Of  eighteen  Beys, 
with  whofe  hiftory  Mr  Browne  was  well  acquainted, 
two  only  had  any  children  hving. 

Hardy,  capable  of  every  fatigue,  of  undaunted  cou- 
rage, and  eminent  ikill  in  horfemanfiiip  and  the  ufe  of 
the  fabre,  the  Mameloucs  may  be  regarded  as  by  far 
the  bed  troops  in  the  Eaft.  But  in  a  regidar  battle, 
conducted  by  manoeuvres,  and  large  or  rapid  movements, 
they  are  equally  inferior  to  European  troops. 
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Being  dlfllnguinied  by  favouritlfm  or  merit,  the  Ma- 
meloiic  becomes  a  Caflief,  and  in  time  a  Bey.  The 
chief  caufe  of  preference  arifes  from  political  adherence 
to  fome  powerful  leader. 

Before  the  invafion  of  Egypt  Ly  the  French  (See 
Rn'OLurioK,  Suf-pL),  the  Governn.tnt  of  Cairo,  and 
indeed  of  the  whole  country,  was  veiled  in  24  Beys  ;  but 
the  Porte  has  fince  endeavoured  to  deprive  them  of  all 
power  ;   with  what  fuccefs  is  not  yet  perfectly  known. 

MAN,  has  been  confidered  in  a  great  number  of  par- 
ticulars under  the  title  Man  [Encyil).  ;  but  a  reference 
was  made  from  that  article  to  the  article  Varieties  of 
the  Human  Specits^  which  was,  after  all,  omitted  entirely. 

Perhaps  enough  has  been  faid  on  the  varieties  of  the 
human  fpecies  iu  the  articles  Complexion  and  Negro 
{^Etu-ycl.)  ;  hut  as  infidel  ignorance  is  perpetually  pre- 
tending, that  the  diminutive  Icelanders,  the  ugly  Ef- 
quimaux,  the  woolly-headed  Negro,  and  the  copper-co- 
loured '. nierican,  could  not  have  defcended  from  one 
original  pair,  either  of  European  complexion  or  of  Hin- 
doo lymmetry — it  may  not  be  improper,  in  this  place,  to 
fliew  the  weaknefs  of  this  popular  objcftion  to  the  Mo- 
faic  hillory  of  the  origin  of  man.  This  has  been  done 
in  fo  fatistaftory  a  manner,  by  Profeflbr  Blumenbach, 
that  we  (liall  content  ourfclveg  with  laying  his  obierva- 
t^ons  before  our  readers,  convinced,  as  we  arc,  that  they 
are  intelligible  to  every  capacity,  and  that  they  will  carry 
convi>iticn  to  all  who  are  not  the  {laves  of  prejudice. 

"  Some  late  writers  on  natural  hiftory  (fa)  5  the  Pio- 
fcflor)  feem  doubtful  whether  the  numerous  dilliiiA 
races  of  men  ought  to  be  confidered  as  mere  varieties, 
which  have  arifen  from  degeneration,  or  as  iomauy  fpe- 
cies altogether  different.  The  eaufe  of  this  feems  chief- 
ly to  be,  that  they  took  too  narrow  a  view  in  their  re- 
fearchcs  ;  fele£led,  perhaps,  two  races  the  mod  different 
from  each  other  poflible,  and,  overlooking  the  interme- 
diate races  that  formed  the  connecting  links  between 
them,  compared  thefe  tv/o  together;  or,  they  fixed 
their  attention  too  much  on  man,  without  examining 
other  fpecies  of  animals,  and  comparing  their  varieties 
and  degeneration  with  thole  of  the  human  fpecies.  The 
firil  fault  is,  when  one,  for  example,  places  together  a 
Senegal  negro  and  an  European  Adonis,  and  at  the 
fame  time  forgets  that  there  is  not  one  of  the  bodily 
differences  of  thefe  two  beings,  whether  hair,  colour, 
features,  &c.  which  does  not  gradually  run  into  the 
fame  thing  of  the  other,  by  fuch  a  variety  of  (liades, 
that  no  phyiiologift  or  naturaliil  is  able  to  eftablifh  a 
certain  boundary  between  theie  gradations,  and  confe- 
quently  between  the  extremes  themfelves. 

"  The  fecond  fault  is,  when  people  reafon  as  if  man 
were  the  only  organifed  being  in  nature,  and  confider 
the  varieties  in  hiS  fpecies  to  be  flrange  and  problemati- 
cal, without  reflefling  that  all  thefe  varieties  are  not 
more  ftviking  or  more  uncommon  than  thofe  with  which 
fn  many  thoufands  of  other  ipecics  of  organifed  beings 
degenerate,  as  it  were,  before  our  eyes." 

As  what  we  have  faid  under  the  articles  Complexiom 
and  Negro  may  be  fufficient  to  warn  mankind  againil 
the  firft  error,  and  at  the  fame  time  to  refute  it,  we  ha- 
flen  to  refute  the  fecond  by  our  author's  comparifon  be- 
tween the  human  race  and  that  of  fwine. 

"  More  reafons  (fays  he)  than  one  have  induced  me 
to  make  choice  of  fwine  for  this  comparifon  ;  but,  in 


particular,  bccaufe  they  have  a  great  fimilarity,  in  many  '*''^"- 
refpefts,  to  man  :  not,  hov.^ever,  in  the  form  of  their  ^""V"" 
entiails,  as  people  formeily  believed,  and  therefore  ftu- 
died  the  anatomy  of  the  human  body  purpofely  in 
fwine  ;  fo  that,  even  in  the  laft  century,  a  celebrated 
dilputc,  which  arofe  between  the  phyficians  of  HeidcU 
berg  and  thofe  of  Durlacii,  refpefting  the  pofition  of 
the  heart  in  man,  was  determined,  in  confequence  of  or- 
ders from  government,  by  infpefting  a  fow,  to  the  great 
triumph  of  the  party  which  really  was  in  the  wrong. 
Nor  is  it  becaufe  in  the  time  of  Galen,  according  to  re- 
peated afTertions,  human  fle(h  was  faid  to  have  a  tallc 
perteClly  fimilar  to  that  of  fwine  ;  nor  becaufe  the  fat 
and  the  tanned  hides  of  both  are  very  like  to  each 
other  ;  but  becaufe  both  in  regard  to  the  ceconomT  ot 
their  bodily  ftrufture,  taken  on  the  whole,  (hew  unex- 
peftedly,  on  the  firft  view,  as  well  r,s  on  clofer  examina- 
tion, a  very  ftriking  fiinilitude. 

"  Both,  for  example,  are  domellic  animals  ;  both  mn- 
nivora  ;  both  are  difperfed  throughout  all  the  four  quar- 
ters of  the  world  ;  and  both  confequently  are  expofed, 
in  numerous  ways,  to  the  principal  caufes  of  degenera- 
tion arifing  from  climate,  mode  of  life,  nourifhmerit, 
&c.  ;  both,  for  the  fame  reafon,  are  fubjetl  to  many 
difeafes,  and,  what  is  particularly  worthy  of  remark,  to 
difeafes  rarely  found  auiong  other  animals  than  men  and 
fwine,  fuch  as  the  llone  in  the  bladder;  or  to  difeafes 
exelufively  peculiar  to  thefe  two,  fuch  as  the  worms 
found  in  mealled  fwine. 

"  Another  reafon  (continues  he)  why  I  have  made 
choice  of  fwine  for  the  prefent  comparifon  is,  becaufe 
the  degeneration  and  defcent  from  the  original  race  are 
far  more  certain  in  thefe  animals,  and  can  be  better 
traced,  than  in  the  varieties  of  other  domeftic  ani- 
mals. For  no  naturalifl,  I  believe,  has  carried  his  fcep- 
tieifm  fo  far  as  to  doubt  the  defcent  of  the  domelh'e 
fwine  from  the  wild  boar  ;  which  is  fo  much  the  more 
evident,  as  it  is  well  known  that  wild  pigs,  when  caught, 
may  be-eafily  rendered  as  tame  and  familiar  as  domeftic 
fwine  :  and  the  contrary  alfo  is  the  cafe  ;  for  if  the  lat- 
ter by  any  accident  get  into  the  woods,  they  as  readily 
become  wild  again  ;  fo  that  there  are  inftances  of  fuch 
animals  being  fhot  for  wild  fwine  ;  and  it  has  not  been 
till  they  were  opened,  and  found  eaftrated,  that  people 
were  led  to  a  diicovery  of  their  origin,  and  how,  and  at 
what  time,  they  ran  away.  It  is  well  afccrtained,  that, 
before  the  difcovery  of  America  by  the  Spaniards, 
fwine  were  unknown  in  that  quarter  of  the  world,  and 
that  they  were  afterwards  carried  thither  from  Europe, 
All  the  varieties,  therefore,  through  which  this  animal 
has  fince  degenerated,  belojig,  with  the  original  Euro- 
pean race,  to  one  and  the  lame  fpecies  ;  aad  fince  no 
bodily  difference  is  found  in  the  human  race,  as  will 
prelently  appear,  either  in  regard  to  llature,  colour,  the 
form  of  the  cranium,  &c.  which  is  not  obferved  in  the 
fame  proportion  among  the  fwine  race,  while  no  one, 
on  that  account,  ever  doubts  that  all  thefe  different 
kinds  are  merely  varieties  that  have  arifen  from  degene- 
ration through  the  influence  of  climate,  &c.  this  com- 
parilon,  it  is  to  be  hoped,  will  filence  thofe  fceptics  who 
have  thought  proper,  on  account  of  thefe  varieties  in 
the  human  race,  to  admit  more  than  one  fpecies. 

"  With  regard  to  ftaturt,  the  Patagonians,  as  is  well 
known,  have  afforded  the  greateft  employment  to  an- 
X  z  thropologifts.  • 
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thropologift'i.  The  romantic  tales,  however,  of  the  old 
travellers  who  give  to  thefc  inhabitants  of  the  fouthern 
extremity  of  America  a  ihiture  of  ten  feet  and  more, 
are  fcarccly  worth  notice  ;  and  even  the  more  modell 
relations  of  later  Engliih  navigators,  who  make  their 
lieight  from  (ix  to  feven  feet,  have  been  doubted  by 
other  travellers,  who,  on  the  fame  coatl,  fought  for  fuch 
children  of  Enoch  in  vain.  But  we  fhall  admit  every 
thincr  faid  of  the  extraordinary  fize  of  thefe  Patagonians 
by  Byron,  Wallis,  and  Carteret  ;  the  firft  of  whom  af- 
figns  to  their  chief,  and  feverals  of  his  attendants,  a 
height  of  not  lefs  than  feven  feet,  as  far  as  could  be  de- 
termined by  the  eye  ;  the  fecond,  who  afTerts  that  he 
aftually  mealured  them,  gives  to  the  greater  part  of 
them  from  5  feet  10  inches  to  6  feet  ;  to  fome  6  feet 
5  inches,  and  6  feet  6  ;  but  to  the  tailed,  6  feet  7  inch- 
es :  and  this  account  is  confirmed  by  the  laftmentioned 
of  the  above  circumnavigators.  Now,  allowing  this  to 
be  the  cafe,  it  is  not  near  fuch  an  excefs  of  (fature  as 
that  obferved  in  many  parts  of  America  among  the 
fwine,  originally  carried  thither  from  Europe  ;  and  of 
thefe  I  fhall  mention  in  particular  thofe  of  Cuba,  which 
»re  more  than  double  the  fize  of  the  original  ftock  in 
Europe. 

"  The  natives  of  Guinea,  Madagafcar,  New  Holland, 
New  Guinea,  &c.  are  black  ;  many  American  tribes 
are  reddifh  brown,  and  the  Europeans  are  white.  An 
equal  difference  is  obferved  among  fwine  irt  different 
countries.  In  Piedmont,  for  example,  they  are  black. 
When  1  pafTed  (fay  our  author)  through  that  country, 
during  the  great  fair  for  fwine  at  Salenge,  I  did  not 
fee  a  fingle  one  of  any  other  colour.  In  Bavaria,  they 
are  reddifli  brown  ;  in  Normandy,  they  are  all  white. 

"  Human  hair  is,  indeed,  fomewhat  different  from 
fwine's  bridles  ;  yet,  in  the  prefent  point  of  view,  they 
may  be  compared  with  each  other.  Fair  hair  is  foft, 
and  of  a  filky  texture  ;  black  hair  is  coarfer,  and  amonof 
feveral  tribes,  fuch  as  the  Abyflinians,  Negroes,  and  the 
inhabitants  of  New  Holland,  it  is  woolly,  and  mod  fo 
among  the  Hottentots.  In  the  like  manner,  among  the 
white  fwine  in  Normandy,  as  I  was  affured  by  an  in- 
comparable observer,  Snlzer  of  Ronneburg,  the  hair 
on  the  whole  body  is  longer  and  fofcer  than  amoncr  o- 
ther  fwine  ;  and  even  the  bn'ftles  on  the  back  are  very 
little  different,  but  lie  flat,  and  are  only  lon<rer  than  the 
hair  on  the  other  parts  of  the  body.  They  cannot, 
therefore,  be  employed  by  the  brufli-makers.  The  dif- 
ference between  the  hair  of  the  wild  boar  and  the  do- 
meftic  fwine,  particularly  in  regard  to  the  fofter  part 
between  the  ftrong  bridles,  is,  as  is  well  known,  dill 
greater. 

"  The  whole  difference  between  the  cranium  of  a 
Negro  and  that  of  an  European,  is  not  in  the  lead  de- 
gree greater  than  that  equally  ftriklng  difference  which 
exids  between  the  cranium  of  the  wild  boar  and  that  of 
the  domedic  fwine.  Thofe  who  have  not  obferved  this 
in  the  animals  themfelves,  need  only  to  cad  their  eye 
on  the  figure  which  Daubenton  has  given  of  both. 
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"  I  (hall  pafs  over  (fays  our  author)  lefs  national  va- 
rieties which  may  be  found  among  fwine  as  well  as 
among  men,  and  only  mention,  that  I  have  been  affured 
by  Mr  Sulzer,  that  the  peculiarity  of  having  the  bone 
of  the  leg  rcmarkrbly  long,  as  is  the  cafe  among  the 
Hindoos,  has  been  remarked  with  regard  to  the  Avine 
in  Normandy.  '  They  dand  very  long  on  their  hind 
legs  (fays  he,  in  one  of  his  letters)  ;  their  back,  there- 
fore, is  highed  at  the  rump,  forming  a  kind  of  inclined 
plane  ;  and  the  head  proceeds  in  the  fame  direftion, 
fo  that  the  fiiout  is  not  far  from  the  ground.'  I  fhall 
here  add,  that  the  fwine,  in  fome  countries,  have  dege- 
nerated into  races  which  in  fingularity  far  exceed  every 
thing  that  has  been  found  drange  in  bodily  variety 
among  the  human  race.  Swine  with  folid  hoofs  were 
known  to  the  ancients,  and  large  herds  of  them  are 
found  in  Hungary,  Sweden,  &c.  In  the  like  manner, 
the  European  Swine,  fird  carried  by  the  Spaniards,  in 
J500,  to  the  ifland  of  Cuba,  at  that  time  celebrated  for 
its  pearl  fifhery,  degenerated  into  a  mondrous  race, 
with  hoofs  which  were  half  a  fpan  in  length." 

From  thefe  fafts  our  author  concludes,  that  it  is  ab- 
furd  to  allow  the  vad  variety  of  fwine  to  have  defcend- 
ed  from  one  original  pair,  and  to  contend  that  the  va- 
rieties of  men  are  (o  many  didindt  fpccies. 

MANDTNG,  a  large  date  in  the  interior  of  Africa, 
of  which  the  only  fatisfaftory  account  that  we  have 
is  by  Mr  Park,  who,  for  feveral  months,  was  hofpi- 
tably  entertained  in  Kamalia,  one  of  its  towns,  fituated 
in  12°  4c' N.  Lat.  and  6°  40' W.  Long.  The  go- 
vernment  of  Mafiding  appeared  to  our  author  to  be  a 
fort  of  republic,  or  rather  an  oligarchy.  Every  town 
is  indeed  governed  by  a  chief  magidrate  called  ^fanfa, 
which  ufually  fignifies  kinj^  ;  but  the  chief  power  of  the 
ftate,  in  the  lad  refort,  is  lodged  in  the  affembly  of  thefe 
manfas  (a).  The  cafe,  hovcever,  is  different  in  other 
countries,  which  are  occupied  by  people  who  have  emi- 
grated from  Manding  ;  for  in  all  the  Mandingo  dates 
near  the  Gambia,  the  government  Is  monarchical,  tho' 
the  power  of  the  fovereign  is  by  no  means  unlimited. 

As  Mr  Park's  route  was  confined  to  a  traft  of  coun- 
try, bounded  nearly  by  the  12th  and  irth  parallels  of 
latitude,  the  climate  throughout  the  whole  was  nearly 
the  fame  as  that  of  Manding,  and  extremely  hot  :  Yet, 
where  the  country  afcended  into  hills,  he  found  it  com- 
paratively cool  and  pleafant ;  though  none  of  the  di- 
drifts  which  he  traverfed  could  be  called  mountainous. 
About  the  middle  of  June,  the  hot  and  fultry  atnio- 
fphere  is  agitated  by  violent  gufts  of  wind  (called  torna- 
riues),  accompanied  with  thunder  and  rain.  Thefe  udier 
In  what  is  denominated  the  rainy  ftafon  ;  which  conti- 
nues until  the  month  of  November.  During  this  time, 
the  diurnal  rains  are  very  heavy  ;  and  the  prevailing 
winds  are  from  the  fouth-wed.  The  termination  of  the 
rainy  feafon  is  likewife  attended  with  violent  tornadoes; 
after  which  the  wind  (hifts  to  the  north-cad,  and  conti- 
nues to  blow  from  that  quarter  during  tha  red  of  the 
year. 

When 
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(a)  Mr  Park,  for  the  mod  part,  writes  with  remarkable  perfpicuity  ;  but  we  are  not  fure  that  here  we  have 
not  midaken  his  meaning.  He  fays,  that  the  chief  power  of  the  date  Is  lodged  In  the  affembly  of  that  luhole 
body  ;  but  we  think,  that  by  the  whole  body  mud  be  meant  the  body  of  Manfas,  otherwife  the  government, 
could  not  be  called  an  oligarchy. 
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ilinj.  When  the  wind  fets  in  from  the  north-eaft,  it  pro- 
*~^  duces  a  wuiiderfiil  change  i.i  the  face  of  the  country. 
The  grafs  foon  becomes  dry  and  witlicrcd  ;  the  rivers 
fubfide  very  rapidily,  and  many  of  the  trees  flied  their 
leaves.  About  tliis  period  is  commonly  felt  the  har- 
mutlaii,  a  dry  and  ])arcliing  wind,  blowing  from  the 
nortii  cad,  and  accompanied  by  a  thick  fmoky  haze  ; 
through  which  the  fun  appears  of  a  dull  red  colour. 
This  wind,  in  palling  over  the  great  defert  of  Sahara, 
acquires  a  very  ftrong  attraftion  for  humidity,  and 
parches  up  every  thing  expoled  to  its  current.  It  is, 
however,  reckoned  very  falutary,  particularly  to  Euro- 
peans, who  generally  recover  their  health  during  its  con- 
tinuance. The  truth  of  this  our  author  experienced 
both  at  Kamalia  and  Pifania,  when  he  had  been  brought 
to  the  very  brink  of  the  grave  by  ficknefs. 

Whenever  the  grafs  is  fufficiently  dry,  the  negroes 
fet  it  on  fire  ;  but  in  Ludamar,  and  other  Moorilh 
countries,  this  praiftice  is  not  allowed  ;  for  it  is  upon 
the  withered  flubble  that  the  Moors  feed  their  cattle 
until  the  return  of  the  rains.  The  burning  of  the  grafs 
in  Manding  exhibits  a  fcene  of  terrific  grandeur.  "  In 
the  middle  of  the  night  (fays  Mr  Park),  I  could  fee  the 
plains  and  mountains,  as  far  as  my  eye  could  reach,  va- 
riegated with  lines  of  fire  ;  and  the  light  reflefted  on 
the  (ley  made  the  heavens  appear  in  a  blaze.  In  the 
day  time,  pillars  of  fmoke  were  feen  in  every  direftion  ; 
while  the  birds  t>f  prey  were  obferved  hovering  round 
the  conflagration,  and  pouncing  down  upon  the  fnakes, 
lizards,  and  other  reptiles,  which  attempted  to  efcape 
from  the  flames."  This  annual  burning  is  foon  followed 
by  a  fre(h  and  fvveet  verdure,  and  the  country  is  there, 
by  rendered  more  healthful  and  pleafant. 

Though  many  fpecies  of  the  edible  roots,  which 
grovi'  in  the  Weft  India  illands,  are  found  in  Africa, 
yet  our  traveller  never  faw,  in  any  part  of  his  journey, 
either  the  fugar  cane,  the  coifee,  or  the  cocoa  tree  ;  nor 
could  he  learn,  on  inquiry,  that  they  were  known  to 
the  natives.  The  pine-apple,  and  the  thoufand  other 
delicious  fruits  which  the  induftry  of  civilized  man  (im- 
proving the  bounties  of  nature),  has  brought  to  fo  great 
perfeftion  in  the  tropical  climates  of  America,  are  here 
equally  unknown.  He  obferved,  indeed,  a  few  orange 
and  banana  trees,  near  the  mouth  of  the  Gambia  ;  but 
whether  they  were  indigenous,  or  were  formerly  planted 
there  by  fonie  of  the  white  traders,  he  could  not  pofi- 
tively  learn. 

Concerning  property  in  the  foil,  it  appeared  to  Mr 
Park,  that  the  lands  in  native  woods  were  confidered  as 
belonging  to  the  king,  or  (where  the  government  was 
not  monarchical)  to  the  ftate.  When  any  individual 
of  free  condition  had  the  means  of  cultivating  more 
land  than  he  aftuallf  poireffed,  he  applied  to  tlie  chief 
man  of  the  dillrict,  who  allowed  him  an  extenfion  of 
territory,  on  condition  of  forfeiture  if  the  lands  were  not 
brought  into  cultivation  by  a  given  period.  The  con- 
dition being  fulfilled,  the  foil  became  vefted  in  the  pof- 
feffor  ;  and,  for  aught  that  appeared,  defcended  to  his 
heirs. 

The  Mandingoes  are  a  very  gentle  race  of  people  ; 
cheerful  in  their  difpofitions,  inquifitive,  credulous, 
Cmple,  and  fond  of  flattery.  The  men  are  commonly 
above  the  middle  fize,  well  (haped,  ftrong,  and  capable 
«f  enduring  great  labour  ;  the  women  are  good-natured, 
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fprightly,  and  agreeable.     The  drefs  of  both  fexes  is  Mandinir 
compoied   of  cotton   cloth  of  their  own   inanufadtuie  ;  • 

that  of  the  men  is  a  loofe  frock,  not  unlike  a  furplice, 
with  drawers  which  reach  half  way  down  tiie  leg  ;  and 
they  v.ear  fandals  on  their  feet,  and  \A\i\.e  cotton  caps 
on  their  heads.  The  womeus  drefs  confiils  of  two  pieces 
of  cloth,  each  of  which  is  about  fix  feet  long  and  three 
broad  ;  one  of  thefe  they  wrap  round  the  waift,  which, 
hanging  down  to  the  ancles,  anlwers  the  purpofe  of  a 
petticoat  ;  the  other  is  tl.rowii  negligently  over  the  bo- 
fom  and  flioulders.  Both  men  and  women  among  the 
Mandingoes  feem  to  have  an  invincible  propenfity  to 
commit  depredations  on  the  property  of  uoprotefted 
llrangers  ;  whilft  fuch  is  the  good  nature  of  thofe  poor 
heathons,  that  they  will  readily  fympathife  in  the  fuffer- 
ings,  relieve  the  diltreffes,  and  contrihute  to  the  perfonal 
lafety,  of  the  very  llrangers  whom  they  are  bent  upon 
plundering. 

Among  the  Mandingoes,  the  parental  and  filial  affec- 
tion is  remarkably  ftrong  between  the  motlier  and  her 
child  ;.but  not  fo  between  the  father  and  hi",  children. 
This,  as  Mr  Park  obftrves,  is  eafily  accounted  far.  The 
lyllem  of  polygamy,  while  it  weakens  the  fatiier's  ut- 
tachment,  by  dividing  it  among  the  children  of  different 
wives,  concentrates  all  the  motlier's  jealous  tendernefs 
to  one  point,  the  protection  of  her  own  oflspring.  He 
perceived,  with  great  fatisfaftion  too,  that  the  maternal 
Iclicitude  cxten.d,  not  only  to  the  growth  and  fecuri- 
ty  of  the  perfon,  but  alio,  in  a  certain  degree,  to  the 
improvement  of  the  mind  of  the  infant  ;  for  one  of  the 
fivil  leflons,  in  which  the  Mandingo  women  inftruft  their 
children,  is  ths practice  nf  truth. 

The  Mandingo  women  fnchle  their  children  until 
they  are  able  to  walk  of  themfelves.  Three  years  nur. 
fing  is  not  uncommon;  and  during  this  period,  the 
hufband  devotes  his  whole  attention  to  his  other  wives. 
To  this  pradiice  it  is  owing,  that  the  family  of  each 
wife  is  feldom  very  numerous.  Few  women  have  more 
than  five  or  fix  children.  As  foon  as  an  infant  is  able 
to  walk,  it  is  permitted  to  run  about  with  great  free- 
dom. The  mother  is  not  over  folicitous  to  prcferve  it 
from  fliglit  falls,  and  other  trifling  accidents.  A  little 
pradice  foon  enables  a  child  to  take  care  of  itfelf,  and 
experience  adls  the  part  of  a  nurfe.  As  they  advance 
in  lite,  the  girls  are  taught  to  fpin  cotton,  and  to  beat 
corn,  and  are  inftrudled  in  other  domeftic  duties  ;  and 
the  boys  are  employed  in  the  labours  of  the  field.  Both 
fexes,  whether  Bufhreens  or  Kafirs,  on  attaining  the  age 
of  puberty,  are  circumcifcd.  This  painful  operation  is 
not  confidered  by  the  Kafirs  fo  much  in  the  light  of  a 
religious  ceremony,  as  a  matter  of  convenience  and  uti- 
lity. They  have,  indeed,  a  fuperttitious  notion,  that  it 
contributes  to  render  the  marriage  ftate  prolific. 

When  a  young  man  takes  a  fancy  to  a  young  girl, 
and  wiflies  to  marry  her,  it  is  by  no  means  confidered 
as  neceffary  that  he  fhould  make  an  overture  to  the  girl 
herfelf.  The  firft  objedt  is  to  agree  with  the  parents, 
concerning  the  recompence  to  be  given  them  for  tlie 
lofs  of  the  company  and  fervices  of  their  daughter.  The 
value  of  two  flaves  is  a  common  price,  unlefs  the  girl  is 
thought  very  handfome;  in  which  cafe,  the  parents  will' 
raife  their  demand  very  confideiably.  If  the  lo\er  is 
rich  enough,  and  wiUing  to  give  the  fum  demanded,  he 
then  communicates  his  wiihes  to  the  damfel :  but  her 
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Mnnilirj;.  eonfcnt  is  by  no  means  ncct-flary  to  tVie  match  ;  for  if 
-the  parents  agree  to  it,  and  eat  a  few  toUu-nuts,  which 
arc  prefclited  by  the  fuitor  as  an  eanieft  of  the  bargain, 
the  young  lady  mud  eitlier  have  tlic  man  of  tlieir  choice, 
or  continue  unmarried,  for  fhe  cannot  afterwards  be  gi- 


The   Madingoes  have  no   ailificial   method  of  divi. ' 
ding  time.    They  calculate  the  years  by  the  number  of 
rainy  fea foils.      They  portion  the  year  into  moons,  and 
reckon  the  days  by  fo   msny  funs.     The  day  they  di- 
vide into  morning,  mid-day,  and  evening  ;  an  J  further 
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■ven  to  another.      If  the  parents  fhould  attempt  it,  the  fubdivide    it,  when   neceflary,  by  pointing  to  the  fun's 

lover  is  then  authorifed,  by  the  laws  of  the  country,  to  place  in  tlie  heavens.      Our  author  frequently  inquired 

feize  upon  the  girl  as  his  flave.     At  the  cclebratiim  of  of  fome  of  them,  what  became  of  the  fun   during  the 

a  marriage,  no  religious  ceremony  feems  to  be  praftifed.  night,  and  whether  we  fhould  fee  the  fame  fun,  or  a 

A  feleiA  number  of  people  are  indeed  invited  to  the  difierent   one  in   the  morning  I     But  that  fuhjedt  ap- 

wedding,  and  feafted;  but  confummation  conftilutes  the  peared  to  them  as  placed  beyond  the  reach  of  human 

marriage  ;  for  tovvards  the  morning,  the  new  married  invcftigation  ;   they   had  never  indulged  a  conjecture, 

couple  are   always  dillurbed   bv  the  women,  who  af-  nor   formed  any  hypothefis,  about   the  matter.     The 

femble  to  infpeft  the   nuptial  (heet   (according  to  the  moon,   by  varying  her  form,  has  more  attrafled  their 

manners  of  the  ancient  Hebrews,  as  recorded  in  Scrip-  attention.      On  the  firft  appearance  of  the  new  moon, 

ture),  and  dance  round  it.     This  ceremony  is  thought  which  they  look  upon  to  be  newly  created,  the  Pagan 

indifpenfably  neceflary  ;  nor  is  the  marriage  confidered  natives,  as  well  as  Mahomedans,  fay  a  Ihort  prayer  ;  and 

as  valid  without  it.  this  feems  to  be  the   only  vifible  adoration  which  the 

The  Madingoes,  and  indeed  all  the  negro  dates,  whe-  Kafirs  offer  up  to  the  Supreme  Being.     This  prayer  is 

ther  Mahomedan   or  Pagan,  allow  a  plurality  of  wives,  pronounced  in  a  whifper;  the  party  holding  up  liis  hands 

The  confequence   is,  that  the  wives  frequently  quarrel  before  his  face  :  its  purport  is  to  return  thanks  to  God 

among  themfelves.     When  this  happens,  the  hufband  for  his  kindnefs  through  the  exiftence  of  the  pall  moon, 

decides  between  them;  and  fometimes  finds  it  necefTary  and  to  folicit  a  continuation  of  his  favour  during  that 

to  adminiiler  a  little  corporal  challifement  before  tran-  of  the   new  one.      At  the  conclulion,    they  fpit   upon 

quillity  can  he  reftored.      But  if  any  one  of  the  ladies  their  hands  and  rub  them  over  their  faces.      Great  at- 

complains  to  the  chief  of  the  town,  that  her  hufband  has  tention   is  paid  to  the  changes  of  this  luminary  in   its 

unjuftly  punithed  her,  and  (hewn  an  undue  partiality  to  monthly  courfe  ;  and  it  is  thought  very  unlucky  to  be- 

fome  other  of  his  wives,  the  affair  is  brought  to  a  pub-  gin  a  journey,  or  any  other  work   of  confequence,  ia 

lie  trial.      In  thefe  palavers,  however,  which  are  con-  the  lail  quarter.      An   eclipfe,   whether  of  the  fun   or 

dufted  chiefly  by  married  men,  our  author  was  inform-  moon,  is  fuppofed  to  be  efFefted  by  witchcraft.     The 

ed,  that   the  complaint  of  the  wife  is  not  always  confi-  flars  are  very  little  regarded  ;  and  the  whole   ftudy  of 

dered  in  a  very  icrious  light ;   and  the  complainant  her-  allronomy  appears  to  them  as  a  ufelefs  purfuit,  and  at- 

felf  is  fometimes  convifted  of  flrife  and  contention,  and  tended  to  by  fuch  perfons  only  as  deal  in  magic, 
left  without  remedy.      If  fhe  murmurs  at  the  decifion  Their  notions  of  geography  are  equally  puerile.  They 

of  the  court,  the  magic  rod  of  Mumbo  yumbo  foon  puts  imagine  that  the  world  is  an  extended  plain,  the  termi- 

an  end  to  the  bufinefs.   See  Mumbo  Jumbo  in  this  5u//)/.  nation  of  which  no  eye  has  difcovered  ;  it  being,  they 

A  child,  among  them,  is  named  v^hen  it  is  feven   or  fay,  overhung  with  clouds  and  darknefs.    They  defcribe 

eight  days  old.     The  ceremony  commences  by  (having  the  fea  as  a  large  river  of  fait  water,  on  the  farther 

the  infant's  head;  and  a  difh  called  dega,  made  of  pound-  (hore  of  which  is  fituated  a  country  called  Toluulo  dooj 

ed  corn  and  four  milk,  is  prepared  for  the  guefls.     If  "  the  land  of  the  white  people."     At  a  dillance  from 

the  parents  are  rich,  a  (beep  or  a  goat  is  commonly  ad-  Tobaubo   doo,  they    defcribe  another  country,  which 

ded.      This  feafl  is  called  ding  koon  h:,  "  the  child's  they  allege  is  inhabited   by  cannibals  of  gigantic  fize, 

head  (having."     During  Mr  Park's  flay  at   Kamalia,  called  Koomi. 

he  was  prefent  at  four  different  feafls  of  this  kind,  and  Mr  Park  fays  he  has  converfed  with  all  ranks  and 

the  ceremony  was  the  fame  in  each,  whether  the  child  conditions  of  negroes  on  the  fubjeft  of  their  faith,  and 

belonged  to  a  Buihreen  or  a  Kafir,      The  fchoolmafler,  that  he  can   pronounce,  without  the  fmalleil  fhadow  of 

who  ofHciated   as  prieft  on  thofe  occafions,  and  who  is  doubt,  that  the  belief  of  one  Gud,  and  of  a  future  Hate 

iieceflarily  a  Biifhreen,  firft  faid  a  long  prayer  over  the  of  reward  and  punifhment,  is  entire  aud  univcrfal  among 

dega  ;  during  which,  every  perfon  prefent  took  hold  of  them.      It  is  remarkable,  however,  that,  except  on  the 


the  brim  of  the  calabafh  with  his  right  hand.  After 
this,  the  fchoolmafler  took  the  child  in  his  arms,  and 
faid  a  fecond  prayer  :  in  which  he  repeatedly  folicitcd 
the  bleffmg  of  God   upon  the  child,  and   upon  all  tin 


appearance  of  a  new  moon,  as  before  related,  the  Pagan 
natives  do  not  think  it  necefTary  to  offer  up  prayers  and 
fupplications  to  the  Almighty.  They  reprefent  the 
Deity,  indeed,  as  the  creator  and  pveferverot  all  things; 


company.     When  this  prayer  was  ended,  he  whifpend  but  in  general  they  conCder  him  as  a  Being  fo  remote, 

a  few  fentences  in  the  child's  ear,  and  fpit  three  times  and  of  to  exalted  a  nature,  that  it  is  idle  to  imagine  the 

in  its  face  ;  after  which  he  pronounced  its  name  aloud,  feeble  fupplicntions  of  wretched  mortals  can  reverfe  the 

and  returned. the  infant  to  the  mother.    This  part  of  the  decree?,  and  change  the  purpofes,  of  unerring  wifdom. 

ceremony  being  ended,  the  father  of  the  child  divided  The  concerns  of  this  world,  they  believe,  are  committed 

the  dega  into  a  number  of  balls,  one  of  which  he  dillri-  by  the  Almighty  to  the   luperintendance  and  direftioii 

buted  to  every  perfon  prefent.      And  inquiry  was  then  of  fnbordinate  fpirits,  over  whom  they  fiippole  that  cer- 

made,  if  any  perfon  in   the  town  was  dangeroufiy  fick  ;  tain  magical  ceremonies  have  great  influence.    A  white 

it  being  ufual,   in  fuch  cafes,  to  fend  the  party  a  large  fowl,  fufpended  to  the  branch  of  a  particular  tree,  a 

portion  of  the  </i-^(7,  which  is  thought   to  pofiefs  great  fnakc's  head,    or  a  few  handfuls  of  fruit,  are  offerings 

■medical  virtues,  which  igr.orance  and  fuperfUtion  frequently  prefent,  to 

deprecate 
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ilnir.  deprecate  the  wrath,  or  to  conciliate  the  favour,  of  thefe 

■""^tutelary  agents. 

The  INIandingoes  feldom  attain  extreme  old  age.  At 
forty,  moft  of  them  become  grey  haired,  and  covered 
with  wrinkles  ;  and  hat  few  of  them  furvive  the  age  of 
fifty-five,  or  fixty.  Yet  their  dik-al'es  appeared  but 
few  ;  fevers  and  fluxes  being  tlie  moll  common,  and  the 
molt  fatal.  For  thefe  they  generally  apply  fiphics,  i.  e. 
charms,  to  different  parts  of  the  body  ;  though  fome- 
timcs,  on  the  firft  attack  of  a  fever,  the  patient  is,  with 
great  fuccefs,  placed  in  a  fort  of  vapour  bath.  The 
other  difeafcs  which  prevail  among  the  negroes,  are  the 
raivs,  the  e/fphaiitii'Jis,  and  a  hprojy  of  the  very  worll 
kind,  together  with  the  Guinea  tvorm,  which  they  at- 
tribute to  bad  water. 

When  a  perfon  of  confequence  dies,  the  relations  and 
neighbours  meet  together,  and  manifeft  their  forrow  by 
loud  and  difmal  bowlings.  A  bullock  or  goat  is  killed 
for  fuch  perfons  a5  come  to  aflift  at  the  funeral  ;  which 
genei-ally  takes  place  in  the  evening  of  the  fame  day  on 
which  the  party  died.  The  negroes  have  no  appropriate 
burial  places,  and  frequently  dig  the  grave  in  the  floor 
of  the  deceafed's  hut,  or  in  the  fhadc  of  a  favourite 
tree.  The  body  is  drefled  in  white  cotton,  and  wrap- 
ped uj)  in  a  mat.  It  is  carried  to  the  grave,  in  the  duik 
of  the  evening,  by  the  relations.  If  the  grave  is  with- 
out the  walls  of  the  town,  a  number  of  prickly  buflies 
are  laid  upon  it,  to  prevent  the  wolves  Irom  digging  up 
the  body  ;  but  our  author  never  obferved  that  any  ftone 
was  placed  over  the  grave  as  a  monument  or  memorial. 

With  refpett  to  employment,  the  men  cultivate  the 
ground,  or  catch  fifli  in  large  rivers  ;  while  the  women 
manufafturc  cotton  cloth.  It  is  only  the  fpinning  and 
the  dyeing,  however,  that  are  performed  by  the  women; 
for  the  web,  which  Is  feldom  more  than  four  inches 
bruaj,  is  wove  by  the  men  In  a  loom  made  exaftly  upon 
the  fame  principle  as  that  of  Europe.  As  the  arts  of 
weaving,  dyeing,  fcwing.  Sec.  may  eafily  be  acquired, 
thofe  who  exercile  t'.em  are  not  confidereJ  in  Africa  as 
following  any  particular  profeiTion  ;  for  almoft  every 
fiave  can  weave,  and  every  boy  can  few.  The  only  ar- 
tifts  which  are  diflinftly  acknowledged  as  fuch  by  the 
negroes,  and  who  value  thcmfelves  on  exerciling  appro- 
priate and  peculiar  trades,  are  the  manufafturers  of 
leather  and  of  iron.  The  firft  of  thefe  are  called  Kar- 
rankea  (or  as  the  word  is  fomelimcs  pronouced  Gaun- 
S''y)-  They  are  to  be  found  in  almoll  every  town,  and 
they  frequently  travel  through  the  country  in  the  exer- 
cile of  their  calling.  Tliey  tan  and  drefs  leather  with 
very  great  expedition,  by  lleeping  the  hide  firll  in  a 
mixture  of  wood-a(hes  and  water,  until  it  parts  with  the 
hair  ;  and  afterwards  by  ufmg  the  pounded  leaves  of  a 
tree,  called  ^^oo,  as  an  altrlngent. 

The  manufacturers  in  iron  are  not  fo  numerous  as 
the  Karrankeas  ;  but  they  appear  to  have  (ludied  their 
bufinefs  with  equal  diligence.  The  negroes  on  the 
coaft  being  cheaply  fupplied  with  iron  from  the  Eu- 
ropean traders,  never  attempt  the  manufafturing  qf  this 
article  themfeives  ;  but  in  the  inland  parts,  the  natives 
fmelt  this  uleful  metal  in  fuch  quantities,  as  not  only  to 
iupply  themfeives  from  It  with  all  neccllary  weapons  and 
inftrumeuts,  but  even  to  make  it  an  article  of  commerce 
with  fome  of  the  neighbouring  ftates.  During  our  au- 
thor's ftay  at  Kamalia,  there  was  a  Imelting  fiu'nace  at. 


[        167       ]- 


MAN 


a  (liort  diflance  from  the  lint  where  he  lodged,  and  the  Manomcter 
owncr  and  his  workmen  made  no  fecrct  about  the  man-      ,  " 
ner  of  condufling  the  operation  ;   and  readily  allowed  "^''1 

him  to  examine  the  furnace,  and  aflill  ihcm  In  breaking 
the  Iron-flone.  The  procefs  it  is  nciillefs  to  defcribe  ; 
though  it  be  proper  to  obfcrve,  that  the  niafs  of  metal 
obtained  by  It  was  rather  Reel  than  iron.  Moft  of  the 
African  blackfmlths  are  ac(]ualnted  .illo  with  the  me- 
thod of  fmelting  gold,  in  wliich  procefs  they  ufe  an  al- 
kaline fah,  obtained  from  a  ley  of  burnt  coin-llalks  eva- 
porated  to  drynefs.  They  llkewife  draw  the  gold  into 
wire,  and  form  it  into  a  variety  of  ornaments,  fome  of 
which  are  executed  with  a  great  deal  of  taile  and  i;i- 
genuily. 

The  reader  will  obferve,  that  in  the  extrafts  whicli 
we  have  made  from  IVIr  Park's  intertfting  travels,  the 
terniG  African  and  Negro  are  frequently  uftd  as  if  all 
Africans  and  Negroes  were  Mandingocs.  The  reafon 
is,  that  the  Mandingoes  were  not  only  the  mofl:  nume- 
rous tribe  which  he  vif  ted,  but  were  alio  fpread  over  all. 
that  traft  of  country  which  he  traverfcd. 

MANOiMETER,  a  fmall  glafs  tube  two  or  three 
inches  high,  heinietically  fealed  at  one  end,  and  open  ut 
the  other,  and  divided  regularly  into  inches  and  lines. 
It  Is  employed  in  order  to  afcertain  the  rarefadtion  of 
the  air  produced  by  working  an  air  pump.  The  tube 
previoufly  filled  with  mercury,  and  having  its  open  end 
plunged  into  a  bafon  of  mercury,  is  placed  in  the  re- 
ceiver of  an  air-pump.  As  the  pifton  is  worked,  the 
mercury  gradually  finks  in  the  tube,  and  the  expanfion 
is  eftimated  by  its  height ;  for  the  fmaller  the  height 
at  which  the  mercury  in  the  tube  (lands  above  the  mcr. 
cury  in  the  bafon,  the  greater  I-!  the  expanfion. 

MANIANA,  a  fmall  negro  kingdom  1)  ing  betv.'een 
12°  and  14"  North  Lat.  and  between  the  meridian  of 
Greenwich  and  10  and  33'  Well  Long.  Its  Inhabi. 
tants,  as  Mr  Paik  was  informed  by  a  variety  of  people 
In  many  different  kingdoms,  are  remarkable  for  crueky 
and  ferocity;  carrying  their  rtfentment  to  their  enemies 
fo  far  as  never  to  give  quarter,  and  even  indulging  them- 
feives with  banquets  of  human  flefli.  Hence  the  inha- 
bitants of  Banibarra,  who  carried  on  with  them  a  loni'- 
and  bloody  war,  and  mull  of  courfe  be  well  afcertaincd 
of  the  fadt,  call  them  Ma  dummulo,  which  fignifies  meu» 
eaters. 

MANURE  Is  fo  eflential  to  agriculture,  that  the 
want  ot  it,  or  an  improper  manner  of  ufing  it.  Is  the 
principal  caufe  of  the  llerillty  of  a  country.  We  have 
therefore  treated  of  manures  and  their  aClion  at  fome 
length  in  the  article  Agriculture  in  the  Eiuych- 
pifJia;  but  as  the  theoretical  part  of  that  difquifition 
refts  In  a  great  meafure  on  the  dodlrine  of  phlogifton,  . 
which  is  now  exploded.  It  may  not  be  improper  to  re- 
fume  the  fubjeft  here.  Experience  however  being,  af- 
ter all,  the  only  guide  which  the  farmer  can  fafely  and 
contidintly  follow,  inllead  of  amufing  our  readers  with 
theories  of  our  own,  we  fliall  lay  before  them  the  obfer- 
vations  of  a  man  who  fecms  to  have  united  theory  witii 
pradtlce. 

"The  ufe  of  manures   (fays  M.  Parmeniier*)   has  »  ;vrTO»; 
been  known  in  aU  ages,  but  we  are  yet  far  from  havingcfitf  koyal' 
any  clear  and  preclie  ideas  of  the  nature  of  the  juices  ^'^'■O'?/^* 
which  are  deftined  for  the   nourifliment  of  vegetables,'^''"".''"'''' 
a;id  of  the  manner  in  which  they  are  tranfraitted  to  their  ^'""' ' 

organs. 
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Mari.r<>.  orn'ans,  The  writers  on  aj^ricultiire,  who  have  endea- 
''  '  '~'voured  to  explain  thcfe  matters,  perceiving  fahs  in  moil 
plants,  were  perfua<!-'J  that  thcfe  falls,  by  the  help  of 
water  and  heat,  gaffed,  in  a  falinc  f(Srm,  through  the 
vegetable  filter.  Thcfe  firil  philofophers  did  not  hefi- 
tate  to  coiilider  every  thing  that  has  been  done  by  the 
indiiftry  of  man,  to  improve  the  nature  of  land,  and  its 
productions,  as  merely  forming  refervoirs  of  thele  falts, 
which  tliey  confidered  as  the  principle  of  fertil'ly.  This 
opinion  was  fo  well  eilablinied  among  the  improvers  of 
land,  that,  to  this  day,  many  of  ther.i  have  no  objeft  in 
view,  in  their  operations,  but  to  difengage  fnlts  ;  and, 
when  they  attempt  to  explain  certain  phenomena  which 
take  place  in  their  fields  or  orchards,  they  talk  confi- 
dently about  the  nitre  of  the  air,  of  rain,  cf  fiioiv,  of 
de-JO,  and  fogs  ;  of  the  falts  of  the  earth,  of  duvg,  of 
mark,  oflhn-,  of  chalk,  &c.  and  make  ufe  of  thofc  vague 
terms,  ml,futphur,fpirit.  Sec.  which  ought  henceforward 
to  be  baniilied  from  our  elementary  books  on  agricul- 
ture. 

"  Amoiirr  the  authors  who  have  attacked,  and  com- 
bated with  moft  fuccefs,  the  opinion  that  the  fruitful- 
nefs  of  foils,  and  the  aliment  of  vegetables,  rclide  in_  fa- 
line  fubllances,  muft  be  reckoned  EUer  and  Wallerius. 
Thefe  philofophers  examined,  by  every  means  which 
chemillry  at  that  time  could  furnilh,  the  various  kinds 
of  earth  proper  for  cultivation,  and  alfo  thofe  iubftances 
which  have  always  been  confidered  as  the  moft  power- 
ful manures,  without  being  able  to  obtdn,  from  any  of 
them,  any  thing  more  than  mere  atoms  of  fait. 

"  Animated  with  the  fame  zeal,  and  taking  advan- 
tage  of  the  inftruftions  found  in  their  writings,  I  thought 
it  neceflary  to  determine,  by  experience,  whether,  as  has 
been  aficrted,  there  really  exili  neutral  falts  in  earths  ; 
and  alfo,  whether  thofe  earths  are  more  fertile  in  pro- 
portion to  the  quantity  of  fuch  falts  they  contain. 
"With  this  view,  I  lixiviated,  by  means  of  diftilled  water, 
many  fpecies  of  cultivated  earths,  taken  in  various  ftates, 
from  freth  earth  to  that  which  had  been  impoverilhed 
by  the  growth  of  feveralcrops  ;  I  alfo  tried  dung,  re- 
duced more  or  lefs  into  the  Itate  of  mould  ;  and  like- 
wife  the  moft  aftive  manures,  fuch  as  the  offal  of  animal 
fubftanccs  rotted  by  putrefattion  ;  but  in  none  of  thefe, 
however  carefully  analyzed,  were  found  any  falts  in  a 
free  ftate.  They  contain  indeed  the  materials  proper 
for  forming  falts ;  but  if  they  contain  any  ready  formed, 
it  is  merely  by  accident. 

"  The  refearches  of  Kraft,  and  thofe  of  Alfton,  were 
not  attended  with  different  refults.  Having  fown  fome 
oats  in  allies,  not  lixiviated,  and  in  fand  ftrongly  im- 
pregnated with  potalli  and  with  faltpetre,  and  having 
found  that  the  oaU  did  not  grow,  they  concluded  that 
neutral  falts,  and  alkalies,  not  only  retarded  the  growth 
of  vegetables,  but  that  they  abfolutcly  prevented  it.  It 
is  well  known  that  in  Egypt  there  are  diftrids  where 
the  earth  is  entirely  covered  with  fea-falt,  and  thefe  di- 
ftrifts  are  quite  barren.  It  is  probably  owing  to  this 
property  of  fea-fak,  that  the  Romans  were  accuftomed 
to  fcatter  large  quantities  of  it  over  fields  where  any 
great  crime  had  been  committed,  and  of  which  they 
wiftied  to  perpetuate  the  remembrance,  by  rendering  the 
part  barren  for  a  certain  time. 

"  The  idea  that  falts  had  great  influence  in  vegeta- 
tion, ought  to  have  been  greatly  weakened  by  the  fol- 
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h)wing  finiple  reflexion.  Knppoiing  that  faltn  exiftfcl 
in  garden  mould,  they  would  be  very  foon  diflolvcd  by  '■ 
the  rain,  and  carried  away,  towards  the  lower  ftrata  of 
the  earth,  to  a  depth  to  which  the  longeft  roots  would 
not  reach.  Indeed  the  famous  experiment  of  Vanhel- 
mont  would  have  been  fufficient  to  have  dtllroycd  the 
above  opinion,  if  it  did  not  generally  happen  that  we 
are  no  fooner  fet  free  from  one  error  than  we  fail  into 
another  not  Itfs  extraordinary.  The  furprifing  elfcCts 
of  vegetation  brought  about  by  the  overflowing  of  wa- 
ter, and  in  the  neighbourhood  of  fait  marlhes,  and  the 
infinite  number  of  inhaling  capillary  tubes  obferved  up. 
on  the  furface  of  vegetables,  led  to  an  opinion  that  the 
air  and  water,  abforhcd  by  the  roots  and  leaves  of  plants, 
were  only  vehicles  loaded  with  falinc  niattei ,  analogous 
to  the  vegetables  nourilhed  by  them. 

"  To  the  experiment  of  Vanhclmont,  which  was  re- 
peated by  many  accurate  obfervers,  fucceeded  thofe  of 
modern  philofophers ;  from  w)u"ch  it  clearly  appeared, 
that  plants  could  grow,  and  produce  fruit,  in  the  air  of 
the  iUniofphert,  and  in  ditliUed  water,  alfo  in  pure  fand, 
in  powdered  glafs,  in  wet  mofs  or  fponge,  in  the  cavity 
of  flefliy  roots,  &c.  and  that  plants  which  had  nothing 
but  the  above-mentioned  fluids  for  their  nourifhment, 
gave,  when  fubmitted  to  chemical  analyfis,  the  fame 
produfts  as  thofe  which  had  undergone  their  procefs  of 
vegetation  in  a  foil  perfeftly  well  manured.  It  was  alfo 
obferved,  that  the  moll  barren  foils  were  rendered  fer- 
tile when  they  were  properly  fupphed  with  water  by 
canals  ;  and  the  efficacy  of  irrigation  was  repeatedly  e- 
vinced  in  different  ways  :  from  thefe  obfervatlons  was 
formed  the  following  fyftem,  that  water  rifes  in  plants 
in  the  form  of  vapour,  as  in  dlftillation  ;  that  air  in- 
troduces itfelt  into  their  pores  ;  and  that,  if  falts  contri- 
bute to  the  frultf  ulncfs  of  loils.  it  is  only  in  confequenca 
of  their  containing  the  two  fluids  above-mentioUL-J  in 
great  abundance." 

Our  autiior,  after  iriaklng  many  experiments  upon 
various  foils  and  falts,  and  after  attending  minutely  to 
the  procefs  of  vegetation,  thinks  himfelf  warranted  to 
maintain,  "  that  laline  fubftanccs  have  no  fenfible  effects 
in  promoting  vegetation,  excepting  inafmuch  as  they  are 
of  a  deliquelcent  nature,  have  an  earthy  balls  eafily  de- 
compofed,  and  are  ufed  only  In  fniall  quantity.  In  thofe 
circumftances  they  have  the  power  of  attradling,  from 
the  immenfe  refervoir  of  the  atmofphere,  the  vapours 
which  circulate  in  it  ;  thefe  vapours  they  retain,  along 
with  the  moifture  that  is  produced  from  rain,  fnow, 
dew,  fog,  &c.  which  mollfure  they  prevent  from  run- 
ning together  in  a  mafs,  or  from  being  loft,  either  by 
exhaling  into  the  air  of  the  atmofpheic,  or  by  filtering 
itfelf  through  the  inferior  ftrata  of  the  earth,  and  there- 
by leaving  the  roots  of  vegetables  dry;  they  diftribute 
that  moifture  uniformly,  and  tranfmit  it,  in  a  ftate  of 
great  divilion,  to  the  orifices  of  the  tubes  dcftined  to 
carry  it  into  the  texture  of  the  plant,  where  it  is  after- 
wards to  undergo  the  laws  of  affimilatlon.  As  every 
kind  of  vegetable  manure  poffeffes  a  vlfcous  kind  of 
moifture,  it  thereby  partakes  of  the  property  of  deli- 
qucfcent  falts.  In  fhort,  the  preparation  of  land  for 
vegetation  has  no  other  objeft  in  view  but  to  divide  the 
earthy  particles,  to  foften  tliem,  and  to  give  them  a 
form  capable  of  producing  the  above-mentioned  effefts. 
It  is  fufBcient,   therefore,   that  water,   by  its  mixture 
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with  ihe  farth  and  the  manure,  be  divided,  and  fpiead     tion. 
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out  fo  as  to  be  applied  only  by  its  furface,  and  that  it 
keep  the  root  of  the  plant  always  wet,  without  drown- 
ini>-  il,  in  order  to  become  the  eiTeiuial  principle  ot  ve- 
getation. But  as  plants  which  grow  in  the  Ihade,  even 
in  the  bed  foil,  are  weakly,  and  as  the  greater  part  of 
thofe  whioh  are  made  to  grow  in  a  place  that  is  per- 
fedly  dark  neither  give  finit  nor  flowers,  it  cannot  be 
denied  that  the  influence  of  the  fun  is  of  great  import- 
ance in  vegetable  economy." 

Such  was  the  opinion  which  our  author  gave  of  the 
manner  in  which  falts  aft  in  vegetation,  at  a  time  when 
it  was  not  known  that  air  and  water  (which  had  been 
fo  long  conlidered  as  elements),  far  from  being  fimple 
fubftances,  are  capable  of  being  decompofed  by  a  great 
variety  of  operations  both  of  nature  and  art  j  and  no- 
thino-  was  wanting  to  complete  his  theory,  but  to  know 
that  air  and  water  aft  their  part  in  vegetation  only  in  a 
ftate  of  decompofition  ;  and  that  if  earth  well  manu- 
red is  a  better  matrix  than  water  itfelf,  it  is  becaufe  Inch 
earth  has  the  power  of  converting  the  water  into  gafes 
which  are  eafily  abforbed,  and  which,  while  their  ab- 
forption  takes  place,  communicate  to  the  plants  a  mo- 
tion and  heat  which  they  received  when  taking  the 
form  of  gas,  and  which  they  lofe  when  they  enter  again 
into  combination  ;  whence  it  is  natural  to  conclude, 
that  this  motion  and  this  heat  muft.  neoeflaiily  develope 
themfelves  in  feeds,  and  maintain  the  vital  adtion  in 
plants. 

What  is  a  vegetable,  confidered  chemically,  accord- 
ing to  the  prefent  flate  of  our  knowledge  ?  It  is,  fay 
the  chemills,  a  compound  of  hydrogen,  oxygen,  and 
carbon,  the  proportions  of  wln'ch  vary  according  to  the 
agents  which  have  concurred  to  its  dt:velopement,  and 
according  to  the  matrix  which  received  and  affimilated 
them,  in  order  to  create  thofe  combinations  which  are 
varied  to  infinity,  by  their  forms  and  properties,  and 
known  by  the  generic  terms  of  fait,  oil,  and  mucilage. 
It  appears,  therefore,  needlefs  to  feek  thefe  combina- 
tions in  the  different  fubftances  which  arc  ufed  for  ma- 
nure, when  we  wifh  to  determine  the  nature  of  them, 
and  explain  their  manner  of  afting  in  vegetation  ;  be- 
caufe, fuppofing  it  true  that  thcj^e  falts,  thefe  oils,  or 
thefe  mucilages,  exift  in  their  combined  ftate,  nothing 
but  their  conftituent  elements,  namely,  hydrogen,  oxy- 
gen, and  carbon,  can  poihbly  have  any  adlion. 

The  fupcriority  of  animal  fubftances,  as  manures, 
and  the  remarkable  luxuriance  of  thofe  plants  which  are 
watered  with  putrid  water,  prove  inconteftibly,  that  the 
putrid  ftate  is  favourable  to  vegetation,  and  that  every 
fubllance  which  is  liable  to  enter,  to  a  certain  degree, 
into  that  ftate,  contributes  very  powerfully  thereto. 
The  moft  aerated  waters  are,  in  this  cafe,  the  moft  be- 
neficial. It  is  obferved  that  rain,  particularly  in  ftormy 
weather,  quickens  vegetation  fo  much,  that  the  garden- 
ers in  the  neighbourhood  of  Paris  are  often  obliged  to 
drench  their  plants  with  water  taken  from  their  wells, 
which,  in  confequence  of  its  rawnefs,  or  its  want  of  air. 
retards  t-he  vegetation  of  the  plants  ;  cither  becaufe  it 
precipitates  the  meteorifed  or  eleftrified  water,  or  be- 
caufe, by  being  mixed  with  the  other  water,  it  dimi- 
nifties  its  fertilizing  quality  ;  whereas,  in  fummer,  this 
fame  well-water,  by  being  expofed  to  the  fun  for  fome 
(^ys,  acquires  a  fmell  like  that  of  ftale  eggs,  lofes  its 
rawnefs,  and  becomes  very  fit  for  accelerating  vegeta- 
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An  atom  of  vegetable  or  animal  matter  i«,  at  Manure.  ^ 
time,  fufhcient  to  bring  about  more  quickly  this'  • 
ftate  of  putrefadtion  ;  while  thefe  fame  fubltanccs,  by 
being  employed  in  certain  proportions,  far  from  adling 
as  a  leaven  on  the  liquids  which  hold  them  in  folutlon, 
preferve  thofe  liquids,  or  at  leaft  make  them  more  (low 
to  change. 

Salts  and  dung,  therefore,  are  not  merely  decompo- 
fed by  the  power  of  vegetation  ;  by  furniftiing  the  rc- 
fults  of  their  decompofition,  they  alfo  aft  in  the  manner 
of  leavens,  the  aftion  of  which  is  fcarccly  perceptible  in 
cold  or  dry  weather  ;  but  when  they  are  heated  by  the 
fun,  and  fufficiently  penetrated  with  moillure,  they  very 
foon  enter  into  a  fort  of  fermentation,  fufTtring  the  va- 
rious gafes  with  which  they  are  provided  to  efcape. 
Thus  manures  may  be  conlidered  as  decompofing  inllru- 
ments,  provided  by  nature,  and  prepared  by  art,  to  adl 
upon  water  fo  as  to  bring  it  to  a  proper  ftate  of  atte- 
nuation. The  fubftances  which  enter  into  the  compo- 
iition  of  plants,  are,  therefore,  nothing  but  produfts  of 
the  decompofition  of  air  and  water,  and  combinations  of 
the  conftituent  principles  of  thefe  two  fluids,  determi- 
ned by  the  power  which  prcfides  in  the  feed,  and  which 
thence  has  paffed  into  the  plant. 

It  is  now  eafy  to  account  for  the  effefts  of  charcoal- 
powder,  ftraw,  &c.  which  are  made  ufe  of  to  cover 
ground  during  long  droughts  with  undoubted  benefit : 
they  are  mechanical  means  of  preventing  the  diilipation 
of  moifture,  and  of  determining  it  to  take  the  form  of 
thofe  gafeous  fluids  which  have  fuch  powerful  eflfeft  in 
vegetation.  As  water  is  compofed  of  hydrogen  and 
oxygen,  it  is  not  furprifing  that,  when  affifted  by  the 
influence  of  the  fun,  and  tliat  of  cleftricity,  it  is  capable 
of  forming,  almoft  by  itfelf,  the  folids  and  fluids  of  ve- 
getables  ;  taking  from  the  atmofphere  the  carbon  it 
ftands  in  need  of,  to  give  them  their  muft  iHential  clia- 
radters.  We  fay  their  moft  effential  charafters  ;  for 
thofe  terreftrial  plants  which  have  grovi'n  in  air  and  wa- 
ter do  not  abound  in  principles  ;  and  their  offspring, 
when  they  have  any,  is  by  no  means  vigorous.  We 
fee  alfo,  that  plants  which  are  naturally  ot  an  equatic 
nature,  have  in  general  but  little  fmell,  becauit  the  me- 
dium in  which  they  live  and  grow  furnifties  only  a  fir.sll 
quantity  of  carbon,  in  prop<irtiun  to  tiie  hydrogen  and 
oxygen,  which  are  the  confti'uent  principles  of  vi;;ier. 
This  is  the  reafon  why,  in  cold  and  wet  years,  flowers 
are  lefs  odoiiteroiis,  fruit  Icfs  full  of  fl.ivour,  and  more 
difficult  to  be  prefervtd.  The  germ  uf  their  reproduc- 
tion is  weak  ;  and  they  are,  it  the  expreffMi;  may  be 
ufed,  in  a  fort  of  dioply  ;  that  is  to  fay,  they  are  lead- 
ed  with  the  principles  which  conftitute  water,  and  even 
with  water  itfelf. 

Thefe  obfervations,  to  which  more  might  be  added, 
may  ferve  to  explain  why  vegetation  is  flow  and  weak 
in  a  foil  which  is  too  much  charged  with  faline  matter, 
while  it  is  rendered  quick  and  vigorous  by  a  fmall  quani 
tity  of  this  fame  matter  ;  and  why  earth,  which  is  per- 
feftly  lixiviated,  and  watered,  from  time  to  time,  with 
diftilled  water  only,  is  capabl.  of  giving  to  bitter  plailts 
their  bitternefs,  to  fweet  ones  their  fweetnefs,  to  acid 
ones  their  acidity,  to  aromatic  ones  their  fpicinefs,  and 
to  polfonous  ones  their  deleterious  qualities  ;  in  fliortj 
why  the  inherent  charadtcrs  of  plants  are  more  ftrongly 
marked,  in  proportion  as  the  ioil  in  which  they  grov/ 
is  furnifhed  with  natural  or  mechanical  means  to  pro- 
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Manure,  duce  a  quantity  of  gas  ntccfTary  to  the  formation  of  the 
^~^  fubftancfs  on  which  rhofe  charafters  depend. 

If  a  nitrous  or  marine  plant  can,  even  when  growing 
in  a  foil  deflitiite  of  nitre  or  fea-falt,  occafion  the  pro- 
dudion  of  thcfe  fahs,  it  muft  be  allowed  that  inch 
•plants  would  vegetate  more  ftroiigly,  and  contain  ipore 
of  fuch  falls,  if  they  grew  in  fojls  more  abounding  in 
materials  proper  to  form  them.  Thus,  the  different 
fpecies  of  famphire,  glalTwort,  fea-wrack,  &c.  flourilh  on 
the  borders  of  the  fea,  fuch  foils  being  Urongly  impreg- 
nated with  the  fluids  nectlTary  to  form  the  muriatic  gas 
and  fea-falt  which  enter  into  the  compofition  of  thofe 
plants,  while  the  fun-flower,  peliitory,  Sec.  fucceed  bell 
inearth  which  is  mixed  with  the  ruins  of  old  buildings, 
in  which  the  materials  for  the  produflion  of  nitrous 
gas,  and  even  of  nitre  itfelf,  arc  very  abundant.  In  fhort, 
the  organization  of  thefe  plants  is  a  real  elaboratory  for 
forming  the  forementioned  falls. 

Thofe  plants  which,  for  their  vegetation,  require  the 
itioft  affillance  from  the  foil  and  manure,  are  very  apt  to 
contraA  a  difagreeable  tatte,  if  either  the  foil  or  manure 
are  capable  of  fupplying  the  principles  from  which  it  is 
acquired.  The  clafs  tetradynam'm,  particularly  all  forts 
of  cabbages  (which  contain  fnlphur  ready  formed), 
contraft  a  bad  tafle  in  a  foil  compofed  of  mud  and 
dung,  becaufe  thefe  fubftances,  as  they  are  decompofed, 
furnifli  a  great  quantity  of  hepatic  gas,  or  of  fulphurifed 
hydrogen  gas  ;  yet  plants  of  another  clafs  may  grow  in 
the  fame  foil,  clofe  by  the  cabbages,  without  partaking 
even  in  the  fmalleft  degree  of  the  bad  tafte  of  the  latter. 
The  plants  lall  mentioned,  when  growing  in  hepatic 
gas,  retain  only  fo  much  of  it  as  is  fufficient  for  the 
produftion  of  the  fubftances  of  which  they  arc  formed  ; 
the  overplus,  which  could  not  be  affimilated,  is  thrown 
out  by  the  excretory  velTels,  after  undergoing  thole 
modifications  which  the  digellive  juices  and  organiza- 
tion of  the  plant,  and  the  ilate  of  the  atmofphere,  have 
produced. 

Thus  we  fee  that  thofe  plants  which  abound  moft  in 
oily,  faline,  and  mucilaginous  principles,  are  generally 
fuch  as  require  a  foil  well  manured.  Tobacco,  for  in- 
ftance,  gives  forty  pounds  of  alkaline  fait  or  potafh  from 
every  hundred  weight  of  aflies  :  this  plant  may,  by  be- 
ing buried  in  the  ground,  be  converted  into  a  very  pow- 
erful manure  ;  while  other  plants,  which  thrive  in  a 
middling  foil,  and  appear  as  vigorous,  are,  in  general, 
fuch  as  have  not  fo  great  a  quantity  of  principles  In 
their  compofition,  and  when  thrown  on  the  dunghill, 
and  left  to  rot,  furnifli  very  little  manure.  From  fuch 
cbfervations,  it  may  perhaps  not  be  impofiible  hereafter 
to  judge,  by  the  analyfis  of  a  plant,  not  only  whether 
it  requires  a  large  or  a  fmall  quantity  of  manure,  but 
likewife  what  kinds  of  foil  and  manure  are  mofl:  fit  to 
promote  its  vegetation  :  wild  plants  alfo  may  ierve  to 
fliew  the  nature  of  the  foil  which  they  feem  moll  to 
flourilh  in. 

Befides  the  phyfical  aftion  of  manures,  they  have  a 
Tery  evident  mechanical  aftion  When  mixed  with 
earth,  in  a  certain  proportion,  they  not  only  render  it 
wore  permeable  to  water,  but  the  roots  of  plants  can 
with  greater  eafe  acquire  their  proper  fize  and  form  in 
it  :  in  other  cafes,  manures  tend  to  unite  that  earth 
which  is  too  loofe,  and,  by  rendering  it  more  tena- 
cious, they  prevent  the  water  from  being  lofl,  and  the 
roots  from  becoming  dry.     Thoft;  manures  which  are 
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called  warm  are  fulted  to  cold  lands,  not  only  becaufe 
they  render  them  kfs  compaft,  but  alfo  becaufe  they 
take  off  a  part  of  that  moifture  which  fuch  lands  always 
have  in  too  great  quantity.  Cold  manures,  on  the 
other  hand,  by  their  vifcid  quality,  give  tenacity  to  dry 
and  hot  foils,  attradling  and  retaining,  for  a  longer 
time,  the  moifture  which  comes  in  their  way.  The 
nature  of  the  foil  mull  therefore  determine  what  kind 
of  manure  it  Hands  in  iieed  of,  and  alfo  whether  culti- 
vating it  by  means  of  oxen  or  by  horfes  is  preferable ; 
for  the  manures  produced  from  thefe  two  animals  have 
thofe  oppolite  qualities  which  we  have  above  defcribed. 
By  fuch  obfervations,  we  fhall  perhaps  be  able  to  re- 
folve  a  quellion,  refpefting  which  the  fentiments  of 
cultivators  in  many  parts  of  the  kingdom  are  much  di- 
vided. 

It  cannot,  however,  be  denied,  that  the  earth  is  able 
of  itfelf  to  ferve  as  a  bafis  and  fupport  to  plants,  and 
that  it  has  an  action  more  or  lefs  evident  upon  air,  up- 
on water,  and  upon  dung.  There  is  a  well-known  me- 
thod of  diftinguilhing  clay  from  other  earths ;  by  mere- 
ly breathing  upon  it,  a  fmell  is  immediately  perceived, 
fufficicntly  llrong  to  (hew  that  a  decompotition  and  frelh 
combination  have  taken  place.  In  lummer,  after  a 
drought  of  fome  days  continuance,  there  always  arifes 
in  the  fields  a  particular  fmell  during  a  fhower  of  rain  ; 
and  there  is  no  kind  of  vegetable  manure  which,  when 
mixed  with  earth,  does  not  fend  forth  a  fmell.  This 
proves,  that  the  nature  of  the  foil  muft  have  an  influ- 
ence, not  only  upon  air  and  upon  water,  but  alfo  upon 
the  cffetl  of  manures  ;  and  that  before  we  fpeak  of  their 
power,  we  fliould  always  fpccify  what  kind  of  earth 
they  were  applied  to  ;  becaufe  when  manures  and  earth 
arc  mixt-d  together,  there  cnfues  an  adlion  and  reaftio* 
more  or  lefs  favourable  to  vegetation. 

Having  examined  to  what  degree  air  and  water  enter, 
in  fubftance,  into  the  veffels  of  plants,  and  having  (hewn 
that  the  principal  aftion  of  earth,  of  falts,  and  of  ma- 
nures, coniifts  in  preparing,  elaborating,  and  decompo- 
fmg  thefe  two  fluids,  and  in  giving  to  the  produfts  of 
their  dccompofition  the  forms  they  require,  to  accom- 
plilh  the  purpofe  of  nature  in  vegetation,  our  author 
makes  fome  obfervations  upon  the  particular  effects  of 
certain  fubflances  ufed  for  improving  land,  fuch  as 
marl,  lime,  chalk,  and  wood-afhes  ;  which  are  ufually 
applied  either  to  an  exhaufted  foil,  in  order  to  reflore 
it,  or  to  a  drooping  plant,  with  a  view  to  give  it 
ftrength.  Of  the  eflicacy  of  thefe  fubftances  no  one 
doubts,  but  It  does  not  appear  that  we  are  equally  a- 
greed  refpedling  their  manner  of  aftlng. 

Marl  (a  manure  whofe  effedts  are  well  known,  and 
which  is  found  to  be  of  the  greateft  benefit  in  thofe 
diflrifts  where  It  can  be  procured  in  fufficient  quantity) 
is  capable  of  afting  in  the  fame  manner  as  the  moft  fer- 
tile foil,  when  the  principles  of  which  It  is  compofed, 
namely,  clay,  fand,  calcaieous  earth,  and  magnefian 
earth,  are  juflly  proportioned  to  each  other.  But  it  is 
fometlmes  compaft  and  tenacious,  becaufe  it  contains  a 
fuperabundant  portion  of  clay,  and  at  other  times  po- 
rous and  friable,  becaufe  it  contains  too  much  fand,  and 
therefore  Is  not  In  general  fit  for  vegetation  by  itfelf. 
Thefe  confiderations  ought  always  to  be  our  guide 
when  we  mean  to  employ  marl  as  a  manure. 

It  has  been  fuppofed  that  to  marl  was  a  fort  of  tech- 
nical expreffion,  intended  to  denote  the  bnuging  toge- 
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ifanure.  th«r  or  dividing  the  earthy  particles  by  means  of  clay 
»  or  fand.  It  appears  to  our  author,  that  neither  of  the 
above  operations  can  properly  be  called  miirling  ;  be- 
caufe,  in  either  cafe,  all  we  do  is,  to  put  the  foil  into  a 
lituation  to  receive  and  to  profit  by  the  inlliience  of  the 
atmofphere,  and  tliat  of  the  manures  made  ufe  of.  The 
peculiar  principle  of  marl  is,  that  purt  of  it  which,  like 
lime,  afts  very  powerfully  upon  the  diffcrciit  aeriform 
fluids,  is  eafily  reduced  to  powder,  eflervcfces  with  a- 
cids,  and  fends  forth  a  quantity  of  air-bubbles  v  ben  wa- 
ter is  poured  upon  it.  Now  this  matter,  v.'hich  in  a 
particular  manner  does  the  ofiice  of  manuie,  refides 
neither  in  clay  nor  in  fand.  Upon  the  proportion  of  it 
depends  the  duration  of  the  fertility  it  produces  ;  con- 
fequently  it  is  of  importance,  when  we  make  ufe  of 
marl,  to  know  which  of  its  conftituent  parts  it  contains 
in  the  greateft  proportion,  otherwife  in  fome  cafes  we 
fhould  only  add  one  common  kind  of  earth  to  another. 
Hence  our  author  infers,  that  for  a  chalky  foil  clay  is 
the  proper  manure,  and  that  in  luch  a  foil  a  clay  bot- 
tom is  ot  more  value  than  a  gold  mine. 

*'  Wood-alhes,  as  a  manure,  may  be,  in  fome  refpefts, 
compared  to  marl ;  at  leaft  they  contain  the  fame  earths 
as  thofe  which  generally  enter  into  the  compofition  of 
marl,  but  they  contain  a  greater  quantity  of  faline  fub- 
ftances,  proceeding  from  the  vegetabks  of  which  they 
are  the  refidue,  and  from  the  procefs  made  ufe  of  in 
their  combullion  ;  a  procefs  which  increafes  their  afti- 
vity,  and  (hould  render  us  careful  in  what  manner  and 
for  what  purpofes  we  employ  them.  Wood-aihes, 
when  fcattered  over  fields  ,  at  proper  times  and  in  pro- 
per quantities,  deftroy  weeds,  and  encourage  the  vege- 
tation of  good  plants.  But  do  the  afhes  produce  this 
effeft  by  a  fort  of  corrofive  power  ?  I  cannot  (fays  our 
author)  think  it  ;  for  in  that  cafe  all  kinds  of  plants 
would  indifcriminately  be  afted  upon  by  them,  and  to 
a  certain  degree  deftroyed. 

"  Befides,  the  afhes  of  frefh  wood  are  feldom  em- 
ployed until  they  have  been  lixiviated,  in  which  (late 
they  are  deprived  of  their  cauftic  principle  ;  thofe  alhes 
which  are  moft  commonly  made  ufe  of  for  manure  are 
produced  either  from  wood  that  has  been  floated  in  wa- 
ter, or  from  turf,  or  from  pit-coal,  and  contain  little  or 
no  alkaline  fait. 

"  It  appears  much  more  probable  that  a/hes,  when 
laid  upon  ground,  deftroy  the  weeds  by  a  well-known 
effeft,  namely,  by  feizing  with  sagernefs  that  moifture 
which  ferved  to  produce  thofe  weeds,  and  which  in  a 
fuperabundant  quantity  is  necefiary  to  their  exiftence 
and  fupport.  Whereas  thofe  plants  which  have  a  firm- 
er texture  and  a  longer  root,  which  are  rendered  ftrong 
by  age  and  by  having  withilood  the  rigour  of  winter, 
and  which  are  in  faft  the  plants  of  which  the  fields  are 
compofed,  do  not  fuffcr  any  damage  from  the  applica- 
tion of  the  afhes  ;  but,  on  the  contrary,  by  being  freed 
from  the  fuperfluous  weeds  which  ilifled  them,  and 
robbed  them  of  a  part  of  their  fullenance,  they  receive 
a  quantity  of  nourifhment  proportioned  to  their  wants. 
The  (late  of  relaxation  and  langour  to  which  they  were 
reduced  by  a  fuperabundance  of  water,  leaves  them,  the 
foil  gets  its  proper  confiilence,  and  the  grafs,  corn.  Sec. 
acquirmg  the  ftrength  and  vigour  which  is  natural  to 
them,  foon  overcome  the  mofs,  ruflies,  and  other  weeds  ; 
thus  a  good  crop,  of  whatever  the  field  confills  of,  is 
produced.  It  is  in  the  above  manner  that  wood-alhes  ad. 
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whenever  m  the  fpring  it  is  ncceflary  to  apply  them  to    M.->nare. 
mendows,  corn-fields,  &c.  the  plants  of  which  are  Ilifled    ""'">'■      '" 
and  weakened  by  a  luxuriant  vegetation  ot   weeds,  the 
ufual  confequence  of  mild  and  wet  winters. 

"  When  wood-afhes  produce  an  effcCt  different  from 
what  is  above  defcribed,  it  is  either  becaufe  they  hap- 
pen to  contain  too  much  alkaline  fait,  or  that  tley  are 
laid  on  the  ground  in  too  great  quantity,  or  that  the 
fields  to  which  they  are  applied  were  not  fufficiently  wet 
to  rellrain  their  action  ;  for  when  they  are  fcattered  up- 
on cold  foils,  and  buried  by  the  plough  before  the  time 
of  fowing,  they  are  like  lime,  of  great  fervice.  The  lall- 
mentioned  fubllance  is  very  efficacious  in  other  circum- 
ftances;  and  there  is  a  well-known  method  of  ilfing  it» 
praftifed  by  the  Germans,  as  follows  :  A  heap  of  lime 
is  formed  by  the  fide  of  a  heap  of  poor  earth,  and  wa- 
ter is  poured  upon  the  lime  ;  the  earth  is  then  thrown 
over  it,  and  becomes  impregnated  with  the  vapours 
which  efcape  from  the  lime  while  it  is  flaked.  The 
earth,  after  being  thus  aerated,  may  be  feparated  ;  and 
although  no  lime  remains  mixed  with  it,  is,  by  the  ope- 
ration jufl  defcribed,  rendered  capable  of  giving  a  luxu- 
riant vegetation  to  whatever  plants  may  be  put  into  it. 

"  It  is  pofTiMe,  therefore,  to  aerate  earth  as  well  as 
fluids  ;  for  this  purpofe,  by  mixing  it  with  certain  fub- 
flances,  during  their  decompofitlon,  we  mull  attach  to 
it  the  principles  of  which  thofe  fubflances  are  compo- 
fed ;  from  which  there  refults  a  matter  fo  loaded  witk 
gas,  as  to  form  a  more  compound  fubllance,  and  one 
which  has  acquired  new  properties.  The  Arabians,  for 
example,  who  take  great  pains  to  improve  their  land, 
are  accullomed  to  make  large  pits,  which  they  fill  with  ' 
animals  which  happen  to  die  :  thefe  pits  they  afterwards 
cover  with  calcerous  or  clayey  earth  ;  and  after  fome 
time  thefe  earths,  which  of  themfelves  are  fterile,  ac- 
quire  the  properties  of  the  richeft  manures. 

"  The  foregoing  obfervatlons  may  at  lead  be  confi- 
dered  as  proving,  that  thofe  fubltances  which,  when 
employed  frefh  and  in  too  great  quantity,  are  more  pre- 
judicial to  vegetation,  have,  on  the  contrary,  an  advan- 
tageous effeft,  when  they  are  previoufly  made  to  under- 
go a  fermentation  ;  or  when  they  are  mixed  with  eartK 
or  water,  in  a  proportion  adapted  to  the  end  propofed. 
The  grafs  of  fields  in  which  cattle  or  poultry  go  to 
feed,  after  the  firft  or  fecond  crop  of  hay,  appears  to  be 
dried  by  the  urine  and  dung  of  thofe  animals  ;  as  if  fire 
had  been  applied  to  it  ;  whereas  thefe  fame  excrementi- 
tious  fubflances,  when  combined  with  earth,  or  diluted 
with  water,  are  capable,  without  any  other  preparation, 
of  performing  the  office  of  good  manure. 

"  But  if  animal  fecretions,  when  applied  in  fubllance 
to  plants,  were  capable  of  aftmg  upon  them,  as  is  af- 
firmed, in  fuch  a  way  as  to  corrode  or  burn  them,  how 
could  feed  which  has  been  fwallowed,  and  efcaped  the 
adtiou  of  the  digellive  powers,  be  prolific  when  thrown 
out  by  the  animal,  after  having  remained  fo  long  in  its 
dung  ?  yet  we  often  fee  oats,  fo  circumflanced,  grovr 
and  produce  feed.  It  is  not  more  confiflent  with  ex- 
perience and  obfeivation  to  fuppofe,  that  thefe  cxcre- 
raentitious  fubilances,  being  ilill  endowed  with  animal 
heat,  and  with  au  orgiinic  motion,  difTufe  round  plants 
in  vegetation  a  deleterious  principle  or  inflammable  gas, 
which  dellroys  them  ;  tur  loon  after  their  application, 
the  foliage  of  the  plant  grows  yellow,  dries  up,  and 
the  plant  withers,  uulefs  there  happens  a  fhower  of  rain 
Y  a  whick 
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Manure,   whicli   revives  it.     When  thefe  fubRances  are  diluted, 
'  by   bei'ig  mix^d  with  water  and  earth,  they  lofe  that 

principle  which  is  fo  dedruiftive  to  vegetable  life,  and 
an  incipient  fermentation  augments  their  power  as  a  ma- 
nure, fo  that  they  may  be  immediately  made  ufe  of 
without  any  apprehenfion  of  injury  from  their  efTccls. 

"  It  appears,  therefore,  that  any  operation  upon  ex- 
crementitious  fubftances,  by  which  they  are  dried  and 
reduced  to  powder,  cannot  be  praclifed  without  depri- 
ving thole  fubftances  of  a  great  part  of  fiich  of  their 
principles  as  are  eafily  evaporated,  and  upon  which  their 
fluidity  di-pends  ;  thefe  principles,  when  diluted  with 
water,  and  confined  by  being  mixed  with  earth,  are  ca- 
pable of  increafing  the  produce  of  the  foil.  Such  is 
the  way  in  which  the  hufbandmen  in  Flanders  make  ufe 
of  this  kind  of  manure,  in  the  cultivation  of  a  kind  of 
rape  or  cole  feed,  which  is  to  them  a  very  important 
bra»ch  of  agricultural  induilry  and  commerce  ;  and  they 
never  obferve  that  the  fap  carries  up  any  of  thofe  prin- 
ciples which  give  fuch  manure  its  offenfive  fmell  ;  nor 
do  they  obferve,  that  the  fodder  produced  from  fields 
fo  manured,  whether  eaten  frefh  or  dry,  is  difagreeable 
to  their  cattle.  The  excrements  of  all  animals  would 
be  injurious  to  plants,  if  applied  too  frefh,  or  in  too 
great  quantity  ;  and  a  gardener  could  not  commit  a 
greater  fault,  than  to  put  more  than  a  certain  quantity 
of  them  into  the  vi-ater  he  means  to  make  ufe  of  to  wa- 
ter his  young  plants  ;  in  fhort,  this  kind  of  manure  is  to 
be  ufed  in  a  very  fparing  manner  ;  and  he  that  is  too  pro- 
digal of  it  wiU  find,  to  his  coft,  that  excefs,  even  of  that 
■which  is  otherwife  beneficial,  becomes  an  evil. 

"  It  mufl  certainly  be  allowed,  that  excrementltious 
fubftances  are  a  very  advantageous  manure  for  cold  foils, 
and  fuited  to  moll  vegetable  produftions ;  a  long  expe- 
rience of  their  effeiflo  over  a  large  tratt  of  country,  and 
the  acknowledged  intelligence  of  the  Flemiili  farmers, 
ought  to  be  confidered  as  fufficicnt  to  overcome  the 
prejudice  that  has  been  raifed  againfl  this  fort  of  ma- 
nure. Suppufuig  that  the  bad  cffefls  which  have  been 
attributed  to  it,  when  ufed  in  the  ftate  in  which  it  is 
taken  out  of  privies,  &.c.  are  not  the  offspring  of  a  pre- 
judiced imagination,  tliey  may  have  arifen  from  its  ha- 
ving been  made  ufe  of  at  an  improper  time,  or  in  too 
great  quantity  ;  ov  from  its  having  been  applied  to  a 
foil  and  for  the  cultivation  of  plants  to  which  it  was  not 
adapted  ;  for  we  know  that  the  excefs  of  any  kind  of 
manure  changes  the  fmell  and  tafte  of  plants,  and  the 
fame  effctl  is  produced  by  watering  them  too  frequent- 
ly. Striking  examples  of  this  change  are  feen  in  the 
ftrawberry  and  in  the  violet,  when  fuch  as  have  grown 
in  the  woods  are  compared  to  thofe  produced  from 
fome  of  our  over-manured  gardens  ;  alfo  in  the  lettuce, 
and  fome  other  plants,  when  thofe  raifed  for  (ale  by  the 
gardeners  about  Paris  are  compared  to  thofe  of  fome 
pariicular  kitchen  gardens.  In  the  markets  of  fome 
cities,  the  carrots,  turnips,  and  potatoes  of  the  fields, 
JU"e  preferred  to  the  fame  kind  of  roots  cuUivated  by 
the  gardeners  (a)  ;  for  though  the  l.ill  are  of  a  larger 
fizc,  they  have  not  got  fo  good  a  flavour.  Some  vege- 
tables, therefore,  are  like  certain  wild  fpecies  of  the 
animal  kingdom  ;  they  refill  every  kind  of  culture,  as 
thofe  animJs  refill  every  effort  to  tame  them. 
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"  Although  experience  has  taught  the  Flemifh  far- 
mers, that  excremcntitious  fubftances  arc  more  active  in  ' 
their  natural  Hate  than  when  dried,  yet  it  cannot  be  de- 
nied that  drying  them,  and  reducing  tiiem  into  powder, 
is  fometimcs  very  advantageous ;  becaufe  in  that  flate 
they  are  much  lefs  offenfive,  arc  eafily  traiifported  to 
any  diftance,  and  may  be  ufed  when  mofl  convenient  or 
moll  proper.  In  many  cities  the  inhabitants  pay  to 
have  tlicir  privies  emptied  :  in  other  places,  thole  who 
empty  them  pay  for  their  contents  ;  and  it  wuuld  afto- 
nifh  any  one  to  be  told  how  great  a  revenue  is  produced 
in  the  city  of  Lifle  in  Flanders  by  the  fale  of  this  kind 
of  manure.  I  am,  hovi'evcr  (fays  our  author),  far  from 
thinking  that  it  is  right,  in  all  cafes,  to  em.ploy  it  in 
the  above-mentioned  date  of  concentration  ;  it  would 
be  better,  in  my  opinion,  to  follow  the  example  of  the 
Flemiih  farmers,  who  ufe  it  the  firft  year  for  the  culti- 
vation of  plants  for  oil,  or  for  hemp  or  flax  ;  and  the 
fecond  year  for  the  bell  kinds  of  grain  :  thus  obtaining 
two  crops,  inllead  of  one,  without  any  farther  prepara- 
tion of  the  land.  What  is  faid  above  may  be  applied 
alfo  to  the  manures  produced  from  the  dung  of  cattle, 
poultry.  Sec.  (particulary  to  pigeon's  dung,  the  moft 
powerful  manure  of  its  kind),  all  which,  by  being  dried 
and  powdered  before  they  are  ufed,  lofe  a  great  portion 
of  their  activity.  From  thefe  oblervations  another  faft 
may  be  deduced,  namely,  that  manure  Ihould  not  be 
taken  from  the  place  where  it  has  been  thrown  together 
until  the  feafon  of  the  year  and  the  ftate  o.'  the  land  are 
fuch  that  it  may  be  put  into  the  ground  as  foon  as  it  is 
brought  to  it.  In  fome  diftricts  a  very  injurious  cuf- 
tom  prevails  of  carrj'ing  the  manure  into  the  fields,  and 
leaving  it  there  formed  into  fmall  heaps,  expofed  for 
fome  days  to  the  elements  ;  during  which  time,  either 
the  fun  or  wind  dry  up  its  natural  moifture,  leaving  a 
mafs  which  is  much  lefs  atlive  ;  or  the  rain  diffolves  and 
carries  away  the  extrailive  part  impregnated  with  the 
fait.  This  kind  of  brine,  which  is  the  moft  powerful 
part  of  the  manure,  penetrates  the  earth  to  a  confidera- 
ble  depth,  and  (hews  (by  the  thick  tufts  which  arife 
in  thofe  places,  and  which  produce  more  ftraw  than 
grain)  that  manure  ought  to  be  put  into  the  ground  as 
foon  as  it  is  brought  to  it,  becaufe  it  then  poirefles  its 
full  force  and  effecT:,  and  confequently  would  be  then 
uftd  to  the  greatefl  advantage. 

"  We  have  always  at  hand  the  means  of  compofing, 
from  a  great  variety  of  vegetable  and  animal  fubftances, 
fuch  manures  as,  when  brought  into  a  proper  ftate,  and 
mixed  with  land,  contribute  to  its  fertility.  Chemiftry 
alio  offers  to  us  a  number  of  fubftances,  which,  although 
when  ufed  feparately  they  tend  to  diminifh  the  fertili- 
fing  quality  of  the  earth,  are  yet  capable,  bv  being  com- 
bined, of  forming  excellent  manures  ;  fuch,  for  inllance, 
is  that  faponaceous  combination  which  is  produced 
from  a  mixture  of  potafh,  oil,  and  earth.  What  an 
advantage  it  would  be,  if,  inftead  of  being  fparing  of 
manure,  the  inhabitants  of  the  country  would  endeavour 
to  increafe  the  number  of  thefe  refources,  and  to  ren- 
der them  more  beneficial,  by  employing  them  in  a  more 
effedlual  manner.  How  many  years  had  paffed  before 
it  wvas  known  that  the  refufe  of  apples  and  pears,  after 
they  are  preffed  (and  which  ufed  to  be  thrown  away  aa 

ufelefs). 
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Tanure,  iifelefs),  is  capaHe  of  forming  as  valuable  a  manure,  in 
laou.iMa  cyder  and  perry  countries,  as  the  refufe  of  grapes  does 
"~^'  in  wine  countries." 

From  what  has  been  obferved,  our  author  concludes, 
that  manures  ai^t,  in  many  circumilances,  like  nnedicints, 
and  confcquently  that  the  fame  fort  of  manure  cannot 
be  adapted  to  €very  fituation,  and  every  kind  of  foil  ; 
we  mull  therefore  take  care  to  make  proper  dillinftlons 
between  them.  Wiioever  (hall  pretend  that  any  parti- 
cular kind  of  manure  may  be  ufed,  with  equal  benefit, 
in  grafsUnids  corn-titlds,  vineyards,  orchards,  kitchen- 
gardens.  See.  ougiit  to  be  claffcd  among  thofe  quacks 
who  undertake  to  cure  all  perfons  with  the  fame  remedy, 
without  any  regard  to  ti\eir  age,  conlHtution,  &c.  It 
is  probably  from  not  having  paid  fnffieieut  attention  to 
the  forementioneJ  diilinClions,  that  fom*^  authors  have 
found  tault  with  particular  manures,  while  others  have 
fpoken  too  highly  in  their  favour.  He  thinks,  how- 
ever, and  we  agree  with  him,  that  we  are  ftiU  in  want 
of  a  courfe  of  comparative  experiments  upon  the  various 
kinds  of  manures,  confidered  according  to  their  influence 
with  i^fpeiil  to  different  foils,  fituations^  and  produc- 
tions. It  this  pai  t  of  rural  oecononiy  were  better  un- 
derftood,  we  Ihould  perhaps  fee  many  places  in  a  ftate 
of  cultivation,  which,  on  account  of  the  bad  quality  of 
their  foil,  have  hitkerto  refiftcd  all  our  endeavours  to 
render  them  fertile. 

Perl'.aps  it  would  not  be  proper  to  difmifs  this  fub- 
jeft  without  -noticing  Mr  Middleton's  obfervations  on 
various  kinds  of  manure,  which  were  publiftied  in  the 
Tranfaftions  of  the  Society  of  Arts  for  the  year  1 799. 
This  gentleman  agrees  with  Mr  Parmentier,  in  recom- 
mending the  nxcrcinentitious  matter  of  privies  as  the  mod 
powerful  of  all  manures  on  fome  kinds  of  foil  ;  but  he 
differs  from  him,  and  we  believe  from  moll  writers  on 
agriculture,  when  he  affirms,  that  •wood  a/hes,  when 
fpread  on  the  grafs  in  Februaiy  or  March,  are  of  very 
little  fervice,  and  that  the  afhes  oi  coal  and  even  of  peat 
are  of  none  upon  any  kind  of  land.  He  hkevtilfe  affirms 
fool  to  be  of  very  little  value  as  a  manure,  foapmakers 
vjafle  to  be  of  none,  or  rather  to  be  hurtful  ;  and  he 
feems  to  confider  maltdufl,  including  the  dull  from  the 
malt  kilns,  to  be,  after  the  foil  of  privies,  one  of  the 
inoft.  powerful  manures.  He  affirms,  from  his  own  ex- 
perience, that,  with  refpeft  to  fertilifing  power,  the  foil 
of  privies,  compared  with  farm-yard  dung,  is  in  the  pro- 
portion of  five  to  one.  See  more  on  the  fubjeift  of 
Manure,  under  the  title  Vegetable  Substances, 
Chap.  2d. 

MAOUANA,  one  of  that  cluftre  of  iflands  in  the 
South  Sea  which  were  difcovered  by  M.  Bougainville, 
and  by  him  named  Navigator's  Iflands.  It  was  viiited 
by  La  Peroule  in  17^7,  who  delcribes  it  as  exceeding- 
ly rich  in  every  animal  and  vegetable  produflion  necef- 
fary  to  the  fuftenance  of  mail.  The  two  frigates  which 
lie  commanded  had  no  fooner  approached  the  fliore,  than 
he  ditcovered  at  the  bottom  of  each  creek  a  number  of 
Tillages,  from  whence  came  innumerable  canoes,  laden 
with  hogs,  cocoa-nuts,  and  other  fruits,  which  were 
purchafed  for  glafs  ware.  This  was  in  the  evening  ; 
and  next  morning  the  commerce  was  renewed  in  the 
moil  friendly  manner.  As  early  as  the  dawn  of  day, 
the  iflanders  had  furrounded  the  two  frigates  with  200 
canoes  full  of  different  kinds  of  provifion,  which  they 
would  exchange  only  for  beads — in  their  eftimation  dia- 
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monds  of  the  firfl  water.     Axes,  cloth,  and  all  other  Maou.nm. 
articles  of  commerce,   they  difdaincd.      Abounding  in  "~~v        ' 
real  bleilings,  they  were  dtfuous  of  obtainiug  fuperflui- 
ties  alone. 

Two  boats,  filled  with  empty  cafl<8,  were  fent  afhore 
for  frelh  water;  and  Peroule  himfelf  accompanied  them 
in  his  pinnace.  A  line  of  ioldiers  was  polled  between 
the  beech  and  the  Indians,  who  amounted  to  about  2co, 
including  a  grcnt  many  women  and  thildrtii.  The 
French  commander  prevailed  upon  them  all  to  fit  down 
under  cocoa  trees,  that  were  not  more  than  eight  toifes 
diltant  from  the  fhips  boats.  Each  of  them  had  by  him 
fowls,  hogs,  parrots,  pigeons,  or  fruit,  and  all  wifhed 
to  fell  them  at  once,  wliicii  occafioned  fome  confufion. 

The  women,  fome  of  wliom  were  very  pretty,  offered 
their  favours,  as  well  as  their  fowls  and  fruit,  to  all 
thofe  who  had  beads  to  give  them  ;  and  foon  tried  to 
p?fs  through  the  line  of  foldiers,  who  oppofcd  but  a 
feeble  refinance  to  their  attempts.  Europeans  who 
have  made  a  v,  yage  round  the  world,  efpecially  French- 
men, have  no  arms  to  ward  off  fimilar  attacks.  Ac- 
cordingly the  fair  favdges  found  little  difficulty  in  break- 
ing the  ranks;  the  men  then  approached  ;  and  the  con- 
fufion was  growing  general  ;  when  Indians,  who  fcem- 
ed  to  he  cliitfs,  made  their  appearance  with  flicks  in 
their  hands,  and  reflored  order,  every  one  returning  to 
his  poft,  and  the  traffic  beginning  anew,  to  the  great 
fatlsfaClion  of  both  buyers  and  fellers. 

While  all  this  was  paffing  with  the  greatefl  tranquil- 
lity, and  the  caf]<s  were  filling  with  wirter,  '  Peroufe 
thought  he  might  venture  to  the  diftance  of  200  yards 
to  viilt  a  charming  village,  fituated  in  the  midit  of  a 
wood,  or  rather  of  an  orchard,  all  the  trees  of  which 
were  loaded  with  fruit.  The  houfes  were  placed  upon 
the  circumference  of  a  circle,  of  about  150  toifes  in  dia- 
meter, the  interior  forming  a  vaft  open  fpace,  covered 
with  the  mofl  beautiful  verdure,  and  (liaded  by  trees, 
which  kept  the  air  deliglitfully  cool.  Women,  children, 
and  old  men,  accompanied  him,  and  invited  him  into 
their  houfes.  They  fpreaJ  the  fineil  and  frefheft  mats 
upon  a  floor  formed  ot  little  chofen  pebbles,  and  raifed 
about  two  feet  above  the  ground,  in  order  to  guard  a- 
gainft  luimidity.  He  went  into  the  handfomefl  of  thef* 
huts,  which  probably  belonged  to  a  chief  ;  and  great  was 
his  furprife  to  fee  a  large  cabin  of  latice-work,  as  v\  ell 
executed  as  any  of  thofe  in  the  environs  of  Paris.  The 
bell  architect  could  not  have  given  a  more  elegant  curve 
to  the  extremities  of  the  ellipfis  that  terminated  the 
building;  while  a  row  of  pillars,  at  five  feet  diftance 
from  each  other,  formed  a  complete  colonnade  round 
the  whole.  The  pillars  were  made  of  trunks  of  trees 
very  neatly  wrought,  and  between  them  were  fine  mats 
laid  over  one  another  with  great  art,  like  the  fc.iles  of 
a  filh,  and  drawing  up  and  down  with  cords,  like  our 
Venetian  blinds.  The  reft  of  the  houfe  was  covered 
witii  leaves  of  the  cocoa  palm. 

This  charming  country  combines  the  advantages  of  a  , 
foil  fruitful  without  culture,  and  of  a  climate  which 
renders  clothing  unnecefTary.  The  trees  that  produce 
the  bread  fruit,  the  cocoa  nut,  the  banana,  the  guava, 
and  the  orange,  hold  out  to  thefe  fortunate  people  as 
abundance  of  wholefome  food  ;  while  the  fowls,  hogs, 
and  dogs,  which  live  upon  the  furplus  of  thefe  fruits, 
afford  them  an  agreeable  variety  of  viands.  What  cold 
imagination  could  feparate  the  idea  of  Lappinefs  fromi 
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T^UUn.  fo  encliaiitlng  a  place  !  But  Maouiia  is  not  the  abode  poem  of  the  fame  cafl  in  our  own  or  any  otlier  modern  Mjfon, 
-—\~—'  (jf  iiiiuK-ence.  No  arms  were  indeed  perceived  ;  but  the  tongue.  In  th-'  full,  the  language  is  elegant  and  fweet ; '— ~-v~-- 
bodies  of  tlie  Indians,  covered  over  with  fears,  proved  in  the  latter,  it  is  daring  and  fublime.  The  author  him- 
that  they  were  often  at  war,  or  elfe  quarrelling  among  felf  always  confidered  the  former  as  the  mod  perfefl  ; 
tl'.emfclves  ;  while  their  features  announced  a  ferocity  and  Johnfon,  whofe  critical  judgment  will  not  be  raflily 
that  was  not  perceptible  in  the  countenances  of  the  qucllioned,  feems  to  have  been  of  the  fame  opinion, 
women.  Nature  had,  no  doubt,  ftampcd  this  charafter  Johnfon's  partiality  to  Oxford,  as  is  well  known,  made 
on  their  faces,  by  way  of  fliewlng,  that  the  half-favage,  him  embrace  every  opportunity  of  turning  into  ridicule 
living  in  a  ftate  of  anarchy,  is  a  more  mifchievous  being  Cambridge  men  and  Cambridge  poems  ;  but  while  he 
than  the  moll  ferocious  of  the  brute  creation.  boafted  of  having  fpent  hours  in  burlefquingCaradacus 

Of  their  ferocity  and  their  treachery,  Peroufe  had  for  the  amufement  of  his  Oxford  friends,  he  confefled. 
too  foon  the  moft  complete  evidence.  M.  de  Langle,  that  Elfrida  was  too  beautiful  to  be  hurt  by  ridicule, 
the  fecond  in  command,  went  afhore  for  frefh  water.  The  voice  of  the  public,  however,  feems  to  give  the 
accompanied  by  hxty  Frenchmen,  officers,  failors,  and  preference  to  the  latter,  and  to  confider  it  as  Handing, 
foldiers.  They  were  received  with  an  air  of  good  hu-  like  Dryden's  celebrated  ode,  without  a  rival.  In  both 
mour  by  crowds  of  people  waiting  on  the  beach  with  are  fentiments  and  expreffions  which  would  do  honour 
immenfe  quantities  of  fruit  and  hogs;  but  this  calm  was  to  the  genius  of  Shakefpeare  ;  and  Caradlacus,  in  the 
of  (hort  duration.  The  Indians  picked  a  quarrel  with  Greek  verfion  of  Mr  Glafs,  would  not  have  difgraced 
them,  pelted  them  with  ftones,  thrown  with  great  dex-   an  Athenian  theatre. 

terity  and  with  equal  force  ;  and  it  was  with  difficulty  Bcfides  his  two  tragedies,  Mr  Mafon  publiihed  many 
that,  of  the  fixty-one,  forty-nine  reached  the  {hips,  many  other  poems.  His  Englilh  Garden  is  univerfally  read 
of  whom  were  feverely  wounded.  Among  the  killed  and  admired,  being  unqueftionably  the  fined  poem  of 
were  De  Langle,  and  Lamanon  the  naturalift  (fee  La-  the  kind  that  has  appeared  fince  the  days  of  Thomfon  ; 
MANON  in  this  Subpl.)  Peroufe  defcribes  the  men  of  though  fome  have  affefted  to  confider  it  as  treating  the 
Maouna  as  of  gigantic  ftature,  and  of  great  mufcular  fubjeft  rather  with  profeffional  fldll  than  with  poetical 
ftrength.     See  JVjiria.ifoss  //lands  in  this  Suppl.  genius.     That  there  are  in  it  a  few  profaic  expreffions 

MASON  (the  Rev,  William)  was  a  man  of  fuch  we  Ihall  not  controvert  ;  for  fuch  fecm  infeparable  from 
eminence  both  as  a  poet  and  as  a  fcholar,  that  a  more  didaftic  poetry  ;  but,  taken  as  a  whole,  where  fliall  we 
particular  account  of  his  life  and  of  his  ftudies  Ihould  be  find  its  equal?  His  elegies,  particularly  that  on  the 
■publiflied  than  our  fcanty  materials  enable  us  to  give,  death  of  his  wife,  and  that  on  the  demife  of  Lady  Co- 
He  was  born  at  Hull,  where  his  father  pofTeffed  the  vi-  ventry,  have  been  generally  read  and  extolled,  though 
carage  of  St  Trinity  ;  but  where  he  received  his  fchool  not  more  than  they  deferve,  as  fuperlor  in  claffic  ele- 
■cducation  we  have  not  been  able  to  learn.  At  the  pro-  gance  to  any  thing  of  the  kind  in  the  Englifh  tongue, 
per  time  he  was  admitted  into  St  John's  College,  Cam-  and  expreffing  a  manlinefs  and  tendernefs  of  the  pathe- 
bridge  ;  where  he  took  the  degrees  of  B.A.  and  M.  A.  tic,  rarely  found  in  the  moft  polifhed  elegies  of  Roman 
and  in  1747,  he  obtained  a  fellovvihip  in  Pembroke  writers.  The  fplendor  of  genius,  and  accuracy  of  judge- 
Hall.  It  was  there  that  he  contradled  an  intimate  ment,  confpicuous  in  his  dramas,  are  equally  dil'played 
friendfliip  with  Gray  the  poet,  and  with  Mr  Hurd,  now  in  his  charaAer  as  a  lyric  writer.  His  quarry  was  bold 
Bifliop  of  Worcefter.  When  the  former  of  thefe  gen-  and  impetuous,  and  he  never  fwept  the  ground  with  aa 
tlemen  died,  Mr  Mafon  took  upon  himfelf  the  office  of  ignominious  flight.  In  his  Sappho  and  Phaon  he  has 
editor  of  his  works  and  guardian  of  his  fame  ;  and  upon  happily  imitated  the  ftyle  of  Dryden  and  Metaftafio  ; 
the  promotion  of  the  latter  to  the  fee  of  Litchfield  and  and  at  his  death  he  was  employed  on  a  poem  in  which 
Coventry,  he  exprefled  his  fatisfaftion  in  fome  beautiful  he  propofed  to  meafure  his  ftrength  with  Dryden. 
verfes,  which  we  read  at  the  time,  but  do  not  recoUeft  We  have  reafon  to  believe  that  this  ingenious  man 
yyjiere.  was  not  only  a  poet  and  a  mufical  performer,  but  the 

In  1754  he  entered  into  holy  orders,  and  was  pa-  inventor  of  the  faftiionable  inftrument  the  Piano  Forte, 
tronifed  by  the  then  Earl  of  Holdernefs,  who  obtained  We  cannot  indeed  at  prefent  bring  evidence  of  this 
for  him  the  appointment  of  chaplain  to  the  king,  and  fa£l ;  but  we  have  inftituted  fuch  inquiries  as,  we  hope, 
prefented  him  with  the  valuable  reftory  of  Afton  in  fhall  enable  us  to  afcertain  the  truth  under  the  article 
Yorkfhire.     He  was  fome  time  afterwards  made  precen-    Piano  Forte. 

tor  of  York  Cathedral,  when  he  publilhed  a  fmall  vo-  Poetry  and  mufic,  and  the  duties  of  his  office,  might 
lume  of  church  mufic,  which  has  alternately  met  with  be  fuppofed  to  have  employed  all  his  time  ;  but,  unfor- 
oppofitiou  and  applaufe.  In  our  opinion  fome  of  his  tunately,  he  caught  the  alarm  which  in  1 769  was  fpread 
anthems  are  unrivalled.  over  the   nation  by  the  expulfion  of  Mr  Wilkes  from 

It  was  natural  for  the  precentor  of  a  cathedral  church,  the  Houfe  of  Commons,  and  immediately  enrolled  him- 
who  was  likewife  a  poet,  to  turn  his  attention  to  facred  felf  among  the  fupporters  of  the  BUI  of  Rights.  The 
inufic  ;  and  Mafon  had  been  a  poet  from  his  early  years,  dccifion  of  the  Houfe,  which  pronounced  Mr  Lutteral 
His  E/friJimnii  CaraSncvs,  two  tragedies  on  the  Gre-  duly  elttled  in  oppofition  to  Mr  Wilkes,  he  confidered 
cian  model,  were  both  publiflied  before  the  year  1757.  as  a  grofs  violation  of  the  rights  of  the  people  ;  and 
Thefe  two  dram^s,  in  the  opinion  of  Dr  Hurd,  do  ho-  though  he  furely  did  not  approve  of  the  conduit  of  the 
•iiour  to  modern  poetry,  and  are,  according  to  him,  a  exiled  member,  he  joined  with  other  freeholders  in 
fufficient  proof  of  the  propriety  of  reviving  the  chorus  Yorklhire  in  a  petition  to  the  king  that  he  would  dif- 
on  the  Britifli  ftage.  In  this  fcntiment  few  critics,  we  folve  the  parliament. 
"  believe,  will  agree  with  his  Lordfliip  ;  but  the  tragedies  Being  now  leagued  with  the  oppofition,  he  joined  in 
have  certainly  great  ixerit,  and  tranfccnd  perhaps  every    fome  violent  clamours'  for  a  parliamentary  reform.     In 
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[afon.  the  year  17791  when  the  city  of  London,  and  feme 
"V '  other  commtrcial  towns,  agreed  to  prefent  their  peti- 
tions to  parliament  for  a  more  economical  expenditure 
of  the  public  money,  and  a  more  equal  reprcfentation 
of  the  people,  Mr  Mafon  came  forward,  and  took  an 
adive  part  in  promoting  thefe  deligns,  as  one  who  was 
convinced  of  their  importance  and  neceflity.  When 
the  county  of  York  afTembled,  on  the  30th  of  Decem- 
ber 1779,  and  refolved  unanimoufly,  «' that  a  committee 
of  correfpondence  fhould  be  appointed,  for  the  effec- 
tually promoting  the  objeft  of  the  petition  then  agreed 
to,  and  alfo  to  prepare  a  plan  of  ajfociation  to  fupport 
that  laudable  reform,  and  fuch  other  meafures  as  may 
conduce  to  reftore  the  freedom  of  parliament"  he  was 
chofen  upon  the  committee,  and  was  confulted  with,  or 
aflifted  in  drawing  up  thofe  various  high-fpirited  refo- 
lutions  and  addrefles  to  the  public,  for  which  the  York- 
fhire  committee  was  fo  celebrated  ;  and  which  was  after, 
wards  generally  adopted  by  the  other  aiTociated  bodies 
of  reformers.  This  part  of  his  conduft  is  furely  entitled 
to  no  praife.  Thinking  as  we  do  of  the  parhamentary 
reformers,  we  cannot  but  regret  that  a  man  of  Mr  Ma- 
fon's  talents  and  virtues  (hould  have  embarked  in  their 
dangerous  purfuits  ;  and  though  we  perceived  lefs  ha- 
zard in  thofe  purfuits  than  we  do,  we  fhould  fliU  conli- 
der  them  as  unfuitable  to  the  charafter  of  a  clergyman. 
Our  author,  however,  was  of  a  different  opinion.  In 
reply  to  a  cenfure  palTed  by  a  dignified  clergyman  on 
the  political  conduft  of  himfelf  and  fome  of  his  reverend 
brethren,  he  publlfhed,  without  his  name  indeed,  a  fpi- 
lited  defence  of  their  proceedings  and  defigns  in  fome 
of  the  country  papers.  The  York  committee,  too,  at 
its  next  meeting,  refolved,  "  that  a  Proteftant,  by  en- 
tering into  holy  orders,  does  not  abandon  his  civil 
rights  ;"  they  alfo  refolved,  "  that  the  thanks  of  the 
committee  be  given  to  thofe  reverend  gentlemen  who, 
thus  preferring  the  public  good  to  their  own  private 
emoluments,  have  flood  forth  the  firm  friends  to  the 
true  interefls  of  their  country." 

Mr  Mafon,  however,  fhowed,  by  his  fuhfequent  con- 
dufl,  that  however  earneftly  he  might  wilh  for  what  he 
doubtlefs  confidercd  as  an  expedient  reform  in  the  com- 
noushoufe  of  Parliament,  he  was  firmly  attached  to  the 
Britifli  conflitution.  He  was  indeed  a  whig;  but  he  was 
a  whig  of  the  old  fchool.  In  the  beginning  of  1 794, 
when  the  reformers  had  betrayed  tlie  principles  of 
French  democrates,  he  deferted  them,  and  ranged  him- 
ftlf  under  the  banners  of  the  fervants  of  the  crown  ;  and 
for  this  conduiSt,  which  was  certainly  confiilent,  he  has. 
been  plentifully  traduced  by  our  Jacobin  journaliifs  as 
an  alarmifl,  who  not  only  deferted  his  old  friends,  but 
afcribed  to  them  a  certain  degree  of  guilt  and  political 
depravity. 

The  death  of  this  great  and  good  man,  which  hap- 
pened in  April  1797,  vvas  occafioned  neither  by  age 
nor  by  inveterate  dileafe.  As  he  was  ftepping  into  his 
chariot,  his  foot  flipped,  and  his  fhin  grazed  againfl  the 
ftep.  Thlo  accident  had  taken  place  feveral  days  before 
he  paid  the  proper  attention  to  it  ;  and  on  April  the 
3d  a  mortiticaticSn  enfucd,  which,  in  the  fpace  of  forty- 
eight  hours,  put  a  period  to  his  life. 

That  he  was  a  feholar  and  a  poet  of  high  eminence 
fA  univerfally  acknowledged  ;  and  we  arc  affured,  that 
his  pofthumous  works,  when  publifhed,  will  not  detract 
from  his  hving  fame.    In  private  life,  though  he  aifecl- 
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ed  perhaps  too  much  the  faflidious  manners  of  Mr  Gray,  Mafonry. 
whofe  genius  he  eflimated  with  a  degree  of  enthuliafm  ■r~~~ 
auioutiting  almofl  to  idolatry,  his  churailer  was  diflin- 
guiflied  by  philanthropy  and  the  mofl  fervid  friendfliips; 
and  he  may  be  confidercd  as  a  man  who  merits  to  be 
ranked  with  the  ablell  fupporters  of  Britifli  liberty  and 
Britifh  morals. 

Free  MASONRY,  is  a  fubjea  whicli,  after  the  Co- 
pious  detail  given  in  the  Eticydopttdia  of  its  lodges,  and 
wardens,  and  grand  matters,  we-fhould  not  have  refu- 
med  in  this  place,  but  to  warn  our  countrymen  againlt 
the  pernicious  fuperftru£lures  which  have  been  raifed 
by  the  French  and  Germans  on  the  fimple  fyflem  of 
Britilh  mafonry. 

Much  falfehood  is  current  refpefting  the  origin  and 
antiquity  of  the  mafonic  affociations.  That  the  Dio- 
nyfiacs  of  Afia  Minor  were  a  fociety  of  architefts  and 
engineers,  who  had  the  exclufive  privilege  of  building 
ternples,  fladia,  and  theatres,  under  the  myfterious  tu- 
telage of  Bacchus,  feems  to  be  unqueftionable.  "  We 
are  alfo  certain,  that  there  was  a  fimilar  trading  affocia- 
tion  during  the  dark  ages  in  Chriflian  Europe,  which 
monopolized  the  building  of  great  churches  and  catties,. 
and  enjoyed  many  privileges  under  the  patronage  of  the 
various  fovereigns.  Circumftances  (fays  Dr  Roblfon), 
which  it  would  be  tedious  to  enumerate  and  difcufs, 
continued  this  affociation  longer  in  Britain  than  on  the 
continent  ;"  but  there  is  no  good  evidence,  that,  ante- 
rior to  the  year  1648,  any  man  fought  admiffion  into 
it,  who  was  not  either  a  builder  by  proftffion,  or  at 
leaft  fliilled  in  the  fcience  of  architedlure.  At  that  pe- 
riod, indeed,  Mr  Aflimole,  the  famous  antiquary  (fee 
As H MOLE,  EncycL),  was  admitted  into  a  lodge  at  War- 
rington, together  with  his  father-in-law  Colonel  Main- 
waring  :  and  thefe  are  the  firft  diftinft  and  unequivocal, 
inftances  that  we  have  in  Britain  of  men  unconnetted- 
with  the  operative  mafons  being  received  into  their  my.  • 
fterious  fraternity.  The  fecrecy,  however,  of  the  lodges,. 
made  them  lit  places  for  the  meetings  of  the  royahtts  ;. 
and  accordingly  many  royalifts  became  free  mafons.. 
"  Nay,  the  ritual  of  the  matter's  degree  feems  to  have 
been  formed,  or  perhaps  twitted  from  its  original  intti- 
tution,  fo  as  to  give  an  opportunity  of  founding  the 
political  principles  of  the  candidate,  and  of  the  whole, 
brethren  prefent.  For  it  bears  fo  eafy  an  adaptation  to 
the  death  of  the  king,  to  the  overturning  of  the  vene- 
rable conflitution  of  the  Enghfh  government  of  three 
orders  by  a  mean  democracy,  and  its  re-eflablifhment  by 
the  efforts  of  the  loyalitts,  that  this  would  ttart  into 
every  perfon's  mind  during  the  ceremonial,  and  could 
hardly  fait  to  fhew,  by  the  countenances  and  behaviour 
of  the  brethren,  how  they  were  affeCled." 

This  fuppofition  receives  much  countenance  from  the 
well  known  faft,  that  "  Charles  II.  was  made  a  mafon,. 
and  frequented  the  lodges.  It  is  not  unlikely,  that  be- 
fides  the  amufement  of  a  vacant  hour,  which  was  al- 
ways  agreeable  to  him,  he  had  pleafure  iu  meeting  with 
his  loyal  friends,  and  in  the  occupations  of  the  lodge, 
which  recalled  to  his  mind  their  attachment  and  fervices. 
His  brother  and  fucccffor  James  II.  was  of  a  more  feri- 
ous  and  manly  cafl  of  mind,  and  had  little  pleafure  in 
the  frivolous  ceremonies  of  mafonry.  He  did  not  fre- 
quent the  lodges.  But,  by  this  time,  they  were  the- 
refort  of  many  perfons  who  were  not  of  the  profcffion, 
or  members  of  the  trading  corporation.     This  circura-- 
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Hlifonry.  ftancc,  In  all  probability,  produced  the  dcnomiiiatious 
'*"">' '  oifree  and  acce}>ted  mafons.  A  pcrfon  who  has  the  pri- 
vilege of  working  at  any  incorporated  trade,  is  laid  to 
be  3.  freeman  of  that  trade.  Others  were  accepted  as 
brethren,  and  admitted  to  a  kind  of  honorary  freedom  ; 
as  is  the  cafo  in  many  other  trades  and  incorporations, 
•without  havi.'.g,  (as  far  as  we  can  learn  for  certain)  a 
kgal  title  to  earn  a  livelihood  by  the  exercife  of  it." 

It  was  not  till  fomc  years  after  this  period  that  the 
lodo-es  made  open  profeflion  of  the  cultivation  of  gene- 
ral be;;.-volence,  and  that  the  grand  aim  of  the  fraternity 
was  to  enforce  the  exercife  of  all  the  focial  virtues. 
The  el'ahliniment  of  a  fund  for  the  relief  of  unfortu- 
nate brethren  did  not  take  place  till  the  very  end  of  the 
laft  century  ;  and  we  may  prefnme,  that  it  was  brought 
about  by  the  warm  recommendations  of  fome  benevolent 
members,  who  would  naturally  enforce  it  by  addreffes 
to  their  affomblcd  brethren.  Hence  the  probable  origin 
of  thofe  philanthropic  difcourfeg,  which  are  occafionally 
delivered  in  the  lodges  by  one  of  the  brethren  as  an  of- 
ficial talk. 

The  boafled  philanthropy  of  mafons  ferves,  however, 
another  p'jrpofe.  The  inquifitive  are  always  prying  and 
teazing,  eager  to  difcover  the  fecrets  of  their  neigh- 
bours ;  and  hence  the  brethren  are  induced  to  fay,  that 
univeifal  beneficence  is  the  great  aim  of  the  order,  for 
it  is  the  only  point  on  which  they  are  at  hberty  to 
fpeak.  They  forget,  that  univerfal  beneficence  and 
philanthropy  are  inconfiftent  with  the  exclufive  and 
monopolizing  fpirit  of  an  affociation,  which  not  only 
confines  its  benevolence  to  its  own  members  (like  any 
other  charitable  affbciation),  but  hoards  up  in  its  bofom 
ineftimable  fecrtts,  whofe  natural  tendency,  they  fay,  is 
to  form  the  heart  to  this  generous  and  kind  condutl, 
and  infpire  us  with  love  to  alt  mankind.  The  profane 
world  cannot  fee  the  beneficence  of  concealing  from  pub- 
lic view  a  principle  or  a  motive  which  fo  powerfully  in- 
duces a  mafon  to  be  good  and  kind.  The  brother  fays, 
that  publicity  would  rob  it  of  its  force  ;  and  we  mud 
take  him  at  his  word  :  and  our  curiofity  is  fo  much  the 
more  excited,  to  learn  what  are  the  fecrets  which  have 
fo  fingular  a  quality,  fur  they  mull  be  totally  unlike  the 
principles  of  fcience,  which  produce  their  effefls  only 
when  made  public. 

From  this  account  of  mafonry,  it  would  appear  to 
have  been  at  firft  a  loyal  afibciation,  and  as  fuch  it  was 
carried  over  from  England  to  the  continent  ;  for  all  the 
mafons  abroad  profcfs  to  have  received  their  myfteries 
from  Great  Britain.  It  was  firft  traiifported  into  France 
by  the  zealous  adherents  of  King  James,  who,  together 
witli  their,  unfortunate  mafter,  tookrefuge  in  that  coun- 
try ;  and  it  was  cultivated  by  the  French  in  a  manner 
fuited  to  the  tafte  and  habits  of  that  highly  polifhed 
and  frivolous  people.  To  the  three  fimple  Britilh  de- 
grees of  appretilke,  felloiu-craft,  and  majhr,  they  gradu- 


ally added  degrees  innumerable,  all  decorated  with  ftars     exampl 


oath  of  fccrecy  ;  and  being  furnifhed  with  the  flgne,  he  Mafonry. 
got  admiflion  into  a  lodge,  where  he  heard  the  fecrct  "~~^ 
regularly  communicated,  with  all  the  ordinary  forms  to 
an  apprentice.  "  It  would  be  ufekfs,  (fays  he),  to  de- 
fcribe  the  ceremonials  and  trials  on  fuch  occalious  ;  for 
in  the  firft  degrees,  they  are  nothing  more  than  the  play 
of  children.  The  grand  objeft  was  the  communication 
of  the  famous  fecret,  when  the  candidate  was  ordered 
to  approach  nearer  to  the  venerable.  At  that  moment, 
the  brethren,  wh.o  had  been  armed  with  fwords  for  the 
occafion,  drawing  up  in  two  lines,  held  their  fwords, 
elevated,  leaning  the  points  towards  each  other,  and 
formed  what  in  mafunry  is  called  the  arch  ofjlocl.  The 
candidate  palled  under  this  arch  to  a  fort  of  altar  eleva- 
ted on  two  fteps,  at  the  furtheft  end  of  the  lodge.  The 
mafter,  feated  in  an  arm  chair,  or  a  fort  of  throne,  be- 
hind this  altar,  pronounced  a  long  difcourfe  on  the  in- 
violability of  the  fecret  which  was  to  be  imparted,  and 
on  the  danger  of  breaking  the  oath  which  the  candidate 
was  going  to  take.  He  pointed  to  the  naked  fwords, 
which  were  always  ready  to  pierce  the  breaft  of  the 
traitor  ;  and  declared  to  him  that  it  was  impoflible  to 
efcape  their  vengeance.  The  candidate  then  fwore, 
"  that  rather  than  betray  the  fecret,  he  confented  to- 
have  his  head  cut  off,  his  heart  and  entrails  torn  out,  and 
his  aihcs  caft  before  the  winds."  Hanng  taken  the 
oath,  the  mafter  faid  the  folloviing  wo/ds  to  him  : 
"  My  dear  brother,  the  fecret  of  mafonry  confifts  in 
thefe  words,  equality  and  liberty  ;  all  men  are' equal 
and  free  ;  all  men  are  brethren" .  The  mafter  did  not 
Utter  another  fyllable,  aud  every  body  embraced  the  new 
brother  equal  and  free.  The  lodge  broke  up,  and  we 
gayly  adjourned  to  a  mafonic  repaft." 

In  the  Britilh  lodges,  the  author  admits,  that  no 
other  interpretation  is  given  to  this  famous  fecret,  than 
that,  as  all  men  are  children  of  one  coiinnon  parent,  and 
creatures  of  the  fame  God,  they  are  in  duty  bound 
to  love  and  help  each  other  as  brethren  ;  but  he  con- 
tends, that  in  France  it  was  differently  interpreted  ;  and 
he  fupports  his  opinion  by  the  following  arguments : 

On  the  12th  of  Auguft  1792,  Louis  XVI.  was  car* 
ried  a  prifoner  to  the  tower  of  the  temple,  fo  called  be- 
caufe  it  formerly  belonged  to  the  knights  templars. 
On  that  day,  the  rebel  alTembly  decreed,  that  to  the 
date  of  liberty  the  date  of  equality  fhould  be  added  in 
future  in  all  public  a6ts  ;  and  the  decree  itielf  was  dated 
the  fourth  year  of  liberty,  the  firft  year  and  firft  day  of 
equality.  It  was  on  that  day,  for  the  firft  time,  that 
the  fecret  of  free-mafonry  mas  made  public  ;  that  fe- 
cret fo  dear  to  them,  and  which  they  prefervcd  witii  all 
the  folemnity  of  the  moft  inviolable  oath.  At  the 
reading  of  this  famous  decree,  they  exclaimed,  "  We 
have  at  leniTth  fucceeded,  and  France  is  no  other  than 
an  immenfe  lodge.  The  whole  French  people  are  free 
mafons,    and  the  whole   univerfe  will  foon  follow  their 


and  ribbons;  and  into  their  lodges  they  introduced  the 
impieties  and  feditious  doftrines  of  Voltaire  and  the 
other  philofophifts.  Indeed,  if  the  account  which  the 
Abbe  Barruel  gives  of  mafonry  be  juft,  it  muft  be  ad- 
mitted, that  even  the  fecrets  of  the  moft;  ancient  lodges, 
though  in  one  fenfe  harmlefs  and  juft,  are  fo  expreffed, 
that  they  may  be  eafily  twifted  to  very  dangerous  pur- 
pofes.  This  author  was  advanced  by  a  few  friends  to 
the  degree  of  mailer,  without  being  obliged  to  take  the 


I  witneffed  (fays  our  author)  this  enthufiafin  ;  I 
heard  the  converfation  to  which  it  gave  rife  ;  I  faw  ma- 
fons, till  then  the  moft  referved,  who  freely  and  openly 
declared,  '  Yes,  at  length  the  grand  objeft  of  free-mafon- 
ry is  accompliftied,  equality  and  liberty  ;  all  men 
are  equal  and  brothers  ;  all  men  are  free.  That  was  the 
whole  fubftance  of  our  doftrine,  the  objedt  of  our 
wiflies,  the  -whole  of  our  grand  fecret .'" 

This  is  a  very  ferious  charge  againft  the  original  fe- 
cret 
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Mafonry,  cret  of  mafonr)',  as  it  was  underftood  in  France ;  and 
"^  <r-—  though  the  author  does  not  bring  it  dire6Uy  againll  the 
fame  fecret  as  underllood  in  Biitain,  lie  yet  feems  to 
fay,  that  in  all  lodges,  the  following  qiieftion  is  put  to 
the  candidate  before  he  isentrulled  with  any  fecret  : — 
•'  Brother,  are  you  difpofed  to  exeeutc  all  the  orders 
of  the  grand  mafter,  though  you  were  to  receive  con- 
trary orders  from  a  king,  an  emperor,  or  any  other  fo- 
vereign  whatever?"  And  as  the  brother  is  obliged  to 
promife  this  unlimited  obedience,  it  is  eafy  to  conceive 
how  much  a  traiterous  confpiracy  may  be  promoted  by 
means  of  mnfon  lodges.  The  allegorical  (lory  which  is 
told  at  the  conferring  of  the  degree  of  mailer,  is  cap:ible 
of  various  and  even  contrary  interpretations  ;  for  though 
in  this  country  it  was  originally  rendered  fiibfervient  to 
the  purpofes  of  the  royalilts,  in  the  occult  lodges  on  the 
continent  it  has  been  made  the  vehicle  of  treafon  and 
impiety. 

Wlien  the  degree  of  mafter-mafon  is  to  be  conferred, 
the  lodge  is  hung  round  with  black.  In  the  middle  is 
a  coffin  covered  with  a  pall,  the  brethren  (landing  round 
it  in  attitudes  denoting  forrow  and  revenge.  When  the 
new  adept  is  admitted,  the  mailer  relates  to  hira  the 
following  hitlory  or  fable  : 

"  AJoniram  preiided  over  the  pavement  of  the  work- 
men who  were  building  the  temple  of  Solomon's  orders. 
They  were  three  thoufand  workmen.  That  each  one 
might  receive  his  due,  Adoniram  divided  them  into 
three  clafTes,  apprentices,  fellow  crafts,  and  mailers. 
He  entrufted  each  clafs  with  a  word,  figns,  and  a  gripe, 
bv  which  they  might  be  recognifed.  Each  clafs  was 
to  preferve  the  greateil  fecrecy  as  to  thefe  figns  and 
words.  Three  of  the  fellow-crafts,  wilhing  to  know 
the  word,  and  by  that  means  obtain  the  falary  of  maf- 
ter,  hid  themfelves  in  the  temple,  and  each  polled  him- 
lelt  at  a  difterent  gate.  At  the  ufual  time  when  Ado- 
niram came  to  (hut  the  gates  of  the  temple,  the  iirll  of 
the  three  met  him,  and  demanded  the  luord  of  the  mif- 
ters  ;  Adoniram  refufed  to  give  it,  and  received  a  vio- 
lent blow  with  a  (lick  on  his  head.  He  flies  to  another 
gate,  is  met,  challenged,  and  treated  in  a  limilar  man- 
-ner  by  the  fecond  :  flying  to  the  third  door,  he  is  kil- 
led by  the  fellow-craft  polled  there,  on  his  refuiing  to 
betray  the  word.  His  aifallins  buried  him  under  a  heap 
of  rubbifli,  and  marked  the  (pot  with  a  branch  of  acacia. 

"  Adoniram's  abfence  gave  great  uneafinefs  to  Solo- 
men  and  the  mafters.  He  is  (ought  for  eveiy  where  : 
at  length  one  of  the  mailers  difcovers  the  corpfe,  and, 
taking  it  by  the  finger,  the  finger  parted  from  the  hand  ; 
he  took  it  by  the  wrid,  and  it  parted  from  the  arm  ; 
when  the  mailer,  in  adoniflimeut,  cried  out,  Mac  Benar.  ; 
which  the  craft  interprets  by  '■'■  the  Jlejb  parts  from  the 
tones." 

"  Led  Adoniram  (hould  have  revealed  the  word,  the 
mafters  convened  and  agreed  to  change  it,  and  to  fub- 
llitute  the  words  Mac  Benac  ;  facred  words,  that  free- 
mafons  dare  not  pronounce  out  of  the  lodges,  and  there 
each  only  pronounces  one  fyllable,  leaving  his  neighbour 
to  pronounce  the  other." 

The  hillory  finilhed,  the  adept  is  informed,  that  the 
objefl  of  the  degree  he  has  ju(l  received  is  to  recover 
the  word  loft  by  the  death  of  Adoniram,  and  to  revenge 
this  martyr  of  the  mafonic   fecrecy.     The  generality 
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uf  mafons,  looking  upon  tliia  hiftory  as  no  more  than  a 
fable,  and  the  ceremonies  as  puerile,  give  themfelves 
vei7  little  trouble  to  fearch  farther  into  thefe  myfte- 
fies. 

Thefe  fports,  however,  affume  a  more  ferious  afpe£t 
when  we  ariive  at  the  degree  of  elcdl  [Ehi).  This  de- 
gree is  lubdivided  into  two  parts  j  the  firll  has  the  re- 
venging of  Adoniram  for  its  objcifl,  the  other  to  reco- 
ver the  <word,  or  rather  the  facred  doiflrine  which  it  ex- 
preflTed,  and  which  has  been  luft. 

In  this  degree  of  clcdl,  all  the  brethren  appear  dref- 
fed  in  black,  wearing  a  bread-piece  on  the  left  lidc,  oft 
which  is  embroidered  a  death's  head,  a  bone,  and  a 
poignard,  encircled  by  the  motto  of  Crjiiquer  or  Die. 
The  iame  motto  is  embroidered  on  a  ribband  which  thcjr 
wear  in  faltier.  Every  thing  breathes  death  and  re- 
venge. The  candidate  is  led  into  the  lodge  blindfolded, 
with  bloody  gloves  on  his  hands.  An  adept  with  a 
poignard  in  his  hand  threatens  to  run  him  through  the 
heart  for  the  crime  with  which  he  is  accufed.  After 
various  frights,  he  obtains  his  life,  on  condition  that  he 
will  revenge  the  father  of  nialonry  in  the  death  of  his 
alfadin.  He  is  (hewn  to  a  dark  cavern.  He  is  to  pene- 
trate into  it  ;  and  they  call  to  him,  Strike  all  that  fliall 
oppofeyou  ;  enter,  defend  yourfelf,  and  avenge  our  mai- 
ler ;  at  that  price  you  (hall  receive  the  degree  of  eleCl. 
A  poignard  in  his  right  hand,  a  lamp  in  his  left,  he  pro- 
ceeds  ;  a  phantom  oppofes  his  paflage  ;  he  hears  the 
fame  voice  repeat.  Strike,  avenge  Hiram,  there  is  his 
afFafiin.  He  (Irikes,  and  the  blood  flows. — Strike  oflP 
his  head,  the  voice  repeats  ;  and  the  head  of  the  corpfe 
is  lying  at  his  feet.  He  feizcs  it  by  the  hair  (a),  and 
triumphantly  carries  it  back  as  a  proof  of  his  vidlory  ; 
(hews  it  tb  each  of  the  brethren,  and  is  judged  worthy 
of  the  new  degree. 

Our  author  fays,  that  he  has  quedioncd  divers  ma- 
fons whether  this  apprenticclhip  to  ferocity  and  murder 
had  never  given  them  the  idea,  that  the  head  to  be  cut 
o(F  was  that  of  kings  ;  but  they  all  affirmed  that  fuch 
an  idea  had  never  occurred  to  them  till  the  French  re. 
volution  had  convinced  them  of  the  fafl.  At  this  in- 
deed  we  are  not  furprifed.  The  alFaffin  of  Hiram  is  no 
where  faid  to  have  been  a  king  ;  and  why  (hould  the 
yo'.iQg  cleft  have  fnppofed,  that  when  dabbing  that  af- 
faffin,  he  was  training  to  be  a  regicide  ?  The  ceremony, 
however,  is  certainly  ferocious  in  the  hightd  degree, 
and  obvioufly  calculated  to  reconcile  the  mafons  of  the 
occult  lodges  to  the  practice  of  a(ra(rination  at  the  com- 
mand of  their  fuperiors  ;  and  when  it  is  remembered, 
that  they  are  bound  to  pay  obedience  to  thofe  unfeen 
fuperiors  even  againd  their  lawful  fovercigns,  the  atroci- 
ties of  the  revolution  would  naturally  make  them  interpret 
this  (hocking  ceremony  as  it  is  interpreted  by  the  Abbe. 

It  was  the  fame  with  refpeft  to  the  religious  jiart  of 
this  degree,  where  the  adept  is  at  once  pontllf  and  fa- 
crificer  with  the  red  of  the  brethren.  .V  e(lcd  in  the 
ornaments  of  the  pricfthood,  they  offer  bread  and  wine, 
according  to  the  order  of  Mclchife  lee.  The  fecret  ob- 
jeA  of  this  ceremony  is  to  re-edabli(h  religions  equality, 
and  to  exhibit  all  men  equally  prieds  and  puntifTs,  to 
recal  the  brethren  to  natural  religion,  and  lo  perfuade 
them  that  the  religion  of  Motes  and  of  Child  had  vio- 
lated  religious  equality  and  liberty  by  the  dillinftion 
Z  of 


Mafonry. 


(a)  The  reader  may  eafjy  conceive  that  this  corpfe  is  no  more  than  a  mannikin  containing  bladders  full  of  blood. 
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Mifonry.  of  p-Iefte  and  laity.     It  was  the  revolution  again  which     bibk-.     Without  dircftly  queftioniiig  this  afTiTtlon,   we   Mafonry 
»  opened  the  eyes  of  many  of  the  adepts,  who  then  owned     only  beg  leave  to  put  our  conntrymen  in  remembrance, 

that  thev  had   been  dni'es  to  this  impiety,  as  they  had     that  French   and  German   mafonry,   as  it  was  derived 


Mdtmai, 


been  to  the  regicide  e(f:iy  in  tiie  former  part. 

Our  author  treats  the  fraternity  of  the  occult  lodges 
through  the  hi;rhcr  degrees  of  Scotch  mafonry,  thofe 
of  the  Roficrucians,  and  that  of  the  knights  Kadofch  ; 
and  fums  up  his  account  in  the  following  terms  ; 

"  In  the  two  firft  degrees,  that  is  to  fay,  in  thofe  of 


from  Bntain,  mud  have  been  originally  as  harmlefs  as 
our  own  ;  and  to  c  ill  their  attention  to-Uie  monltrous 
fuperflruftures  of  impiety  and  rebellion  whlcli  in  thefe 
countries  have  been  railed  upon  our  found.ition.  Have 
there  been  no  fymptoms  of  fedition  and  iircligion  among' 
us,  fince  the  commencement  of  the  French  revolution. 


apf^rnitke  and  fellow- vraft,  the  feft  begins  by   throwing  that  we  Ihould  be  fo  confident  that  the  equality  and  li- 

nut   its  equality  and  liberty.      After  that,   it   occupies  berty  of  our  lodges  will  never  degenerate  into  the  equa- 

the  attention  of  its  novices  with  puerile  games  of  frater-  Hty  and  liberty  of  the  French  Jacobins?  This  cannot 

nity  or  mafonic  repalls  ;  but  it  already  trains  its  adepts  be  faid  ;   for  it  has  been  proved,   that  there  are    feveral 

to  the  profoundeft  fecrecy  by  the  molt  frightful  oaths,  occult  lodges  in    Britain  ;  and  what  fecurity  have  we, 

"  In  that  of  majler,   it  relates  the  allegorical  hift-ory  or  what  fecuritv  can  we  receive,  that  their  number  fliall 

of  Adoniram,  who  i^  to  be  avenged  ;  and  of  the  word,  rot  incrcafe  ?  The  legiduture  indeed  has  lately  laid  fome 

which  is  to  be  recovered.  falutary  reftraints  on  the  meetings  of  mafoiis  ;   but  fuch 

"  In  the  degree  of  ehcl,   it  trains  the  adypts  to  ven-  is  the  nature  of  thefe  meetings,  that  nothing  can  efl'cc- 

geance,  without  pointing  out  the  pcrfon  cm  whom  it  is  tually  fecure  us  againll  the   introdutllon  of  the  higher 

to  fall.      It  carries  them  back  to  the  time  of  the  pa-  myfteries,   but  the  voluntary  (hutting  up  for  a  time  of 


triarchs,  when,  according  to  them,  men  knew  no  reli- 
gion but  that  of  nature,  and  when  every  body  was  e- 
qually  prieft  and  pontiff.  But  it  had  not  as  yet  decia- 
led  that  all  religion  revealed  fnice  the  time  of  the  pa- 
triarchs was  to  be  thrown  afide. 


all  lodges.  This  has  been  done  by  the  honefl  mafons 
in  Germany  ;  and  why  may  it  not  be  done  by  the  ma- 
fons in  Britain  ?  The  fund  icjr  the  relief  of  poor  brethren 
may  furely  be  managed  without  fecrecy  ;  the  ligns  and 
gripe  may  be  communicated   without  the  tuord,  or  ex- 


"  This  lad  myilcry  is  only  developed  in   the  Scotch  afting  a  promife  of  implicit  obedience  ;  and  the  rehu- 

degrees.       There  the  brethren  are  declared  free  :   The  quifliing  of  the  joys  of  a  focial  hour  would  be  no  great 

word  fo  long  fought  for  is,  Deifm  ;  it  is  the  worfhip  of  facrifice  to,  the  peace  of  the  country. 
Jehovah,  fuch  as  was  known  to  the  philofophers  of  na-  But    is    Britifli   mafonry   really  fo    harmlefs    as   the 

ture.      The  true  mafon  becomes  the  pontiff  of  Jeho-  younger  mafons  willi  us  to  believe  ?  The  writer  of  theic 

vah  ;  and  fuch  is  the  grand  myftery  by  which  he  is  ex-  refleftions  was  never  initiated  in  its  myfteries,  and  there- 

tricated  from  that  darknefs  in  which  the  prophane  are  fore  cannot,  from  his  own  knowledge,  fay  what  is  their 

involved.  tendency  ;  but  he  has  no  hefitation   to  affirm,   becaufd 

"   In  the  degree  Rofs   Crticis,    he  who   wrefted   the  he  believes  himfelf  able  to  demonflrate,  that  it  is  grofs- 

tuord,  who  dellroyed  the  worlhip  of  Jehovah,   is  Chrill  fy  immoral   to  promife    implicit  obedience   to  unknown 

himfelf,  the  author  of  Chriftianity  ;  and  it  is  on  the  Gof-  fuperiors,  or  to  fwear  that  one  will  keep  inviolate  a  fe- 

pel  and  on  the  Son  of  Man  that  the  adept  is  to  avenge  cret,  to  the  nature  of  which  he  is  an  ahfolute  flranger. 

the  brethren,  the  pontiffs  of  Jehovah.  He  hopes,   indeed,   and  is  inclined  to  believe,    that,   in 

"  At  length,  on  his  reception  as  Kadofch,  he  learns  the  decent  lodges  of  Britain,  the  candidate  is  afTured, 

that  the  affaifin  of  Adoniram  is  the  king,  who  is  to  be  before  he  is  required  to  take  the  oath,   that  the  fecret 

killed  to  avenge  the   Grand  Mailer  Molay,  and  the  or-  to  be  communicated,  and  the  obedience  which  he  is  to 

der  of  the  mafons  fuccelfors  of  the  knights  templars,  pay,  militate  in  no  refpeft  againfl  the  civil  government 

The   religion  which  is  to  be  dellroyed  to  recover  the  or   the  religion  of  his  country  :   but   fllll  if  the  fecret 

'zuord,   or  the  true  doctrine,   is  the   religion  of  Chrill,  contain  information  of  value,  it  is,  in  his  opinion,  finhil 

founded  on  revelation.     This  word   in  its  full  extent  is  to  keep  it  a  fecret  ;  and  he  cannot  conceive  upon  what 

equality  and  liberty,   to  be  eflablilhed  by  the  total  over-  principle  a  native  of  Britain  can  promife  ludimited  obe- 

throw  of  the  altar  and  the  throne.  dicnce  to  any  human  being.      The  myfleries  of  mafonry 

"   Such  are  the  incipient  degrees,  the  procefs,  and  mufl  relate  to  fomething  which  is  either  important  and 

the  whole  fyftem  of  mafonry;  it  is  thus  that  the  fefl,  laudable;   frivolous,    though    innocent;    or    dangerous 

fcy  its  gradual  explanation  of  its  twofold  principle  of  and  Imtnoral.      To  confine  to  a  feft  any  ir.formation 

equality   and  liberty,  of  its  allegory  of  the   founder  of  which  is  laudable  and  important,  is  furely  not  to  aA  the 

mafonry  to  be  avenged,   of  the  word  to  be  recovered,  part  of  genuine  philanthropilts  ;  to  adminliler  the  molt 

leading  the  adepts  from  fecret  to  fecret,   at  length  iui-  tremendous  oaths  in  the  midfl  of  frivolous  amufements, 

tiates  them  into  the  whole  Jacobinical  code  of  revolu-  is  to  violate  one  of  the  mod  facred  precepts  of  our 

tion."  holy  religion  ;  and,   as  no  man  will  pretend  to  vindi- 

If  this  account  of  mafonry  be  not  greatly  exagger-  cate  dangerous  and  immoral  myfteries,  mafonry  appears, 

ated,  what  are  we  to  think  of  thofe  men  among  ourfelves,  in  every  point  in  which  it  can  be  placed,  an  affociation 

who,   fince  the  publication  of  the  Abbe  Barruel's  book  which  no  good  Chriftian  will  think  himfelf  at  hberty  to 

and  Dr  Robifon's,  have  difplayed  a  zeal  for  the  propa-  encourage. 

gation  of  their  myfteries,  by  which  they  feemed  not  to         MASUAH   (See  Massuah,.  .£nfj;<-/.)  is  in  latitude 

be  formerly  aftuated,  and  to   which  the   importance  of  1  5  35'  5''  north,   and  in  longitude    ^,^f  36'  30"  eaft  of 

the  bufmefs  that,  by  their  own  account,  is  tranfafted  Greenwich.      On  the  22d  of  September  !  769  Mr  Bruce 

in  the  lodges,  cannot  be  thought  to  bear  an  adequate  found  the  variation  of  the  needle  at  Mafuah  to  be  12=3 

proportion  ?   It  is   not  enough  to  fay  that   Britilh   ma-  48    well. 

fonry  is  harmlefs,  and  that  the  equality  and  liberty  taught  MATMAI,  or  Matsumai,  is  the  laigeftof  the  Ku- 

in  our  lodges  are  the  equality  and  liberty  taught  in  the  rile  iflands  ;  and  if  it  be  not  iudependenti  is  tributary 

to 
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Mayorga,  to  Japan.    The  capital  town  of  tlie  fame  naine,  Matmai, 
Alayow.  jj  fltuatcd  on  the  fea-ihore,  on  the  foLitli-wcft  fidi:.      It 
•  was  built  and  is  inhal  ileil  by  the  Japanel'e.      It  is  a  for- 

tified place,  furiiiihed  with  artillery,  and  defended  by  a 
numerous  ganiloii.  The  ifland  of  Matmai  is  the  place 
of  exile  for  perfons  of  diilinflion  at  Japan  :  it  is  fcpara- 
ted  from  that  empire  by  only  a  narrow  channel,  but 
which  is  co.ifidered  as  dangerous,  becaufe  the  capis, 
which  projeit  on  both  fides,  render  the  navigation  diifi- 
cult.  The  people  are  faid  to  be  fenfible  to  triciidifiip, 
hofpitable,  pjenerons,  and  humane. 

MAYORGA  (,Martin  de).     See  Don  Marlhi,  &c. 
in  this  Suppi. 

MAYOW  (John),  whofe  difcoveries  in  chemiftry 
have  aftoniihed  the  fcientilic  part  of  the  public,  defcend- 
ed,  fays  Wood,  from  a  genteel  family  living  at  Bree  in 
the  county  of  Cornwall.  His  father  was  probably  a 
younger  fon,  bred  to  bufinefs  ;  for  our  author  was  born 
in  Fleet-ftreet,  London,  in  the  pavifli  of  St  Duuftan's  in 
the  Weft.  At  what  fchool  he  received  the  rudiments  of 
his  education,  a  circumftance  which  the  biographers  of 
men  eminent  in  the  republic  of  letters  fliould  never  omit, 
we  have  not  been  able  to  learn  ;  but  on  the  27th  of 
September  1661,  wlien  he  had  juil  completed  his  1 6th 
year,  lie  was  admitted  a  fcholar  of  Wadham  college, 
Oxford.  Some  time  afterwards,  on  the  recommendation 
of  Henry  Coventry,  Efq^one  of  the  fecretaries  of  Itate, 
he  was  chofcn  a  probationer  fellow  of  All-fouls  college. 
As  Wood  informs  us  that  he  had  here  a  Le^i/l's  place, 
an  exprefTion  by  which  we  underftand  a  law-fcllowfhip, 
it  is  not  wonderful  that  he  took  his  degrees  in  the  civil 
law,  though  phyfic  and  the  phyfical  fciences  were  the 
favourite  objefts  of  his  ftudy.  He  was  indeed  an  emi- 
nent phyfician,  pradifing  both  in  London  and  in  Bath, 
but  in  the  latter  city  chiefly  in  the  fummer  months,  till 
the  year  1679,  when  he  died,  fome  time  during  the 
month  of  September,  in  the  houfe  of  an  apothecary  in 
York-ftreet,  Covent-Garden,  and  was  buried  in  the 
church  of  that  parilh.  He  had  been  married,  fays 
Wood,  a  little  before  his  death,  not  altogether  to  his 
content  ;  and  indeed  he  niuft  have  been  very  difcontent- 
ed,  if  he  chofe  to  die  in  the  houfe  of  a  friend  rather  than 
in  his  own.  He  publlfhed,  "  Traftatus  quinque  medi- 
co phyfici,  I.  De  falnitro  ;  2.  De  refpiratione  ;  3.  De 
refpiratione  fostus  in  utero  et  ovo  ;  4.  De  motu  mufcu- 
lari  et  fpiritibus  animalibus  ;  5,  De  Rachitide."  Thefe 
were  publiftied  together  in  8vo  at  Oxford,  in  1764  ;  but 
there  is  an  addition  of  two  ot  them,  "  De  refpiratione," 
and  "  De  Rachitide,"  publilhed  together  at  Leyden  in 
1671. 

The  fame  of  this  author  has  been  lately  revived  and 
extended  by  Dr  Beddoes,  v\ho  publilhed,  in  1793, 
•'  Chemical  Experiments  and  Opinions,  extrafted  from 
a  work  publilhed  in  the  lad  century,"  8vo  ;  in  which 
he  gives  to  Mayow  the  higheft  credit  as  a  chemift,  and 
afcribes  to  him  fonie  of  the  greatell  modern  difcoveries 
refpetting  air,  giving  many  extracts  from  the  three  firft 
of  his  treatifes.  His  chief  dilcovery  was,  that  oxygen 
gas,  to  which  he  gave  the  name  oijire  iilr,  exiils  in  the 
nitrous  acid,  and  in  the  atmofphere  ;  which  he  proved 
by  fueh  decifive  experiments,  as  to  render  it  impofllble 
to  explain  how  Boyle  and  Hales  could  avoid  availing 
thcmlelves,  in  their  refearchcs  into  air,  of  fo  capital  a 
difcovery.  Mayow  alio  relates  his  manner  of  paffing 
aeriform  fluids  under  water,  from  veflel  to  veflel,  which 
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is  generally  believed  to  be  a  new  art.  He  did  not  col- 
leil  dephlugillicated  air  in  veflels,  and  transfer  it  i-nm 
one  jar  to  another,  liut  he  proved  its  exillence  by  find- 
ing fubllances  that  would  burn  in  vacuo,  and  in  water 
when  mixed  with  nitre  ;  and  after  animals  had  breutiied 
and  died  with  veffels  fdled  witii  aimofphcric  air,  or  af- 
ter fire  had  been  extinguillied  in  them,  there  was  a  re- 
iiduum  which  was  the  part  of  the  air  unfit  for  refpira- 
tion,  and  for  fupporting  fire  ;  and  he  further  fhewed, 
that  nitrous  acid  cannot  be  formed,  but  by  expcfinn  the 
fubllances  that  generate  it  to  the  atmofphere.  Mayow 
was  undoubtedly  no  common  man,  efpecially  fince,  if 
the  above  dates  are  right,  he  was  only  34  at  the  lime 
of  his  death.  But  he  was  not  fo  unknown  as  Dr  Bed- 
does  fuppofed  ;  for  fince  the  repetition  of  the  fame  dif- 
covery by  Priellley  and  Scheele,  reference  has  frequent- 
ly been  made  by  the  chemills  to  Mayow  as  the  original 
inventor;  thus  allowing  to  him  a  Ipecies  of  merit,  to 
which  he  has  perhaps  but  a  doubiful  claim,  and  which, 
if  that  claim  be  well  founded,  mull  certainly  be  fliared 
between  him  and  Dr  Hooke.  See  Hooke  in  this  Sup- 
plement. 

MEAN,  in  general.      See  Encycl. 

ylruhmeucal  Mean,  is  half  the  funi  of  the  extremes. 
So  4  is  an  arithmetical  mean  between  2  and  6,  or  be- 
tween 3  and  5,  or  between  i  ar.d  7  ;  alfo  an  arithmeti- 

cal  mean  between  a  and  b  is  ■ or  \  a*^.  \  b. 

Geometrical  Mf.an,  commonly  called  a  mean  propor- 
tional, is  the  fquare  root  of  the  product  of  the  two  ex- 
tremes ;  fo  that,  to  find  a  mean  proportional  between 
two  given  extremes,  multiply  thefe  together,  and  ex. 
traft  the  fquare  root  of  the  produd.  Tluij,  a  mean  pro- 
portional between  i  and  9,  is  V  1  X  ()  =:  .^  g  z:  2  •  a 
mean  between  2  and  44-  is  v'z  X  4i  =  v'9  n:  3  alfo; 
the  mean  between  4  and  6  is  v  4  X  6  =z  V li,  ;  and  the 
mean  between  a  and  b  \%  f/  ab, 

Harmonical  Mean.  See  Harmonical  Protortiok, 
Encycl. 

Mean  and  Extreme  Proportion,  or  Extreme  and  Mean 
Proportion,  is  when   a  line  or  any  quantity  is  fo  divided 
-that  the  lefs  part  is  to  the  greater,  as  the  greater  is  to 
the  whole. 

Mean  Anomaly  of  a  Planet,  is  an  angle  which  is  al- 
ways proportional  to  the  time  of  the  jjlanet's  motion 
from  the  aphelion  or  perihelion,  or  proportional  to  the 
area  defcribed  by  the  radius  veftor  ;  that  is,  as  the 
whole  periodic  time  in  one  revolution  of  the  planet,  h 
to  the  time  pail  the  aphelion  or  perihilion,  fo  is  360° 
to  the  mean  anomaly.      See  Anomaly,  Encycl. 

Mean  ConjunSion  or  Oppofition,  is  when  the  mean 
place  of  the  fun  is  in  conjuntlion,  or  oppofition,  with 
the  mean  place  of  the  moon  in  the  ecliptic. 

Mean  Dijlance  of  a  Planet  from  the  Sun,  is  an  aritli. 
metical  mean  between  the  planet's  greatell  and  leail  di- 
ftances. 

Mean  Motion,  is  that  by  which  a  planet  is  fuppofed 
to  move  equably  in  its  orbit  ;  and  it  is  always  propor- 
tional to  the  time. 

Mean  Time  w  Equal  Time,  is  that  which  is  ^neafiireJ 
by  an  equable  motion,  as  a  clock  ;  as  diilinguifhed  from 
apparent  time,  arifing  from  the  unequal  motion  of  the 
earth  or  fun. 

Universal  or  Perpetual  MEASURE,  is  a  kind 
Z  2  of 
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Mechanics,  of  meafure  unalterable  by  time  ov  place,  to  which  the 
*— V ^mtafurcs  of  different  ages  and  nations  might  be  redu- 
ced, and  by  whicli  they  may  be  compared  and  eftmia. 
ted.  Such  a  meafure  would  be  very  ufeful  if  it  could 
be  attained  ;  fince,  being  ufed  at  all  times,  and  in  all 
places,  a  great  deal  of  confufiun  and  error  wuulJ  be 
avoided.  . 

It  has  been  attempted,  at  different  times  and  m  ditte- 
rent  countries,  more  efpecially  by  the  French,  who, 
fince  the  commencement  of  their  revolutionary  govern. 
ment,  have  liboured  hard  to  obtrude  their  innovations 
in  arts  and  fcience,  as  well  as  in  politics,  upon  all  na- 
tions. Propofals,  however,  have  been  made  by  foberer 
men  for  a  llandard  both  of  weights  and  of  meafures  for 
all  nations  ;  and  fome  of  the  nott  rational  of  thefe  (hall 
be  noticed  under  the  word  Weights  in  this  Supple- 
ment. 

MECH  ^NICS. — Our  readers  will  recolleft  that  in 
the  article  Physics,  Encycl.  we  propofed  to  diftinguifh 
by  the  term  Mechanical  Ph'ikfjply  that  part  of  natural 
fcience  which  treats  of  the  local  motions  of  bodies  and 
the  caufes  of  thofe  phenomena.  And,  although  all  the 
changes  which  we  obferve  in  material  nature  are  accnm- 
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we  are  ignorant  of  the  law  of  its  aftion)  an  offinitv,  an  Mechaniti. 
eleiiive  attradlion.  And  we  have  obfcrvcd  many  fuch  •  ^ 
eledtions,  and  have  been  able  to  clafs  them,  and  to  tell 
on  what  occafions  they  will  or  will  not  be  exerted  ;  and 
this  fcrap  of  the  complete  theory  becomes  a  moll  valuable 
acquilition,  and  the  claffiftcation  of  thofe  fcraps  a  mod 
curious,  and  extenfive,  and  important  fcience.  The 
chemical  philofopher  has  alfo  the  pleafure  of  feeing  gra- 
dual approaches  made  by  ingenious  men  to  the  com- 
plete mechanical  explanation  of  thcfe  unfeen  motions 
and  their  caufes,  of  which  he  has  arranged  the  ultimate 
refults. 

The  ordinary  chemift,  however,  and  even  many  moft 
acute  and  penetrating  enquirers,  do  not  think  of  all 
thefe  motions.  Familiarly  converfant  with  the  refults,. 
they  confider  them  as  principles,  and  as  topics  to  rea- 
fon  from.  They  think  a  chemical  phenomenon  fuffir 
ciently  explained,  when  they  have  pointed  out  the  afii- 
nity  under  which  it  is  arranged.  Thus  they  afcribe  the 
propagation  of  heat  to  the  expanfive  nature  of  fire,  and 
imagine  that  they  conceive  clearly  how  the  effcft  is 
produced.  But  if  a  mathematical  philofopher  fhould 
fay,   "  What  is  this  which  you  call  an  expanfive  fluid  ? 


panied  by  local  motion,  and,  when  completely  explain.     Explain  to  me  dillinaiy,  in  what   manner  this  property 


ed,  are  the  effefts  (perhaps  very  remote)  of  thofe  pow 
ers  of  matter  which  we  call  mom ing  forces,  and  of  thofe 
alone,  yet  in  many  cafes,  this  local  motion  is  not  ob- 
ferved,  and  we  only  perceive  certain  ultimate  refults  of 
thofe  changes  of  place.  This  is  the  cafe  (for  example) 
in  the  folution  of  a  grain  of  filver  in  a  phial  of  aquafor- 
tis. In  the  beginning  of  the  experiment,  the  particles 
of  filver  are  contained  in  a  fmall  fpace  at  the  bottom  of 
the  'phial  ;  but  they  are  finally  raifed  from  the  bot- 
tom, and  uniformly  diflemiiiated  over  the  whole  fluid. 
If  we  fix  our  attention  fteadily  on  one  particle,  and 
trace  it  in  its  whole  progrefs,  we  contemplate  nothing 
but  a  particle  of  matter  adled  on  by  moving  forces, 
and  yielding  to  their  ailion.  Could  we  ftate,  for  every 
fituation  of  the  particle,  the  diredion  and  Intenfity 
of  the  moving  force  by  which  It  is  Impelled,  we  could 
conftruft  a  figure,  or  a  formula,  which  would  tell  us 
the  precife  direftlon  and  velocity  with  which  it  changes 
its  place,  and  we  could  delineate  its  path,  and  tell 
the  time  when  it  will  arrive  at  that  part  of  the  veffel 
where  it  finally  reils  in  perfeft  equilibrium  Newton 
having  done  kU  thls-ia  the  cafe  of  bodies  afled  on  by  the 
moving  force  called  gravity,  has  given  us  a  complete 
fyftem  of  mechanical  allronomy.  The  philofopher  who 
Ihal!  be  as  fortunate  In  afcertaining  the  paths  and  motions 
of  the  particles  of  filver,  till  the  end  of  this  experiment, 
will  eftablilh  a  fyftem  of  the  mechanical  folution  of  fil- 
ver in  aquafortis  ;"and  the  theorems  and  formula:  which 
rharadlerlfe  this  particular  moving  force,  or  this  modi- 
fication of  force,  ftating  the  laws  of  variation  by  a 
change  of  diftance,  wdl  be  the  complete  theory  of  this 
chem"ical  faft.      It  is  this  modification  of  moving  foice 


which  jou  call  expanfivenefs  operates  In  producing  the 
propagation  of  heat." — We  imagine  that  the  chemift 
would  find  himfelf  put  to  a  ftand.  He  will  then,  perhaps 
for  the  firll  time,  try  to  form  a  diftintl  conception  of 
an  expanfive  fl^uid,  and  its  manner  of  operation.  He- 
will  naturally  think  of  air,  and  will  reflcft  on  the  manner 
in  which  air  aftually  expands  or  occupies  more  room  ; 
and  he  will  thus  contemplate  local  motion  and  mechani- 
cal prefTure.  He  will  find,  too  late,  that  this  gives  him 
no  afGftance  ;  becaufe  the  phenomena  which  he  has  been 
accuttomed  to  explain  by  the  expanfiveneis  of  fluids 
have  no  rcfemblance  whatever  to  what  we  fee  relult 
from  the  a6tual  expanfion  of  air.  Experience  has  made 
him  acquainted  with  many  effefts  which  the  air  pro- 
duces its  expanfion  ;  but  they  are  of  a  totally  different 
kind  from  thofe  which  he  thought  that  he  had  fufiiclent- 
ly  explained  by  the  expanfivenefs  of  fire.  The  only  rc- 
femblance he  obfervts  is,  that  the  air  and  the  heat,. 
whlch  were  formerly  perceived  only  In  a  fmall  fpace, 
now  appear  In  a  much  larger  fpace.  The  mathemati- 
cian now  defires  him  to  tell  In  what  manner  he  con- 
ceives this  expanfivenefs,  or  this  aftual  expanfion  of  air 
or  gas.  The  chemift  is  then  obhgcd  to  confider  the 
air  or  gas,  as  confilting  of  atoms  or  particles,  which 
mull  be  kept  In  their  prefent  fituation  by  an  external 
force,  the  moll  familiar  of  all  to  his  imagination,  name- 
ly, preffure  ;  and  all  preffures  are  equally  fit.  Prclfure 
Is  a  moving  force,  and  can  only  be  o[,nofed  to  fuch  an- 
other moving  force  ;  therefore  expanfivenefs  fuppofes, 
that  the  particles  are  under  the  Influence  of  fomcthing 
which  would  feparate  them  from  each  other.  If  it  were 
not  oppofed  by  fomething/'fr/fff/y  of  the  fame  kind.      It 


which  is  ufuallv,  (but  moft  vagnclv)  called  x.\\t  chemical     cannot  be  oppofed  by  greenncfs,    nor  by  loudnefs,  nor 


affinity,   or  the  eleQive  allraSion  of  fiher  and  aquafor 
its. 

But  alas  !  we  rre,  as  yet,  far  from  having  attained 
this  perfeftlon  of  chemical  knowledge.  All  that  we 
have  yet  difcovercd  Is,  that  the  putting  the  bit  of  filver 
into  the  fpirit  of  fait  will  not  give  occafion  to  the  exer- 
tion of  this  moving  force  :  and  we  exprefs  this  obferva- 
tion,  by  calling  that  unknown  ford  (unknown,  becaufe 


by  fear,  but  only  by  what  Is  competent  to  the  produc- 
tion of  motion  :  and  it  may  be  oppofed  by  any  fuch 
natural  power  ;  tiierefore  by  gravity,  or  by  magnetifm,. 
or  eleflriclty,  or  corpufcular  attraftlon,  or  by  an  elec- 
tive attraftlon.  The  chemift,  being  thus  led  to  the 
contemplation  of  the  phenomenon  In  Its  moft  fimple 
ftate,  can  now  judge  with  fome  diftlnftnefs,  what  is  the 
nature  of  thofe  powers  with  which  expanfivenefs  can 

be 
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A.nd  only  now     have  treated  the  fuhjcft  fyftcmatlcally,  have  obferved, Mechanic*, 
will  be  able  to  fpeculate  on   the  means  for  cxpbiiiiiig      that  all  machines  dcrivt-  their  efficacy  (rom  a  few  fimple  * 

the  propagation  of  heat  ;  and  he  will  perceive  that  the  forms  and  difpofitions,  which  may  be  given  10  that 
general  lawb  of  motion,  and  of  the  aftion  of  moving,  piece  ot  matter  called  the /oo/ "oj-a.-v,  or  ;nac/>;rtf,  v\hich 
forces  (doftriries  which  we  comprehend  under  the  title  is  intcrpoftd  between  the  woikman  or  natuial  agent, 
of  Dynamics,  Supp/.),  mull  be  reforted  to  for  a  com-  and  the  talk  to  be  performed,  which  is  always  fonie- 
*/f/tf  explanation  of  all  chemical  phenomena.  The  fame  thing  to  be^  moved,  in  oppofition  to  refilling  pref- 
may  be  faiJ  of  the  phenomena  perceived  in  the  growth  fuves.  To  thofe  fimple  forms  they  have  given  the  name 
of  vegetables  and  animals.  All  of  them  lead  us  ulti-  of  mechanical  rowfeRS,  funple  powers,  fimple  ma- 
mately  to  the  contemplation  of  an  atom,   which  is  cha-     chines. 

rafterifed  by  being  fnfceptible  of  local  motion,  and  re-  The  machln'-  is  interpofed  for  various  reafons. 

quires   for  this  purpofe  the  agency  of  what   we  call  a  I.    In  order  to  enable  a  natural  power,  having  a  cer- 

moving  force.  tain   determinate   intenfity,   whicli  cannot  be  increafed, 

We  would  diflinguifh  this  particular  objfct  of  our  to  balance  or  overcome  another  natural  power,  adling 
CONTEMi'LATiON  (coufilling  of  two  coullituent  parts,  with  a  greater  intenfiiy.  For  this  purpofe  a  piece  of 
the  atom  and  the  force,  related,  in  fad>,  to  each  other  fulid  matttr  is  interpofed,  connefteil  in  fuch  a  manner 
by  conllaiit  conjunftion)  by  the  term  mechanism.  We  with  firm  fupports,  that  the  preflure  exerted  on  the  im- 
conceive  it  to  be  the  charaftereflic  of  what  we  call  mat-  pelled  point  by  the  power  occafions  the  excitement  of 
TER  ;  and  we  would  confider  it  as  the  mofl  fimple  me-  a  prctTure  at  the  wcrkirg  point,  which  is  ccj'ual  or  fupe- 
CHANiCAL  PHENOMINON.  We  are  difpofed  to  think,  rior  to  the  refillance,  ailfing  from  the  work,  to  the  mo- 
that  this  moving  force  is  as  fimple  and  uniform  as  the  tiun  of  that  point.  Thus,  if  a  nd  three  feet  long  be 
atom  to  which  it  is  related  ;  and  we  would  afcribe  the  fupported  at  one  foot  from  the  end  to  which  the  refill, 
inconceivable  diverfity  of  the  moving  forces  wliich  we  ance  of  two  j)ounds  is  applied,  and  if  a  preffure  of  one 
fee  around  us  to  combinations  of  this  univcrfal  force  ex-  pound  be  applied  to  the  other  end  of  the  rod,  perpen- 
erted  by  many  atoms  at  once  ;  and  therefore  modified  dicular  to  its  length,  the  cohcfive  forces  which  conneft 
by  this  combination,  in  the  very  fame  manner  as  we  the  particles  of  the  rod  will  all  be  excited,  in  certain 
frequently  fee  thofe  feemingly  diflVrent  moving  forces  proportions,  according  to  their  fituation,  and  the  fup- 
combine  their  influence  on  a  fenfible  mafs  of  tangible  ported  point  will  be  made  to  prefs  on  its  fupport  as 
matter,  giving  it^  fenfiblc  local  motion.  Having  torm-  much  as  three  pounds  would  prefs  on  it  ;  and  a  pref. 
f  d  fuch  notions,  we  would  fay  that  we  do  not  conceive  fure  in  the  oppofite  direftion  will  be  excited  at  the  work- 
either  the  stom  or  the  force  as  being  matter,  but  the  ing  point,  equal  to  the  prcfliire  of  two  pounds.  The 
two  thus  related.  And  we  would  then  fav,  that  what-  refillance  will  therefore  be  balanced,  and  it  will  be  over- 
ever  objefl  of  contemplation  does  not  ultimately  lead  come  by  increafing  the  natural  power  adling  on  the 
us  to  this  complex  notion  is  immaterial  ;   meaning  by     long   divifion    of  the  rod.      This  is    called    a    lever. 

Toothed  wheels  and  pinions  are  a  perpetual  fucceflion 
of  levers  in  one  machine  or  mechanical  power. 

2.  The  natural  power  may  aft  with  a  certain  veloci- 
ty which  cannot  be  changed,  and  the  work  requires  to 
be  performed  with  a  greater  velocity.  A  machine  is 
interpofed,  moveable  round  a  fixed  fupport,  and  the 
dillanccs  of  the  impelled  and  working  points  are  taken 


the  epithet  nothing  more  than  the  negation  of  this  par- 
ticular charafter  of  the  objeft.  It  is  equivalent  to  fay- 
ing, that  the  phenomenon  does  not  lead  the  mind  to 
the  confideration  of  an  atom  aftuatcd  by  a  moving 
force  ;  that  is,  moved,  or  prevented  from  moving,  by 
an  oppofite  prefiiire  or  force. 

Such  is  the  extenfion   which  the  difcoveries  of  lad 


century  have  enabled   us  to  give  to  the  ufe  of  the  term 
mechaiiifm,  mechanical  aftion,  mechanical  caufe,  &c. 

The  Greeks,  from  whom  we  have  borrowed  the  term, 
gave  it  a  much  more  limited  meaning;  confining  it  to 
thofe  motions  which  are  produced  by  the  intervention 
of  machines.  Even  many  of  the  natnralifts  of  the  pre- 
fent  day  limit  the  term  to  thofe  motions  which  are  the 
immediate  confequences  of  Impulfe,  and  which  are  cafes 
of  fenfible  motion.  Thus  the  chemill  fays,  that  prin- 
ters ink  is  a  mechanical  fluid,  but  that  ink  for  writing 
is  a  chemical  fluid.  We  make  no  objeftion  to  the  dif- 
tlnftion,  becaufe  chemiftry  is  really  a  vail  body  of  real 
and  important  fciencc,  although  we  have,  as  yet,  been 
able  to  clals  only  very  complicated  phenomena,  and  are 
far  from  the   knowledge  of  its  elements.      This  dilllnc- 


In  the  proportion  of  the  two  velocities.  Then  are  we 
certain,  that  when  the  power  afts  with  its  natural  ve- 
locity, the  working  point  is  moving  with  the  velocity 
we  defire. 

3.  The  power  may  aft  only  in  one  unchangeable  di- 
reftion,  and  the  refillance  mull  be  overcome  in  a:, other 
direftion.  As  when  a  quantity  of  coals  mud  be  brought 
from  the  bottom  of  a  pit,  and  we  have  no  power  at 
command  but  the  weight  of  a  quantity  of  water.  We 
let  the  water  pull  down  one  end  of  a  lever,  either  im- 
mediately  or  by  a  rope,  and  we  hang  the  coals  on  the 
other  end,  while  the  middle  point  is  firmly  fupported. 
This  lever  maybe  made  perpeturd,  by  lapping  the  ropes 
round  a  cylinder  which  turns  round  an  axis  firmly  fup. 
ported.     This  Is  a  fixed   pulley.     We  can  fet  unc- 


tion made  by  the  chemifls  is  very  clear,  and  very  proper  qual  powers  in  oppofition,  by  lapping  each  rope  round 

to  be  kept  in  view  ;  but  we  fhould  be  at  a  lofs  for  a  term  a  diffcreiil  cylinder,   having  the  fame  axis.      This  is  a 

to  exprefs  the  analogy  which  Is   perceivable  between  windlass   or  gin.    All  ihefe  forms  derive  their  energy 

thefe  fenfible  motions  and  the   hidden   motions  which  from  the  lever  virtually  contained  in  them, 

obtain  even  in  the  chemical  phenomena,   unlefs  we  give  Any  of  thefe  three  purpofes  may  be  gained   by  the 

mechanifm  a  dill  greater  extenfion  than  the  effefts  of  interpofitlon  of  a  folid  body  in   another  way.     Inllead 

percuflion  or  impulfion.  of  being  fupported  in  one  point,  round  which  it  Is  move- 

Mechanics,  in  the  ancient  fenfe  of  the  word,  confiders  atle,  It  may  be  fupported  by  a  folid  path,  along  which 

•nly  the  energy  of  organa,  machines.     The  authors  who  it  is  impelled,  and  by  its  fhape  it  thrufta  the  refilling 

body 
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Mechanics,  body  out  of  its  way.     This  is  tlic  cnfe  witli  the  wedge 
'~~"^'  when  it  is  empl(  yed  to  force  up  a  fwagging  joiil,  or  prefs 

things  ftrongly  together.  If  this  wedge  be  lapped  or 
fonncd  round  an  axis,  it  becomes  a  scREvi'or  a  spiral 
WIPER.  This  is  alfo  the  operation  of  die  balance  wheel 
of  a  horizontal  or  cylinder  watch.  The  oblique  face  of 
the  tooth  is  a  wedge,  which  thrnits  the  edge  of  the  cy- 
linder out  of  its  way.  The  pallet  of  a  clock  or  watch 
is  alfo  a  wedge,  afted  on  in  the  oppofitc  direction. 

Thefe  are  the  different  forms  in  which  a  folid  body 
is  inlerpofed  as  a  mechanic  power.  All  are  reducible  to 
the  lever  and  the  wedge. 

But  there  are  other  mechanic  powers  befides  thofe 
now  mentioned.  The  carmen  have  a  way  of  lowering 
a  caflv  of  liquor  into  a  cellar,  by  pafllng  a  rope  under 
it,  making  the  end  faft  to  fome  Hake  clofe  to  the 
ground,  and  bringing  the  otiier  end  of  the  rope  round 
the  caflc,  and  thus  letting  it  flip  down  in  the  bight  of 
^  the  rope.   In  this  procefs  they  feel  but  half  of  its  weight, 

the  other  half  being  fupported  by  the  end  of  the  rope 
that  is  faftened  to  the  ilake.  This  is  called  a  par- 
buckle by  the  fcamen.  A  hangir.g  pulley  is  quite  the 
fame  with  this  more  artlefs  method.  The  weight 
hangs  by  the  axis  of  the  pulley,  and  each  half  of  the 
hanging  rope  carries  half  of  the  weight,  and  the  perfon 
who  pulls  one  of  them  upwards  afts  only  againll  half 
of  the  weight,  the  other  being  carried  by  the  hook  to 
which  the  Handing  rope  is  faftened.  This  mechanical 
power  does  not  (as  is  commonly  imagined)  derive  its 
efficacy  from  the  pulley's  turning  round  an  axis.  If  it 
were  made  faft,  or  if  the  tackle  rope  merely  paffed 
through  a  loop  of  the  rope  which  carries  the  weight, 
it  would  ftlU  require  only  half  of  the  weight  afting  on 
the  running  rope  to  balance  it.  The  ufe  of  the  motion 
round  an  axis  is  merely  to  avoid  a  ver)'  great  friftion. 
"When  the  two  hanging  parts  of  the  rope  are  not  paral- 
lel, but  inch'ned  in  any  angle,  the  force  neceffary  for  ba- 
lancing the  weight  is  to  the  weight  as  the  fide  is  to  the 
diagonal  of  the  parallelogram  formed  by  the  diredtions 
of  the  three  ropes.  Varignon  calls  this  the  funicular. 
MACHINE  or  power.     Our  failors  call  it  the  swigg. 

We  may  employ  the  quaqna  vcrfuin  prefTure  of  fluidi- 
ty with  great  cffeft  ;is  a  mechanic  power.    Thus,  in  the 
hydroftatic  bellows  defcribed  by  Gravefande,   J  145 '» 
and  by  Defaguillisrs,  the  weight  of  a  few  ounces  of 
■water  is  made  to  raife  fcvtral  hundred  pounds.     In  like 
manner,  Dr  Wallis  of  Oxford,  by  blowing  with' a  pipe 
into  a  bladder,  raifed  64  pounds  lying  on  it.   Otto  Gue- 
ricke  of  Magdebuigh  made  a  child  balance,  and  even 
overcame,  the  pull  exerted  by  the  emperor's  fix  coach 
horfes,   by  merely  fucking  the  air  from  below  a  pifton. 
Mr  Bramah,   ironmonger  in   Piccadilly,   London,    has 
lately  obtained  a  patent    for  a  machine  afting  on  this 
*See  Ma-  pi'"ciple  as  a  prefs  *.   Apifton  of  one-fouith  of  an  inch 
cHiNERY     in  diameter,  forces  water  into   a  cylinder  of  I  2   inches 
in  this         diameter,  and  by  tliis  intervention   raifes  the  pifton   of 
Huffl.  jjjj,  cylinder.     A  boy,  afting  with  the   fourth  part  of 

his  ftrength  on  the  fmall  pifton  by  means  of  a  lever, 
raifes  42  tons,  or  94,080  libs,  prtfiing  on  the  great  pi- 
fton. It  is  very  fuvpvifing,  that  this  application  cf  the 
giiagtm  •verfum  -preihnc  of  fluids  has  been  overlooked  for 
more  than  a  ceiitury,  although  the  principle!  has  been 
inculcated  and  leftin-ed  on  by  every  itinerant'  'teacher, 
and  illuftrated  by  the  above  mentioned  ekperimentsjsf 
Gravefande    and  Wallis  j    nay,' it   has    been  expreisTy 


taught  as  a  mechanic  power  of  great   efficacy  by  tlie    Mcilical, 
Piofeifor  of  Natural   Phllofophy   at   Edinburgh  every ,  '^g'^ici.  ^ 
fefllon  of  the   college  for  thefe  twenty  years  paft,  but         ' 
he  never  thought  ol  putting  it  in  praflice.     It  forms  a 
moft  compendious  machine  of  prodigious  power,  and  is 
fufceptible  of  the  greateft  ftrength.      If  the  fame  mul- 
tiplication  of  power  be  attempted  by  toothed  wheels, 
pinions,  and  racks,  it  is  fcarctly  poffible  to  give  ftrtngtii 
enough  to  the  teeth  of  the  racks,  and  the  machine  be- 
comes very   cumberfoine  and  of  gieat  expence.      But 
Mr  Bramali'a  machine  may  be  made  abundantly  ftrong 
in  very  fmall  compafs.      It  only  requires  very  accurate 
execution.      We  give  it   all  praife  ;   but  Mr  Bramah  is    - 
miftaken  when  he  publiflics  it  as  the  invention  or  difco- 
very  of  a  new  mechanic  power  :   for  it  has  been   fami- 
liar to  every  ftudent  of  mechanics  and  hydroftatics  ever 
■fmce  Boyle's  firil  publication  of  his  hydioftatic  para- 
doxes. 

MEDICAL  Jurisprudence.  See  Medicwa  Fo- 
rtnfis  in  this  SuJ)^!. 

MEDICI,  is  the  name  of  an  illuftrious  family  in  Flo- 
rence, which  contributed  tnore  than  perhaps  any  other 
family  whatever  to  the  revival  of  letters  in  Europe.  To 
trace  this  family  from  its  origin,  or  even  to  give  bio- 
graphical flwetches  of  all  the  great  men  whom  it  produ- 
ced, would  occupy  by  far  too  great  a  part  of  our  work; 
for,  during  fome  centuries,  almoft  every  individual  of 
the  houfe  of  Medici  was  diftinguKhed  among  his  con- 
temporaries. That  houfe,  after  having  rendered  itfelf 
memorable  in  the  annals  of  Florence,  for  oppofing  the 
encroachments  of  the  nobles  on  the  liberties  of  the 
people,  lu'.d  loft  much  of  its  influence  under  the  arifto- 
cratic  government  of  the  Albizi,  when  it  was  raifed  to 
a  rank  fuperior  to  what  it  had  ever  held,  by 

Gio'vaiitii  dc  Medici,  who  was  born  in  the  year  1 360. 
This  man  determined  to  reftore  his  family  to  fplendour  ; 
hut,  confcious  of  his  critical  fituation,  furrounded  as 
he  was  by  powerful  rivals  and  enemies,  he  aftccled  ra- 
ther a  fecure  privacy  than  a  dangerous  popularity.  E- 
ven  when  raifed  to'  the  ofRce  of  gonfalonier,  or  genera- 
h'flimo  of  the  republic,  he  carefully  avoided  any  defire 
of  partaking  in  the  niagiftracy,  and  ieemed  to  be  entirely 
engroflcd  by  merchandize,  which  he  extended  from  the 
Eail  throughout  Europe.  This  conduft,  as  on  one 
hand  it  threw  his  enemies  off  their  guard,  on  the  other, 
enabled  him  to  acquire  an  iinmenfe  fortune,  of  which  he 
made  a  proper  difpofition  amongft  all  ranks  of  people. 

Many,  even  of  the  ruling  party,  either  gained  by  his 
liberjhty,  or  pleafed  with  his  amiable  and  retired  con- 
duft,  picpofcd  to  the  feigniory  to  admit  him  into  the 
magifttacy  ;  and  though  the  propofal  met  with  great 
oppofi:ion,  it  was  carried  in  the  affirmative. 

It  was  by  raflrly  declaring  for  the  plebeians  againft; 
the  ..oLles  that  an  anctllor  of  Giovanni's  had  loft  to 
his  family  their  rank  in  the  ftate.  Giovanni,  refolving 
not  to  fplit  on  the  fame  rock,  continued  to  affedt  priva- 
cv  and  retirement,  accepting  any  office  in  the  ftate  with 
the  iitmoft  appearance  of  reluftance,  and  never  attend- 
ing at  the  Palazzo,  unlefs  particularly  fent  for  by  the 
feigniory.  Rifing  by  thefe  means  in  the  eftecm  of  the 
people,  his  f'nemies  became,  of  courfe,  unpopular  ;  and 
having,  obtained  k  decided  fupCriority  over  his  oppo- 
nents, he  now  >!entured  to  procure,  that  thofe  taxes 
which  the  nobles  had  exafted  with  the  utmoft  feverity 
and  partiality  from  the  people  alone,  fliould  be  levied 
•     •  upon 
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Medici,  upon  tlie  two  firfl:  orders,  in  fommon  with  the  plebei- 
— — V  '  '  aiis  ;  and  that  a  Inw  ihould  be  ordained,  by  whieli  per- 
gonal property  might  be  taxed. 

The  nobles  feeing-,  with  the  deepeft  concern,  their 
conitqence  To  fenl'ibly  v.ounded,  and  their  power  io 
much  diminifhed,  held  fevcral  confultatious  in  private 
how  they  might  tfFeft  his  ruin  ;  but  their  want  of  una- 
nimity jirevented  any  thing  decifive  from  being  carried 
into  execution.  Tlie  people,  alarmed  for  the  fafety  of 
theii  leader  and  patron,  offered  him  the  fovereignty, 
which  his  relations  and  friends  urged  him  to  accept  ; 
hut  this  his  prudence  forbad  him  to  take,  as  with  the 
title  of  lord  he  would  have  gained  that  alio  of  tyrant. 
Thus,  by  his  Angular  prudence  he  died  poffelTed  of  all 
the  power  of  the  (late,  with  the  affectation  ot  being  the 
mod  dirinterelled  citizen  in  the  commonwealth.  His 
death  happened  in  the  year  1428. 

Giovanni  was  graceful  in  hisperlon,  and  his  affability 
to  all  ellablilhed  his  character  for  moderation.  His  ex- 
tenhve  knowledge  and  pleafantry  made  his  company  ea- 
gerly fought.  As  all  his  actions  were  placid  and  lerene, 
he  was  not  In  want  of  that  trumpet  of  fedition,  popular 
declamation,  which  he  never  attempted.  Much  to  his 
honour,  his  elevation  was  not  procured  even  by  the  ba- 
niflirnent  of  a  fingle  individual  ;  a  circumftance  until 
then  unknown  in  Florence,  where  every  new  adminillra- 
tion  was  marked  with  the  ruin  of  families,  and  by  fcaf- 
folds  itained  with  blood. 

"  The  maxims  (fays  Mr  Rofcoe)  which,  uniformly 
purfued,  railed  the  houfe  of  Medici  to  the  fplendour 
which  it  afterwards  enjoyed,  are  to  be  found  in  the 
charge  given  by  this  venerable  old  man,  on  his  death- 
bed, to  his  two  fons  Cofmo  and  L.orenzo.  '  I  feet 
(laid  he)  that  I  have  lived  the  time  prefcribed  me.  I 
die  content,  leaving  you,  my  fons,  in  affluence  and  in 
health,  and  in  fuch  a  ilation,  that,  whilll  you  follow  my 
example,  you  may  live  in  your  native  place  honoured 
and  refpefted.  Nothing  affords  me  more  pleafure  than 
the  reflection,  that  my  conduft  has  given  offence  to  bo 
on«  ;  but  that,  on  the  contrary,  I  have  endeavoured  to 
ferve  all  perfons  to  the  beil  of  my  abilities.  I  advife 
you  to  do  the  fame.  With  reipe£l  to  the  lionours  of 
the  ftatr,  if  you  would  live  with  fecurity,  accept  only 
fuch  as  are  bellowed  on  you  by  the  laws,  and  the  fa- 
vour of  your  fcUow-citl/.ens  ;  for  it  is  the  exercife  of 
that  power  which  is  obtained  by  violence,  and  not  of 
that  which  is  voluntarily  given,  that  occafions  hatred 
and  contention." 

Medici  (Cofmo  de),  the  eldell  fon  of  the  preceding, 
was  born  in  1389.  During  the  life  time  of  his  father, 
he  had  engaged  himfelf  deeply,  not  only  in  the  exten- 
five  commerce  by  which  the  family  had  acquired  its 
wealth,  but  in  the  weightier  matters  of  government. 
When  Giovanni  died  he  was  in  the  prime  of  life  ;  anil 
though  his  complexion  was  fwarthy,  he  had  an  agreea- 
ble perfon,  was  well  made,  of  a  proper  ftature,  and  in 
converfation  united  a  hajipy  intcrinixture  of  gravity 
with  occafional  fallies  of  pleafantry  and  repartee.  His 
condudt  was  unifonnly  marked  by  urbanity  and  kind- 
ncfs  to  tile  fuperior  ranks  of  his  fellow-citiz.cns,  and  by 
a  conllant  attention  to  the  interelts  and  the  wants  of 
the  lower  clafs,  whom  he  relieved  with  unbounded  ge- 
nerofity.  By  theie  means  he  acquired  numerous  and 
zealous  partizans  of  every  denomination  ;  but  he  rather 
conlidered  them,  as  pledges  for  the  continuance  of  the 
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power  which  he  poffeffed,  than  as  infti  umcnts  to  he  em-    MrrfJcL 

ployed  in  cxter.iiiiig  it  to  the  ruin  and   luhjugation  of         * 

the  Hate.     An  interchange  of  rteijjrocal  good  oflices 

was  the  only  tie  by  which  the  Florentines  and  the  Mc- 

dici  were  bound  ;   and  perhaps  the  long  continuance  of 

this  connedion   may  be  attributed  to  the  very  circum- 

rtance  of  its  being  in  the  power  of  either  of  the  parties 

at  any  time  to  have  diffolved  It.  ' 

But  the  prudence  and  moderation  of  Cofmo  could 
not  reprcfs  the  ambitious  defigiis  of  tliofe  rival  families, 
who  wifhed  to  poffefs  or  to  Ihare  his  authority.  In  the 
year  1433,  liinaldo  de  Albizi,  at  the  head  of  a  power- 
tul  party,  carried  the  appointment  of  the  magiftracy. 
At  that  time  Cofmo  had  withdrawn  to  his  feat  in  the 
country,  to  avoid  the  dillurbances  which  he  faw  likely 
to  enfiie  ;  but  at  the  requeft  of  his  friends  he  returned 
to  Florence,  where  he  was  led  to  expeft  fuch  a  union 
of  parties,  as  might  at  lead  preferv^  the  peace  of  the 
city.  No  fooner  did  he  make  his  appearance  in  the  pa- 
lace, where  his  prefence  had  been  requelled,  on  pretence 
of  his  being  intended  to  Ihare  in  the  admin illration  of 
the  republic,  than  he  was  feized  upon  by  his  adverfa- 
ries,  and  committed  to  prifon. 

The  conlpirators  were  divided  in  their  opinions  as  to 
the  difpoial  of  their  prifoner.  Moil  of  them  inclined 
to  follow  the  advice  of  Peruzzi,  who  recommended  ta- 
king hiin  off  by  poifon.  Cofmo,  confined  In  the  AI- 
berzettlno,  a  room  in  one  of  the  turrets  of  the  Palazzo, 
could  hear  this  dreadful  confultatlon,  which  was  deter- 
mining, not  In  what  manner  he  (hould  be  tried,  but  in 
what  manner  he  fliould  be  put  to  death  ;  and  finding 
that  he  was  to  die  by  an  infufion  of  poilon  fecretly  ad- 
minlllered  to  him,  a  fmall  portion  of  bread  was  the  on- 
ly food  whicli  he  thought  proper  to  take. 

Cofmo  lived  in  this  manner  four  days  ;  and,  (hut  up 
from  all  his  kindred  and  friends,  he  foon  expedled  to  be 
numbered  with  the  dead  ;  but  here,  as  it  fometimes 
happens,  he  found  relief  where  leall  expefled,  from  the 
man  who  had  been  engaged  to  take  him  off.  Malavol- 
ta,  the  keeper  of  the  prifon,  either  from  compundlion, 
diffatisfaclion,  or  the  youth  and  misfortunes  of  the  il- 
lutlrious  fufferer,  relented  ;  and  Inflead  of  purfuing  any 
criminal  intentions  agalnft  the  life  of  Cofmo,  after  up- 
braiding hiiii  with  entertaining  fo  unworthy  an  opinion 
ot  him,  declared  that  his  fears  were  entirely  groundlefs. 
To  convince  him  of  this,  he  fat  down,  and  partook  of 
every  thing  the  prifoner  chofe  to  eat  of.  The  expref- 
lions  of  gratitude,  together  with  his  mod  engaging 
manners,  and  great  promlfes,  entirely  won  Malavolta, 
who,  to  ingratiate  hlinfclr  Hill  fartUer  in  the  good  opi- 
nion of  Cofmo,  invited  Fargaccio,  the  moll  celebrated 
wit  in  Florence,  to  dine  with  him  the  next  day,  from 
the  Idea  that  his  fprightly  mirth  would  contribute  to 
lighten  his  misfortunes. 

In  the  mean  time,  his  brother  Lorenzo,  and  his  cou- 
fin  Averardo,  having  raifed  a  conliderable  body  of  men 
In  Romagna  and  other  neighbouring  didrldt,  ;!..d  be- 
ing joined  by  the  commander  of  the  troops  of  the  re- 
public, approached  towards  Florence  to  his  relief.  The 
apprehenlion,  however,  that  the  life  of  Cofmo  might 
be  endangered,  if  they  ihould  proceed  to  open  violence, 
induced  tliem  to  abandon  their  enterpiife.  At  length 
Rinaldo  and  his  adherents  obtained  a  decree  of  the  ma- 
gldracy,  by  which  Cofmo  was  banifhed  to  Padua  for 
ten  years,  hij brother  to  Venice  for  five  years  ;  aud  fe- 
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Medici,  veral  of  their  relations  and  adherents  ftiared  the  fame 
"-w^—  fate. 

Cofmo  received  this  determination  of  his  judges  with 
3  cumpolure  tliat  gained  him  the  compafTion  and  the 
admiration  of  many  of  his  mull  inveterate  enemies.  He 
would  gladlv  have  left  the  city  purfuant  to  his  fentence  ; 
but  he  was  detained  by  his  enemies  till  their  authority 
fliould  be  eilablidied  :  and  it  was  not  till  he  thought  of 
bribing  the  gonfilonier,  and  another  creature  of  Rinal- 
do's,  that  he  was  privately  taken  from  his  confinement, 
and  condufted  out  of  Florence. 

Padua,  to  which  he  was  confined  by  his  fentence> 
was  in  the  dominions  of  Venice  ;  bnt  before  he  could 
reach  that  place,  he  received  a  deputation  from  the  fe- 
nate,  the  purport  of  which  was  to  condole  with  him  for 
his  misfortuQes,  and  to  promife  him  their  proteftion  and 
afllftance  in  whatever  he  (hould  dcfire.  He  experienced 
the  treatment  of  a  prince  rather  than  that  of  an  exile. 
Nor  were  that  wife  people  without  good  reafons  forfuch 
a  conduct.  Venice  had  long  regarded  Florence  as  her 
rival  in  commerce,  and  hoped,  by  conferring  upon  Cof- 
mo the  moll  flattering  diftinftions,  to  prevail  upon  him 
to  refide  there  in  future  ;  prudently  fuppofing  that  the 
manufaftories  of  Florence,  and  the  great  commerce  the 
Medici  iiad  carried  on  throughout  Italy,  and  extended 
far  bevond  it  to  the  wealthicft  kingdoms  in  Europe, 
would  become  their  own  by  enrolling  him  amongft  their 
fubjefts. 

The  readlnefs  with  which  Cofmo  had  given  way  to 
the  temporary  clamour  raifed  againll  him,  and  the  re- 
luftance  which  he  had  (hewn  to  renew  thofe  rencounters 
which  had  fo  often  deluged  the  ilreets  of  Florence  with 
blood,  gained  him  new  friends,  even  during  his  exile. 
The  utmoll  exertions  of  his  antagonitls  could  not  long 
prevent  the  choice  of  fuch  niagiftrates  as  were  known 
to  be  attached  to  the  caufe  oFthc  Medici  ;  and  no  foon- 
er  did  they  enter  on  their  office  than  Cofmo  and  his 
brother  were  recalled,  and  Rinaldo  with  his  adherents 
were  compelledTo  quit  tiie  city.  Tin's  event  took  place 
about  a  year  after  the  banininient  of  Cofmo. 

The  fnbfequent  conduct  of  this  great  man  (for  great 
all  allow  him  to  have  been)  has  been  painted  in  differ- 
ent colours  by  diffe'rent  writers.  Mr  Noble,  after  Ma- 
chieval,  compares  his  cruelties  to  his  fallen  foes  with 
thofe  of  Sylla  and  OAavius  to  the  partizans  of  Marius 
and  Brutus  ;  whilfl  Rofcoe  reprefents  his  conduct  as  in 
a  high  degree  amiable  and  generous.  It  appears  to  us 
evident,  from  his  own  words,  that  he  had  txercifed  fome 
cruelties  on  his  exiled  enemies  ;  for  when  one  of  them 
wrote  to  him,  that  "  the  hen  was  hatch'ing,"  he  replied, 
"  She  will  have  but  a  bad  time  of  it,  fo  far  from  her  neft." 
When  fome  other  exiles  acquainted  him  that  "  tliey  were 
not  afleep,"  he  anfwered,  "  he  could  eafily  believe  that, 
for  he  thought  he  had  fpoiled  their  fleepiug."  At  ano- 
ther time,  fome  of  the  citizens  remonllrated  with  him 
upon  the  odloufnefs  of  his  conduft  in  banifhing  fo  many 
perfons  ;  telling  him  "  the  republic  would  be  extremely 
weakened,  and  God  offended,  by  the  expullion  of  fo 
many  good  and  pious  men  as  he  was  fending  intobanifli- 
ment."  His  anfwer  was,  "  it  would  be  better  for  the 
republic  to  be  weakened  than  utterly  ruined  ;  that  two 
or  three  yards  of  fine  cloth  made  many  a  one  look  like 
a  good  man  :  but  that  ftates  were  not  to  be  governed 
or  maintained  by  counting  a  firing  of  beads,  aitd  murob- 
ling  over  a  few  Paler  nojlers." 
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From  this  time  the  life  of  Cofmo  de  Medic!  was  nn  Wedld, 
almofl  uninterrupted  feries  of  profperity.  Kis  misfor-  v  » 
tunes  had  taught  him,  that  the  affectation  of  grandeur 
is  more  dangerous  in  a  free  flate  than  ufurpation.  He 
adijpted,  therefore,  the  drefs,  behaviour,  and  manners, 
of  a  private  citizen.  His  clothes  were  of  the  fame 
fafhion  and  materials  as  the  refl  of  the  Florentines.  In 
the  flreets  he  walked  alone  and  unguarded.  His  table 
was  fupplied  from  what  his  ellate  of  Mugello  produced, 
nor  had  he  one  fervant  more  than  was  abfolutely  necef- 
fary ;  thus  endeavouring  to  unite  the  character  of  a 
prince  with  that  of  a  merchant,  and  a  private  perfon  in 
a  republic. 

Whihl  he  rejefted  all  offices  in  the  magiftracy,  no 
buflnefs  was  tranfaCted  without  its  being  firfl  fettled  at 
Mugello  :  nor  did  he  contract  any  alliances  but  with 
the  fons  and  daughters  of  the  citizens  of  Florence  ;  yet 
all  foreign  princes  and  courts  paid  his  children  the  re 
fpeft  due  only  to  thofe  of  fovereigns  ;  and  the  family 
of  Cofmo  received  educations  equal  to  thofe  of  the 
greatefl  potentates 

A  proper  judgment  may  be  formed  of  his  immenfe 
traffic,  and  the  prodigious  advantages  accruing  from  it  ; 
For  though  a  private  citizen  of  Florence  only,  yet  he 
poffeffed  at  one  time  more  money  than  what  was  in  all 
the  treafuries  of  the  different  fovereigns  in  Europe. 
When  Alfonfo  king  of  Naples  leagued  with  the  Vene- 
tians agaipfl  Florence,  Cofmo  called  in  fuch  immenfe 
debts  from  thofe  places,  as  deprived  them  of  refources 
for  carrying  on  the  war.  During  the  conteft  between 
the  houfes  of  York  and  Lancafler,  he  fnrniflied  Edward 
IV.  with  a  fum  of  money  fo  great,  that  it  might  almofl 
be  confidered  as  the  means  of  fupporting  that  monarch 
on  the  throne. 

In  his  public  and  private  charities,  in  the  number  and 
grandeur  of  the  edifices  he  erefted,  not  only  in  Flo- 
rence, but  in  the  moll  dillant  parts  of  the  world,  and 
in  the  foundations  which  he  endowed,  he  feemed  to 
more  than  vie  with  majefly.  He  fupplied  moll  of  the 
exigencies  of  the  flate  from  his  private  purfe  ;  and  t  »  re 
were  few  citizens  that  had  not  experienced  his  liberality, 
and  many  without  tiie  leall  application,  particularly  the 
nobles. 

But  in  nothing  did  his  munificence  produce  fo  much 
good  to  the  world,  or  acquire  fuch  honour  to  hinilelf, 
as  when  it  was  exerted  for  the  promotion  of  fcience, 
and  the  encouragement  of  learned  men  ;  and  up  in  no. 
thing  did  Cofmo  delight  fo  much  to  exert  it.  The  fludy 
of  the  Greek  language  had  been  introduced  into  Italy 
towards  the  latter  part  of  the  preceding  century  ;  but 
it  had  again  fallen  into  negletl.  After  a  fhort  interval, 
an  attempt  was  made  to  revive  it,  by  the  intervention 
of  Emanuel  Chryfoloras,  a  noble  Greek,  who  taught 
that  language  at  Fi.irence,  and  other  cities  of  Italy,  a- 
bout  the  beginning  of  the  15th  century.  His  difciples, 
who  were  numerous  and  refpeftable,  kept  the  flame 
alive  tin  it  received  new  aid  from  other  learned  Greeks, 
who  were  driven  from  Conflantinople  by  the  dread  of 
the  Turks,  or  by  the  total  overthrow  of  the  Eaflern 
Empire.  To  thefe  illuflrious  foreigners,  as  well  as  to 
the  learned  Italians,  who  fhortly  became  their  fuccefsful 
rivals,  even  in  the  knowledge  of  their  national  hiftory 
and  language,  Cofmo  afforded  the  mofl  liberal  fupport 
and  protedion.  The  very  titles  of  the  works  of  an- 
cient authors,   which  were  brought  to  hght  by  his  mu. 

nificcnce. 
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M«JIci.    niiiceiicc,  would  extend  this  article  beyond  its  proper  li-  Ficino,  and  enjoined  him  to  tranflate  frnm  the  Greek    MetJin- 

""'V^—  inits.     Such,  indeed,  was  the  eftimation  in  which  thcfe  the  trcatife  of  Xenocrates  on   death.      Calling   into  his  ' 

works  were  then  held  in  Italy,  that  a  mamifcript  of  the  chamber   his   wife   and  his  fon  Piero,  he  entered  into  a 

hillurv  of  Livy,  fent   by  Cofmo  de  Medici  to  Alfonfo  narrative  of  all  his  public  tranfnftions  ;  in  wliich  he  gave 

king  of  Naples,   with  whom  he  was  at  variance,  conci-  a  fidl   account  of  iiis   extenfive  mercantile  connections, 

liated  tiie  breach  between  them.  and  adverted  to  tlie  Hate  of  his  domcftic  concerns.     To 

As  the  natural  difpohtion   of  Cofmo  led  him  to  take  Piero  he  recommended  a  ftrift   attention  to  the  educa- 

an  adive  part  in  collecting  the  remains  of  the  ancient  tion  of  his  fons  ;   and  requefted,   that  his  funeral  might 

Greek  and   Roman  writers,  fo  he  was  enabled   by   his  be   coudufted   with   as  much    privacy  as  pofflhlc.      He 

wealth,  and  by  his  exttnfive  mercantile  intercourfe  with  died  on  the  firft    of  Augult    1464,  at   the  age  of  75 

different  parts  of  Europe  and  of  Afia,  to  gratify  a  pafiion  years,  deeply   lamented  by  a  great  maj(irlty  ot  the  citi- 

of  this  kind  beyond  any  other  individual.     To  this  end  zens  of  Florence.     Their   eileem  and  grtititude  had  in- 

he  laid  injuncliuns  on  all  his  friends  and  correfpondents,  deed   been   fully  (hewn  fome  time  before,   when,  by  a 

as  well  as  on  the  mifuonaries  and  preachers  who  travel-  public  decree,   he  was  honoured  with  the  title  of  Paltr 

led  into  the   remottft  countries,  to  fearch  for  and  pro-  Palrid,  an  appellation  which  was  infcribed  on  his  tomb; 

cure  ancient    maimfcripts,  in  every    language,  and  on  and  which,  as  it  was  founded,  fays  Rofcue,  on  real  me- 

every  fubjett.      The  iituation   of  the   Eaftern  Empire,  rit,  has  ever  fince  been  attached  to  the  name  of  Cofmo 

then  falling  into  ruins,    afforded  him  an  opportunity  of  de  Medici. 

obtaining  many  ineftimable  works  in  the  Hebrew,  Greek,         Medici  (Lorenzo  de),  juflly  flylcd  the   magn'jlcent, 

Chaldaic,  Arabic,  and  other  eaftern  languages.      From  was  the  grandfon   of  Cofmo,  and  about  16  years  of  age 

thefe  beginnings  arofe  the  celebrated  library  of  the  Me-  when  his  grandfather  died.      His  father  Piero  de  Medi- 

dici  ;   which,  after  various   vicifTuudes  of  fortune,  and  ci,  though   poffefTed  of  more   than   ordinary  talents,   as 

frequent  and  confijerable  additions,  has  been  preferved  well  as  of  a  very  confiderable  fhare  of  worth,  was,  from 

to  the  prefent  times  under  the   name  of  the  Bibliothsca  various  circumf^ancts,  little  qualified  to  maintain  the  in- 

Mediceo  Laurent'ama.  fluence  which  his  family  had  gained  in   the  republic  of 

Nor  was   Cofmo  a  mere  colleftor  of  books,  he  was  Florence.      From    very  early  life  he  had  been  tortured 

himfelf,  even  In  old  age,   a  laborious  fludent.     Having  by  the  gout  ;   and  almofl  uninterrupted  pain  had  made 

been    ftruck  with    the   fublime    fpeculations  of    Plato,  him  peevifh.      Such  a  difpofitlon  was  not  calculated  to 

which   he   had   heard  detailed  in   leftures  by  a   Greek  retain  the  afFeftions  of  the  giddy  Florentines,  or  to  per- 

monk,  who  had  come  from  Conftantlnople  to  the  coun-  fuade  republicans  that    they  were  free,   while  they  fub- 

cil  of  Florence,  he  determined  to  found  an  academy  for  mitled  to  the  government  of  a  fingle  individual.     All 

the  cultivation  of  that  phllofophy.     For  this  purpofe  he  this  Cofmo    had   forefeen,    and  had  done  what  wifdom 

feleiffed  Marfilio  Ficino,   the  fon  of  his  favourite  phyli-  could   do  to  preferve  to  his   family  that   afcendency  in 

clan,  and  delhned  him,  though  very  young,   to  be  the  the  republic  which  he  had   himfelf  acquired.      He   ex- 

fupport  of  his  future  eftabliibment.      The  education  of  horted   Piero  to  beflow  the  utmofl  care  on  the  educa- 

Ficlno  was  entirely  direfted  to  the  Platonic  phllofophy  ;  tion  of  his  fons,  of  whofe  capacity  he  exprefled  a  high 

nor  were  the  expetlatlons  which  Cofmo  had  formed  of  opinion  ;  he  recommended  to  him  Diotifalvo   Neroni, 

him  difappolnted.      The   Florentine  academy  was   fome  a  man  whom  he  had  himfelf  raifed  from  obfcurity  to  an 

years  afterwards  eftablifhed  with  great  credit,   and  was  eminent  rank,  as  a  counfellor,  in  whofe  wifdom  and  fide- 

the  firfl  inilitution  in  Europe  for  the  purfuit  of  fcience,  lity  he  might  place  the  utmolf  confidence  :  and  to  bind 

detached  from  the   fcholaflic   method   then  unlverfally  the  inhabitants  of  Florence  to  the  houfe  of  Medici  by 

adopted.      It  Is  true,  the  fanciful  doCfrlnes  of  Plato  are  the  flrongell  of  all  lies,  he  had  dillributed  among  them, 

as  remote  from  ti.e  purpofes  of  life  as  the  fubtlcties  of  under  the  denomination  of  loans,  immenfe  funis,  which 

Ariilotle  ;  but,  by  dividing  the  attention  of  the  learned  he  knew  they  wouhl  not  foon  be  able  to  repay, 
between  them,  the  dogmas  of  the  Stagyrite  were  depri-         Piero  paid  the  utmoft  deference  to  the  dying  Injnnc- 

ved  of  that   fcrvlle  relpcft  which  had  fo  long  been  paid  tlons  of  his  fatlier.      He  had  himfelf  an   ardent  love  of 

to  them,  and  men  learned  by  degrees  ty  think  for  tiicm-  letters  ;  and  under  the  eye  of  the  venerable  Cofmo,   he 

felves.  had  given  his  two  fons,  Lorenzo  and  Jnliano,    the   betl 

The  foflering  hand  of  Cofmo  was  held  out  to  art  as  pofTible  domeitlc  education.  In  the  Greek  language, 
well  as  to  fcience  ;  and  architefture,  fculpture,  and  in  ethics,  and  in  the  principles  of  the  Ariflotelian  phi- 
painting,  all  flourlfhed  under  his  powerful  proteftion.  lofophy,  Lorenzo,  the  cldefl,  had  the  advantage  of  the 
The  countenance  fhewn  by  him  to  thefe  arts  was  not  precepts  of  the  learned  Argyropylus  (a),  and  in  thofe 
fuch  as  their  profefTors  generally  receive  from  the  great,  of  the  PHatonic  feft  he  was  feduloufly  inflrufted  by 
It  was  not  conceded  as  a  bounty,  nor  received  as  a  fa-  Marfiho  Ficino  (fee  FiciNUS,  Encycl.)  ;  but  for  his  moil 
vour,  but  appeared  in  the  friendfhip  and  equality  that  valuable  accomplllliments  he  was  not  indebted  to  any 
fubfdled  between  the  artift  and  his  patron  ;  and  the  preceptor.  To  complete  his  education,  however,  it 
fums  of  money,  which  Cofmo  expended  on  pidlures,  fta-  was  judged  expedient  that  he  fhould  vilit  fome  of  the 
tues,  and  public  buildings,  appear  almofl  incredible.  principal  courts  of  Italy  ;  and  very  foon  after  the  death 

Cofmo  now  approached  the  period  of  his  mortal  ex-  of  his  grandfather,  he  repaired  to  Rome,  Bologna,  Fer- 

iftence  ;   but  tiie  faculties  of  his   mind   remained  unim>  rara,  Venice,  and  Milan,  where  he  gained  the  eileem  of 

paired.     About  twenty  dayshefore  he  died,  he  fent  for  ail  whofe  eftecm  was  of  value. 

SuppL.VoL.II.  Part  I,  A  a  Thus 


(a)  This  man  had  fled  from  Conftantlnople,  when  it  was  taken  by  the  Turks,  to  Florence,  where  he  was  pro- 
tefted  by  Cofmo  de  Medici. 
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Mcllci.  Tints  attei.tive  was  Piero  to  the  aJviV-c  of  his  father 
-  V  '  with  refped  to  the  education  of  his  eldcll  foil  ;  nor  was 
he  lefs  attentive  to  it  in  the  clioice  of  his  principal  coun- 
fellor.  He  intruded  the  whole:  of  his  affairs  into  the 
liands  of  Neroni,  and  gave  hiin  Cofmo's  accounts  to 
perufe  and  fettle.  Th,tt  ambition,  which  perhaps  had 
lain  lurking  in  this  man's  mind,  was  now  called  forth, 
and  he  bafely  formed  the  fcheme  of  mining  the  fon  of 
his  patron,  by  building  upon  his  misfortunes  his  own 
future  grandeur.  For  this  purpofe,  he  lamented  the  ab- 
folute  neccflity  there  was  for  an  immediate  call  upon 
thofe  who  were  indebted  to  Piero  as  Cofmu's  reprclen- 
tative  ;  telling  him  that  a  delay  might  fubjeft  him  to 
the  greateft  inconveniences.  Piero  confented,  though 
with  reluclance,  to  his  fuppofcd  friend's  advice.  The 
refult  was  fuch  as  Keroni  expefted.  Thofe  who  were 
friends  of  the  father  became  enemies  of  the  fon  ;  and  had 
rot  Piero  difcovered  the  fnare,  and  defifted  from  fuch 
rigorous  proceedings,  he  might  have  found,  when  too 
late,  that  in  fupporting  the  charnfter  of  the  merchant, 
he  had  forgotten  that  of  the  ftatefman  ;  for  all  the  ci- 
tizens of  Florence  were  bis  debtors. 

Soon  after  this,  an  attcinpt  was  made  to  alfairinate 
Piero,  by  a  powerful  party  which  had  always  been  ini- 
mical to  the  houfe  of  Medici  ;  but  it  was  defeated  by 
Lorenzo,  who  difplayed  on  that  occafion  a  fagacity  and 
promptitude  of  mind  which  would  have  done  honour 
to  the  oldeil  ilatefman.  A  few  of  the  confpirators  were 
declared  enemies  to  the  ftate,  and  condemned  to  banifli- 
nient  ;  but  by  far  the  greater  jiart  of  them  were  par- 
doned on  the  folicitaliou  of  Lorenzo,  who  declared, 
that  "  he  only  knows  how  to  conquer,  who  knows  how 
to  forgive." 

In  the  year  1469  Piero  de  Medici  died  ;  and  Loren- 
zo fucceeded  to  his  authority  as  if  it  had  been  a  part  of 
his  patrimony,  being  requelttd  by  the  princijial  inhabi- 
tants of  Florence,  that  he  would  take  upon  himfelf  the 
sdminiftration  of  the  republic  in  the  fame  manner  that 
his  grandfather  and  father  had  done. 

In  the  mouth  of  December  1470,  a  league  was  fo- 
Itmnly  concluded  between  the  pope,  the  king  of  Naples, 
the  duke  of  Milan,  and  the  Florentines,  againft  Maho- 
jr.et  II.  who  had  vowed  not  to  lay  down  his  arms  till 
be  had  abolilhed  the  religion  of  Ciirift,  and  extirpated 
ail  his  followers.  The  pope,  however,  (Paul  II.),  died 
on  the  26th  of  July  1 47  I  ;  and  Sixtus  IV.  fuccceding 
to  the  chair  of  St  Peter,  Lorenzo  was  deputed  from 
Florence  to  congratulate  him  on  his  elevation.  Two 
more  oppofite  cbarafters  can  hardly  be  conceived  than 
thofe  of  Sixtus  and  Lorenzo.  The  former  was  cruel, 
treacherous,  and  fordid  ;  the  latter  was  merciful,  can- 
did, and  generous.  Yet  fuch  inftances  of  mutual  good 
will  took  place  between  them  on  this  occaiion,  that  Lo- 
renzo, who,  under  the  direftion  of  his  agents,  had  a 
bank  eftablifhtd  at  Rome,  was  formally  inverted  with 
the  office  of  treafurer  of  the  Holy  See. 

Pifa  had  been  under  the  dominion  of  Florence  from 
the  year  1406,  and  it  had  acquired  fome  celebrity  on 
account  of  its  academy,  which  had  exifted  almoft  two 
centuries.  That  academy,  however,  had  fallen  into  de- 
cay ;  and,  in  the  year  1472,  the   Florentines  refolvtd 


to  rcftorc  it  to  its  pn'iline  fplendour.  Five  citizens,  Mr^dU 
of  whom  Lorenzo  ue  Medici  was  one,  were  appoi.Tted  " 
to  fuperintend  the  execution  of  their  purpofe  ;  but  Lo- 
renzo, who  was  the  projettor  of  the  plan,  undertook 
the  chief  management  of  it  ;  and,  in  addition  to  6000 
florins  annually  granted  by  the  Hate,  expended,  in  ef- 
letling  his  purpofe,  a  large  fum  of  money  from  his  pri- 
vate fortune.  In  doing  this,  he  only  imitated  the  ex- 
ample of  his  father  and  grandfather  ;  for  in  the  courfe 
of  37  years,  reckoning  from  the  return  of  Cofmo  from 
banirtiment,  this  illuilrious  family  had  expended  on 
works  of  charity  or  public  utility  upwards  of  660,000 
florins.  "Some  perfons  (laid  Lorenzo)  would  perhaps 
be  better  pleaitd  to  have  a  part  of  it  in  their  purfe  ; 
but  I  conceive  that  it  has  been  of  great  advantage  to 
the  public,  and  well  laid  out,  and  am  tiierefore perfcft-- 
ly  fatisfied." 

In  the  year  1474,  Lorenzo  incurred  the  difpleafure 
of  the  pope  for  oppofing  fome  of  his  encroachments  on- 
the  petty  princes  of  Italy  ;  and  the  revenge  planned  by 
Sixtus  was  of  fuch  a  nature  as  would  have  difgraced, 
we  do  not  fay  a  Chriftian  biHiop,  but  the  rudeft  favage.. 
He  began  by  depriving  Lorenzo  of  the  office  of  trea- 
furer of  the  Roman  See,  which  he  gave  to  the  Pazzi,  a 
Florentine  family,  who,  as  well  as  the  Medici,  had  a 
public  bank  at  Rome.  By  this  llep  he  lecured  the  in- 
tercft  of  the  Pazzi,  who,  it  is  probable,  were  to  govern 
Florence  under  the  pope,  when  Lorenzo  and  Juliano  de 
Medici  flioiild  be  cut  off,  and  their  friends  aud  adhe- 
rents driven  from  the  republic.  The  principal  agent 
engaged  in  the  undertaking  w-as  Franlefco  Salviati  arch- 
bilhop  of  Pifa,  to  which  rank  he  had  lately  been  pro- 
moted by  Sixtus,  in  oppofition  to  the  widies  of  the  Me- 
dici. The  other  confpirators  were  Giacopo  Salviati, 
brother  to  the  archbifhop;  Giacopo  Poggio,  one  of  the 
fons  of  the  celebrated  Poggio  Bracciolini  (fee  Pocqi- 
us,  Encycl.)  ;  Barnardo  Bandini,  a  daring  libertine,' 
rendered  dcfperate  by  the  confequence  of  his  exceffes  ; 
Giovanni  Battilli  Monteficco,  who  had  dillinguifhed 
liimfclf  as  general  of  the  pope's  armies  ;  Antonio  Maf- 
fei,  a  prielt  of  Volterra;  and  Stephano  de  Bagnona,  one 
of  the  aptrflolic  fcribes  ;  with  feveral  others  of  inferior 
note.  The  cardinal  Riario,  then  at  Pifa,  was  likewife 
an  inllruRienl  in  the  confpiracy  ;  but  he  can  hardly  be 
confidered  as  an  agent,  tor  he  was  kept  ignorant  of 
what  was  going  on,  and  enjoined  only  to  obey  whatever 
direftions  he  migiit  receive  from  the  archhilhop  of  Pila. 
The  affaffuiation  of  the  ilhiftrious  youths  was  fixed 
for  Sunday,  April  26.  J478  ;  the  place  the  cathedral 
of  Florence,  at  the  moment  the  holl  was  to  be  elevated; 
and  their  murder  was  to  be  the  fignal  for  feizing  and  ex- 
pelling from  the  walls  of  the  city  all  their  relations  and 
friends.  What  a  tranfadlion  this  for  one  who  prefumed 
to  flyle  himfelf  the  vicar  of  Chrifl,  the  common  father 
of  Chriflendom,  to  patronize  ! 

The  fatal  day  arrived,  and  Lorenzo  was  already  in 
the  church  ;  but  Juliano  remained  at  home,  occalioned 
by  a  flight  indifpof'ition.  The  confpirators,  determining 
not  to  lofe  one  of  their  vidlims,  went  to  invite,  to  in. 
treat  him,  to  go.  They  embraced  (b),  and  led  him,  by 
a  tender  violence,  to  the  cathedral.      The  fignal  was 

given 


(b)  The  airaffins  embraced  Juliano,  to  difcover  whether  he  wore  any  fecret  armour,  that  they  might  know 
whre   to  ftrike  with  the  fureft  aim. 
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Medici,    plven  by  the  elevation  of  the  confecrated  wafer;  and     dial  to  vvliicli  he  had  fled,  and  conveyed   home   in  tii- 
'  whilft  the  people  fell  upon   their  knees  to  adore,    the 
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affaffins  rofe,  and,  as  was  concerted,  two  of  them,  Fran- 
cifco  Pazzi  and  Barnardo  Bandini,  fell  upon  Juliano. 
The  latter  diretled  his  poignard  fo  truly,  that  it  enter- 
ed into  the  bofom  of  tiie  unoffending  youth,  and  he  fell 
mortally  wounded  at  his  feet. 

In  a  moment,  as  niuft  be  fuppofed,  all  was  confufion. 
Lorenzo,  alarmed,  put  himfclf  in  a  poiture  of  defence, 
when  in  an  inftant,  Antonio  of  Volterra,  and  Stepha- 
no  a  priell,  the  dependant  ot  the  archbilhop,  who,  upon 
Giovanni  Battilli's  declining  the  infamous  ta(l<,  under- 
took his  deilruttion,  rufhed  upon  him  as  their  dellined 
prey.  The  conteft  continned  fome  time.  Lorenzo  had 
received  a  wound  in  his  neck,  and  feemed  to  contend 
for  his  life  in  vain  ;  but  a  fervant,  whom  he  had  lately 
relieved  from  prifon,  infplred  by  gratitude,  hertically 
threw  himfelf  between  his  beloved  lord  and  his  atrafluis, 
receiving  in  his  body  thofe  weapons  that  were  aimed  at 
the  breall  of  Lorenzo.  This  fidelity  faved  him;  for 
by  one  vigorous  effort  he  broke  from  Antonio  and  Ste- 
phano,  and  with  a  few  friends  ruflied  into  the  facrifty, 
(hutting;  the  doors  behind  them,  which  were  of  brafs. 
Apprehenfionsbeing  entertained,  that  the  weapon  which 
had  wounded  him  was  poifoned,  a  young  man  fucked 
the  wound,  endangering  his  own  life  to  fave  that  of  Lo- 
renzo. 

The  rage  of  the  people  to  fee  one  of  their  favourites 
expiring,  and  the  other  covered  with  blood,  was  inex- 
prefiible.  The  cardinal  Riario  found  it  difiicult  to  fave 
his  life  at  that  altar  which  he  had  ftained  by  fo  horrid 
a  deed,  and  to  which  he  then  fled  for  protcAion. 

Whilil  this  infamous  fcene  was  acting  in  the  cathe- 
dral, others  of  the  confpirators  were  attempting  to  feize 
the  Palazzo  ;  but  with  no  better  fuccefs.  The  arch- 
biihop  Salviatti,  who  had  undertaken  to  head  them, 
gave  the  magiftrates  fufpicion  by  thofe  violent  emotions 
which  agitated  his  whole  frame.  The  nine  fenators 
who  compofed  the  magillracy,  including  the  gonfalo- 
nier, who  had  been  appointed  by,  and  were,  in  other 
words,  the  privy  council  of  the  Medici,  immediately  at- 
tacked thofe  who  intended  to  have  furprifed  them  ;  and 
Salviatti  and  his  followers  had  no  fooncr  gained  the  fe- 
cond  floor,  than  they  found  themfelvcs  prifoners. 

Jacobo  Pazzi  foon  appeare-d  in  the  flreet,  proclaim- 
ing, witli  exultation,  the  murder  of  Juliano;  and  invi- 
tinir  the  Florentines  to  free  themfelvcs  from  the  Medi- 
cean  flavery  ;  but  perceiving  that  he  was  not  joined  by 
the  people,  the  magillrates  lent  off  100  horfe  to  the  ref- 
cue  of  Lorenzo.  This  was  the  more  to  be  commended, 
becaufe  they  continued  to  be  aiTaulted  by  the  confpira- 
tors, who  findingtheir  fituation  defperate,  forced  them- 
felvcs to  the  groiuid  floor,  determining,  if  poffible, to  feize 
the  Palazzo.  The  magiftrates,  with  their  attendants, 
afted  with  fuch  refolution  and  valour,  that  asjaften  as 
they  gained  an  entrance  they  drove  them  back,  killing 
fome  of  the  alfailants  upon  the  fpot,  others  they  threw 
out  of  the  windows  upon  the  pavement;  and  to  ilrike 
an  awe  into  thofe  that  were  without,  they  had  the  bold- 
neis  and  virtue  to  hang  the  archbifliop  from  one  of  the 
windows,  drelfed  as  he  was  in  his  pontifical  robes,  with 
Poggio,  another  of  the  chief  confpirators.  Florence 
refounded  in  every  part  with  the  exclamation— Medici, 
Medici  !   down  with  their  enemies! 

Lorenzo  was  liberated  from  that  part  of  the  cathe- 


uniph,  where  his  wounds  were  attended  to,  and  where 
he  found  hlmklf  furrounded  by  his  moll  valuable  friends, 
to  whom  he  was  endeared  by  the  fhocking  occurrences 
of  the  day.  His  partizans,  however,  did  not  fpend 
their  time  only  in  lamentations  for  the  death  of  one  of 
the  brothel s,  and  exultations  for  the  prefervation  of  the 
other;  they  united  in  purfuing  tlie  confpirators,  fpa- 
ring  none  that  fell  into  their  hands.  Jacobo  Pazzi  was 
taken  flying  with  his  forces  into  Romania,  and  imme- 
diately hung.  An  officer  of  the  pope's,  who  command- 
ed a  brigade  under  Count  Hirronimo,  had  alone  the  fa- 
vour of  decapitation.  Bandini  fled  privately  to  PIfa, 
thence  to  Naples,  and,  laftly,  to  Conftantinople;  but 
Mahomet,  to  oblige  Lorenzo,  feized,  and  fent  him  back; 
and  he  was  hung  out  of  the  fame  window  from  which 
the  archbifliop  had  fuffered.  An  erabaffy  was  fent  from 
Florence  to  thank  the  fultan  in  the  name  of  the  republic. 

Throughout  the  whole  of  this  jull  but  dreadful  re- 
tribution, Lorenzo  had  exerted  all  his  influence  to  rc- 
flrain  the  indignation  of  the  populace.  He  entreated 
that  they  would  refign  to  the  magillrates  the  taflc  of 
afcertaining  and  of  punifhing  the  guilty,  left  the  inno- 
cent fhould  be  incautioufly  involved  in  deftruflion  ;  and 
his  appearance  and  admonitions  had  an  inllantaneous  ef- 
fett.  By  his  moderation,  and  even  kindnels  to  the  re- 
latives of  the  confpirators,  he  fought  to  obliterate  the 
remembrance  of  pail  dillurbances;  and  by  his  interfe- 
rence, even  the  furvivors  of  the  Pazzi  were  rellored  to 
their  honours,  of  which  they  had  been  deprived  by  a 
decree  of  the  ftate. 

The  generofity  and  moderation  of  Lorenzo  had  no 
effedt  on  the  temper  of  Sixtus,  who  folemnly  excommu- 
nicated him,  the  gonfalonier,  the  magiftrates,  and  their 
immediate  fucceffors;  and  in  the  bull  which  he  ifl"ued 
on  this  occafion,  he  ftyles  Lorenzo  de  Medici  "  the 
child  of  iniquity  and  the  nurlling  of  perdition!"  Not 
content  with  this  ebullition  of  refentment,  he  fufpended 
the  billiops  and  clergy  of  the  Florentine  territories  from 
the  exercife  of  their  fpiritual  funftions;  thus  laying  the 
whole  republic  under  an  interdidl.  This  had  been  a 
formidable  weapon  in  the  hand,>of  his  predecelTors,  who 
had,  by  means  of  it,  overawed  the  moft  powerful  mo- 
naichs;  but  the  general  character  of  Sixtus  was  fo  in- 
famous, and  his  prefent  injuiliee  fo  manifcft,  that  by 
the  exertions  of  the  billiop  of  Arezzo,  a  convocation 
was  held  in  the  cathedral  church  of  Florence,  in  which 
Sixtus  v.'as  accufed  oi  foniuatlun  and  adu/tfiy,  with  other 
infamous  vices  ;  declared  to  he  the  principal  infligalor 
of  the  confpiracy  againft  the  Medici;  and  the  fentcnce 
of  excommunication  which  he  had  fulminated  againft 
Lorenzo  and  the  Florentine  magiftrates  was  called  in 
direct  terms,  the  "  execrable  malediftion  of  a  damned 
judge  (^ma/ediciam  malidiUlonem  dumnatyjimijudicis)  .'" 

How  fuch  language  could  be  reconciled  to  the  no- 
tions which  then  prevailed  of  the  fanftity  of  the  pope, 
and  the  plenitude  ot  hisj)ower,  it  is  needlefs  to  inqui-.e; 
but  the  reader  will  not  lie  iiirprifed  that  the  prelates,  who 
made  ufeof  it,  paid  no  regard  to  the  interdict  of  Sixtuj. 
Tlie  pontiff,  however,  did  not  relax  from  his  piirpofe. 
Whilft  he  brandilhed  with  one  hand  the  fpiritual  wea- 
pon, which  the  Florentinrs  treated  with  fucli  contempt, 
in  the  other  he  grafped  a  temporal  fword,  which  he  now 
openly,  as  he  had  before  lecretly,  ainied  at  the  breall 
of  Lorenzo.  At  his  inftigation  the  king  of  Naplc* 
A  a  2  difpatched 
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Melici.  difpatclied  an  envoy  to  Florence,  to  require  the  citizens 
'''~v—'  to  banilh  Lorenzo  from  the  Tui'can  territories,  if  they 
would  n<;l  incur  the  vengeance  both  of  hin:i  and  of  the 
popt,  Thirfe  threats  produced  not  the  intended  effedl; 
for  the  Florentines  avowed  their  firm  refolution  to  iuf- 
fer  every  extremity,  rather  than  betray  the  man  whom 
they  confidcred  as  guardian  of  the  repubh'c.  War 
therefore  was  commenced  and  the  republic  was  on  the 
point  of  being  ruined,  when  Lorenzo  taking  advantage 
of  a  truce,  threw  himlelf,  with  a  refolution  not  to  be 
equalled,  into  the  hands  of  the  king  of  Naples.  He 
judged,  perhaps,  that  any  (lipulations  for  his  perfonal 
fafcty  would  be  ufeltfs  with  a  prince  who  had  fported 
with  honour,  jnfticc,  mercy,  and  the  moil  iolemn  trea- 
ties. But,  whilll  all  viewed  him  as  a  viftlm  who  had 
devoted  himfclf  to  fave  his  country,  lie,  by  perfuafive 
eloquence,  obtained  of  this  crafty  perfidious  monarch  a 
feparate  peace,  and  returned  to  Florence  crowned  with 
a  fnccefs  that  no  one  thought  poflible,  and  where  he 
was  received  as  its  tutelar  deity.  The  pope,  however, 
continued  inflexible,  till  a  defcent  of  the  Turks  upon 
Italy  reftored  him  to  his  fenfes,  and  made  him  willing 
to  receive  the  fubmiflion  of  Florence,  and  reconcile  its 
inhabitants  to  the  church. 

Soon  after  the  termination  of  the  hoftilities  between 
Sixtus  and  the  republic  of  Florence,  Lorenzo  began  to 
unfold  plans  for  fecuring  the  peace  of  Italy,  which  con- 
fer the  highell  honour  on  his  political  life.  To  coun- 
terpoife  all  the  jarring  intcreils  of  the  petty  ftates  of 
■which  that  country  was  compofed,  to  reflrain  the 
powerful,  fuccour  the  weak,  and  to  unite  the  whole  in 
one  firm  body  which  might  be  able,  on  the  one  hand, 
fuccefsfuUy  to  oppofe  the  formidable  power  of  the 
Turks,  and,  on  the  other,  to  repel  the  incurfions  of 
the  French  and  Germans,  were  the  important  ends 
■which  this  great  man  propofed  to  accomplifh.  But 
before  he  engaged  in  thefe  momentous  undertakings,  he 
had  further  perfonal  dangers  to  encounter.  By  the  in- 
ftigation  of  Cardinal  Riario,  and  fonie  Florentine  exiles, 
one  Battifta  Frafcobaldi,  with  only  two  aflillants,  un- 
dertook to  affaffinate  him  in  the  church  of  the  Carmeli, 
on  the  fellival  of  the  afcenfion  1481  ;  but  the  plot  was 
difcovered,  the  conlpirators  executed,  and  Lorenzo 
henceforth  feldom  went  abroad  without  being  furround- 
cd  by  a  number  of  tried  friends. 

Lorenzo  was  now  at  liberty  to  profecute  his  bene- 
volent purpofes;  and  after  contributing  to  the  cxpulfion 
of  the  Turks  from  Italy,  he  fet  himfclf  in  good  earneft 
to  fupport  the  weak  ftates  againft  the  encroachments 
of  the  more  powerful.  This  ncceffarily  embroiled  the 
republic  at  one  time  with  the  pope,  at  another  with 
the  king  of  Naples  ;  now  with  the  V'enetians,  and  then 
with  the  Duke  of  Milan  :  but  when  fonie  exclaimed 
againft  him  as  being  too  precipitate  in  involving  the 
republic  in  dangerous  and  expenfive  wars,  he  explained 
to  them  the  necefhty  of  maintaining  the  balance  of 
power,  if  they  would  preferve  the  independence  of  their 
own  ftate;  and  fo  completely  had  he  made  himfelf  mafter 
of  this  fubjedf,  that  he  convinced  the  moft  incredulous 
of  the  propriety  of  his  meafures,  v'\hich,  in  14S8,  intro- 
duced general  tranquillity  into  Italy. 

At  this  period,  the  city  of  Florence  was  at  its  higheil 
degree  of  profpfrity.  The  vigilance  of  Lorenzo  had 
fecured  it  from  allapprehenfions  of  external  attack;  and 
Ws  acknowledged  difintcrefttdnefs  and  moderation  had 


188     ]  MED 

almoft  extingulfhed  that  fpirit  of  internal  diflenfion  for     Mediel. 
■which  it  had  been  fo  long  remarkable.     The  Floren-  ^~~v     "^ 
tines  gloried  in  their  illuftrious  citizen,  and  were  grati- 
fied by  numbering  in  their  body  a  man  who  wielded  in 
his  hands  the  fate  of  nations,  and  attrafted  the  refpeft 
and  admiration  of  all  Europe. 

Yet  amidft  public  aftairs  fo  intricate  and  fo  momen- 
tous, fuch  was  the  capacity  of  this  man's  mind,  and 
fuch  his  verfatillty  of  genius,  that,  for  the  greater  part 
of  his  lite,  he  carried  on  a  commerce  as  extenfive  as  that 
of  his  grandfather,  whilft  he  afforded  ftill  greater  en- 
couragement to  learning  and  learned  men.  Cofmo  had 
greatly  promoted  the  lludy  of  the  ancient  languages 
and  ancient  philofophy.  Lorenzo  did  the  fame  thing: 
but  he  did  much  more;  he  encouraged  the  cultivation 
of  his  own  tongue,  which  had  been  neglected  iince  the 
age  of  Pctrarca  ;  and  by  fctting  a  great  example  him- 
fclf, he  produced  a  race  of  Italian  poets,  which  have 
hardly  been  furpaffed  m  any  age  ornation.  To  enumerate 
even  the  names  of  the  elegant  fcholars  whom  he  pa- 
troniled,  would  extend  this  article  far  beyond  its  limits. 
In  the  academy  of  Pifa,  of  which  mention  has  been  al- 
ready made,  the  ftudies  ■were  chiefly  confined  to  the 
Latin  language,  and  to  thofe  fciences  of  which  it  was 
the  principal  vehicle.  At  Florence  the  Greek  tongue 
was  taught  under  the  fandtion  of  a  public  inftitution, 
either  by  native  Greeks  or  learned  Italians,  whofe  fer- 
viccs  were  procured  by  the  diligence  of  Lorenzo  de 
Medici,  and  repaid  by  his  bounty.  He  placed  Michael 
Angelo  at  the  head  of  an  academy,  which  he  erefled 
for  painting  and  fculpture,  furnifhing  it  with  the  belt 
models  of  antiquity.  He  built  and  endowed  a  public 
library,  and  fent  Lafcaris,  of  imperial  defcent,  to  Con» 
ftantinoplc  more  than  once,  to  procure  Greek  nianu- 
fcripts.  For  father  Moriano,  the  orator,  a  monaltery 
was  built  ;  and  Florence  owed  many  of  her  fineil  edi- 
fices to  him.  Polltiano  and  Ficino  were  among  his 
moft  intimate  friends;  and  it  is  not  perhaps  too  much 
to  fay,  that  he  did  more  for  letters  and  fcience  and  art 
than  any  other  individual  that  ever  exifted.  His  own 
acquirements  in  learning  were  great ;  and  his  poetry, 
of  which  the  reader  will  find  many  fpecimens  in  the  ele- 
gant work  of  Rofcoe,  was  exquifite. 

Is  it  furprifing,  when  we  examine  Lorenzo's  charac- 
ter, that  all  Italy,  all  Chrillendom,  even  the  Maho- 
metans, gave  him  the  moft  flattering  marks  of  appro- 
bation, and  ftrove  who  fliould  oblige  him  moft,  by  pre- 
fenting  him  with  whatever  was  rare  and  valuable?  His 
palace  was  conftantly  filled  with  men  famous  in  every 
elegant,  every  ufcful  fcience,  and  the  neighbouring 
princes  flocked  to  it  as  the  temple  of  wifJom.  The 
celebrated  prince  of  Mlrandola,  on  his  account,  chofe 
Florence  for  his  refidence,  and  died  there. 

To  a  moft  engaging  perfon  was  added  each  grace, 
and  every  accomplilhment.  He  was  the  favourite  of 
the  ladies,  the  envy  of  the  men,  and  the  admiration  of 
both.  The  ftatefman  of  his  time  ;  unrivalled  in  chi- 
valry ;  one  of  the  moft  eminent  orators  that  the  world 
has  produced.  His  poetic  merit,  with  his  judgment 
in,  and  patronage  of  that  art,  procured  him  the  title  of 
"  Father  of  the  Mufes."  In  liberality  to  his  fellow- 
citizens,  as  well  as  in  every  other  refpeft,  except  as  a 
general,  he  exceeded  even  Csefar  himfelf ;  and  had  not 
peace  been  his  dear  delight,  his  talents  would  have  made 
him  a  confiimmate  commander.     Yet  with  all  thefe  fu- 
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M'dici,    pepi'or  accomplifhments,  lie  did   not   tliiiik   it  beneath 
^Mclicin-i.  jjjijj  j^  induljje  in  amufements  which  perlons,  Icfs  wife, 
'  would  have  thought  an    impeachment  of  their  under- 

ilanding,  and  he  would  often  feck  pleafnre  in  his  nurfery, 
fpeiiding  hours  there  in  all  the  frivolous  pranks  of 
fhilJilh  diverfion.  In  fine,  "  the  gravity  of  his  life,  if 
compared  with  its  levity,  muft  make  him  appear  as  a 
compofition  of  two  different  perlons,  incompatible,  and, 
as  it  were,  impofrible  to  be  joined  with  the  other." 

Lorenzo,  like  moll  other  great  men,  had  wirtied  to 
fpend  his  laft  years  in  the  tranquillity  of  retirement. 
He  therefore  at  an  caily  period  wound  up  his  mercan- 
tile concerns,  and  divided  his  time  between  the  cares  of 
the  republic  at  Florence,  and  the  cultivation  of  his 
cftates  in  the  country.  Hewilhtdeven  to  dived  himfelf 
of  all  public  concerns,  and  get  his  fecond  fon  Giovanni 
admitted  into  holy  orders  at  the  age  of  feven  years,  that 
he  might  be  fit  for  ecclefiaftical  preierment  before  he 
fhould  be  dejirived  of  the  proteftion  ot  his  father.  The 
young  eeclefiaftic,  who  afterwards  made  fu..'h  a  figme 
as  Leo  X.  was  accordingly  appointed  by  Louis  XI.  of 
France,  abbot  of  Fonte  Dolac,  before  he  was  eight 
years  of  age  ;  and  by  Innocent  VIII.  a  cardinal,  when 
he  was  little  more  than  thirteen.  This  added  much  to  the 
influence  of  the  family,  not  only  in  the  Tufcan  flates,  but 
through  all  Italy;  and  Lorenzo  having  introduced  his 
eldeft  fon  into  public  life, and  accomplilhed  a  marriage  be- 
tween him  and  the  daughter  of  a  noble  family  at  Rome, 
thought  he  might  commit  the  affairs  of  the  republic  in 
a  great  meafure  to  Piero,  and  indulge  his  own  taile  in 
the  converfation  of  his  learned  friends.  This  dream  of 
felicity  however  was  not  realized.  Early  in  the  year 
1492,  he  was  attacked  by  a  difeafe,  under  which  he  had 
long  laboured,  with  fuch  violence,  that  on  the  8lh  of 
April  he  died  in  the  midll  of  his  weeping  friends,  after 
having  taken  of  them,  one  by  one,  an  aifeflionate  fare- 
wel,  and  given  to  his  fon  Piero  much  lalutary  counftl, 
which  he  thought  not  fit  to  follow. 

The  charafler  of  this  great  and  good  man  is  deve- 
loped in  the  detail  which  we  have  given  of  his  conduft 
through  life  :  But  it  may  not  be  improper  to  add,  that 
fuch  was  the  love  and  veneration  of  the  citizens  to  him, 
that  the  phyfician,  who  had  attended  him  on  his  death- 
bed, afraid  to  return  to  Florence,  left  the  houfe  in  a 
ftate  of  diftraftion,  and  plunged  himfelf  into  a  well. 
Throughout  the  reft  of  Italy  the  death  of  Lorenzo  was 
regarded  as  a  public  calamity  of  the  moft  alarming 
kind.  Of  the  arch  which  fupported  the  political  fabric 
of  that  country  he  had  long  been  confidered  as  the 
centre,  and  his  lofs  feemcd  to  threaten  the  wht'le  with 
immediate  deilruftion.  When  Ferdinand  king  of 
Naples  was  informed  of  the  event,  he  exclaimed,  "  This 
man  has  lived  long  enough  for  his  own  glory,  but  too 
(liort  a  time  for  Italy." 

MEDICINA  FORENSis,  Is  a  phrafe  ufed  in  Germany 
to  denote  thofe  parts  of  anatomical  and  phyfiological 
knowledge,  which  enable  phyficians  and  furgeons  to 
decide  certain  caufes  as  judges  in  courts  of  juflicc.  In 
that  country  it  has  long  been  law  and  cuftom  (if  we 
miftake  not,  by  the  Caraline  code  of  Charles  V.)  to  re- 
fer cafes  oi poifoning,  chlldmurder,  rape,  pregnancy,  itn- 
potency,  ideotifm,  &c.  to  the  medical  faculty,  which,  in 
the  univerfities  and  fome  other  great  towns,  is  conflitu- 
ted  into  a  kind  of  court  for  the  trial  of  fuch  queftions.  In 
this  couutry  there  are  no  fuch  courts ;  but  in  criminal 
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trials  medical  gentlemen  are  often  called  upon  to  defcribe  Meclin'na, 
the  fymptoms  of /io{^«in^,  child-murder,  rape,  iic.   and,     ''■'"''   ^ 
thercfoTe  it  becomes  them  to  obtain  an  accurate  know-         ' 
ledge  of  thefe  fymptoms,  and  to  ftore  their  memories 
with  a  number  of  minute  fafts,  to  which  they  may  have 
occafion  to  appeal  when  giving  their  evidence. 

Tlie  importance  of  this  fubjeft  induced  the  profefTor 
of  the  inftitutes  of  phyfic  in  the  univerfity  ot  Edinburgh 
to  refolve  lately  to  read  an  annual  courfe  of  leAures  on 
Medical  JuRispRVDrscE.  This,  we  doubt  not,  will 
prove  a  valuable  courfe  ;  for  though  it  is  hardly  con- 
ceivable that,  under  the  head  medical jurijpriidcnce,  any 
knowledge  can  be  communicated  which  a  well  educated 
phyfician  would  not  ntccffarily  have  acquired,  without 
attending  fuch  a  courfe;  yet  it  is  very  obvious,  that  the 
rccollcdtion  of  the  young  phyfician  may  ri  ceive  great 
aid  from  his  liflening  to  the  well  arranged  Icdures  of  an 
accurate  profeflur.  From  thefe  leAures  he  may  (lore. 
his  mind  with  a  colleAion  of  aphorifms  which  (hall  be 
always  ready  on  the  day  of  examination  ;  or  the  lectures 
tlieir.lVlves  may  be  delivered  in  qucllions  and  anfwcrs 
with  all  the  formalities  of  a  criminal  court. 

We  have  heard  it  obferved,  that  to  attend  a  courfe 
of  fuch  leftures  would  be  of  the  ntmoft  advantage  to  all 
who  may  be  called  upon  to  fevve  as  jurymen  in  criminal 
trials  ;  but  of  thetrutl)  of  this  obfervation  we  arc  more 
than  doubtful.  Perfons  who  are  only  Zi;;^"  iuftiutled 
are  always  conceited  of  their  own  attainments;  and  men 
not  acquainted  with  anatomy  and  phyfiology  cannot  be 
more  than  half  inftrufted  by  the  ableil  courfe  pofTible  to 
be  given  of  medical  jurifprudence.  Such  perfons  in- 
deed  can  hardly  avoid  milbikiiig  the  fenfe  of  the  pro- 
feffor's  language,  however  ptrlpicuous  that  language 
mav  be.  Of  this  we  had  lately  a  very  Itriking  inftance. 
A  gentleman,  by  no  m.eans  illiterate,  though  a  llrangcr 
to  anatomical  and  phyfiological  fcience,  was  expatia- 
ting to  the  writer  of  this  article  upon  the  general  im- 
portance of  medical  jurilprudence,  a  courle  of  which, 
he  fald,  he  had  attended  for  the  fole  purpofe  of  qualify- 
ing himfelf  for  difcharging  the  Important  duties  of  a 
juryman.  Upon  being  allied  what  he  had  learned  ?  he 
replied,  that  he  had  been  taught,  among  other  things 
which  we  thought  frivolous,  to  difcern,  from  the  fymp- 
toms of  hanging  whether  the  dead  rnan  had  been  hang- 
ed by  himfelf  or  by  another.  We  need  not  furely  ob- 
fcrve,  that  no  fuch  leffon  was  ever  taught  in  any  uni- 
verfity, or  by  any  medical  leAurer ;  but  it  is  worthy  of 
confideration  whether  Icftures  on  medical  jurifprudence 
may  not  have  the  mod  pernicious  etfei'is  on  the  minds 
of  men  Ai  little  qualified  as  this  gentleman  to  profit  by 
them.  To  the  regularly  educated  phyfician  and  fur- 
geon  fuch  leftures  may  prove  ufcful ;  to  the  plain  citi- 
zen, not  (killed  in  anatomy  and  phyfiology,  they  muft 
prove  dangerous  ;  as  their  only  tendency  Is  to  make 
him  defpife  the  evidence  given  before  him  liy  the  regu- 
lar phyfician  or  furgeon  ;  to  place  implicit  confidence 
in  his  own  ("uperficial  knowledge  ;  and  thus  to  decide 
at  random  on  the  life  or  death  of  his  fellow-creature  : 

A  little  learning  is  a  dangerous  thing  ; 
Drink  deep,  or  tafte  not  the  Pierian  fpring. 

MEDINA,  the  capital  of  the  kingdom  of  WooUi  in 
Africa,  is  fituated  in  13"  40'  N.  Lat.  and  12°  40'  W. 
Long.  It  is  a  place  of  confiderablc  extent,  and  may- 
contain  from  800  to  1000  houfes.    It  is  fortified  in  the 

common 
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common  African   manner,  by  a  funoiinding  high  wall  MEHALL,  in  the  language  of  Bengal]  a  place  or    MeliaH, 
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huiit  of  <-lay,  and  an  outward  fence  of  pointed  llakcs 

and  pi-ickly  bufhes  ;  but  the  walls  are  negledied,  and  MKNINSKI   (Francifcus),  a  mod  celebrated  Ger- ^ 

the  outward  fence   has  fuffered  confiJerably   from  the  man  orientalift,  was  born   in  Lorraine,  then  fubjetl  to 

active    hands  of  bufy  houfewives,  who   pluck    up   the  the  emperor,   in  the  year  16^3  ;  and  for  copioulnefs  of 

Hakes  for  firewood.      Mr  Park  pafled  through  it  on  his  learning,  elegance  of  genius,   and  profounil  knowledge 

route  ealtward,  and  was  treated   with   much  kindncfs  of  languages,  particularly  thofe  of  the  Eall,  proved  un- 

both  by  the  king  and  the  people.     The  good  old  fove-  doubtedly  one  of  the  principal  ornaments  of  the  age  in 

reign  warned  hiin  of  the  dangers  he  was  about  to  en-  which  he  lived.      He  Itudied  at  Rome  under  Giattino. 

counter,  and  endenvoured  to  perfuade  him  to  relinquilli  When  he  was  about  30,  his  love  of  letters  induced  hira 

all  thoughts  of  his  journey  eaftward  ;  but  when  he  could  to  accompany  the  Polifh  ambafiador  to  Conitantinople, 

not  prevail,   he  gave  him  a  guide,  who  conducted  him  where  he  lludied  the  Turkiflc  language  under  Bobovius 

in  iafety  to  Koojar,  the  frontier  town  of  the  kingdom  and  Ahmed,  two  very  ilcilful  teachers.      So  fuccefsful 

towards  Bondou,  from  which  it  is  feparated  by  an  in-  was  he  in  this  ftudy,  that  when  he  had  been  there  only 

tcrvening  wildernefs  of  two  days  journey.      Here  our  two  years,  the  place  of  firjl  interpreter  to  the  Polilh 

aiiihor  was  prefented,  by  way  of  refreihment,  with  a  li-  cmbafly  at  the  Porte  was  promifed  to  him.      When  the 

ijuor  which  tailed  fo  much  like  the  itrong  beer  of  his  place  became  vacant,  he  was  accordingly  appointed  to 

native  country  (and  very  good  beer  too),  as  to  induce  it,  and  obtained  fo  much  credit  by  his  conduft,  that, 

him  to  inquire  into   its  compofition  ;  and  he  learned,  after  a  time,  he   was  fent  for  into   Poland,   and  again 

with  fome  degree  of  furprife,  that  it  was  aftually  made  fent  out  with  full  powers  as  ambafTador  to  the  Porte, 

from  corn  which  had  been   previoofly  malted,  much  in  For  his  able  execution  of  this  office,  he  was  further  ho- 

the  fame  manner  as  barley  is  malted  in  Great  Britain  :  noured,  by  being  naturalized  in  Poland  ;  on  wliich  occa- 

a  root  yielding  a  grateful  bitter  was  ufed  in  lieu  of  hops,  fion  he  added  the  Poliih  termination  oijk'i  to  his  family 

the   name   of   which   he   forgot;  but  the  corn   which  name,   which  was  Menin.    Being  defirous  afterwards  to 

yields  the  wort  is  the  holcus  fp'uatus  of  botaniils.  extend  his  fphere  of  aClion,  he  went  to  the  court  of  the 

MEDUSA.      In  addition  to  the  different  fpecies  of  emperor  as  interpreter  of  oriental  languages  in    i66l. 

this  genus  of  vermes  dcfcribed  in  the  Eucyclopisdla,  that  Here  alfo,  as  in  other  inftances,   his  talents  and  beha- 

which  is  reprefented  in  two  different  attitudes,  fig.  1.  and  viour  obtained  the  higheft  approbation;  on  which  ac- 

2.  and  which  ftrongly  relembles  a  bagpipe  in  Ihape,  may  count  he  was  not  only  fent  as  interpreter  to  feveral  im- 

be  worthy  of  notice.      It  is  merely  a  white  tranfparent  perial  ambafladors  at   the  Porte,  but   was  intrufted  in 

veficle,  furnifiied  with  feveral  blue  tentacles  yellowilh  at  many  important  and  confidential  fervices;  and,  in  1669, 

their  extremity  ;   its  long  tail,  which  is  alfo  blue,  ap-  having  paid  a  vifit   to  the  holy  fepulchre  at  jerufaleni, 

pears  to  be  compofed  of  a  number  of  fmall  glandulous  was  made  one  of  the  knights  of  that  order.      After  his 

grains,   flattened  and  united  together  by  a  gelatinous  return  to  Vienna  he  was  advanced  to  further  honours  ; 

membrane.     The  upper  part  of  the  veficle  exhibits  a  being  made  one  of  the  counfellors  of  war  to  the  empe- 

kind  of  feam  with  alternate  punttures  of  three  diffe-  ror,   and  firft  interpreter  of  oriental  languages.    At  Vi- 

rent  fixes  ;  its  elongated  part,  which  may  be  confidered  enna  he  died  at  the  age  of  75,  in  the  year  1698.      His 

as   the  head   of  the  animal,   is  terminated   by  a  fingle  great  work,  I. The  "  Thefauruslinguarum  orientalium,' 

trunk,  the  exterior  edge  of  which  is  fringed  with  2j  or  was  pubHlhed   at  Vienna  in    i6Sc,  in  4  vols  folio  ;  to 

26  tentacles,  much  fmaller  than   thofe  which  originate  which  was  added,    in    1687,   another  volume,   intitled, 

from  the  infertion  of  its  long  tail,  and  the  number  of  "_  Complementum  Thefauri  Jinguarum  orientalium,  feu 

which  fomctimes  amounts  to  30.      By  means   of  thefe  onomafticum  Latino-Tuvcico-Arabico-Perficuni."   The 

laft,  the  diameter  of  which  it  is  capable  of  increafing  at  former  volumes  having  become  extremely  fcarce,  partly 

pleafure  by  forcing  in  a  little  of  the  air  from  its  body,  on  account  of  the  dcllruftion  of  a  great  part  of  the  im- 

it  fixed  itfelf  to  the  fide  of  the  veflel,   in  which  it  was  preffion,  in  the  fiegc  of  Vienna  by  the  Turks  in  1683, 

placed,   in    fuch    a   manner  as  that   the    extremity    of  a  defign  was  formed  fome  time  ago  in  England  of  re- 

iome  of  its  tentacles    occupied    a    furface   of  two    or  printing  the  work,  by  a  fociety  of  learned  men,  ^mong 

three  lines   from  its  body.     The  rnolt  moveable  part  whom  %vas  Sir  William  Jones.    But  as  this  undertaking, 

of  the  veficle  is  its  elongation,  or  the  head  of  the  ani-  probably  on  account   of  the  vaft  expenee  which  mutt 

mal,  as  it  is  by  means  of  this  that  it  perforins  its  diffe-  have  been  incurred,  did  not  proceed,  the  emprefs  queen 

vent  motions.      The  rounded  fubftance,  marked  by  the  Maria  Therefa,  who  had  heard  of  the  plan,  took  it  up- 

letter  P,  is  fituatcd  in  the  centre  of  the  larger  tentacles,  on  hcrfelf,  and  with  vaft.  liberality  furnilhed  every  thing 

which  are  firmly  fixed  to  the  body  of  the  animal  near  neceffary  for  its  completion.      In  confequence  of  this,  it 

its  tail;  and  is  only  an  affemblage  of  a  few  minute  gela-  was  begun   to  be   fpleiididly  republifhed   at  Vienna  in 

tinous  globules,  from  the  middle  of  which  arife  other  1780,  with  this  title  :  "  Francilci  a  Mifgnicn  Meninlki 

larger  globules,  vi'ith  a  fmall  peduncle,  about  the  middle  Lexicon  Arabico-Perfico-Turcicum,  adjefta  ad  fingulas 

of  which  is  fixed  a  curved  bluifh  coloured  body,  which  voces  et  Phrafes  interpretatione  Latina,   ad   ufitatiores, 


MeninQci. 


is  reprefented  magnified  in  two  pufitions  at  R.  Mar. 
tiniere,  the  naturalill,  who  accompanied  Peroufe  in  his 
voyage  round  the  world,  met  with  this  animal  in  about 
the  20th  degree  of  lat.  and  179°  of  long,  eaft  from 
Paris. 

MEGAMETER,  a  name  fometlmes  given  to  the 
M  CROMETER,  whlch  fee,  Encycl. 


eliam  Italica."  Of  this  edition  only  two  vols  folio  are 
yet  publidied,  extending  no  farther  than  %al,  the  ninth 
letter  of  the  Arabic  alphabet,  which  is  about  a  third  of 
the  whole.  The  delay  of  the  rcil  is  much  to  be  la- 
mented. In  this  addition,  fay  the  editors,  the  Lexicon 
of  Meniiidii  may  be  faid  to  be  increafed,  diniiniflied,  and 
amei;ded.     Increafcd,  becaufe  many  Arabic  and  Pcrfian 

words 
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vleninnc;,  words  are  added,  from  Wankuli  and  Ferh;ngi,  the  bed 
/lerchetti.  Arabic   and  Perfic  lexicographers  whom   the    Eaft  lias 
^-^r—'  produced  ;  aiid  from  Herbclot  are   infcrted  the   names 
of  kiiigdoins,  cities,  and  rivers,  as  well  as  phrafcs  in 
common   ufe  among  the  Turks,   &c.      D'imin'ij%d,  be- 
caiife  many  ufelefs  fynonyma  are  omitted,  which  rather 
puzzled  than   affillcd  tlie   iludcut  ;    as  well  as   all  the 
French,  Polifh,  and  German  interpretations,  the  Latin 
being   confidered   as  fufiicient  for  all  men  of  learning. 
Anuniled,  with    refpeft  to    innumerable  typographical 
errors  ;  which,  however,  from  a  work  of  this  nature,  no 
care  can  perhaps  altogether  exclude.    The  other  works 
of  Meniniki  were  occalioned  chiefly  by  a  violent  conteft 
between  him  and  a  man  named  J.  B.  Podelta,  in  which 
much  acrimony  was  employed  on   both  fides.      Thefe 
it  is  hardlv  worth  while  to  enumerate,  but  they  may  all 
be  feen  in  the  account  of  his  life  from  which  this  article 
is  taken  (a).      It  fliould  be  obferved,  however,  that  in 
1674,   Podefta  publifhed  a  book,   intitled,  "   Prodro- 
imis  novi  linguarum  orientahuin  coUegii,  julfu  Aug.  &c. 
tiigendi,  in  Univ.  Vicnnenfi  ;"  to  which  Meninllci  op- 
poled,   2.  "  IVIeninfl<ii  Antidotum  in  I'rodromum  novi 
ling,  orient,  collcgii,  &c."  410.     But  fuch  was  the  cre- 
dit of  his  antagonift  in  the  univerfity,  that  foon  after 
there  came  out  a  decree  in  the  name  of  the  reftur  and 
confiftory,  in  vihich  chat  antidote  of  Menind-ci's  is  p'ro- 
fcribed   and   prohibited,  for  fix  fpecific  reafons,   as  im- 
pious and  infamous.      Meninflii  was  defended  againfl 
this  formidable  attack  by  a  friend,  in  a  fmall  traft,  in- 
titled,   "  Veritas  defenfa,   feu   iui^itia  caufje  Dn.  F.  de 
M.  M.  [lMenln{l<i]  contra  infame  decretum  Univerlita- 
tis  Viennenfis,  Anno  1674,  23  Novenibris,   &c.   ab  A- 
niico  Kici  expofita.  Anno  167  s,"  in  which  this  friend 
expofes,  article  by  article,  the  falfehood  of  the  decree, 
and  exclaims  ftrongly  againtl  the  arts  of  Podefta.   This 
trsdl  is  in   the   Britifii  Ivlufeum.      Podefta  was  oriental 
fecvctary  to  the  emperor,  and  profefTur  of  thofe  langua- 
ges at  Vienna  ;   but  is  defcribtd  in  a  very  fatirical  man- 
ner by  the  defender  of  Meninllvi.      "  Podefta,  natura 
Semi-Italus,  ftatura  nanus,  caecutiens,  balbus,  imo  bar- 
dus  repcrtus,  aliifque  vitlis  ac  ftultitiis  plenus,  adeoque 
ad  difcendas  linguas  orientales  inhabilis."    A  lift  of  the 
works  of  PudelU  is,  however,  given  by  the  late  editors 
of  Meninflci. 

MERCHETTA,  or  IWaxcbett/I  Mulierum,  is  com- 
monly luppofed  to  have  been  a  right  which,  during  the 
prev.ilence  of  the  feudal  fvftem,  the  lord  liad  of  paffing 
the  firft  night  after  marriage  with  his  female  villain. 
This  opinion  has  been  held  by  the  greater  part  of  our 
antiquarians  ;  and  we  liave  adopted  it  in  our  hiftory  of 
Scotland  publiflicd  in  the  Encyclcpjtdia.  It  apjiears, 
however,  to  be  a  miftake.  That  there  was  a  cuilom 
called  merchttta  mulierurn,  which  prevailed  not  only  in 
England,  Scotland,  Wales,  and  the  ifle  of  Guernley, 
but  alfo  on  the  continent,  is  indeed  a  fa&  unqueftion- 
Arcltolina  ^^''^  •  ^"'  ^^"^  Aftle  has  clearly  proved,  that,  inftead  of 
vol.  xii.  being  an  adulterous  connei^tion,  the  mercheita  was  a  com- 
paft  between  tlie  lord  and  his  valfal  for  the  redemption 
of  an  o^niTf  committed  by  that  vaffal's  unwrtrrW  daugh- 
ter.    He  admits,   however,   that  it  denoted  likcwilc  a 
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fine  paid  by  a  fulcman  or  a  •villain  to  his  lord  for  a  11-  Meridian. 
cence  to  marry  his  daughter  to  a  free  man  ;  and  that  if  "~~v  "  ' 
the  vaflal  gave  her  away  without  obtaining  fuch  a  li- 
cence, he  was  liable  to  pay  a  heavier  fine.  He  quotes 
two  authorities  in  fupport  of  his  opinion  from  Brac- 
ton  ;  one  of  wliich  we  Ihall  tranfcribe,  as  being  alone 
complete  evidence. 

"  Kic.  Burre  tenet  anum  niefuagium  et  debet  tellfa- 
gium  fetlam  curiae,  et  irurchet,  hoc  mo  io,  quod  Ji  mari- 
lare  volucrit  Jiliam  /nam  cum  quodam  libera  homine,  extra 
vlllam,  fiiclel  pacem  domiiii  pro  markngio,  et  fi  earn  mtiri- 
taverit   alicui   cujlumario   villa,   nihil  debuit   pro  marita- 

"  The  probable  reafon  of  the  cuftom  (f.iys  Mr  Aftle) 
appears  to  have  been  this.  Pcrfons  of  low  rank,  refi- 
ding  on  an  cftate,  were  chher  tifiripti ;^lchj:,  or  were  fub. 
jeftcd  to  fome  fpecies  of  fervitude  fmiilar  to  the  afcripi'i 
gleba.  They  were  bound  to  relide  on  the  eftate,  and  to 
perform  feveral  fcrvices  to  tlie  lord.  As  women  necef- 
farily  followed  the  refidence  of  their  hufl^ands,  the  coii- 
feqnence  was,  that  when  a  woman  of  low  rank  married 
a  ftranger,  the  lord  was  deprived  of  part  of  his  live  ftock  ; 
he  therefore  required  a  fine  to  indemnify  him  for  the 
lofs  of  his  property,"  Further  particulars  on  the  mer- 
chetta  are  to  be  found  in  the  Appendix  to  vol.  til  of 
Sir  David  Dalrymple's  ylniials  of  Siolhiiul. 

MERIDIAN  Line,  an  arch  or  part  of  the  meridian 
of  the  place,  terminated  each  v;ay  by  the  horizon.  Or, 
a  meridian  line  is  the  interfeflion  of  the  plane  of  the 
meridian  of  the  place  with  the  plane  of  the  horizon, 
often  called  a  north  and  fouth  line,  becaufe  its  direftion 
is  from  north  to  fouth. 

In  the  article  As  rKONOMY  (Etirycl.),  n"  376.  and 
377.  we  have  given  two  methods  of  drawing  a  meridijn 
line  ;  but  it  may  be  proper  to  add,  in  this  place,  the 
following  improvement  of  the  former  of  thefe  from  Dr 
Hutton's  Mathematical  Dictionary.  "  As  it  is  net 
ea'fy  (fays  the  Doclor)  to  determine  precifely  the  ex- 
tremity of  the  (liadow,  it  will  be  beft  to  make  tlie  ftile 
flat  at  the  top,  and  to  drill  a  fmall  hole  through  it,  no. 
ting  the  lucid  point  projected  by  it  on  the  feveral  eon- 
centric  circles,  inftead  of  marking  the  extremity  of  the 
fhadow  itfelf  on  thefe  circles." 

We  iball  give  another  method  of  drawing  a  meridian 
line  from  the  fame  valuable  dictionary. 

"  Knowing  the  fouth  quarter  pretty  nearly,  obferve      p, 
the  altitude  FE  of  fome  ftars  on  the  eaft  fide  of  it,  and  XXXV'. 
not  far  from  the  meridian  HZRN  :   then,  keeping  the 
quadrant   firm  on   its  axis,   fo  as  the  plummet  may  ftill 
cut  the  fame  degree,  dirett  it  to  the  weftern  fide  of  the 
meridian,  and  wait  till  you  find  the  ftar  has  the  fameal- 
titude  as  before,  as/f.     Laftly,  bifedt  the  angle  EC  c, 
formed  by  the  interfedion  ot  the  two  planes  in  which 
the  quadrant  has  been  placed  at  the  time  of  the  two  ob- 
fervations,  by  the  right  line  HR,  which  will  be  the  me-  - 
ridian  fought. 

Magnetical  MEKiniAN,  is  a  great  circle  pafiing  thro' 
or  by  the  magnetical  poles  ;  to  which  meridians  the 
magnetical  needle  conforms  itfelf.      See  Magnetism, 

iiUppl. 

MESO- 


(a)  We  have  taken  this  a  tick-  from  the  Biographical  Didionary  ;  the  editors  of  which  took  it  from  the  life 
•f  Meninfld  prefixed  to  the  new  edition  of  his  great  work. 


Mefo. 

Icgarit 

>l 
M.ll 
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MESO-LoGARiTHM,  a  term  ufed  by  Kepler  to  fig- 
"'  nify  the  logarithms  of  the  cofmes  and  cotangents. 

MESURATA,  a  Tea  port  of  the  kingdom  of  Tri- 

'  poh',  ill  Africa.    A  caravan  proceeds  from  this  place  to 

Fezzan,  and  other  interior  parts  toward  the  foiitii  of 

Africa.      It  is  260  miles  north  of  Mourzook.    E.  Lon. 

15.5.  N.  Lat.  31.  V 

METALLIC  Tractors.  See  Perkinism  in  this 
Suj>j>/. 

METONIC  Cycle,  called  alfo  the  Go'Jen  Number, 
and  Lunar  Cycle,  or  Cycle  of  the  Moon,  that  which  was 
invented  by  IVTeton  tlie  Athenian  ;  being  a  period  of  19 
years.     See  Cycle,  Encycl. 

MH  A  Rajah,  the  higheft  title  of  Hindoos. 

MICROCOUSTICS,orMiCROPHANEs,inftruments 
contrived  to  magnify  fmall  founds,  as  microfcopes  do 
fmall  objefts. 

MICROCOSMIC  Salt.  See  CHEMisxRy-Zn^c*, 
Suppl. 

MIDDLE  Latitude,  is  half  the  fum  of  two  given 
latitudes  ;  or  the  arithmetical  mean,  or  the  middle  be- 
tween two  parallels  of  latitude.      Therefore, 

If  the  latitudes  be  of  the  fame  name,  either  both  north 
or  both  fouth,  add  the  one  number  to  the  other,  and 
divide  the  fum  by  2  ;  the  quotient  is  the  middle  lati- 
tude,  which  is  of  the  fame  name  with  the  two  given 
latitudes.      But, 

If  the  latitudes  be  of  different  names,  the  one  north 
and  the  other  fouth;  fubtraft  the  lefs  from  the  greater, 
and  divide  the  remainder  by  2,  fo  iliall  the  quotient  be 
-the  middle  latitude,  of  the  fame  name  with  the  greater 
of  the  two. 

MIDSUMMER-Day,  is  held  on  the  24th  of  June, 
the  fame  day  as  the  nativity  of  St  John  the  Baptiil  is 
held. 

MILK,  or  MiLKYET,  property  in  Bengal. 

MILLS  of  various  kinds  arc  defcribed  in  the  article 
Mechanics  {Encycl.);  and  he  who  fliall  lludy  tliat  ar- 
ticle, together  with  H'ater-IVoRKS,  and  Machinery,  in 
this  Supplement,  will  have  a  fufficlcnt  knowledge  of  the 
principles  upon  which  mills  muft  be  conltrntied,  lo  as 
that  they  may  produce  their  proper  effefts.  The  fub- 
jeft  is  introduced  into  this  place  merely  to  put  it  into 
the  power  of  our  countrymen  to   adopt,   if  they  (liall 
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think  fit,  the  improvements  which  have  been  made  in 
the  machinery  of  flour  mills  in  America. 

Tlie  chief  of  thefe  confill  in  a  new  application  of 
the  krew,  and  the  introdudtion  of  what  are  called  ele- 
vators, the  idea  of  which  was  evidently  borrowed  fioni 
the  chain-pump.  The  fcrew  is  made  by  (licking  fmall 
thin  pieces  of  board,  about  three  inches  long  and  two 
wide,  into  a  cylinder,  fo  as  to  form  the  ipiral  line. 
This  fcrew  is  placed  in  a  horizontal  pofuion,  and  by 
turning  on  its  a.\is  it  forces  wheat  or  (lour  from  one 
end  ot  a  trough  to  the  other.  For  inltance,  in  the 
trough  which  receives  the  meal  immediately  coming 
from  the  ftones,  a  fcrew  of  this  kind  is  placed,  by 
which  the  meal  is  forced  on,  to  the  diftance  of  fix  or 
eight  feet,  perhaps,  into  a  refervoir  ;  from  thence,  with- 
out any  manual  labour,  it  is  conveyed  to  the  very  top 
of  the  mill  by  the  elevators,  which  confift  of  a  number 
of  fmall  buckets  of  the  fize  of  tea  cups,  attached  to  a 
long  band  that  goes  round  a  wheel  at  the  top,  and  an- 
other at  the  bottom  of  the  mill.  As  the  band  revolves 
round  the  wheels,  thefe  buckets  dip  into  the  refervoir 
of  wheat  or  flour  below,  and  take  their  loads  up  to  the 
top,  where  they  empty  themfelves  as  they  turn  round 
the  upper  wheel.  The  elevators  are  inclofed  in  fquare 
wooden  tubes,  to  prevent  them  from  catching  in  any 
thing,  and  alio  to  prevent  duft.  By  means  of  thefe 
two  fimple  contrivances,  no  manual  labour  is  required 
from  the  moment  the  wheat  is  taken  to  the  mill  till 
it  is  converted  into  flour,  and  ready  to  be  packed,  du- 
ring the  various  proc  '.ffes  of  fcreening,  grinding,  lift- 
ing, &c. 

That  this  is  a  confiderable  improvement  is  obvi- 
ous ;  and  we  are  not  without  hopes  that  it  may  be 
adopted.  The  licentioufnefs  of  an  Englilh  mob  has 
indeed  perfccuted  an  Arkwright,  expelled  the  inventor 
of  the  fly  (liuttle  from  his  native  country,  and  by  fuch 
conduft  prevented  the  reereftion  of  the  Albion  mills, 
and  the  general  edablifliment  of  faw-mills  tlirough  the 
kingdom  ;  but  tiieir  fovertignty  perhaps  will  not  be 
roufed  by  fo  eafy  and  fimple  a  coiitrivance  as  this  to 
leffen  the  quantity  of  manual  labour.  For  an  account 
of  the  Dutch  oil-mill,  which  was  fomehow  omitted  in 
its  proper  place  in  the  Encyclopaedia,  fee  QiL-Mtll  in  this 
Supplement. 
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DeSnition.  yS  a  fcience,  the  objeft  of  which  h  the  defcription  and 
A  arrangement  of  inorganic  bodies  or  minerals  ;  or  of  all 
the  bodies  which  belong  to  our  globe,  excepting  animal 
and  -vegetable  fubitances. 

Since  the  publication  of  the  article  Mineralogy, 
Encycl.  fcarcely  a  lingle  day  has  paifed  without  the  dif- 
covery  of  fome  new  mineralogical  (aft,  or  the  detection 
of  fome  old  and  unfufpefted,error.  Thefe  improvements 
cannot  be  overlooked  in  the  prefent  Supplement.  But 
they  are  fo  numerous  in  every  part  of  the  fcience,  that 
we  can  hardly  notice  them  without  giving  a  pretty  com- 
plete.- view  of  the  prefent  (late  of  mineralogy.  This  will 
fcarcely  occupy  more  room,  and  muft  be  much  more 
ufeful  as  well  as  entertaining,  than  an  undigefted  mafs 


of  annotations  and  remarks.  We  undertake  this  taflc 
the  more  readily,  becaufe  in  the  article  Mineralogy 
in  the  Encyclopedia,  the  improvements  of  Mr  Werner 
and  his  di(ciples,  to  which  the  fcience  is  indebted  for  a 
great  part  of  its  prefent  accuracy,  have  been  entirely 
overlooked. 

The  objeft  of  mineralogy  is  twofold.  I.  To  defcribe  objcd..! 
every  mineral  with  fo  much  accuracy  and  precifion,  that 
it  may  be  eafily  dillinguiihed  from  every  other  mineral, 
2.  To  arrange  them  into  a  fyftem  in  fuch  a  manner  that 
every  mineral  may  be  eafily  referred  to  its  proper  place, 
and  that  a  perfon  may  be  able,  merely  by  the  help  of 
the  fyllem,  to  difcover  the  name  of  any  mineral  what- 
ever. When  thefe  two  objeAs  are  accomplilhed,  mi- 
neralogy, 
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nevalogy,  fliif\ly  fo  called,  is  comjileted.  But  were  we  i.  Figure, 
to  flop  here,  the  utility  of  the  fcience,  if  it  would  be 
entitled  to  the  name  of  fcience,  could  hardly  be  coi.li- 
dered  as  very  great.  We  mult  therefore  apply  chcmijby 
to  difcovcr  the  ingredients  ot  whicii  minerals  art  coni- 
pofcd,  and  to  detect,  if  p'jffible,  the  laws  which  thcfc 
ingredients  have  obferved  in  tluir  combination.  Thus 
we  lliall  really  extend  our  knowledge  of  inorganic  na- 


2.  Surface, 

?.  Tranfparency, 

4.  Colour, 

5.  Scratch, 

6.  Luftre, 


8.  Dudillty, 

9.  Fradure, 

10.  Texture, 

1 1.  Structure, 

I  2.  F^ragmentS, 
13.  Feel, 


14.  Sound, 
1  s.  SincU, 

16.  Talle, 

17.  Gravity, 

18.  Magnctifm, 

19.  llieCtricity. 
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7.  Haidriefs, 

I.   By  FIGURE   is  meant  the   fliape  or  form  which  a 

tare,  and  be   enabled  to  apply  that  knowledge  to  the  mineral  is  obferved  to  have.     TXii:  Jigure  of  minerals  is 

improvement  of  alnioft  eve  y  art  and  manufadure.  either  re^uUtr,  piirticular,   or   amorphous.       I.  Minerals 

Divifion  of      Mineralogy  naturally  divides   itklf  into  tiuee  parts,  which   affume  a   regular   tigure  are  faid  to  be  cryftal- 

the  article.  The  jjyy?  treats  of   the  method  of  defcribing  minerals  ;  lized  *.      The  Jitlfs  of  a  cryllal   are  called  _/«<:«  ;   the*  See  Cm. 

the  ficoml,   ofthe  method  of  arranging  them  ;  and  the  (harp  line  formed  by  the  inclination  of  two  taces  is  call-  ^'isr". 

//«></ exhibits  them  in    a  1")  lleni  delciibcd  and  arranged  ed  an  edge  i  and  the  corner,  or  angle,   formed  by   the^j^'.^  slppl, 

according  to  the  rules    laid  down  in  the  two  firil  parts,  meeting  of  feveral  edges  in  one  point,   is  called  .xfuhd 

Thcfc  three  parts  Ih.ill   be  the  iubjeds  of  the  following  angle,  or  fimply  an  anje.     Thus   a  cube   has  lix  faces, 

chapters  ;  and  we  iliall  fiailli  the  article  with  a  chapter  twelve   edges,   and    eight    angles.      2.    Some   minerals, 

on  the  chemical  analyiis  of  mine.als.  though  not  ctyftallized,  affed  a /d/7/Vtf/(jr  ligure.  Tliele 

particular  figures  are  the  following  :      GloLular,  like  a 

Chap.  I.     Of  the  Descripiion  of  Minerals.  globe;   oval,  like  an  oblong  fpheroid  ;  onintc,  like  an 

egg  ;    cheefe-Jhaped,    a  very   flattened    fphere  ;    alnwnd- 

NoTHiNG,  at  firft  fight,  appears  eafier  than  to  de-  Jljaped,  like  an  almond  ;  ceniiculcu;  like  a  double  convex 
fcribe  a  mineral,  and  yet,  in  reality,  it  is  attended  with  lenfe,  comprefled  and  gradually  thinner  towards  the 
a  great  deal  of  difficulty.  The  mineralogieal  defcrip-  edges;  cundform,  like  a  wedge;  nodulous,  having  de- 
tions  of  the  ancients  are  fo  loofe  and  inaccurate,  that  preffions  and  protuberances  like  a  potatoe  ;  lolryoiaai, 
many  ofthe  minerals  to  which  they  allude  cannot  be  like  grapes  clofely  prefTed  together;  denliform,  lougilh 
afcertained ;  and  confequently  their  obfervations,  how-  and  tortuous,  and  thicker  at  the  bottom  than  the  top; 
ever  valuable  in  themfelves,  are  often,  as  far  as  refpeds  tuireform,  like  a  wire  ;  capillary,  like  hair,  finer  than 
us,  altogether  loft.  It  is  obvious,  that  to  diftinguifh  a  the  preceding  ;  rctlform,  threads  interwoven  like  a  net ; 
mineral  from  every  other,  we  mail  either  mention  fome  dentritic,  like  a  tree,  having  branches  iflfuing  from  a 
peculiar  property,  or  a  coUedion  of  properties,  which  common  ftem  ;  Jhruhform,  branches  not  arifing  from  a 
exift  together  in  no  other  mineral.  Thefe  properties  common  ftem  ;  coraloldal,  branched  like  coral  ;  y/.j/oiSi- 
muft.  be  defcribed  in  terms  rigidly  accurate,  which  con-  tical,  like  ilicles;  clavated,  like  a  club,  long,  and  thicker 
vey  precife  ideas  ofthe  very  properties  intended,  and  of  at  one  end  than  another;  fafc'tform,  long  ftraight  cylin- 
no  other  properties.  The  fmalleft  deviation  from  this  drical  bodies,  united  like  a  bundle  of  rods  ;  tubular,  cy- 
would  lead  to  confufion  and  uncertainty.  Now  it  is  lindrical  and  hollow.  3.  When  minerals  have  neither 
jmpoflible  to  defcribe  minerals  in  this  manner,  unlefs  a  regular  nor  particular  (hape,  they  are  faid  to  be  amor- 
there  be  a  peculiar  term  for  each  of  their  properties  ;  phous.  5 
and  unlefs  this  term  be  completely  undcrftood.  Mlnera-  II.  By  surface  is  meant  the  appearance  of  the  ex-  Surface, 
logy  therefore  muft  have  a  language  of  its  own  ;  that  is  ternal  furtace  of  minerals.  The  fur/ace  is  either  uneven, 
to  fay,  it  muft  have  a  term  to  denote  every  mineralogi-  compofed  of  fmall  unequal  elevations  and  deprelfions  ; 
cal  property,  and  each  of  thefe  terms  mull  be  accurate-  fcabrous,  having  very  {mzWJl^arp  and  rough  elevations, 
ly  defined.  The  language  of  mineralogy  was  invented  more  ealily  felt  than  feen  ;  drufy,  covered  with  very  mi- 
by  the  celebrated  Werner  of  Freyberg,  and  firft  made  nute  cryftals  ;  rough,  compoled  of  very  minute /'/««^  ele- 
known  to  the  world  by  the  pul  lication  of  his  treatife  vations,  eafily  diftinguifhable  by  the  feel  \fcaly,  compo- 
on  The  External  CharaBers  of  Minerals.  Of  this  Ian-  fed  of  very  minute  thin  fcale-llke  leaves  ;  fnioolh,  free 
gnage  we  (hall  give  a  view  in  the  following  general  de-  from  all  inequality  or  roughnefs  ;  fpecular,  having  a 
fcription  of  the  properties  of  minerals  (a).  fmooth  polifhed  furface  like  a  mirror  ;  ox  Jlreaked,   ha- 

The  properties  of  minerals  may  be  divided  into  two  ving  elevated,  ftraight,  and  parallel  lines.  This  laft  cha- 

clafles.      \Ji,  Properties  difcwerable  witliout  deftroying  rader  is  confined  to  ths:  furface  of  cryftals.     Theflreah 

the  texture   of  the   mineral  ;   2d,  Properties  refulting  are  either  tran/verfe ;  longitudinal ;  alternate,  in  different 

from  the  adion  of  other  bodies  on  it.      The  firft  clafs  diredions  on  different  faces  ;  plumofe,   running  from  a 

has,  by  Werner  and  iiis  difciples,   been  called  external  middle  rib  ;  or  decujfated,  croffing  each  other, 

properties,  and  by  fome    French  writers  phyfical ;  the  III.    By  transparency  is  meant  the  proportion  ofTranfpa- 

fecond  clafs  has  been  called  chemical.  lig'"'  which  minerals  are  capable  of  tranfmitting.  Theyrcncy. 

The  external  propeities  may  be  arranged  under  the  are  tranfparent  or  pellucid  ■when  objeds  can  be  feen  dif- 

following  heads  ;  tindly    through   them  ;    diaphanous,    when  objeds  are 

Su PPL.  Vol.  II.  Part  I.  Bb                                        feen 
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Properties 
of  mineral! 


(a)  The  fulleft  account  of  Werner's  external  charaders  which  we  have  feen  in  the  Englifh  language,  has 
been  given  by  Dr  Townfon  in  his  Philofophy  of  Mineralogy.  We  have  availed  ourfelves  of  this  book,  in  order 
to  exhibit  fome  of  the  lateft  improvements  of  Werner  and  his  difciples.  The  reader  may  alfo  confult  Werner's 
Treatife,  publilhed  at  Leipfic  in  1774  ;  or  the  French  tranflation  puWiflied  at  Dijon  in  1 790.  See  alfo  Rome  dc 
LiJU.     Det  Coraaers  Exterieur  des  Mineraux.     And  Hauy  Jour.  d'Hifi.  Nat.  II.  56. 
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Eiternal    feen  through  them  indiftinflly  \fuhdiaphanous,  when  light 
CharaiJleri.  pgfjv.^  y^^^  ,„  f^  fmall  a  quantity  that   olijedts  cannct  he 
•         leen  through  them  (b)  ;  claque,  when  no  hght  is  traiii- 
nu'tted. 

When  opaque  minerals  become  tranfparent  in  water, 
they  are  called  hydrupbanous .  When'  objcits  are  feen 
double  through  a  tranlpaient  mineral,  it  is  faid  to  riJ'ntH 
doubly. 

IV.  The  colours  of  minerals  may  be  reduced  to  eight 
clafles. 

1.  Whites. 
Snow  white.     Pure  white. 

Reddilh  white.      White  with  a  light  tint  of  red. 
Ytllowilh  white.    White  with  a  light  tint  of  yellow. 
Silver  white.    Yellowifh  white  with  a  metallic  luilre. 
Greyifh  white.      White  with  a  light  tint  of  black. 
Grtcnifh  white.     White  with  a  light  tint  of  green. 
Milk  white.     White  with  a  light  tint  of  blue. 
Tin  white.      Milk  white  of  a  metallic  lulbe. 

2.  Greys. 
Bluiih  grey.      Grey  with  a  little  blue. 
Lead  grey.     Bluifligrey  with  a  metallic  luftre. 
Pearl  grey.    Light  grey  with  a  flight  mixture  of  vio- 
let blue. 

Smoke  grey.  Dark  grey  with  a  little  blue  and 
brown. 

Grcenini  grey.      Light  grey  tinged  with  green. 

Yellowifh  grey.      A  light  grey  tinged  with  yellow. 

Steel  grey.  A  dark  grey  F«ith  a  light  tint  of  yellow 
and  a  metallic  luftre. 

Black  grey.   The  darkeft  grey  with  a  tint  of  yellow. 

3.  Blacks. 
Greyifh  black.     Black  with  a  little  white. 
Brownifli  black.      Black  with  a  tint  of  brown. 
Black.-    Pure  black. 
Iron   black.      Pure  black  with   a   fmall  mixture   of 

white  and  a  metallic  ludre. 

Bluifh  black.      Black  with  a  tint  of  blue. 

4.  Blues. 
Indigo  blue.      A  dark  blackifh  blue. 
PrulTian  blue.      The  purefl  blue. 
Azure  blue.     A  bright  blue  with  fcarce  a  tint  of 

red. 

Smalt  blue.     A  light  blue 

Violet  blue.     A  mixture  of  azure  hlue  and  carmine. 

I^avender  blue      Violet  blue  mixed  with  grey. 

Sky  blue.  A  light  blue  with  a  ihght  tint  of  green. 
5    Greens. 

Verdigris  green.      A  bright  green  of  a  bluifh  call. 

Seagreen.  A  very  light  green,  a  mixture  of  verdi. 
gris  green  and  grey. 

Beryl  green.  The  preceding,  but  of  a  yellowiflj 
caft. 

Emerald  green.     Pure  green. 

Grafs  green.     Pure  green  with  a  tint  of  yellow. 

Apple  green.  A  light  green  formed  of  verdigris 
green  and  white. 

Leek  green.  A  very  dark  green  with  a  call  of 
brown. 

Blackifh  green.  The  darkeft  green,  a  mixture  of 
leek  green  and  black. 
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Piflachio  green,     Grafs  green,   yellow  and  a  little  External 
brown  CharacSleri- 

Olive  green.     A  pale  yellowifh  green  with  a  tint  of  ^~~^'~~' 
brown. 

Afparagus   green.      The    lightell   green,    yellowifh 
with  .i  little  brown  and  grey. 

6.  Tellonvs. 

Sulphur  yellow.     A  light  greenifh  yellow. 

Brafs  yellow.    The  preceding,  with  a  little  lefs  green 
and  a  metallic  luflre. 

Lemon  yellow.      Pure  yellow. 

Gold  yellow.     The  preceding  with  a  metallic  luflre. 

Honey  yellow.      A  deep  yellow  with  a  little  reddifll 
brown. 

Wax  yellow.     The  preceding,  but  deeper. 

Pyritaceous.     A  pale  yellow  with  grey. 

Straw  yellow.     A  pale  yellow,  a  mixture  of  fulphur 
yellow  and  reddifh  grey. 

Wine  yellow.      A  pale  yellow  with  a  tint  of  red. 

Ochre  yellow.      Darker  than  the  preceding,  a  mix- 
ture of  lemon  yellow  with  a  little  brown. 

Ifabella  yellow.     A  pale  brovvnifh  yellow,  a  mixture 
of  pale  orange  with  reddilh  brown. 

Orange  yellow.    A  bright  reddifh  yellow,  formed  of 
lemon  yellow  and  red. 

7.  Reds. 

Aurora  red.  A  bright  yellow  red,  a  mixture  of  fear- 
let  and  lemon  yellow. 

Hyacinth  red.     A  high  red  like  the  preceding,  but 
with  a  fhade  of  brown. 

Brick  red.     Lighter  than  the  preceding  ;  a  mixture 
of  aurora  red  and  a  littk-  brown. 

Scarlet  red.     A  bright  and  high  red  with  fcarce  a 
tint  of  yellow. 

Copper  red. 
lie  luflre. 

Blood  red. 
fcarlet. 

Carinlne   red. 
blue. 

Cochineal  red.     A  deep   red  ;  a  mixture  of  carmine 
with  a  little  blue  and  a  very  little  grey. 

Crimfon  red.     A  deep  red  with  a  tint  of  blue. 

Flefli  red.      A  very  pale  red  of  the  crimfon  kind. 

Rofe  red.      A  pale  red  of  the  cochineal  kind. 

Peach  blotTom  red.      A  very  pale  whitilh  red  of  the 
crimfon  kind. 

Mordoie.     A  dark  dirty  crimfon  red  ;   a  mixture  of 
crimfon  and  a  little  brown. 

Bvownifh  red.     A  mixture  of  blood  red  and  brown. 
8.  Bro-wns. 

Reddifh  brown.     A  deep  brown  inclining  to  red. 

Clove  brown.    A  deep  brown  with  a  tint  of  carmine. 

Yellowifh  brown.      A  light   brown  verging  towards 
ochre  yellow. 

Umber  brown.     A  light  brown,  a  mixture  of  yel- 
lowifh brown  and  grey. 

Hair  brown.     Intermediate  between  yellow  brown 
and  clove  brown  with  a  tint  of  grey. 

Tombac  brown.     A  light  yellowifh  brown,  of  a  me- 
tallic  luftre,  formed  of  gold  yellow  and  reddifh  brown. 

Liver 


A  light  yellowifh  red  with  the  metal- 
A  deep  red,   a  mixture  of  crimfon  and 
Pure   red  verging  towards  a  caft  of 


(b)  After  Mr  Xirwran,  we  have  denoted  thefe  three  degrees  of  tranfparency  by  the  figures  4,  3,  2.  When  a 
mineral  is  fubdiaphanous  only  at  the  edges,  that  is  denoted  by  the  figure  i.  Opacity  is  fometimes  denoted, 
by  0. 
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I.ii'cr  brown.     A  dark  brown  {  blackifli  bi-owii  with 

^•3  tint  of  grein. 

Blackiiii  blown,  Tlie  darkeft  bvowii. 
Colours,  in  rcfpeft  of  intenlity,  are  either  Jdri,  deep, 
light,  or  pale.  When  a  colour  cannot  he  referred  to 
any  of  the  preceding,  but  is  a  mixture  of  two,  this  is 
txpreffed,  by  faying,  that  the  prevailing  one  verges  to- 
wards the  other,  if  it  has  only  a  fmall  tint  of  it  ;  pqffes 
into  it,  if  it  has  a  greater. 

V.  By  the  SCRATCH  or  streak,  is  meant  the  mark 
left  when  a  mineral  is  fi-ratclied  by  any  hard  body,  as 
the  point  of  a  knife.  It  is  either _/?»;;7(7r,  of  the  fame 
colour  with  the  mineral ;  or  dijfiimljr,  o{  a  different  co- 
lour. 

VI.  Lustre,  is  the  glufs.'or  brightnefs  which  ap- 
pears on  the  external  furface  of  a  mineral,  or  on  its  in- 
ternal fnrtace  when  frcfli  broken.  The  flrll  is  called 
external,  the  fecond  internal  Inlbe.  Lullre  is  cither 
commoa,  that  vvliich  moil  minerals  poffefs  ;  /iliy,  like 
that  of  fdk  or  mother-of-pearl;  waxy,  like  that  of  wax  ; 
gretify,  like  that  of  greafe  ;  or  metallic,  like  that  of  me- 
tals. 

As  to  the  degree,  the  greateft  Is  called  fplemhnt, 
the  next  Jhining,  the  third  rlvllifh;  and  when  only  a  few 
fcattered  particles  fhine,  the  luftre  is  called  dull  {^c). 

VII.  We  have  ufed  figures  to  denote  the  comparative 
HARDNESS  of  bodies  ;  for  an  explanation  of  which,  we 
refer  to  the  article  CHtMisTRy,  Vol.  I.  p  226.  of  this 
Supplement. 

VIII.  with  refpeft  to  ductility  and  brittle- 
NEss,  minerals  are  either  malleable;  Jeclilc,  capable  ot 
being  cut  without  breaking,  but  not  malleable  ;  _/7(A7/t", 
capable  of  being  bent,  and  when  bent  retaining  their 
fhape  ;  or  elajlic,  capable  of  being  bent,  but  recovering 
their  former  Ihape.  Minerals  deflitute  of  thefe  pio- 
perties  are  brittle.  Brittle  minerals,  with  rcfpeft  to  the 
eafe  with  which  they  may  be  broken,  are  either  very 
tough,  tough,  fragile,  or  very  fragUe, 

IX.  By  FRACTURE  is  meant  the  frefh  furface  which 
a  mineral  difplays  when  broken.  It  is  either Jlat,  with- 
out any  general  elevation  or  depreflion  ;  or  conchoidal, 
having  wide  extended  roundifh  hollows  and  gentle  ri- 
fmgs.  When  thefe  are  not  I'ery  evident,  the  fratlure 
is  czWcA  Jlat  conchoidal ;  when  they  are  fmall,  it  is  call- 
ed _/»«// conchoidal  ;  and  wheo  of  great  extent,  great 
conchoidal. 

The  frafture  may  alfo  be  even,  free  from  all  afperi- 
ties  ;  uneven,  having  many  fmall,  {harp,  abrupt,  irregular 
elevations  and  inequalities;  and  from  the  lize  of  thefe,  this 
frafture  is  denominated  coarje,  fmall,  ux  fine  ;  fplintery, 
having  fmall,  thin,  half  detached,  (harp  edged  fplinters, 
according  to  the  fize  of  which  this  frafture  is  denomi- 
nated coarfe  or  fine  ;  or  rugged,  having  many  very  mi- 
nute rtiarp  hooks,  more  ieniible  to  the  hand  than  the 
eye. 

X.  By  TEXTURE  is  meant  the  internal  (Irufture  or 
difpofition  of  the  matter  of  which  a  mineral  is  compofed, 
which  may  be  difcovered  by  breaking  it.  The  texture  is 
either  compaff,  without  any  diftinguifhahle  parts,  or  the 
appearance  of  being  compofed  of  fmaller  parts  ;  earthy, 
compofed  of  verj-  minute  aln,oJI  imperceptible  rough 
parts  ;  granular,   compofed  of  fmall    (hapelefs  grains  ; 
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gluhiliform ,  compofed  of  fmBll  fpiierical  bodies s  ^^reu/,   rxteinui 
compofed  of  fibres  which   may  be  long,  Jhart,  Jlra'-ght,'^^''^'^^"*' 
emoted, parallel,  divergent, Jlellated,  fafcimlated,  or  Jaif-         " 
fatedi  radiated,  confiding  of  long  narrow  ftatti/h  lamclix; 
or  lamellar  or  foliated,  confilUng  of  fmooth  continucil 
plates  covering  each  other;  thcle  plates  may  be  cither 
Jlraight,  crooked,  or  undulating.  n 

XI.  The     STRUCTURE    or    COMPOUND    TEXTURE     isStrudurt 
the  manner  in   which  the  parts  tliat  form  the  texture 

are  dilpofed.  It  is  either  yZa/j;,  in  llraight  layers  like 
ilate  ;  lejlaceous,  in  incurvated  1  lyers  ;  concentric,  \n  cou. 
centric  layers  ;  or  columnar,  in  columns. 

The  texture  andflruclure  may  at  firll  view  appear  the 
fame  ;  but  in    reality   they    are  very    different.     Thus  • 
common  (late  has  oiten  \.\ejhttyjlruilure  and  cirthy  tex- 
ture-    The  texture  of  pllciial  is  conij  .ui,  but  its  Ilruc- 
ture  is  often  llaty. 

XII.  By  FR/iGMENTS  is  meant  the  fliape  of  the  P'tces  pra~njm, 
into  which  a  mineral  breaks  when   ilruck  with  a  ham- 
mer.    They  are  either  cubic  ;  rhomboidul .  •wedgejhaped ; 

fpliniery,  thin,  long,  and  pointed;  tabitar,  thin,  and 
broad,  and  (harp  at  the  corners,  as  co!i  inon  fiate  ;  or 
indetei minate,  without  any  particular  releniblance  to  any 
other  body.  The  edges  of  indeterminate  fragments  arc 
either  very  fl.^arp,Jharp,JharpiJli,  or  b-unt. 

XIII.  By  the  FEEL  ot  minerals  is  meant  the  fcnfa- 
tion  which  their  furfaces  communicate  when  handled. 
The  feel  of  fome  minerals  ligreafy,  of  others,  dry.  Sec. 

XIV.  Some    minerals    when    (buck    give    a 
SOUND,  as  common  Hate  ;  others  a  dull  found. 

The  SMELL,  TASTE,  SPECIFIC  GRAVITY,  and  MAG- 
NETISM of  minerals,  require  no  explanati-..n. 

With  refpeCt  to  electricity,  lome  minerals  become 
eleftric  when  heated,  others  when  rubbed,  others  cannot 
be  rendered  eleCtiic.  The  tlettricity  of  fome  minerals 
13  pqfitive  or  vitreous,  of  others  negative  or  refinous. 

As  for  the  chemical  properties  of  minerals,  they 
have  been  already  explained  in  the  article  Chemistry, 
which  makes  a  part  of  this  Supplement.  And  for  the 
deicription  of  the  blow-pipe,  and  the  manner  of  uiing 
it,  we  refer  the  reader  to  a  treatile  on  that  fubjedl  pre- 
fixed to  the  article  Mineralogy  in  the  Eucyclopxdia,  , 

Chap.  II.     Of  the  Arrangement  of  Minerals. 

Minerals  may  be  arranged  two  ways,  according  to 
their  external  characters,  and  according  to  their  chemi- 
cal compofition.  The  firll  of  thefe  methods  has  been 
called  an  artificial  claffification  ;  the  fecond,  a  natural 
one.  The  firlt  is  indilpenlably  necelfary  for  the  llu- 
dent  of  nature  ;  the  fecond  is  no  lels  indilpen fable  for 
the  proficient  who  means  to  turn  his  knowledge  to  ac- 
count. Without  the  firft,  it  is  inipoflible  to  difcover  the 
names  of  minerals;  and  without  the  fecond,  we  muft  re- 
main ignorant  of  their  uie. 

Almoil  every  fyllem  of  mineralogy  hitherto  ptiblilh. 
ed,  at  leaft  fince  the  appearance  of  Werner's  external 
characters,  has  attempted  to  combine  thele  two  arrange-, 
ments,  and  to  obtain  at  one  and  the  fame  time  the  ad- 
vantages peculiar  to  each.  But  no  attempt  of  this 
kind  has  hitherto  fucceeded.  Whether  this  be  owing 
to  any  thing  impolTible  in  the  undertaking,  or  to  the 
B  b  2  pr^fent 


(c)   Thefe  four  degrees  have  been  denoted  by  Kirwan  by  the  figures  4,  3,  2,  i,  and  no  luHrc  by  o.     Wc  have 
imitated  him  in  the  prefent  article. 
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Artificial  prefent  imperfeft  (late  of  mineralogy,  as  is  more  pro- 
^  Syft'^'"-  bable,  we  do  not  take  upon  us  to  determine.  But 
^"~^''~~'  furcly  the  want  of  fuccefs,  which  has  hitherto  attended 
all  attempts  to  combine  the  two  arrangement^  ought 
to  furji^ell  the  propriety  of  fcparating  them.  By  adhe- 
ring (iiit'tly  to  one  lang-uage,  the  trouble  of  ihidying 
two  different  fyftcms  vvonlil  he  entirely  prevented.  They 
would  throw  mutual  light  upon  each  other;  the  artifi- 
cial fyftem  would  enable  the  Undent  to  difcover  the 
names  of  minerals  ;  the  natural  would  enable  him  to  ar- 
range them,  and  to  ttudy  their  properties  and  ufes. 

The  happy  arrangement  of  Cronlf  edt,  tocrether  with 
the  fubfetjuent  improvements  of  Bergman,  Werner,  Kir- 
wan,  Hauy,  and  other  celebrated  mineralogifts,  has 
brought  the  natural  fyitem  of  rtiineralogy  to  a  confider- 
able  degree  of  perfection.  But  an  artificial  fyftem  is 
ftill  a  defideratum  ;  for  excepting  Linngfus,  whofe  fuc- 
cefs was  precluded  by  the  ftate  of  the  fcience,  no  one 
has  hitherto  attempted  it.  Though  we  are  very  far 
from  thinking  ourfelves  fufficiently  qualified  for  under- 
taking fuck  a  ta(k,  we  fhall  neverthelefs  venture,  in  the 
next  chapter,  to  (l<elch  out  the  rudiments  of  an  artificial 
fyflem.  The  attempt,  at  leall,  will  be  laudable,  even 
though  we  (hould  fail. 


Chap.  III.    \ 


Chaf.  III.     Artificial  System. 
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Artificial         Minerals  may  be  divided  into  fix  clafles  : 
elaffcs.  I.  Minerals  that  cannot  be  fufed  by  the  blowpipe 

perfe. 

2.  Minerals  fufible /ifryZ'  by  the  blow-pipe. 

3.  Minerals  fufible  by  the  blow-pipe  ^fryi'  when  ex- 
pofed  to  the  blue  flame,  but  not  when  expofed  to^the 
yellow  flame. 

4.  Minerals  fufible  per  fe  by  the  blow-pipe  ;  and 
when  in  fufion,  partly  evaporating  in  a  vifible  fmoke. 

5.  Minerals  which  totally  evaporate  before  the  blow- 

6.  Minerals  totally  foluble  in  muriatic  acid  with  ef- 
fervefcence,  the  fdution  colourleis. 

Under  thefe  head.";  we  fhall  arrange  the  fubjefts  of 
the  mineral  kingdum. 


Class  I.     INFUSIBLE. 

ORDER  I.   Specific  gravity  from  16  to  12. 
Genus  I.  Colour  whitifii  iron  grey. 
Species  I.   Native  platinum. 

ORDER  II.  Sp.  gT.  R.,-844  to  7.006. 
Genus  I.  Attrafted  hy  the  magnet. 

Sp.  I.   Native  Iron. 
Genus  II.  Not  attrafted  by  the  magnet. 
Sp.  I.   Native  copper. 

Flexible  and  malleable.     Colour  ufually 
red. 
Sp.  2.  Wolfram. 

Brittle.     Colour  ufually  brown  or  black. 

ORDER  III.    Sp.  gr.  from  6.4509  to  5.8. 

Genus  I.     Forms  a  blue  glafs  with  raicrocofmic 
fait,  which  becomes  colourlefs  in  the  yellow,  but 
recovers  its  colour  in  the  blue  flame. 
Sp.  1.   Tungftat  of  lime. 
Genus  II.   Forms   with  microcofmic  fait  a  per- 
manently coloured  bead. 
Sp.  I.   Sulphuret  of  cobalt. 
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ORDER  IV.     Sp.  gr.  from  4,8  to  4.^,  Artificial 

Genus  1.  Tinges  borax  dark  green.  Syrtem. 

Sp,  I.  Common  magnetic  iron  flone.  »      ■' 

Genus  II.  Tinges  borax  reddifli  brown. 

Sp.  I.   Grey  ore  of  manganefe. 

ORDER  V.     Sp.gr.  from  4.4165   to  3  092.     Infu- 
fible  with  fixed  alkalies. 
Genus  I.  Hardnefs  20. 

Sp.  1.   Diamond. 
Genus  II.   Hardnefs  15  to  17.    Caufes  fingle  re- 
fraction. 

Sp.  2.  Telefia. 
Sp.  2.  Corundum. 
Genus  III.   Hardnefs  13.     Single  refraftion. 
Sp.  I.   Ruby. 

Cryftallizes  in  odlahedrons. 
Genus  IV.   Hardnefs  i2.     Single  refraflion. 

Sp.  Chryfoberyl. 
Genus  V.  Hardnefs  12.  Caufes  double  refraftion. 
Becomes  eleftric  when  heated. 
Sp.  I .  Topaz. 
Genus  VI.   Hardnefs  10  to  16.     Double  refrac- 
tion.    Sp.  gr.  4.2  to  4.165. 
Sp.  I.   Zircon. 
Genus  VII.  Hardnefs  6  to  9.     Feels  greafy. 

Sp.  1.  Cyanite. 
Genus  VIII.   Hardnefs  9  to  10.  Feel  not  greafy. 
Double  refraftion.      Sp.  gr.  3.283  to  3.285. 
Sp.  I.  Chryfolite. 
Genus  IX.   Hardnefs  12.     Infufible  with  borax. 
Colour    of  large  maffes  black,  of   thin  piece* 
deep  green. 

Sp.  I.  Cylanite. 

(Phofphat  of  lime.) 

ORDER  VI.   Sp.  gr.  from  2.9829  to  1.987.   Infufible 
with  fixed  alkalies. 

Genus  I.   Hardnefs  12. 

Sp.   I.   Emerald. 
Genus  II.  Hardnefs  10. 

Sp.  1.  Jade. 
Genus  III.    Hardnefs  6  to  7.     Somewhat  tranf- 
parent. 

Sp.  I.   Phofphat  of  lime. 

Before  the  blow-pipe  becomes  furrounded 
with  a  luminous  green  vapour. 
Genus  IV.   Hardnefs  6.      Opaque. 

Sp.  I.   Micarelle. 
Genus  V.   Stains  the  fingers.      Colour  lead  grey. 
1^.  1.   Plumbago. 

Spanifti  wax  rubbed  with  plumbago  does 
not  become  electric  ;  or  if  it  does,  the 
eledfricity  is  negative.  Streak  lead  grey 
even  on  earthen  ware. 

ORDER  VII.  Sp.  gr.  from  4.7385  to  4.569.   Fufible 
with  fixed  alkalies. 

Genus  I.  Stains  the  fingers.     Colour  lead  grey. 
Sp.  I.   Molybdena. 

Spanifli  wax  rubbed  with  molybdena  be- 
comes pofitively  eledlric.  Streak  on 
earthen  ware  yellowilh  green. 

ORDER  VIII.    Sp.  gr.  from  4.1668  to  2.479.     fu- 
fible'with  fixed  alkalies. 


*  Hardnefs  from  10  to  12. 
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al  GesusI.  Ufually  white.  Cryftals  dodecahedrons. 

•  Double  refraftion.     Frafture   imperfeftly   con- 

"^  choidal  or  fplintery.     Brittle. 

Sp.  I.  Quartz. 
Genus  II.  Ui'ually  dark  brown.   FraiSure  perfeft- 
ly  conchoidal.   Brittle.  Eafily  breaks  into  fplin- 
ters. 

Sp.  I.   Flint. 
Genus  III.  Not  brittle.      Fradlure  even  or  im- 
perfeClly  conchoidal. 
Sp.  I.  Chalcedony, 
Sp.  2.  Jafper. 
Genus  IV.  Forms  with  potafs  a  violet  glafs,  with 
foda  or  borax  a  brown  glafs,  with   microcofmic 
fait  a  honey  yellow  glais.     Colour  green.      A- 
morphous. 

Sp   I.  Chr^'foprafium. 
Genus  V.  Tinges  foda  red.     The  colour  difap- 
pears  before  the  blue  flame,  and  returns  before 
the  yellow  flame. 

Sp.  I.   Oxide  of  manganefe  and  barytcs. 
Sp.  2.  Black  ore  of  manganefe. 
.S^.  3.   Carbonat  of  manganefe. 

('Brown  ore  of  iron.     Red  ore  of  iron.) 
**  Hardnefs  9  to  3. 
Genus  VI.   Flexible  and  elaftic  in  every  direftion, 

Sp.  I.  Elaftic  quartz. 
Genus  VII.   Emits  white  flakes  before  the  blow- 
pipe. 

Sp.  I.  Blende. 
Genus  VIII.  Becomes  eleftrlc  when  heated. 

Sp.  I.  Calamine. 
Genus  IX.  Tinges  borax  green.  Blackens  before 
the  blow-pipe. 

Sp.  I.  Mountain  blue. 
Colour  blue. 
Sp.  2.  Green  carbonat  of  copper. 
Colour  green. 
Genus  X.   Tinges  borax  green.  Becomes  attradl- 
able  by  the  magnet  by  the  aftion  of  the  blow- 
pipe. 

Sp.  I.   Brown  iron  ore. 
Colour  brown. 
Sp.  2.   Red  iron  ore.        «. 
Colour  red. 
Genus  XI.    Tinges   borax  fmutty  yellow.     Be- 
comes brownifh  black  before  the  blow-pipe. 
Sp.  I.   Carbonat  of  iron. 
Genus  XII.   Feels  greafy. 
Sp.  I.  Steatites. 

(Black  ori  of  Manganefe.      Carlonat  of 
manganefe.     Mica.) 

ORDER  IX.   Sp.  gr.  from  2.39  to  1.7. 
Genus  I.   Luftre  glaffy. 

Sp.  I.  Opal. 

Sp.  2.   Hyalite, 
Genus  II.   Luftre  greafy. 

Sp.  >.  Pitchft.one. 
Genus  III.  Luftre  waxy  or  pearly. 

Sp.i.  Staurolite. 

Class  II.     FUSIBLE. 
ORDER  I.  Sp.  gr.  from  19  to  10. 
Genus  L  Colour  yellow. 
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sp.  I.  Native  gold. 
Genus  II,  Colour  white. 

Sp.  I.  Native  filver. 
Genus  III.   Colour  ytllowifli  white. 

Sp.  I.   Alloy  of  filver  and  gold, 

ORDER  II.   Sp.  gr.  from  7.786  to  4.5. 
GtNi'S  I.  Flexible  and  malleable, 
Sp.  I,   Sulphuret  of  filver, 
**  Brittle. 
Genus  II.  Tinges  borax  white. 

Sp.  Tiriftone, 
Genus  III.  Tinges  borax  green, 
Sp.  I.   Sulphuret  of  copper. 

Colour  bluifh  grey.      1 
Sp.  2.  Chromat  of  lead. 

Colour  aurora  red. 
Sp.  3.   Purple  copper  ore. 
Colour  purple. 
Genus  IV.  Tinges  borax  faint  yellow.    Become* 
black  whtn  expofed  to  the  vapour  of  fulphuret 
of  ammonia. 
Sp.  I.  Galena. 

Colour  bluifh  grey.  Luftre  metallic. 
Fragments  cubic, 
,5^.  2.  Black  lead  ore. 

Colour  black.     Luftre  metallic. 
Sp.  3,  Lead  ochre. 

Colour  yellow, grey, or  red.  Luftre  o, 
Sp.  4.   Carbonat  of  lead. 

Colour  white.     Luftre  waxy. 
Sp.  5.  Phofphat  of  lead, 

Ufually  green.     Luftre  waxy.     Af- 
ter fuiion  by  the   blow-pipe  cry- 
ftallizes  on  coohng. 
Sp.  6.  Molybdat  of  lead. 

Colour  yellow.  Streak  white.  Luftre 
waxy. 

ORDER  III.   Sp.  gr.  from  4.35  to  3. 
*  Hardnefs  14  to  9. 
Genus  I.  Melts  without  frothing  into  a  grey  en- 
amel. 

Sp.  I.  Garnpt. 

Colour  red. 
Genus  II.   Melts  into  a  brownifli  enamel, 
Sp.  I.   Shorl. 

Colour  black.     Opaque. 
Genus  III.   Froths  and  melts  into  a  white  enamel. 
Sp.  I.   Tourmaline. 

Becomes  eleftric  by  heat. 
Genus  IV.  Froths  and  melts  into  a  greenifh  black 
enamel. 

Sp.  I.   Bafaltine. 
Genus  V.   Froths  and  melts  into  a  black  enamel. 
Sp.  I.  Thallite. 

Colour  dark  green. 
Sp.  2.  Thumerftone. 

Colour  clove  brown, 
**  Hardnefs  j  to  8, 
Genus  VI.   Melts  into  a  tranfparent  glafs, 
Sp.  I,   Fluat  of  lime. 

Powder  phofphorefces  when  thrown  1 
on  a  hot  iron. 
Genus  VIL  Melti  into  a  black  glafs. 

Sf_.  I.. 
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S/:  I.  Hornhleiule. 
Genus  VIII.  Mells  into  a  black  bead  with  a  fiil- 
phiircous  fmell,  and  depofits  a  blue  oxide  on  the 
charcoal. 

Sj>.   I.   Sulphuiet  of  till. 
Genus   IX.   Melts   into   a  brown   glafs.     Tinges 
borax  violet. 

Sj>.  I     Afbefloid. 

Colour  green. 
Genus  X.  Melts  into  a  brown  (?)  glafs.     When 
i'ufed  with  potal's,  and  diffolved  in  water,  the 
folution  becomes  of  a  fine  orange  yellow. 
Sp.  I.  Chromat  of  iron. 
Genus  XI.   Before  the  blow-pipe  yields  a  bead  of 
copper. 

Sp.  I.   Red  oxide  of  copper. 

(Sidphuret  of  copper.) 
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black   mafs.     Ifpvsvidiinj'  calci-  Ar-ificid 
ncd,  gelatinizes  with  acids.  Syllem. 

Sp.  2.   Borat  of  lime.  » 

Tinges  the  flame  greenifli,  froths  arid 
mtlts  into  a  yellowifli  enamel  gar- 
niflied  with  fmall  projecting  points, 
If  the  blaft  be  continued,  thei'e 
dart  off  in  fparks. 


ORDER  IV.   Sp.  gr.  from  2.945  to  2.437. 
Genus  1.   Compofed  of  fcales. 
Sp.  I.  Talk. 

Feels  greafy.     Spanifh  wax   rubbed 
by  it  becomes  pofitively  eleftric. 
Genus  II.  Compofed  of  thin  plates,  ealily  fepa- 
rable  from  each  other. 
Sp.  I.  Mica. 

Plates    flexible  and  elaftic,  may  be 
torn   but   not    broken.       Spanifh 
wax  rubbed  by  it   becomes  nega- 
tively eleftric. 
4  Sp-  2.  Stilbite. 

Plates  fomewhat   flexible.       Colour 

pearl  white.     Powder  renders  fy- 

rup  of  violets  green.     Froths  and 

melts  into  an  opaque  white  enamel. 

5/.  3.  Lepidolite. 

Colour  violet.     Powder   white  with 
a  tint  of  red.     Froths  and  melts 
into  a  white  fcmitranfparent  ena- 
mel full  of  bubbles. 
Genus  III.  Texture  foliated. 
Sp.  I.  Felfpar. 

Fragments  rhomboidal.       Hardnefs 
9  to  10. 
Sp.  2.  Leucite. 

Always  cryftallized.    White.    Pow- 
der renders  fyrup  of  violets  green. 
Hardnefs  8  to  10. 
Sp.  3.  Argentine  felfpar. 

Always  cryftallized.  Two  faces  dead 
white,  two  filvery  white. 
Sp.  4.  Prehnite. 

Colour  green.     Froths  and  melts  in- 
to a  brown  enamel. 
Texture  fibrous.     Fibres  eafily  fepa- 


Genus  IV. 
rated. 
Sp.  I. 

Genus  V. 
Sp.  I. 

Genus  VI 
Sp.  I. 


Afbeftus. 

Feels  fomewhat  greafy. 
Texture  ftriated. 
jEdelite. 

Abforbs  water.     Froths  and  melts 
into  a  frothy  mafs. 
,  Texture  earthy  or  compaft. 
Lazulite. 

Froths  and  melts  into  a  yellowifh 


ORDER  V.  Sp.  gr.  from  2.348  to  0.68. 
Genus  I.  Hardnefs  10. 
Sp.  I.   Obfidian. 

Colour  blackifh,  in  thin  pieces  green. 
Genus  II.   Hardnefs  6  to  8. 
Sp.  I.  Zeohte. 

Gelatinizes  with  acids.     Becomes  c- 
leftric  by  heat. 
Genus  ITI.   Hardnefs  3  to  4. 
Sp.  I.  Amianthus. 

Feels  greafy.     Texture  fibrous. 
Sp.  2.  Mountain  cork. 

Elaftic  like  cork. 

Class  III.     FUSIBLE  sr  the  BLUE  FLAME, 
INFUSIBLE  BY  THE  YELLOW. 

Genus  I.  Sp.  gr.  from  4.43  to  4.4. 

Sp   I.  Sulphat  of  barytes 
•Genus  II.  Sp.  gr.  from  3.96  to  3.51. 

Sp.  I.   Sulphat  of  ftrontites. 
Genus  III.  Sp.  gr.  from  2.311  to  2.167. 

Sp.  I.  Sulphat  of  lime. 

Class  IV.     FUSIBLE,  and  partly  EVAPORA- 
TING. 

ORDER  I.   Sp.  gr.  from  10  to  5. 

Genus  I.   Colour  white  or  grey.    Luftre  metallic. 
*  Sp.  gr.  9  to  10. 
Sp.  I.  Native  amalgam. 

Tinges  gold  white.  Creaks  when  cut. 
Sp.  2.  Alloy  of  filver  and  antimony. 
Powder  greyifh  black. 
**  Sp.  gr.  from  6.467  to  5-309. 
Sp.  3.   Sulphuret  of  bifmuth. 

Melts  when  held  to  the  flame  of  3 
candle. 
Sp.  4.  Dull  grey  cobalt  ore. 

Streak   bluifh  grey.      Hardnefs   to. 
When   flruck    emits    an   arfenical 
fmell.     Luftre  fcarcely  metallic. 
Genus  II.   Colour  red,  at  leaft  of  the  ftreak, 
Sp.  I.   Red  filvcr  ore. 

Burns  with  a  blue  flame. 
Sp.  2.   Hepatic  mercurial  ore. 

Does  not   flame,  but  gives  out  mer- 
cury before  the  blow-pipe. 
Genus  III.  Colour  blue. 
Sp.  I.  Blue  lead  ore. 

Burns  with  a  blue  flame  and  fulphu- 
reous  fmell,  and  leaves  a  button  of 
lead. 
Genus  IV.     Colour  yellowifh  green. 

Sp.  I.  Phofphat  and  arfeniat  of  lead  combined. 
When  fufed  by  the  blow-pipe,  cry- 
ftalUzes  on  cooling. 
Genus  V.  Colour  ufually  that  of  copper,     Sp. 


Vitificial 
Syftem. 


gr.  6.6084  to  6  6481. 

^4.  I.   Sulphuret  of  nickel. 
'  Exhales  before  the  blow-pipe  an  ar- 

fenical  fmoke. 

ORDER  11.  Sp.  gr.  from  4.6  to  3.44. 
Genus  I.  Colour  grey. 

Sp.  I.   Grey  ore  of  antimony. 

Burns  with  a  blue  flame,  and  leaves 
a  white  oxyd. 
Sp.  2.   Grey  copper  ore. 

Crackles  before  the  blow-pipe. 
Genus  II.  Colour  yellow. 
Sp.  1.  Pyrites. 

Burns  with  a  blue  flame  and  fulphu- 
reous  fmell,  and  leaves  a  browniih 
bead. 
Sp.  2.  Yellow  copper  ore. 

Melts  into  a  black  mafs. 

Class  V.  EVAPORATING, 

ORDER  I.  Sp.  gr.  13.6. 
Genus  I.  Fluid. 

Sp.  I.   Native  mercury. 

ORDER  II.  Sp.  gr.  from  10  to  5.419. 
Genus  I.   Colour  red. 

■S^.  1.  Native  cinnibar. 
Genus  II.  Colour   white  or  grey.     Luftre  me- 
tallic. 

Sp.  1.  Native  bifmuth. 

Melts  into  a  white  bead,  and  then 
evaporates    in  a   yellowifh    white 
fmoke.     Sp.  gr.  9  to  9.5. 
Sp.  2.   Native  antimony. 

Melts  and  evaporates  in  agrey  fmoke. 
Sp.  gr.  6.6  to  6.8. 
Sp.  3.   Native  arfenic. 

Evaporates    without    melting,    and 
gives  out  a  garlic  fmell, 

ORDER  III.  Sp.  gr.  from  4.8  to  3.33. 
Genus  I.  Colour  red. 

Sp.  I.   Red  antimonial  ore. 

Melts  with  a  fulphureous  fmell.   Sp. 

gr-  47- 
Sp.  2.   Realgar. 

Melts  with  a  garlic  fmell.     Sp.  gr. 

3-^84 
Genus  II.  Colour  yellow. 
Sp.  I.  Orpiment. 
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Class  VI.  SOLUBLE  with  EFFERVESCENCE    Naturui 
,N  MURIATIC  ACID.  J2!}'Jlj 


Genus  I.   Sp.  gr.  from  4.338  to  4.3. 

Sp.  I.  Carbonat  of  barytes. 
Genus  II.  Sp.  gr.  from  3.66  to  3.4. 

Sp.  I.  Carbonat  of  llrontites. 
Genus  III.   Sp.  gr.  from  2.3  to  I  or  under. 
Sp.   I.   Carbonat  of  lime. 
We  have  purpofely  avoided  giving  names  to  the  claf- 
fes,  orders,  and  genera  ;  bccaufe  a  more  careful  exami- 
nation will  doubtlefs  fugged  many  improvements  in  the 
arrangement,  and  an  artificial  fyftem  ought  to  be  brought 
to  a  great  degree  of  perfeftion  before  its  clafTes,  ordei-s, 
and  genera  be  finally  fettled. 

We  have  excluded  from  this  arrangement  all  thofe 
bodies  which  in  the  following  fyftem  are  arranged  un- 
der  the  clafs  of  combuftiblcs  ;  becaufe  there  can  fcarce- 
ly  be  any  difficulty  in  dillinguKhing  them  both  from 
the  other  clafles  and  from  one  another.  For  fimilar 
reafons  we  have  excluded  the  clafs  of  falts. 

Chap.  IV.     Natural  System. 

Avicenna,  a  writer  of  the  nth  century,  divided  mi- 
nerals into  four  clafles  ;  ftones,  falts,  inflammable  bodies, 
and  metals  (d).  This  divifion  has  been,  in  fome  mea- 
fure,  followed  by  all  fucceeding  writers.  Linnaeus,  in- 
deed, the  hvh  of  the  moderns  who  publiflied  a  fyilem  of 
mineralogy,  being  guided  by  the  external  charadters 
alone,  divided  minerals  into  three  claiTes,  petr^,  miners, 
fojilia:  but  Avicenna's  clafles  appear  among  his  orders. 
The  fame  remark  may  be  made  with  refpeft  to  the  fyf- 
tems  of  Wallerius,  Wolfterdorf,  Cartheiifer,  and  Julli, 
which  appeared  in  fuccefllon  after  the  flrft  publication 
of  LinnjEUs's  Sxflema  Naturis,  in  1736.  At  laft  m 
1758,  the  fyftem  of  Cronftedt  appeared.  He  reinftated 
the  clafi'es  of  Avicenna  in  their  place;  and  his  fyftem 
was  adopted  by  Bergman,  Kirvvan,  Werner,  and  the 
moft  celebrated  mineralogifts  who  have  written  fince. 
We  alio  fliall  adopt  his  clan"es,  with  a  few  (ligi^t  excep- 
tions;  becaufe  we  are  not  acquainted  with  any  other 
divifion  which  is  intitied  to  a  preference. 

We  Ihall  therefore  divide  this  treatife  into  four  claffef!, 
I.  Stones.      II.  Salts.      III.  Combuftiblcs.      IV.  Ores. 

The  firft  clafs  comprehends  all  the  minerals  which 
aje  compofed  chiefly  or  entirely  of  earths ;  the  fecond, 
all  the  combination  of  acids  and  alkalies  which  occur 
in  the  mineral  kingdom  ;  the  third,  thofe  minerals  vvhich 
are  capable  of  combuftion,  and  which  confift  chiefly  of 
fnlphur,  carbon,  and  oil;  the  fourth,  the  mineral  bo- 
dies  which  are  compofed  chiefly  of  metals. 


Natural 
ClaiTes. 


Class  I.     EARTHS  and  STONES. 


^T  rE  (liall  divide  this  clafs  into  three  orders.  The  firft 
'  •  order  ftiall  comprehend  all  chemical  combinations 
of  earths  with  each  other;  the  fecond  order,  chemical 
combinations  of  eartlis  with  acids  ;  and  the  third  order, 
mechanical  mixtures  of  earths  or  ftones.  All  the  minerals 


belonging  to  the  firft  order  exhibit  the  fame  homoge- 
neous appearance  to  the  eye  as  if  they  were  fimple  bo- 
dies. We  fliall  therefore,  for  want  of  a  better  name, 
call  the  firft  oxAeT  fwiple  ;  the  fecond  order  we  lliall  di- 
ftinguifti  by  the  epithet  of faline  j  and  the  third  we  Ihall 

call 


(d)  Corpora  mineralia  in  quatuor  fpecies  dividuntur,  fcilicet  in  lapides,  et  in  liqulfaftlva,  fulphurea,  et  fales. 
Et  horum  qusdam  funt  rara;  fubftantire  et  dtbilis  compofitionis,  et  quaedam  fortis  iubftantix,  et  quaedam  dudi- 
bilia,  et  quaedam  non.  Avicenna  de  congdalione  et  conglutlnathne  lapidum,  Cap.  3.  Theatrum  Chemkum 
t.  iv.  p.  997. 
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Earrhs  and  call  aggregates  ;  becaufe  moft  of  the  minerals  belonging         All  thofe  minerals  which  are  compoftd  of  the  fame    SImi*; 
,    '"""'^*     to  it  coiilill  of  \Av\o\i^f,inp!eJion!s,  cemented,  as  it  were,      ingredients  wc  arrange  undetthcyumt  genus.     Accord- ,   ^^"""' 


together. 


Oadfr  I.     SIMPLE  STONES. 


ing  to  this  plan,  there  mult  be  as  many  genara  as  there 
are  varieties  of  combinations  of  the  above  fubltances  ex- 
illing  in  nature.  The  varieties  in  ihc proporlicn  of  the 
ingredients  conftitute  fpecics.  We  have  not  iirpofcd 
names  upon  our  genera,  but,  in  Imitation  of  Bergman*,*  Ofu/c 


Cron(ledt"s  Crokstedt  divided  this  order  into  nine  genera,  cor- 
genera.       refponding  to   nine  earths  ;  one  of  which   he   thought 

compofed  the  flones  arranged   under  each  genus.      The 

names  of   his   genera,    were   calcarts,  JUica,   granatitur, 

argillaceic,    mlaic.e,  Jliiores,  ajbsjl'ni^  z^o!ithic/t,    magnefie. 

All  his  earths  were  -afterwards  found  to  be  compounds, 

except  the  (irft,  fecond,  fourth,  and  ninfh.  Bergman, 
22  therefore,  in  his  Sciagraphia,  lirft  publilhed  in  1782, 
Improved    reduced  the  number  of  genera  to  five  j  which  was  the      the  fymbol  afi.      The  letters  are  arranged  according  to 

number  of  primitive  earths  known  when  he  wrote.  Since     the  proportion  of  the  ingredients  ;  that  which  enters  in 

that  period  three  new  earths  have  been  dilcover'ed.  Ac-     the  greateft  proportion  being  put  firll,  and  the  others 

cordingly,  in  tlie  lateft  iyftems  of  mineralogy,  the  ge-     in  their  order.      Thus  the  genns  aft    is  compofed  of  a 

nera  belonging  to  this  order  amount  to  eight.      Each      confiderable  proportion  of  alumina,  of  a  fmaller  propor- 

genus  is  named  from  an  earth  ;  and   they  are  arranged 

in  the   neweft  Wcrnerian  fyllem,   which  we   have  feen, 

as  follows  : 

5.  Magnefian  genus. 

6.  Calcareous  genus. 

7.  Barytic  genus. 

8.  Strontian  genus. 
Mr  Kirwan,  in  his  very  valuable  fyftem  of  mineralo-     the  minerals  belonging  to  any  genus  become  too  name. 

gy,  has  adopted  the  fame  genera.      Under  each  genus,      rous,  advantage  may  be  taken  of  thefe  fubdivifions,  and 
thofe  ftones  are  placed,   which  are  compofed  chiefly  of     each  of  them  may  he  formed  into  a  feparate  genus.  At 
the  earth  which  gives   a  name  to  the  genus,  or  which     prefent  this  feems  unneceflary  (e). 
at  leaft  are  fuppofed  to  poffefs  the  charaAers  which  di-  The  following  is  a  view  of  the  different  genera  be- 

J,         ftinguidi  that  earth.  longing  to  this  order,  denoted  each  by  its  fymbol.  Every 

Still  Jefici.      A  little   confideration  will  be  fuffieient  to  difcover     genus  is  followed  by  the  fpecies  included  under  it  ;  and 
*M.  that  there  is  no  natural  foundation   for  thcfe  genera,     the  whole  are  in  the  order  which  we  mean  to  follow  in 


1.  Jargon  genus. 

2.  Siliceous  genus. 

3.  Glucina  genus. 

4.  Argillaceous  genus. 


have  denoted  each  by  a  fjmbol.  'I  his  fymbol  is  com- 
pofed of  the  (irlt  letter  of  every  fubilancc  which  enters 
in  any  confiderable  quantity  into  the  compulition  of  the 
minerals  arranged  under  the  genus  denoted  by  it.  Thus, 
fuppofe  the  minerals  of  a  genus  to  be  compofed  of  alti- 
vnna,  Jllica,   and  ox'ule  of  iron,  we  denote  the  genus  by 


tion  of  filica,  and  contains  leaft  of  all  of  iron.  By  this 
contrivance,  the  fvmbol  of  a  genus  contains,  within  the 
compafs  of  a  few  letters,  a  pretty  accurate  defcrlption 
of  its  nature  and  character.  Where  the  proportions 
of  the  ingredients  vary  in  the  fame  genus  fo  much,  that 
the  letters  which  conftitute  its  lynibol  change  their 
place,  we  fubdivide  the  genus  into  parts  ;  and  whenever 
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Moft  ftones  are  compofed  of  two,  three,  or  even  four 
ingredients  :  and,  in  many  cafes,  the  proportion  of  two 
or  more  of  thefe  is  nearly  equal.  Now,  under  what 
genus  foever  fuch  minerals  are  arranged,  the  earth  which 
gives  it  a  name  muft  form  the  fmalleft  part  of  their  com- 
pofition.  Accordingly,  it  has  not  been  fo  much  the 
chemical  compofition,  as  the  external  charadler,  which 
has  guided  the  mineralogift  in  the  diftribution  of  his 
fpecies.  The  genera  cannot  be  faid  properly  to  have 
any  charafter  at  all,  nor  the  fpecies  to  be  conneftedby 
any  thing  elfe  than  an  arbitrary  title.  This  defeft, 
which  mull  be  apparent  in  the  mod  valuable  fyftems  of 
mineralogy,  feems  to  have  arifen  chiefly  from  an  attempt 
to  combine  together  an  artificial  and  natural  fyftem. 
As  we  have  feparated  thefe  two  from  each  other,  it  be- 
comes neceffary  for  us  to  attend  more  accurately  to  the 
natural  diftribution  of  genera  than  has  hitherto  been 
done.  We  have  accordingly  ventured  to  form  new  ge- 
nera for  this  order,  and  we  have  formed  them  according 
to  the  following  rules. 

The  only  fubftances  which  enter  into  the  minerals 
belonging  to  this  order,  in  fuch  quantity  as  to  dclcive 
attention,  are  the  following  : 

Alumina,  Glucina, 

Silica,  Zirconia, 

Magnefia,  Oxide  of  iron. 

Lime,  Oxide  of  chromum, 

Barytes,  Potafs, 


defcribing  them  : 

L    A. 

Telefia, 
Corundum, 
Native  alumina. 

IL   AMC. 

Ruby. 

in.  AIM. 

Ceylanite. 

IV.  s. 

Quartz, 

Elaftlc  quartz, 

Flint, 

Opal, 

Pitchftone, 

Chrvfoprafium. 

V.  I.  AS. 

Topaz, 

Sommite, 
Shorlite. 
2.  SA. 

Rubellite, 

Hornflate, 

Hornftone, 

Chalcedony, 

Jafper. 

Tripoli. 


VL  I.  Asi. 

Micarell, 

Shorl, 

Granatite, 

2.    SAI. 

Tourmaline, 

Argentine  felfp ar. 

Mica, 

Tak", 

Bafaltine, 

Hornblende, 

Obfidian, 

Petrilite, 

Felfite. 

VII.   SAP. 

Fclfpar, 

Lepidolite, 

Leuclte. 

Vin.   SAG. 

Emerald. 

IX.  SA£. 

Staurollte. 

X.  I.  ASL. 

Chryfoberyl. 

2.   SAL. 

Hyalite, 
-Sldelite. 

3.    SAWL 


(e)  We  need  hardly  remark,  that  the  laft  three  genera  of  Werner  belong  to  the  fecond  order  of  the  fitil  clafs 
of  this  treatife. 


)rclerl. 

MINER 

;arth'  and          J, 

SAWL. 

XV.     SAMLI. 

Stone'. 

Zeolite, 

Stilbite, 

Argillite. 

^^^V*"^"^ 

XVL  SM. 

Analeime, 

KiffekiU, 

4- 

SLA. 

Steatites. 

Lazulite. 

XVII.    MSI. 

XL 

SALI. 

Chrvfolite, 

Garnet, 

Jade. 

Thumerftone, 

XVIII.  SML. 

Prehnite, 

Aiteftus, 

Thallite. 

Afteftinite. 

xir. 

I.    AMS. 

XIX.    I.   SILM. 

Cyaiiite. 

Pvroxen, 

2. 

MSA. 

Albeftoid. 

Serpentine. 

2.  SMIL. 

XIII, 

MSAI. 

.Actiiiolite. 

Pot  Hone, 

XX.    SL. 

Chlorite. 

Sliiftofe  hornftone. 

XIV. 

SLAM. 

XXI.  zs. 

Siliceous  fpar. 

Zircon. 

Genus  I.     a. 

SPECIES  I.  Telelia  (f). 

Oriental  ruby,  fapphire,   and  topaz   of  mineralogifts. — 

Rulis  d'orient  ef  De  Lifle. 

Three  ftones,  difliiijjuilhed  from  each  other  by  their 
colour,  have  long  been  held  in  high  eltimation  on  ac- 
count of  their  hardnefs  and  beauty.  Thefe  llones  were 
known  among  lapidaries  by  the  names  of  ruby,  fifiphire, 
and  topa'z.,  and  the  epithet  oriental  v/i^  ufually  added,  to 
diftinguifh  them  from  other  three,  known  by  the  fame 
names  and  the  fame  colours,  but  very  inferior  in  hard- 
nefs and  beauty.  Mineralogills  were  accullumed  to 
confider  thefe  ftones  as  three  diftinft  fpecies,  till  Rome 
de  Lifle  obferved  that  they  agreed  in  the  form  of  their 
cryftals,  their  hardnels,  and  moft  of  their  other  proper- 
ties.  Thefe  obfervations  were  fufficient  to  conftitute 
them  one  fpecies  ;  and  accordingly  they  were  made  one 
fpecies  by  Rome  de  Lille  himfelf,  by  Ktrwan,  and  fe- 
veral  other  modern  mineralogical  writers.  But  this 
fpecies  was  dcftitute  of  a  proper  name,  till  Mr  Hauy, 
whofe  labours,  diftinguiihcd  equally  by  their  ingenuity 
and  accuracy,  have  contributed  not  a  little  to  the  pro- 
grefs  of  mineralogy,  denominated  it  tdefia,  from  the 
Greek  word  tiiisj-.c;,  which  fignities/'fr/i-c?. 

The  telefia  is  found  in  the  Eaft  Indies,  efpecially  in 
Pegu  and  the  ifland  of  Ceylon  ;  and  it  is  moft  common- 
ly cryftdUized.  The  cryftals  are  of  no  great  fize  :  Their 
primitive  form,  according  to  Mr  Hauy,  is  a  regular  fix- 
fided  prifm,  divifible  in  directions  parallel  both  to  its 
bafes  and  its  fides  ;  and  confequently  giving  for  the 
form  of  its  primitive  nucleus,  or  of  its  integrant  molecule, 
an  equilateral  three-fided  prifm  *.  The  moll  ufual  va- 
•  nety  is  a  dodecahedron,  in  which  the  teleha  appears  un- 
der the  form  of  two  very  long  (lender  hx-fided  pyra- 
mids, joined  bafe  to  bafef.  The  fides  of  thefe  pyramids 
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are  ifofceles  triangles,  having  flie  angle  at  their  vertex    Simple 
22'^  54',    and  each  of  thofe   at    the   bafe  78°  48' (g).     ^t"nts- 
The   inclinatiou  ot  a  fide  of  one  pyramid  to  a  contigu-    ' '    ' 
ous  fide  of  the  other  pyramid  is  139*  54  f.      In  fome  t  /i,Vand 
fpecimens  the  fuinmits  of  the  pyramids  are  wanting,  fo  '  ""^  </» 
that  the  cryllal  has  the  appearance  of  a  fix  fidcd  pritm,  ^ '"''' "• 
fomewhat  thicker  in  the  niitldlc  than  towards  the  exire-''-'' 
mities  §.   The  three  alternate  angles  at  each  extrenity  of  j  ^'g-  »■ 
this  priim  are  alfo  fometinies  wanting,  and  a  fmali  trian- 
gular face  inftcad  of  them,  which  renders  the  bafes  of  the 
fuppofed  prifm  nine-fidcd.       Phe  inclination  of  each  of 
theic  fniall  triangles  to  the  bafe  is  1  j 2 ^  1 8  •[ .    For  figures  ^  Hauy,  Hid. 
of  thefe  cryftals    we    refer  the  reader  to  Roin^  de  Liflc 
and  Hauy  II .  || /i,j_ 

The  texture  of  the  telefia  is  foliated,  and  the  joints 
are  parallel  to  the  bafe  of  the  priCn  *.  Its  luftre  va-  *  Hauy, 
rics  from  3  to  4  (h).  Tranfparency  ufually  3  or  4, 
fometimes  only  2.  It  caufes  only  a  fingle  retraction. 
Specific  gravity  from  4.  to  4.288.  Hardnefs  from  15 
to  17.  It  is  either  colourleis  or  red,  yellow  or  blue. 
Thete  colours  have  induced  lapidaries  to  divide  the  te- 
lefia into  the  three  following  vaiicties. 

Variety  i.      Red  telefia. 
Oriental  ruh^. 

Colour  carmine  red,  fometimes  verging  towards  vio- 
let.  Sometimes  various  colours  appear  in  the  iame  ftone, 
as  red  and  white,  red  and  blue,  orange  led.  Hardnefs 
17.     Sp.  gr.  4.288. 

Variety  2.     Yellow  telefia. 
Oriental  topa'z,. 

Colour  golden  yeOow.  Tranfp.  4,  Hardnefs  15. 
Sp.  gr.  4.0106. 

Variety  3.     Blue  telefia. 
Oriental  fapphyr. 

Colour  Berlin  blue,  often  fo  very  faint  that  the  ftone 
appears  almoll  colourlefs.     Tranfp.  3,  4,  2.     Hardnefs 
17.      Sp.gr.   3.991  to  4  o^3  f.      That   variety  is  nol^GmUle, 
probably  the    fame   with    the  fapphyr  of  the  ancients,  i^'choljont 
Their  fapphyr  was  dillinguiflied  by  gold-coloured  fpots,  S'"'"'*"'' "• 
none  of  which  are  to  be  feen  in  the  fapphyr  of  the  mo- 
derns J.  .  tf,Y/'/ 

A  fpecimen  of  this  laft  variety,  analyfed  by  Mr  Kla-  Thcofbra- 
proth,  was  found  to  contain  in  loo  parts,  /lui,rift 

98  5  alumina,  '■"'  >^'^u''i 

J      r  ■  D.  100. 

I.o  oxyd  ot  iron,  '• 

C.5  lime, 


loo.oj  r 

The  colouring  matter  of  all  thefe  varieties  is,  accord- i. 
ing  to   Bergman's  experiments,  iron  in  different  llates 
of  oxydation.      He  found  that  the  topaz  contained  .06, 
the  ruby  .1,  and  the  fapphyr  .02  of  that  metal  ||.      But  || 
when  thefe  expei  irnents  were  made,  the  analyfis  of  ftones  ii- 
was  not  arrived  at  a  lufBcient  degree  of  perfedtion   to 
enfure   accuracy.     No    conclufion,   therefore,  can    be 
drawn  from  thefe  experiments,  even  thougii   we   were 
certain  that  they  were   made  upon  the  real  varieties  of 
telefia. 

C  C  SPECIES 


Betirage, 
81. 


95, 


(f)  See  Kirvjan's    Mineralogy,  I.  2^0.  — Gmelin't   Syjlema   Naturx  of  Linn  <: us.    III.    170.— JJoot/  de  Lijle's 
CryHallographie,  II.  212. — Bermanni  Opufcula,  II.  72. 

(g)  In  fome  inftances,  the  angle  at  the  vertex  is  31°,  thofe  at   the  bafe  74°  30',  and  the  inclination  of  two 
triangles  I  22"  36'.      See  Hauy,  ibid. 

(h)  When  the  kind  of  luftre  is  not  fpecified,  as  io  the  prefent  inftance,  the  common  is  always  meaat. 
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*  Gtirroiv 
and  Gre- 

vilU.  Ni- 

'Jour,  ii, 
540- 

+  GrevUU^ 
Hill. 

^  your,  dt 
M.n    N" 
xxviii.a62. 
§  Niciol- 
J'an'i  y<.ur. 
ii.  J4'- 
V  FifT-  ,1- 
II  Fig- 4 

r.on. 


i  See  alfu 

J^ai/y,  Jeur. 
lie  min.  N° 
xxviu.>62. 


%  Klafrolh. 
See  alio 
iVfc  Gre. 
vilU,  Ni. 

your,  iii.  1 1 


§  Bcitriige, 
i.  77. 


fPECiES  2.  Conindum  (i). 

Corunilum  oi  Gnielin  —  Ailmanthie  /par  of  Klapioth 

and  KIrwan  -  CoriiiJon  of  Haiiy Corivindum  of 

Woodward. 

This  ftoiie,  tViough  it  appears  to  have  been  known  to 
^Ir  Woodward,  may  be  laid  to  have  been  firft  diflin- 
piiifhcd  from  other  minerals  by  Dr  Black.  In  1768, 
Mr  Berry,  a  lapidary  in  Edinburgh,  received  a  box  of 
it  from  Dr  Anderlon  of  Madras.  Dr  Black  afctrtain- 
ed,  that  thefe  fpecinicns  differed  from  all  the  (tones 
known  to  Europeans  ;  and,  in  confequence  ot  its  hard- 
r.efs,  it  obtained  the  name  of  adamantine  [par.  Not- 
withftanding  this,  it  could  fcarcely  be  faid  to  have  been 
known  to  European  mineralogifts  till  Mr  Greville  ot 
London,  who  has  donf  fo  much  to  promote  the  fcience 
of  mineralogy,  obtained  fpecimens  of  it,  in  1784,  from 
India,  and  diftributed  them  among  the  rood  eminent 
chemiits,  in  order  to  be  analyfed.  Mr  Greville  alfo 
learned,  that  its  Indian  name  was  Corundum.  It  is 
found  in  Indollan,  not  far  from  the  river  Cavcry,  which 
is  fouth  from  Madras,  in  a  rocky  matrix,  of  confider- 
able  hardnefs,  partaking  of  the  nature  of  the  ftone  it- 
felf  *.  It  occurs  alfo  in  China  ;  and  a  fublfance,  not 
unlike  the  matrix  of  corundum,  has  been  found  in  Teree, 
one  of  the  weftern  iflands  in  Scotland  f . 

The  corundum  is  ufually  cryftallized.  Its  primitive 
form,  difcovered  by  Mr  Hauv  \  and  the  Count  de  Bour- 
non  f ,  is  a  rhomboidal  parallelopiped,  whole  fides  are 
equal  rhombs,  with  angles  of  86"  and  94",  according 
to  Bournon,  or  vvhofe  diagnonals  are  to  each  other  as 
v'ly  to  v''5'  according  to  Hany  ;  which  is  very  near- 
ly the  fame  thing  «[[.  The  moll  common  variety,  for  the 
primitive  form  has  never  yet  been  found,  is  the  regular 
fix-fidcd  prifm,  the  alternate  angles  of  which  are  fome- 
times  wanting  ||,  and  tlie  triangular  *acec,  which  occupy 
their  place,  are  inclined  to  the  bafe  at  an  angle  of  i  22° 
Tj.'  *.  Sometimes  the  corundum  is  cryftallized  in  the  ' 
form  of  a  fix-fided  pyramid,  the  apex  of  which  is  gene, 
rally  wanting.  For  a  defcription  and  figure  of  thefe, 
and  all  tlie  other  varieties  of  corundum  hitherto  obfer- 
ved,  we  refer  the  reader  to  the  diflertation  of  the  Count 
de  Bournon  on  the  fubjefl  f . 

The  texture  of  the  corundum  is  foliated,  and  the  na- 
tural joints  are  parallel  to  the  faces  of  the  primitive 
rhomboidal  parallelopiped.  Luilre,  vyhen  in  the  di- 
redlion  of  the  laminae,  3  ;  when  broken  acrofs,  o.  O- 
pake,  except  when  in  very  thin  pieces.  Hardnefs  15. 
Sp.  gr.  from  37.10  to  4.180  J.  Colour  grey,  often 
with  various  lliades  of  blue  and  green. 

According  to  the  analyfis  of  Klaproth,  the  corun- 
dum of  India  is  compofed  of 

89.5     alumina, 
5.5     filica, 
1.25  oxide  of  iron, 

96.25  J. 


A  fpecimen  from  China  of 
84.0  alumina, 
6.5  filica, 
7.5  oxide  of  iron, 


Clafs  P. 

Simple 

Stones. 


.98.0H-  .  .  .       ll/iiV.i.73, 

Notwithftanding  the  quantity  of  filica  and  of  iron 
which  thefe  analyfes  exhibit  in  the  corundum,  we  have 
been  induced  to  include  it  in  the  prefcnt  genus  on  ac- 
count of  the  ftrong  refemblance  between  it  and  the 
third  variety  of  telelia.  The  (Iriking  refemblance  be- 
tween the  cryftals  of  telefia  and  corundum  will  appear 
evident,  even  from  the  fuperficial  defcription  which  we 
have  given  ;  and  the  oblVrvations  of  De  Bournon  ^  ren- f  Kklol. 
der  this  refemblance  ftill  n\ore  llriking.  It  is  not  im-/?"''  '3'""* 
probable,  therefore,  as  Mr  Greville  and  the  Count  de'"''' 
Bournon  have  fuggelled,  that  corundum  may  be  only 
a  variety  of  telelia,  and  that  the  feeming  difference  in 
their  ingredients  is  owing  to  the  impurity  of  thofe  fpe- 
cimens of  corundum  which  have  hitherto  been  brought 
to  Europe.  Let  not  the  difference  which  has  been 
found  in  the  primitive  form  of  tiiefe  fl;cnes  be  confider- 
ed  as  an  infnperable  objection,  till  the  fubjeCt  has  been 
again  examined  with  this  precife  objeft  in  view  ;  for  no- 
thi.ng  is  eafier  than  to  commit  an  overfight  in  fuch  dif- 
ficult examinations. 

SPECIES  3.      Native  alumina  (k).  Native  alu- 

This  fubftance  has  been  found  at  Halles  in  Saxony*"'"^ 
in  compaA  kidney-form  malfes.  Its  confidence  is  earthy. 
Ijuftre  o.  Opaque,  Hardnefs  4.  Brittle.  Sp.  gr.  mo- 
derate. Feels  fott,  but  meagre.  Adheres  very  flightly 
to  the  tongue.  Stains  very  flightly.  Colour  pure  white. 
Does  not  readily  diffafe  itfelf  in  water. 

Itconfillsofpurc  alumina,  mixed  with  a  fmall  quantity 
of  carbonat  of  lime,  and  fometimes  of  fulphat  of  lime  *.  «  Sckrelsr. 

a8 
Genus  II.  amc.  g.ii.amc. 

SPECIES  I.  Ruby  (l).  Ruby. 

Spinel  and  la.\afs    Ruby  of  Kirwan  — /?u3y  of  Hauy 
— Ruhis  fpinelle  ocloedre  of  De  Ijifle — SpineUus  of 
Grnelin. 
This  Hone,  which  comes  from  the  ifland  of  Ceylon, 
is  uiually  cryftallized.     The  primitive  form  of  its  cry- 
ftals  is  a  regular  oftohedron,  compofed  of  two  four- 
fided  pyramids  applied  bafe  to  bafe,   each  of  the  fides 
of  which  is  an  equilateral  triangle  "f  (m)-     In  fome  cafes  4.  FJg,  j, 
two  oppofite  fides  of  the  pyramids  are  broader  than  the 
other  two  ;  and  fometimes  the  edges  of  the  oAohedron 
are  wanting,  and  narrow   faces  in   their  place.      For  fi- 
gures and  defcriptions  of  thefe,  and  other  varieties  of 
thefe  cryftals,  we  refer  the  reader  to  Rome  de  Lijle  and 
the  Able  EJlner  J.  \  Crypi.u.. 

The  texture  of  the  ruby  is  foliated.      Its  luftre  is  3. '^26-  f/- 
Tranfp.  3.4.      It  caufes  a  fingle  rcfraftion.      Hardnefs"""'' •'''■^''"'* 
13-      Sp.  gr.  3.570  §  to  3.625  ^.Colour  red  ;  if  deep,  |3j^/^^„,i, . 
the  ruby  is  ufually  called  balajs  ;  if  pale  xoiy,fpinell.        ^  Haichttt* 

The  and  Cri- 

■LiUc. 


(1)  See  Kirivan's  Mineralogy,  \.  — Klaproth  in  Beob.  der  Berlin,  VIII.  295.  and  Beilriige,  I.  47. — Mr  Greville 
and  the  Count  de  Bournon  in  the  Philofophical  Tranfaflions  1798,  p.  40^.  and  in  Nicho/fon's  yournal,  II.  540.  and 
III.  5.— il/r  Hany  Jour,  de  PhyJ.  XXX.  193.  and  Jour,  de  Min.  N^' XXVIII.  26i. 

(k)  See  Kirivan's  Mineralogy,  I.  175,  and  Schr>,W.  15.  Stuck,  p.  209. 

(l)  See  Kirwan's  Min.  I.  253. — Rom^  de  LiJle,  II.  224. — Klaproth  Beob.  der  Berlin,  III.  '336.  and  Bet. 
tr'dge,  II.  I  —  Vauqueim  Ann.  de  Chim.  XXVII.  3,  and  XXXI.  141. 

(m)  Wc  (hall  afterwards  diftlnguifh  this  odlohedron  either  by  the  epithet  regular  or  aluminiform,  becaufe  it  is 
the  well-known  form  of  cryftals  of  alum. 
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Earths  and      The  ruby,  according  to  tiie  analyfu  of  Vauquelin,  is 
Stones,     compofed  of  86.CO  alumina, 

•  8.50  magneiia, 

5.25  chromic  acid. 


7.0' 


Cb'm.  xtvii. 

15- 

I  Plinll, 

1.37- -^-S- 
19 

G.III.  AIM. 

Ccylanite. 

J  Cryfullcg, 
iii.  I  So. 
Nouai. 


f  Havyj 
^our,  de 
Mil.  N° 
xixviii. 
264. 

H  IilJ.i6s. 
*  Houy, 
f  Defiotils. 
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The  ancients  feem  to  have  claflfed  this  done  among 
their  hyacinths  f . 

Genxjs  III.  AIM. 
SPECIES  I.  Ceylanite. 
The  mineral  denominated  ceylanite,  from  the  ifland  of 
Ceylon,  from  which  it  was  brought  into  Europe,  had 
been  obferved  by  Rome  de  Lifle  J  ;  but  was  firft  de- 
fcribed  by  La  Mctherie  in  the  Journal  de  Pliyfique  for 
January   1793. 

It  is  moft  commonly  found  in  rounded  maffes  ;  but 
fometimes  alfo  cryftallized.  The  primitive  form  of  its 
cryftals  is  a  regular  oftahedron  :  it  commonly  occurs 
under  this  form,  but  more  commonly  the  edges  of  the 
oftahedron  are  w.Tnting,  and  fmall  faces  in  their  place  J. 
The  frafture  of  the  ceylanite  is  conchoidal  l|.  Its 
internal  luftre  is  glaffy.  Nearly  opaque,  except  when 
in  very  thin  pieces.  Hardnefs  12.  Sp.  gr.  from 
3.7647*  to  3.793  t-  Colour  of  the  mafs,  black;  of 
very  thin  pieces,  deep  green.  Powder,  greemlh  grey. 
According  to  the  analyiis  of  Defcotils,  the  ceylanite  is 
compofed  of  68  alumina, 

16  oxide  of  iron, 
12  magnefia, 
2  filica. 


\  Ann,  Jc 
Chim.TsXvi, 

30 
G.IV.  s. 
Quartz. 
§  Kirivans 
Min.'i.l^l. 


p  your,  de 
Min.  N^ 
xxviii.  155. 
♦  fig.  6. 


t  F'g-  7- 


\  CryJIal. 
ii.  71. 

§  Mem. 
Par.  1786, 
p.  78.  See 
alfo  Lame- 
iberie,  Jour. 
de  Pbyf. 
xlii.  470. 
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Genus  IV.     s. 
SPECIES  I.      Quartz^. 

This  ftone,  which  is  very  common  in  mod  mountain- 
ous countries,  is  fometimes  cryllallized,  and  fometimes 
amorphous.  The  primitive  form  of  its  cryftals,  accord- 
ing to  Mr  Hauy,  is  a  rhomboidal  paralh'opiped  ;  the 
angles  of  whofe  rhombs  are  93°  22',  and  86"  38';  fo 
that  it  does  not  differ  much  from  a  cube  ||.  The  moil 
common  variety  is  a  dodecahedron  *,  compofed  of  two 
fix-fided  pyramids,  applied  bafe  to  baie,  whofe  iides  are 
ifofceles  triangles,  having  the  angle  at  the  vertex  40°, 
and  each  of  the  angles  at  the  bafe  70°  ;  the  inclination 
of  a  fide  of  one  pyramid  to  the  contiguous  fide  of  the 
other  pyramid  is  104°.  There  is  often  a  fix-fided  prifm 
interpofed  between  the  two  pyramids,  the  fides  of  which 
always  correfpond  with  thofe  of  the  pyramids  f .  For  a 
defcription  and  figure  of  the  other  varieties  of  quartz 
cryftals,  and  for  a  demonftration  of  the  law  which  they 
have  followed  in  cryftallizing,  we  refer  the  reader  to 
Rome  de  L'ljle  \  and  Mr  Hauy  J. 

The  texture  of  quartz  is  more  or  lefs  foliated.  Frac- 
ture, conchoidal  or  fpliiitery.  Its  luftre  varies  from  3 
to  I,  and  its  tranfparency  from  4  to  1  ;  and  in  fome 
cafes  it  is  opaque.  It  caufes  a  double  refraclion.  Hard- 
nefs, from  10  to  II.  Sp.  gr.  from  2.64  to  2.67,  and 
in  one  variety   2.691.      Its  colour  is  exceedingly  va- 


rious ;  a  circumftance  which  has  Induced  mineralogifts     Slmj)le 
to  divide  it  into  numerous  varieties.     Of  thefe  the  tol- ,   ^'"'"^^'  ^ 
lowing  are  the  chief : 

1.  Pure  colourlefs,  perfeftly  tranfparent  cryftallized 
quartz,  having  much  the  appearance  of  artificial  cryftal: 
known  by  the  name  of  rock  cryjlat. 

2.  Quartz  lefs  tranfparent,  and  with  a  fplintery  frac- 
ture, has  ufually  been  diftinguiftied  by  the  name  of 
jMflrtz,  and  feparated  from  rock  cryftal.  As  there  is 
no  occafion  for  this  feparation,  we  have,  in  imitation  of 
Mr  Hauy,  chofen  the  word  quartz  for  ihcjpeclfic  name, 
comprehending  under  it  all  the  varieties. 

3.  Blood  red  quartz  ;  formerly  called  compojlella  hya- 
cinth, and  by  Hauy  quarix.  hematoide.  It  owes  its  colour 
to  oxide  of  iron.  The  mineral  known  to  mineralogifts 
by  the  name  oifinople,  and  confidered  by  them  as  a  va- 
riety a(  jafper,  has  been  difcovered  by  Dolomieu  to  be 
merely  this  variety  of  quartz  in  an  amorphous  ftate  *.    •  Jour,  de 

4.  Yellow  quartz  ;  called  falfe  topaz.  M/n  N'> 

5.  Rofy  red  quartz;  called  Bohemian  ruby.  xxviii.i5j. 
For  a  fuller  enumeration  of  thefe  varieties,  we  refer 

the  reader  to  Smeiffer's  Mineralogy  f ,   Kiriuan's  Miner-  t  '■  89. 
alogy  \,  and  Gmelin's  edition  ot  the  Syjlema  Natune  of)  1.244. 
LinnjEUS  §.     This  laft  writer,  however,  has  arranged  fe-  j  iii,  1^4. 
veral  minerals  under  quartz  which  do  not  belong  to  it. 

Pure  quartz  is  compofed  entirely  of  fihca  ;  but  fome 
of  the  varieties  of  this  ipecies  are  contaminated  with 
metallic  oxides,  and  with  a  fmall  quantity  of  other 
earths. 

SPECIES  2.      Elaftic  Quartz  (n).  Elarfic 

This  Angular  ftone  is  moderately  elaftic,  and  flexible  .jj^^j^^ 
in  every  diredion.  Texture,  earthy.  Luftre  o  or  i. 
Hardnefs,  9.  Brittle.  Sp.  gr.  2.624.  Colour,  greyifh 
white.  Phofphorefces  when  fcraped  with  a  knife  in  the 
dark.  The  fpecimen  analyfed  by  Mr  Klaproth  con- 
tained 96.5  filica, 

2.5  alumina, 
5  oxide  of  iron. 

99-5  II  p  BeltrSge^ 

SPECIES  3.      Hint  (o). 
Pyromachus— Pierre  a  fuj'd — Silex  of  Hauy.  3* 

This  ftone,  which  has  become  fo  neceflary  in  modern 
war,  is  found  in  pieces  of  different  fizes,  and  ufually  of 
a  figure  more  or  lefs  globular,  commonly  among  chalk, 
and  often  arranged  in  fome  kind  of  order.  In  Saxony 
it  is  faid  to  have  been  found  cryftallized  in  hexahedrons, 
compofed  of  two  low  three-fided  pyramids  applied  bafe  ^  , 


to  bafe  *. 


Syjlema  Na^ 


Its  texture  is  compad.  Its  frafture,  fmooth  con- /ira,  iii, 
choidal.  Luftre,  external,  o,  the  ftones  being  always  318. 
covered  by  a  white  crull ;  internal,  I,  inchning  to 
greafy.  Tranfp.  2;  when  very  thin,  3.  Hardnefs,  10 
or  II.  Sp.  gr.  from  2.58  to  2.63.  Colour  varies 
from  honey  yellow  to  brownifti  black.  Very  brittle, 
and  fplits  into  fplinters  in  every  diredlion.  Two  pieces 
of  flint  rubbed  fmartly  together  phofphorefce,  and  emit 
a  peculiar  odour.  When  heated  it  decrepitates,  and  be- 
comes white  and  opaque.     When   expoled  long  to  the 

C  c  2  air 


See  al- 


(n)  Kirwan^s  Min.  I.  316. — Gerhard,  Mem.  Berlin,  1783,  107. — Klaprolh's  Beiiragi,  2  Band.  II3. 
tQjour.dePhyf.Xl.\.()U 

(o)  Xiriuan's  Min.  I.  301. —  Dolomieu,  Jour,  de  Min.  N"  XXXIII.  693.    and  Salivel,  Hid.  713.     Thefe  Jaft 
gentlemen  give  the  only  accurate  account  of  the  method  of  making  gun  fiiiits. 
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Earths  and  air  it  often  becomes  covered  with  a  white   cruil. 
.  Stones,     fpecimen  of  flint,  analyfed  by  Klaproth,  contained 
'  58.00  (ih'ca, 

.50  lime, 
.15  alumina, 
0.25  oxide  of  iron, 
LCD  water. 


R 

A 


Simple 
■>  tones. 


*  BntrHgc,  100.00* 

>-4f''  Another  fpecimen,  analyfed  by  Dolomieu,  was  com- 

pofed  of  97  fih'ca, 

1  alumina  and  oxide  of  iron, 

2  water. 

+  Jour.Je  I  oof 

iUiB.  NO  ^Yhe  white  craft  with  which  flint  is  enveloped,  con- 

Mim.  70i.  ^jj^j  p£  jj^g  f^^^  ingredients,  and  alfo  a  little  cai  bonat  of 
lime.  Dolomieu  difcovered  that  water  is  eflential  to 
flint  ;  for  when  it  is  feparated  by  heat  the  ftone  lofes  its 

}  UiJ.         properties  %. 

The  manufaSure  of  gun  flints  is  chiefly  confined  to 
two  or  three  departments  in  France.  The  operation 
is  exceedingly  fimple  :  a  good  workman  will  make  lOQO 
flints  in  a  day.  The  whole  art  confifts  in  llriking  the 
ftone  repeatedly  with  a  kind  of  mallet,  and  bringing  off 
at  each  ftroke  a  fpllnter,  fliarp  at  one  end  and  thicker 
at  the  other.  Thefe  fplinters  are  afterwards  fhaped  at 
pleafure,  by  laying  the  line  at  which  it  is  wifhed  they 
ftiould  break,  upon  a  fharp  iron  inftrument,  and  then 
giving  it  repeatedly  fmall  blows  with  a  mallet.  During 
the  whole  operation  the  workman  holds  the  ftone  in  his 

5  Uy.         hand,  or  merely  fupports  it  on  his  knee  §. 
33  SPECIES  4.     Opal(p). 

Opji.  This  ftone  is  found  in  many  parts  of  Europe.      It  is 

ufually  amorphous.  Its  frafture  is  conchoidal,  com- 
monly fomeu'hat  tranfparent.  Hardnefs  from  6  to  10. 
Sp.  gr.  from  1.7  to  2.66.  The  lownefs  of  its  fpecific 
gravity,  in  fome  cafes,  is  to  be  afcribed  to  accidental 
cavities  which  the  ftone  contains.  Thefe  are  fometimes 
filled  with  drops  of  water.  Some  fpecimens  of  opal  have 
the  property  of  emitting  various  coloured  rays,  with  a 
particular  efi^ulgency,  when  placed  between  the  eye  and 
the  light.  The  opals  which  poficfs  this  property,  are 
diftinguiflied  by  lapidaries  by  the  epithet  oriental ;  and 
often  by  mineralogifts  by  the  epithet  noti/is.  This 
property  rendered  the  ftone  much  efteemed  by  the  an- 
cients. 

Variety  I.  Opal  edler — Opalus  nobilis. 
Luftre  glaffy,  3.  Tranfp.  3  to  2.  Hardnefs,  6  to  8. 
Colour,  ufuLilly  light  biuifti  white,  fometimes  yellow  or 
green.  When  heated  it  becomes  opaque,  and  fome- 
times is  decompofed  by  the  attion  of  the  atmofpherc. 
Hence  it  feenriS  to  follow,  that  water  enters  efl"entiaily 
into  its  compofition.  A  fpecimen  of  this  variety,  ana- 
lyfed by  Klaproth,  contained 
90  lilica. 


Id  water. 


*  Beitrage, 
ii.  153- 


100  * 
Variety  2.      Semi-opal. 
Frafture,  imperfeftly  conchoidal.      Luftre,  glafly,  2. 
Tranfp.  2  to  3.    Hardnefs,  7  to  9.    Its  colours  are  very 


prutn^ 
Bmtrii^e,  u, 

'90. 
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various,  greys,  yellows,  reds,  browns,  greens  of  different 
kinds. 

Specimens  of  this  variety  fometimes  occur  with  rifts  :         • 
thefe  readily  imbibe  water,  and  therefore  adhere  to  the 
tongue.      Thefe  fpecimens  fometimes  become  tranfpa- 
rent  when    foaked   in   water,  by  imbibmg   that   fluid. 
They  are  tlien  called  bydrophanes. 

Variety  3.      Cat's  eye  *.  •  Kifu-an', 

This  variety  comes  from  Ceylon,  and  is  feldom  feen  Mm.  1.301, 
by  European  mineralogifts  till  it   has  been  polilhed  by  •^'''/'■; 
the  lapidary.      Mr  Klaproth  has  defcribed  a  fpecimen ' 
which  he  received  in  its  natural  ftate  from  Mr  Greville 
of  London.      Its   figure  was  nearly  fquare,  with  ftiarp 
edges,  a  rough  furface,  and  a  good  deal  of  brilliancy. 

Its  texture  is  imperfectly  foliated.  Luftre  grcafy,  2. 
Tranfp.  3  to  2.  Hardnefs  10.  Sp.  gr.  2.56  to  2.66. 
Colour,  grey;  with  a  tinge  of  green,  yellow,  or  white  : 
or  brown,  with  a  tinge  of  yellow  or  red.  In  certain 
pofitions  it  reflefls  a  fplendid  white,  as  does  the  eye  of 
a  cat  ;   hence  the  name  of  tin's  ftone. 

Two  fpecimens,  analyfed  by  Klaproth,  the  firft  from 
Ceylon,  the  otlier  from  Malabar,  were  compofed  of 
95.00  94-50  filica, 

1.75  2.00  alumina, 

1.50  1.50  lime, 

'  0.2y  0.25  oxide  of  iron. 


■f  Beitragt^ 
i.94. 
%  Ibii. 
p.  96. 
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SPECIES  5.     PitchftoneJ. 
Metiflites. 
This  ftone,  which  occurs  in  different  parts  of  Ger-  pitchftone. 
many,    France,  and  other  countries,    has  obtained  its§  A'lV.  AIw, 
name  from  lome  refemblance  which  it  has  been  iuppofcd  '•  '9''- 
to  have  to  pitch.    It  is  moft  ufually  in  amorphous  pieces  -^l      .,    ' 
of  difl'erent  fizes  ;  and  it  has  been    found  alfo  cryltalli- j.g»  r.86, 
zed  in  fix-fided  prifms,  terminated  by  three-fided  pyra- 
mids. 

Its  texture  is  conchoidal  and  uneven,  and  fometimes 
approaches  the  fplintery.  Luftre  greafy,  from  3  to  i. 
Tranfp.  2  to  1 ,  fometimes  o.  Hardnefs  8  to  ic.  Ex- 
ceedingly brittle  ;  it  yields  even  to  the  nail  of  the  fin- 
ger. Sp.  gr.  2.C49  to  2.39.  Its  colours  are  nume- 
rous, greyifh  black,  bluiih  giey,  green,  red,  yellow  of 
different  (hades.  Sometimes  ftvcral  of  thefe  colours  ap- 
pear together  in  the  fame  flone.  A  fpecimen  of  pitch- 
ftone  from  Mefnil-montant  near  Paris  ||,  analyfed  by  i(  Sec  7oar. 
M»  Klaproth,  contained  </?  PS^. 

85.5  fih'ca,  xxxi.  219. 

I  i.o  air  and  water, 
l.o  alumina, 
.5  iron, 

.;  lime  and  magnefia. 
gS.5f  ^  BiilrHgtt. 

SPECIES  6.     Chryfopraluim  (o,)-  35 

This  mineral,  which  is  found  in  difl'erent  parts  ofChryfopra. 
Germany,  particularly  near  Kofemiitz  in  SileCa,  is  al-"*""" 
ways  amorphous.  Its  fraflure  is  either  even  or  incli- 
ning to  the  fplintery.  Scarcely  any  luftre.  Tranfp.  2 
to  3.  Hardnefs  10  to  12.  Sp.  gr.  2.479  Colour, 
green.  In  a  heat  of  130"  Wcdgewood  it  whitens  and 
becomes  opaque. 


(p)  Kirwan's  Mtti.  I.  289.— i^auy.  Jour.  d'Hift.  Nat.  II.  9. — JDi/ius,  Nouv.  Jour.  Je  Phyf.  I.  45. 
(q,)  Kirwan's  Min,  I. — Lehmann,  Mem.  Berlin,  1755,  p.  loZ.—Klafroth  Beilrage,  II.  187. 


i  BritrUge, 
ii.  Ij3- 
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Topaz. 
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Earthf  and      A  fpecimen  of  this  ftone,  analyfcd  by  Mr  Klaproth, 

Stuiies.     contained  96.16  filica, 

*——■■ 1.00  oxide  of  nickel, 

0.83  lime, 

C.08  alumina, 

0.08  oxide  of  iron. 

Genus  V.   1.  as. 

SPECIES  I.      Topaz  (r). 

Occidental  ruby,  topa%,  anil  fapphyr. 

The  name  /c/ax  has  been  rcftriifted  by  Mr  Hauy  to 
the  (louts  called  by  inineralogilh  occidental  ruby,  topaz, 
and  fapphyr ;  which,  agreeing  in  their  cryftallization 
and  molt  of  their  properties,  were  arranged  under  one 
fpecies  by  Mr  Rome  de  Liflc.  The  word  topaz,  deri- 
ved from  ail  ifl.md  in  the  Red  Sea  (s),  where  the  an- 
cients ufed  to  find  topazes,  was  applied  by  them  to  a 
mineral  very  different  from  ours.  One  variety  of  our 
.topaz  they  denominated  chryfol'ile. 

The  topaz  is  found  in  tiaxony,  Bohemia,  Siberia, 
and  Brazil,  mixed  with  other  minemls  in  granite  rocks. 

It  is  commonly  cryftallized.  The  primitive  form  of 
its  cryllals  is  a  prifm  vvhofe  fides  are  rectangles,  and 
bafes  rhombs,  having  their  greattft  angles  124'^  22', 
and  the  integral  molecule  has  the  fame  form  j-  ;  and  the 
height  of  the  prifm  is  to  a  fide  of  the  rhomboidal  bafes 
as  3  to  2  J.  The  different  varieties  of  topaz  cryllals  hi- 
'"  therto  obferved,  amount  to  6.  Five  of  thefe  are  eight- 
iided  prifms,  terminated  by  four-fided  pyramids,  or 
wedge  fhaped  fummits,  or  by  irregular  figures  of  7,  13, 
or  15  lidtsp;  the  lad  variety  is  a  twelve  ilded  prifm,  ter- 
minated by  fix-fided  pyramids  wanting  the  apex.  For 
an  accurate  dcfcriptiun  and  figure  of  thefe  varieties  we 
refer  the  reader  to  iVIr  Hauy  || . 

The  texture  of  the  topaz  is  foliated.  Its  lullre  is 
from  2  to  4.  Tranlp.  from  2  to  4.  It  caufes  a  double 
refraftion.  Hardnefs  12  to  14.  Sp.  gr.  from  3.531 1 
to  3.564.  The  Siberian  and  Brazil  topazes,  when 
Tieated,  become  pofitively  eleftrified  on  one  fide,  and  ne- 
,, gatively  on  the  other  «([.  It  is  infufible  by  the  blow- 
pipe. The  yellow  topaz  of  Brazil  becomes  red  when 
expofed  to  a  ftrong  heat  in  a  crucible  ;  that  of  Saxony 
'  becomes  white   by   the   fame  procefs.     This  fhews  us 

that  the  colouring  matter  of  thefe  two  ftones  is  diffe- 
rent. 

The  colour  of  the  topaz  is  various,  which  has  indu- 
ced mineralogiils  to  divide  it  into  the  following  va- 
rieties  : 

1.  Red  topaz,  of  a  red  colour  inclining  to  yellow  ; 
called  Brazilian  or  occidental  ruby. 

2.  Yellow  topaz,  of  a  golden  yellow  colour,  and 
fometimes  alfo  nearly  white  ;  called  occidental  or  Brazil 
topaz.  The  powder  of  this  and  the  following  variety 
caufes  fyrup  of  violets  to  affuine  a  green  colour  *. 

»  p^auquc        3-   Saxon  topaz.      It  is  of  a  pale  wine   yellow  colour, 
lin.  Jour,  it  and  fometimes  greyifh  white. 

Min.  N° 

xxix.  x6;.  


f  Hauyt 
Jour,  de 
Min.  N" 
xxviii    2S 
4  fig.  8. 


S  Fig-  9- 


M'lK.  ibid. 


^Hiiuy,ili. 


It  is  of  a  bluifli  or  pale   green 
.   It  is  of  a  blue  colour;  and  fome- 
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4.  ./iigue    marine, 
colour. 

5 .  Occidental Japptyr. 
times  white. 

A  fpecimen  of  white  Saxon  topaz,  analyfcd  by  Vau- 
quelin,  contained         68  alumina, 
3  .  filica. 

99  ••  «  y.ur. ,/. 

SPECIES  2.     Sommite.  ^v' '^'' 

This  ftone  was  called  fommite  by  La  Metherie,  from  "'.^y' 
the  mountain  Somma,  where  it  was  firft  found.  It  isdommite. 
ufualiy  mixed  with  volcanic  produdlions.  It  cr\  (lallizes 
in  fix-fided  prifms,  fometimes  terminated  by  pyramids. 
Colour  white.  Somewhat  tranfparent.  Sp.  gr,  3.2741, 
Inhiiible  by  the  blow-pipe.  Accoiding  to  the  analyfis 
of  Vauquehn,  it  is  compofed  of 

49  alumina, 
46  filica, 

2  lime, 

1  oxide  of  iron. 

98  t  f  liiJ.  N« 

cT      r.     4-  Iiviii.  170. 

SPECIES  3.      bnorlitej.  .  " 

This  ftone,  which  received  its  name  from  Mr  Kli^p- ^  Kir-wan'j 
roth,  is  generally  found,  in  irregular  oblong  maffes  or  iVim. i.  iSlJ.. 
columns,  inferted  in  granite.  Its  texture  is  fohated. 
Fratture  uneven.  Lullre  2.  Tranfparency  2  to  i.  Hard- 
nefs 9  to  10.  Sp.  gr.  3.53.  Colour  greenifii  white, 
or  fulphur  yellow.  Not  altered  by  heat.  According 
to  the  analyfis  of  Klaproth,  it  is  compofed  of 

50  alumina, 
i;o  filica. 


Genus  V.  2.  sa. 

SPECIES  4.  Rubcllite  (r). 
Red  Jhorl  of  Siberia. 
Tliis  ftone  is  found  in  Siberia  mixed  with  white 
quartz.  It  is  cryilallized  in  fmall  needles,  which  are 
grouped  together  and  traverfe  the  quartz  in  various  di- 
redlions.  Texture  fibrous,  FraiSture  even,  inclining 
to  the  conchoidal.  Tranfparency  2  ;  at  the  edges  3. 
Hardnefs  10.  Brittle.  Sp.  gr.  3.1.  Colour  crimfon, 
blood  or  peach  red.  By  expofure  to  a  red  heat  it  be- 
comes fnow  white  ;  but  lofes  none  of  its  weight.  It 
tinges  foda  blue,  but  does  not  melt  w'ith  it. 

According  to  the  analyfis  of  Mr  Bindheim,  it  is  com- 
pofed of  57  filica, 

33  alumina, 
5  oxides  of  iron  and  manganefe. 

"97 

SPECIES  5.     Hornflate  (u). 

Shiflofe  porphyry. 

This  ftone,   which  occurs  in   mountains,   is  generally 

amorphous ;  but   fometimes    alfo   in   columns.     Struc- 

.    ture 


39 
G.V.  i.iAi 

RubelUte. 


40 
HomUate, 


(r)   Kirzuan's  Min.  I.  254.— -Po//.  Mem.  Berlin,  1747,  p.  46 Margraf,  ibid.  1776,   p.  73.  and  160. — Hen- 

kd.  Aa.  Acad.  Not.  Cur.  IV.  316. 

(s)  It  got  its  name  from  Tf»t<ra,  to  feek ;  becaufe  the  ifland  was  often  furrounded  with  fog,  and  therefore  diffi. 
cult  to  find.      See  Plinii  lb.  37.  c.  8. 

(t)    Kirwan's  Min.  I.  288.  Bindheim,  Crell's  Annals,  T792,  p.  320. 

(u)  Kir-wan's  Min.  I.  307. — Wiegleb,  Crell's  Annals,  l-jB";.  1  Band.  ^OZ-— See  aUo  Reufs,  Semml.  Natur, 
Hijl.  Aufsaz.e,  p.  207. 
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ture  fiaty.  Texture  foliated.  Fiafluie  uneven  and  fplin- 
terj-  ;  foinetimes  approacliing  the  conchoidal.  Luftre  o. 
Tianfpaiency  i  or  o.  Hardnefs  about  lo.  Sp.  gr. 
from  2.1;  I  2  to  2.7.  Colour  different  fhades  o{  grey, 
from  ajh  to  bliii/h  or  olive  green.  Melts  at  145"  Wedge- 
wood  into  an  enamel.  A  ipecimen,  analyfed  by  Wedge, 
wood,  contained        73.0  iilica, 

23.9  alumina, 
3.5  iron. 
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SPECIES  6.  Hornftone  (x). 
Petrofilex —  Chert. 
This  {lone,  which  makes  a  part  of  many  mountains, 
is  ufually  amorphous  ;  but,  as  Mr  Kirwan  informs  us, 
it  has  been  found  cryftallized  by  Mr  Beyer  on  Schnee- 
berg.  Its  cryflals  are  ftx-fided  prifms,  fometiraes  ter- 
minated by  pyramids  :  hexahedrons,  conhfling  of  two 
three-fidcd  pyramids  applied  bafe  to  bafe  ;  and  cubes, 
or  iix-fided  plates  *.  Its  texture  is  foliated.  Frafture 
fplintery,  and  fometimes  conchoidal.  Luftre  o.  Tranf- 
parency  I  to  2.  Tiie  cryftals  are  fometimes  opaque. 
Hardnefs  7  to  9.  Sp.  gr.  2.532  to  2.653.  Colour 
ufually  dark  blue  :  but  hornftone  occurs  alfo  of  the  fol- 
lowing colours  ;  grey,  red,  blue,  green,  and  brown  of 
different  fhades  f, 

According  to  Kirwan,  it  is  compofed  of 
72  Iilica, 
22  alumina, 
6  carbonat  of  lime. 

100  t 

SPECIES  7.     Chalcedony. 

This  ftone  is  found  abundantly  in  many  countries, 
particularly  in  Iceland  and  the  Faro  illands.  It  is  moft 
commonly  amorphous,  ftalaftitical,  or  in  rounded  niafTes  ; 
but  it  occurs  alfo  cryftallized  in  fix-fided  prifms,  termi- 
nated by  pyramids,  or  more  commonly  in  four  or  fix 
fided  pyramids,  whofe  fides  are  convex.  Surface  rough. 
Frafture  more  or  lefs  conchoidal.  Luftre  i.  Somewhat 
tranfparent.  Hardnefs  10  to  11.  Sp.  gr.  2.56  to 
2.665.      Not  brittle. 

According  to  Bergman,  the  chalcedony  of  Foroe  is 
compofed  of  84  filica, 

16  alumina,  mixed  with  iron. 

100 
Variety  I.  Common  chalcedony. 
Frafture  even,  inclining  to  conchoidal.     Tranfparen- 
cy  2  to  ^  ;  fometimes  i.      Its  colours  are  various  ;  it  is 
moft  commonly  greyifli,  with   a  tint  of  yellow,  green, 
blue,   or  pearl  ;    often  alfo  white,   green,  red,   yellow, 
brown,  black,  or  dotted  with  red.    When  ftriped  white 
and  black,  or   brown,    alternately,    it  is   called   enyx ; 
when    ftriped  white  and  grey,  it  is  called  chalcedonix. 
Black  or  brown  chalcedony,  when  held  between  the  eye 
and  a  ftrong  light,  appears  dark  red. 
Variety  2,     Cornelian. 
Frafture  conchoidal.     Tranfparency   3   to   I  ;  often 
cloudy.     Its  colours  are  various  fhapes  of  red,  brown, 


and  yellow.  Several  colours  often  appear  in  the  fame  .'Simple 
niafs.  To  this  variety  belong  many  of  the  ftones  known  S'one«. 
by  the  name  of  Scotch  pebbles.  ''""" 

SPECIES  8.     Jafper  (y).  , 

This  ftone  is  an  ingredient  in  the  conipofition  of  Jafper. 
many  mountains.  It  occurs  ufually  in  large  amorphous 
maffes,  and  fometimes  alfo  cryflallizcd  in  fix-fided  irre- 
gular prifms.  Its  frafture  is  conchoidal.  Luftre  from 
2  to  o.  Either  opaque,  or  its  tranfparency  is  1.  Hard- 
nefs 9  to  10.  Sp.  gr.  from  2.5  to  2.82.  Its  colours 
are  various.  When  heated,  it  does  not  decrepitate.  ,It 
feems  to  be  compofed  of  filica  and  alumina,  and  often 
alfo  contains  iron. 

Variety  I.     Common  jafper. 

Sp.  gr.  from  2.58  to  2.7.      Its  colours  are  different 
fhades  of  white,  yellow,  red,  brown,  and  green  ;  often 
variegated,  fpotted,  or  veined,  with  feveral  colours. 
Variety  2.      Egyptian  pebble. 

This  variety  is  found  chiefly  in  Egypt.  It  ufually  has 
a  fpheroidal  or  flat  rounded  figure,  and  is  enveloped  iu 
a  coarfe  rough  cruft.  It  is  opaque.  Hardnefs  10.  Sp. 
gr.  2  564.  It  is  chiefly  diftinguifbed  by  the  variety  of 
colours,  which  always  exift  in  the  fame  fpecimen,  either 
in  concentric  ftripes  or  layers,  or  in  dots  or  dentritical 
figures.  Thcfe  colours  are,  different  browns  and  yel- 
lows, milk  white,  and  ifabella  green;  black  alfo  has  been 
obferved  in  dots. 

Variety  2-     Striped  jafper. 

This  variety  is  alfo  diftinguifhed  by  concentric  ftripes 
or  layers  of  different  colours  :  thefe  colours  are,  yellow, 
brownifh  red,  and  green.  It  is  diftinguifhed  from  the 
laft  variety  by  its  occurring  in  large  amorphous  maffes, 
and  by  its  frafture,  which  is  nearly  even. 

SPECIES  9.  Tripoli. 
This  mineral  is  found  fometimes  in  an  earthy  form,Tripoli, 
but  more  generally  Indurated.  Its  texture  is  earthy. 
Its  frafture  often  fomewhat  conchoidal  Luftre  o.  Ge- 
nerally opaque.  Hardnefs  4  to  7.  Sp.  gr.  2. 080  to 
2.529.  Abforbs  water.  Feel,  harfh  dry.  Hardly  ad- 
heres to  the  tongue.  Takes  no  polifli  from  the  nail. 
Does  not  ftain  the  fingers.  Colour  generally  pale  yel- 
lo\>  ifh  grey,  alfo  different  kinds  of  yellow,  brown,  and 
white. 

It  contains,  according  to  Haaffe,  90  parts  of  filica, 
7  alumina,  and  3  of  iron.  A  mineral  belonging  to  this 
fpecles  was  analyfed  by  KJaproth,  and  found  to  con- 
tain 66.5    filica, 

7.0    alumina, 
2.5     oxide  of  Iron, 
1.5    magnefia, 
1.25  lime, 
19.       air  and  vpater. 


97-75 
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G.  VI.  I, 
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species  1.      Micarell*.  Micarell. 

This  name  li>s  been  given  by  Mr  Kirwan  to  a  ftone  *  iTirajsV 
which  former  mineralogifts  confidered  as  a  variety  of  ■^"■' '• 
mica.     It  is  found  in  granite.     Its  texture  is  foliated,*'*" 

and 


{x).Kir'-u;an's  Min.  I.  303 Baumer,  Jour,  de  Phyf.  II.  154.  and  Monnet,  ibicJ.  33I  —  Wieghb,  CreWs  Annals, 

1788,  p.  45.  and  135.  ^ 

(y)  Kirw.  Min.'!,  ioc).~~Borral  Hijl.  Natur.  de  CorJu^Hinhd  Aa.  Acad.  Nat.  Curios.  V.  339. 


Order  I.  ' 

Earths  and  and  it  may  be  fplit  into  thin  platcs.  Luftre  metallic,  3. 
Stones.     Opaque.     Hardnefs  6.     Sp.  gr.  2.980.   Colour  browu- 
'         i(h  black.     At  153"  Wedge  wood,  it  melts  into  a  black 
•^''■'•"'•'^'''■compaa  glafs,  the  furface  of  which  is  reddiih  *. 
A  fpecimen  analyfed  by  Klaproth  contained 
63.00  alumina, 
29.50  iilica, 
6.75  iron. 


MINERALOGY. 

diagonal  of  the  rhomboidal  bafe.  From  this  ftrufliire 
he  has  demonftrated  the  law  of  the  formation  of  the 
cruciform  varieties  f.  The  colour  of  granatite  is  grey- 
ith  or  reddiih  brown. 

According  to  the  analyfis   of  Vauquelin,   it  is  com- 
pofed  of  47.06  alumina, 

30.59  Iilica, 
15.30  oxide  of  iron, 
3.00  lime. 
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99.25 
SPECIES  2.      Shorl  f . 

No  word  has  been  iMed  by  mineralogifts  with  lefs  li- 
mitation t\\2inJhorl.  It  was  firft  introduced  into  mine- 
ralogy by  Cronftedt,  to  denote  any  ftone  of  a  columnar 
form,  confiderable  hardnefs,  and  a  fpecific  gravity  from 
3  to  3.4.  This  defcription  applied  to  a  very  great  num- 
ber of  ftones.  And  fucceeding  mineralogills,  though 
they  made  the  word  more  definite  in  its  fignification,  left 
it  ftiU  fo  general,  that  under  the  defignation  oijloorl  al- 
molt  20  diflirift  fpecies  of  minerals  were  included. 

Mr  Werner  firft  defined  the  v/ord  Jhorl  precifely,  and 
.reftriftcd  it  to  one  fpecies  of  ftones.  We  ufe  the  word 
in  the  fenfe  affigned  by  him. 

Shorl  is  found  "abundantly  in  mountains,  either  maf- 
five  or  cryftalllzed,  in  three  or  nine  fided  prifms,  often 
terminated  by  three  fided  fummits.     The  fides  of  the 
cryllals  are  longitudinally   ftreaked.      Its  texture  is  fo- 
liated.     Its  fradlure  conchoidal.      Luftre  2.      Opaque. 
Hardnefs  10.      Sp.  gr.  2.92  to  3.212.      Colour  black. 
Streak  grey.      It  does   not  become    eledric    by    heat. 
When  heated  to  rednefs,   its  colour  becomes  brownilh 
red  ;  and  at  1  27''  Wedgewood,   it   is   converted  into  a 
brownilh   compaft  enamel  J.      According  to  Wiegleb, 
it  iscompofed  of     41.25  alumina, 
34.16  filica, 
20.00  iron, 
5,41  manganefe. 


95-95  t- 
Genus  Vf.  2.     sai. 
SPECIES  4.     Tourmaline  (7,). 
This  ftone  was  firll  made  known  in  Europe  by  fpeci- 
mens  brought  from  Ceylon  ;  but  it  !s  now  found  fre- 
quently forming  a  part  of  the  compofitioii  of  mountains. 
It  is  either  in  amorphous  pipces,  or  cryftalllzed  in  three 
or  nine  fide  prifms,  with  four- fided  fummits. 

Its  texture  is  foliated  :  Its  frafture  conchoidal.  In- 
ternal luftre  2  to  3.  Tranfparency  3  to  4  ;  fometimes 
only  2  (a).  Caufes  only  fingle  refradion  ^.  Hardnefs 
9  to  1  1.  Sp.  gr.  3.05  to  3.155.  Colour  brown,  often 
fo  dark  that  the  ftone  appears  black  ;  the  brown  has  al- 
io fometimes  a  tint  of  green,  blue,  red,  or  yellow. 

When  heated  to  200°  Fahrenheit,  it  becomes  elec- 
tric ;  one  of  the  fummits  of  the  cryftal  negatively,  the 
other  pofilively  ^.  It  reddens  when  heated  ;  and  is  fu- 
fihle per /e  with  intumefcence  into  a  white  or  grey  ena- 
mel. 

A  fpecimen  of  the  tourmaline  of  Ceylon,  analyfed  by 
Vauquelin,  was  compofed  of 
40     filica, 
39     alumina, 
12     oxide  of  iron, 
4     lime, 
2.5  oxide  of  manganefe. 
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ICO.82  § 
SPECIES  ?.     Granatite. 
Slaurotlde  of  Hauy — Pierre  de  Croix  of  De  Lide — 

Stauroillhe  of  Lametherie. 
We  have  adopted  from  Mr  Vauquelin  the  term  gra- 
natite to  denote  this  ftone,   becaufe  all  the  other  names 

are  ambiguous,  having  been  applied  to  another  mineral     rency  2.      Colour  white  ;  two  oppofite  faces  of  the  cry- 
pofTefled  of  very  different  properties.  ftals  are  filver  white,  two  others  dead  white.      Hardnefs 

Granatite  is  found  in  Galicia  in  Spain,  and  Britan-  of  the  Clvery  laminx  6,  of  the  reft  9.  Brittle.  Sp. 
ny  in  France.  It  is  always  cryftalllzed  in  a  very  pecu-  gr.  2.5.  When  the  flame  of  the  blow-pipe  is  direfted 
liar  form;  two  iix-fided  prifms  interfeCl  each  other,  ei-     againil  the  edges  of  the  cryftal   (ftuck  upon  glafs),  it 


97  5*. 
t  SPECIES  5.     Argentine  felfpar  f. 

This  ftone  was  difcovered  by  MrDodun  in  the  black 
mountains  of  Languedoc.  It  is  either  amorphous,  or 
cryftalllzed  in  rhomboidal  tables,  or  fix  or  eight  fided 
prifms.  Its  texture  is  foliated.  Fragments  reftangu- 
lar.     Laminae  inflexible.      Internal  luftre   4.     Trani'pa- 


*  Ann.Je 
Cbim.  XX.t. 

lOS- 

49. 
Argentine 
felfv.ar. 
j-  Kir 7 fart 
1.  3*7- 


^  Fig.  10.  ther  at  right  angles  or  obliquely^.  Hence  the  name 
,  .°,"\.  '  crofsftone,  by  which  it  was  known  in  France  and  Spain  *. 
^jj.  Mr  Hauy  has  proved,  in  a  very  ingenious  manner,  that 

the  primitive  form  of  the  granatite  is  a  rectangular 
prifm,  whofe  bafes  are  rhombs,  with  angles  of  1 294-° 
and  50^-°  ;  and  that  the  height  of  the  ptifm  is  to  the 
greater  diagonal  of  a  rhomb  as  1  to  6  ;  and  that  its  in- 
tegrant molecules  are  triangular  prifms,  fimilar  to  what 
would  be  obtained  by  cutting  the  primitive  cryftal  in 
two,  by  a  plane   pafGng  vertically  through  the  fhorter 


ealily  melts  into  a  clear  compaft  glafs ;  but  when  the 
flame  is  diredted  againil  the  faces,  they  preferve  their 
luftre,  and  the  edges  alone  flowly  melt. 

According  to  the  analyfis  of  Dodun,  it  is  compofed 
of  46  filica, 

36  alumina, 

16  oxide  of  iron, 

98 

When  this  ftone   is  expofed  to  the  atmofphcre,   it  is 

apt 


(z)  K'trw.  I.  271. — Berg.  II.    118.   and  V.  402 Gerhard.  Mem.   Berlin,    1777.   p.    14. — Hauy  Mem.  Par. 

1784,  2-)0.~WUfon  Phil.  Tranf.  XLI.    ^oi.—Mpinus.  RecusU fur  la  Tourmaline.  Sec  alfo  La  Porterie.   Le  Sap. 
phir,  I'Oeil  de  Chat,  et  la  Tourmaline  de  Ceylon  dcmaj'quu. 
(a)  And  when  black  only  I. 


ao8 


t  Fig.  II. 
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Earthi  anJ  apt  to  decay  ;  Its  fiirface  becomes  iriilcfcent,  and  at  bft 
^,  .changes  to  ochre  yellow  :    Its  fpecific  gravity  is  2.3  or 

2.212  ;  and  when  breathed  upon,  it  gives  out  an  earthy 
fmell. 
Mica".  SPECIES  6.     Mica  *. 

•  Kir-w  i.  This  flone  forms  an  cfTetitial  part  of  many  mountains, 
•2.10— Gme.  and  has  been  long  known  under  the  names  oi glacies  ma- 
Com  P'tfo-  '"'''  ^"'^  M'lfco-vy  glafs.  It  confills  of  a  great  number 
/«/.  xii.  549  °*^  ^'""  lamiiiie  adhering  to  each  other,  fometimes  of  :i 
very  large  fize.  Specimens  have  been  found  in  Siberia 
nearly  2  ^  yards  fquare  (b). 

It  is  fometimes  cryftallized  :  Its  primitive  form  is  a 
reftangular  prifm,  whofe  baftS  are  rhombs,  with  angles 
of  120'  and  (io"  \  :  Its  integrant  molecule  has  the  fame 
form.  Sometimes  it  occurs  in  rectangular  prifms,  whofe 
bafes  alfo  are  redangles,  and  fometimes  alfo  in  a  (hort  fix- 
fided  prifms  \  ;  but  is  much  more  frequently  in  plates 
or  fcales  of  no  determinate  figure  or  fize  §. 

Its  texture  is  foliated.  Its  fragments  flat.  The  la- 
xxviii.  196.  mella;  flexible,  and  lomewhat  elallic.  Luftre  metallic, 
from  3  to  4.  Tranfparency  of  the  laminas  3  or  4,  fome- 
times only  2  (c).  Hardneis  6.  Very  tough.  Often 
abforbs  water.  Sp.  gr.  from  2.6546  to  2.9342.  Feels 
fmooth,  but  not  greafy.  Powder  feels  greafy.  Colour, 
when  pureft,  filver  white  or  grey  ;  but  it  occurs  alfo 
yellow,  greenifh,  reddilh,  brown,  and  black.  Mica  is 
fufible  by  the  blow-pipe  into  a  white,  grey,  green,  or 
black,  enjmel  ;  and  this  lad  is  attrafted  by  the  mag- 
net (d).  Spanifh  v^rax  rubbed  by  it  becomes  negatively 
eliftric  *\. 

A  fpeciraen  of  mica,  analyfed  by  Vauquelin,  contained 
50.00  filica, 
35.00  alumina, 
7.00  oxide  of  iron. 
1.3  1;  magnefia, 
133  lime, 
94.6S  *. 
Mica   has   long   been   employed    as   a  fubftitute  for 
glafs.     A  great  quantity  of  it  is  laid  to  be  ulcd  in  the 
Ruffian  marine  for  panes  to  the  cabin  windows  of  ihips; 
it  is  preferred,   becaule  it  is  not  fo  liable  as  glafs  to  be 
broken  by  the  agitation  of  the  fliip. 
SPECIES  7.  •  Talc  f. 
This   ftone  has  a  very  ftrong  refemblance   to  mica. 


MINERALOGY.  Clafa  1. 

ftarcely  cohering.     Lurtre  3  to  4,    Very   lijht.     Ad-     Simple 
heres  to  the  fingers.     When  rubbed  upon    the  fldn,   it     S'"'""- 


•\  IliJ. 


*  nij.201. 


5t 

Talc. 


*  Kirtu.  i. 

Mem  Berl   ^""^  was  long  confidered  as  a  mere  variety  of  that  mine 
1746,  p.  6j.  ral.     It  occurs  fometiniej  in  fmall  loofe  fcales,  and  fome- 
times  in  an    indurated   form  ;  but   it.  has   not   hitherto 
been  found  cryftallized. 

Its  texture  is  foliated.  The  lamellae  are  flexible,  but 
not  elallic.  Its  luftre  is  from  2  to  4.  Tranfparency  from 
2  to  4.  Hardneis  4  to  6.  Sp.  gr.  when  indurated, 
from  2.7  to  2.8.  Feels  greafy.  Colour  moll  commonly 
vvhitifti  or  greenifli.  Spaniili  wax  rubbed  with  it  be- 
comes pq/itive/y  electric  J. 

Variety  i.      Scaly  talc. 
Talcile  of  Kirwan. 
This  variety  occurs  under  the  form  of  fmall  fcales, 


f  Jiauy, 
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gives  it  a  glofs.      Colour  white,  with  a  Ihade  of  red  or 
green  ;  fometimes  leek  green. 

Variety  2.  Common  talc. 
Venetian  talc. 
This  variety  often  occurs  in  oblong  nodules.  Lullre, 
nearly  metallic,  4.  Tranfparency  2  to  ^  ;  when  very 
thin  4.  Hardncfs  4  to  5.  Colour  white,  with  a  fliade 
of  green  or  red  ;  or  apjde  green,  verging  towards  lilver 
white.      By  tranfmitted  light  green. 

Variety  3.  Shiftofe  talc. 
Its  ftrufture  is  flaty.  Fradure  hackly  and  long  fplfn- 
tery.  Eafily  crumbles  when  rubbed  in  the  fratiure. 
External  luftre  2  to  3  ;  internal,  i  :  but  fometimes,  in 
certain  pofitions,  3.  Colour  grey,  with  a  (hade  of  white, 
green  or  blue.  Becomes  white  and  fcaly  when  expofed 
to  the  air. 

A  fpeclnien  of  common  talc,  analyfed  by   Mr  Chene- 
vix,  contained       41^.0  filica, 

37.0  alumina, 
6.0  oxide  of  iron, 
1 .5  magnefia, 
I.J  lime, 
5.0  water. 
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r>        T>    r  1   •       _  CAjw.xxviii, 

SPECIES  li.     lialaltine  ^.  .j^.^, 

Bafaftic  iornl'le.icL' ot  Werner — Aainote  oi  Hauy — Z.7-         js 
hrlite  iii  Lametherie — Shorl  prifmatique    /je.xa^one^^^^^""^' 
ofSaulTure.  1A-;r«,.i, 

219. 
This  ftone  is  found  commonly  in  bafaltic  rocks;  hence 
its   name,  which  we  have  borrowed  from  Mr  Kirwan. 
It  is  cryftallized,  either  in  rhomboidal  prifms,  or  fix  or 
eight  fided  prifms,  terminated  by  three-lided  pyramids. 
Its  texture  is  foliated.      Its  frafture  uneven.     Lullre  3. 
Tranfparency,   when  in  very  thin  plates,  i.      Hardnefs 
from  9  to    10.      Sp.  gr.   3333.      Colour   black,    dark 
green,  or  yellowifti  green.     Streak  white.     Tranfmits  a 
reddifti  yellow  light.      Before  the   blow-pipe,   it   melts 
into  a  greyifli   coloured  enamel,  with  a  tint  ot  yellow  *.  *Li  Linre, 
A  fpecimen,  feemingly  of  this  ftone,  analyfed  by  Berg-  J"'""- ''' 
man,  contained     58  filica,  ^^^^^_  ^^ 

27  alumina, 
9  iron, 
4  lime, 
I  magnefia, 

99+-  .  \Bers.m. 

SPECIES  9.      Hornblende  J.  107. 

Amphihols  of  Hauy  (  E  ).  SI 

_,,  .     ,  .  ,  ...  c         ■        Horn- 

This  none   enters   into   the   compolition    or  various  |3i^p(jj_ 

mountains.      Its  texture  is  very  confpicuoufiy  foliated.  (  Kir\u.\. 

Fradlure  conchoidal.       Fragments    often    rhomboidal.  »i3- 

Luftre  2.      Opaque.      Hardnefs  5  to  9.    Tough.     Sp. 

gr.  2.922  to  3  41.     Colour  black,  blackifh  green,  olive 

green, 


(b)  Hijl.  General  de  Voyages,  T.  XVIII.  272,  quoted  by  Hauy  Jour,  de  Min.  N«  XXVIII.  299. 

(c)  Black  mica  is  often  nearly  opaque. 

(d)  Hauy,  ibid.  p.  795.     Bergman,  however,  found  pure  mica  infufible^fryf;  and  this  has  been  the  cafe  with 
all  the  fpecimens  of  Mufcovy  glafs  which  we  have  tried. 

(e)  We  fufpeft,  that  under  this  name  Mr  Hauy  comprehendsySor/  alfo. 
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Births  and  gveen,  or  leek  green.     Streak  grecnirti.     It  neither  bc- 
"  comes  ek-ftiic  by  friAloii  nor  heat*.     Before  the  blmv- 

pipc  it  melts  into  a  black  gl.ifs.     A  fpccimen  of   bhick 
honibk'iide,  aiialyfed  by  Mr  Hermann,  was  compofed  of 
37  filica, 
27  alumina, 
25  iron, 
5  lime, 
3  magnelia. 
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SPECIES  10.      Refplendent  Hornblende. 
There  are  two  mineral^   which  Werner  confiders  as 


54 

dent  horn- V3'"'^'t'*^^  "^  hornblende,  and  Mr.  Kirwan  as  conltituting 

blend«.        a  diilinift  fpecics       Theie  till  future  aiialyfes  decide  the 

point,  we  Ihall  place  here  under  the  name  of  refplendent 

hornblende,  the  name  given  them  by   Mr  Kirwan  ;  and 

we  (hall  dcfcribe  them  feparatcly. 

Variety  i.  Labradore  hornblende. 
Texture,  curved  foliated.  Lultre,  in  fome  pofi- 
tions,  o;  in  others  rnetallic,  and  from  3  to  4.  Opaque. 
Hardnefs  8  to  9.  Sp.  gr.  from  3.3J  to  3. 4;} 4.  Co- 
lour, in  mod  poftttons,  greyifli  black  ;  in  others,  it  re- 
fleifls  a  ftrong  iron  grey,  fometimes  mixed  with  copper 
red. 

Variety  2.  Shiller  fparf. 
Texture  foliated.  Luftre  metallic,  4.  Tranfparen- 
cy,  in  thin  pieces,  1.  Hardnefs  8  to  9.  Sp.  gr.  2.882. 
Colour  green,  often  with  a  (hade  of  yellow  ;  alfo  golden 
yellow.  In  fome  poiitions  it  rcflefts  while,  grey,  or 
yellow.  At  141  Wedgewood,  hardened  into  a  porce- 
lain mafs.  A  fpecimen,  analyfedby  Gmeliu,  was  com- 
pofed of  43.7  filica, 

17  9  alumina, 
23.7  iron, 
11.2  magnefia. 
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9'5-5  ? 
It  has  been  found  in  the  Hartz,  ftuck  in  a  Terpen- 
tine rock. 

SPECIES  II.  Obfidian*. 
Iceland  agate. 
This  ftone  is  found  either  in  detached  maffes,  or  form- 
ing a  part  of  the  rocks  which  conipofe  many  mountains. 
It  is  ufually  inverted  with  a  grey  or  op.ique  cruft.  Its 
fradlure  is  conchoidal.  Its  internal  lurtre  3.  Tranf- 
parency  t.  Hardnefs  10.  Sp.  gr.  2.348.  Colour 
black  or  greyifli  black;  wlien  in  very  thin  pieces,  green. 
It  melts  into  an  opaque  grey  mafs.  According  to  Bci  g- 
man,  it  is  compofed  of     69  filica, 

22  alumina, 
9  iron. 

100  t 
SPECIES   12.     Petrilite  J. 
Cubic  felfpar. 
This  ftone  is  found  in  the  mafs  of  mountains-      It  is 
amorphous.  Texture  foliated.  Frafture  fplintery.  Frag- 
ments cubic,  or  inclining  to  that  form  ;   their  faces  un- 
poliftied.     Luftre  2.      Tranfparency  partly  2,  partly  I, 
Hardnefs  9.     Sp.  gr.  3.081.     Colour  reddifti  brown. 
Does  not  melt  at  160°  Wedgewood. 
Species  13.     Felfite }. 
CompaS  felfpar. 
This  ftone  alfo  forms  a  part  of  many  mountains,  and 
Sup  PL.  Vol.  II.  Parti. 
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is  amorphous.  Texture  fomewliat  foliated.  Fraflure 
uneven,  approaching  to  the  Iplintcry.  Luftre  I,  Tranf- 
parency  Icarce  1.  Hardnefs  9.  Colour  a/.uie  blue, 
and  fometimes  brown  and  green  Streak  white.  Be- 
fore the  blow-pipe,  whitens  and  becomes  rifty  ;  but  is 
iutufible  y)fryi>. 

Genus  VII.  sap. 
SPECIES  J.      Felfpar  *. 

This  ftone  forms  the  principal  part  of  many  of  the 
highell  mountains.  It  is  commonly  cryftallized.  Its 
primitive  form,  according  to  De  Lifle,  is  a  reclangular 
prifm,  whofe  bales  are  rhombs,  with  angles  of  65'  and 
1  I5t°.  Sometimes  the  edges  of  the  prifm  are  wanting, 
and  faces  in  their  place  ;  and  fometimes  tliis  is  the  cafe 
alfo  with  the  acute  angles  of  the  rhomb.  For  a  de- 
fcription  and  figure  of  thefe,  and  other  v,uieties,  we  re- 
fer the  reader  to  Rami  de  Lifle\,  Mr  Havy  §,  and  J^Ir 
Plni  *. 

Its  texture  is  foliated.  Its  crofs  frafture  uneven. 
Fragnients  rhomboidal,  and  commonly  fniooth  and  po- 
lilhed  on  four  fides.  Lullre  of  the  poliflied  faces  often 
3.  Tranfparency  from  3  to  i.  Hardnefs  9  to  lO.  Sp. 
gr.  from  2.437  to  2.7.  Gives  a  peculiar  odour  when 
rubbed.  It  is  made  eleftric  with  great  difficulty  by 
friftion.  Fufible  pur  fc  into  a  more  or  lefs  tranfcarent 
glafs.  When  cryftallized,  it  decrepitates  before  the 
blowpipe. 

Variety  I.  Pure  Felfpar. 
Moonjlone — /idularia. 

This  is  the  pureft  felfpar  hitherto  found.  It  occur* 
in  Ceylon  and  Switzerland  ;  and  was  firft  mentioned  by 
Mr  Sage.  Luftre  nearly  3.  Tranfparency  2  to  3. 
Hardnefs  10.  Sp.  gr.  2.559.  Colour  white  ;  fome- 
times with  a  fliade  of  yellow,  green,  or  red.  Itsfuifacc 
is  fometimes  iridefcent. 

Variety  2.      Cominon  Felfpar. 

Luftre  of  the  crofs  frafture  o  ;  of  the  frafture,  in  the 
direftion  of  the  laminae,  from  3  to  i.  Tranfparency  2 
to  1.  Colour  moll  commonly  fiefti  red  ;  but  often  bluifh 
grey,  yellowifti  white,  milk  white,  brownifh  yellow  ;  and 
fometimes  blue^ olive  green,  and  even  black. 
Variety  3.      Labradore  felfpar. 

This  variety  w?,s  dilcovered  on  the  coaft  of  Labra- 
dore 1).-  Mr  Wi  He  ;  and  finee  that  time  it  has  been 
found  in  Europe.  Luftre  i  to  3.  -  Tr.mfparency  from 
I  to  3.  Sp.  gr.  from  2.f.7  10  2.6925.  Colour  grey.. 
In  certain  pofitions,  fpots  of  it  refleA  a  blue,  purple, 
red,  or  green  colour. 

Variety  4.      Continuous  felfpar. 

This  variety  moll  probably  belongs  to  a  different  fpe- 
cies  ;  but  as  it  has  not  hitherto  been  analyfed,  v/e  did 
not  think  ourfclves  at  liberty  to  alter  its  place. 

It  is  found  in  large  maftcs.  Texture  earthy.  Frac- 
ture uneven,  fometimes  fplintery  Luftre  o.  Tranf- 
parency 1.  Hardnefs  jo.  Sp  gr.  2.609.  Colour 
reddifh  grey,  reddiih  yellow,  fltfh  red. 

A  fpecimen  of  green  felfpar  from  Siberia,  analyfed 
by  Vauquelin,  contained 

62.83  filica, 
17.02  alumina, 
16.00  potafsj 
3.00  lime, 
1. 00  oxide  of  iron. 
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SPECIES  2.  I,epido!ite  (f). 
LUaliU: 
This  ftone  appears  to  have  been  firft  obferved  by  the 
Abbe  I'oda,  and  to  have  been  firlt  ilelcribed  by  De 
Born  *.  Hitherto  it  has  only  been  found  in  Moravia 
in  Germany,  and  S\idennania  in  Sweden  ■\.  There  it 
is  mixed  with  granite  in  large  amorphous  niafTcs.  It  is 
compofcd  of  thin  plates,  eafily  fcparated,  and  not  unlike 
thofe  of  mica  J  Lullre,  pearly  3.  Tranfp.irency  be- 
tween I  and  2.  Hardnefs  4  to  5.  Not  eaiily  pulve- 
rifed  §.  Sp.  gr.  from  2.S16  *  to  2.^549  f.  Colour 
of  the  mafs,  violet  blue;  of  the  thin  plates,  filvery  white. 
Powder  white,  with  a  tint  of  red  J  Before  the  blow- 
pipe, it  froths,  and  melts  eafily  into  a  white  femitranfpa- 
rent  enamel,  full  of  bubbles.  Diffolves  in  borax  with 
efFervefcence,  and  communicates  no  colour  to  it  §.  Ef- 
fcrvefces  fllghtly  with  foda,  and  melts  into  a  mafs  (potted 
with  red.  With  microcofmic  fait,  it  gives  a  pearl  co- 
loured globule  *. 

This  ilune  was  firft  called  lilalite  from  its  colour,  that 
of  the /(7j.      Klaproth,  who  difcovered  its  component 
parts,  gave  it  the  name  oi  kpidolite  (g). 
It  is  compofed  of  5;?  filica, 

10  alumina, 
18  potafs, 
5  fluat  of  lime, 
3  oxide  of  manganefe, 
I  oxide  of  iron. 


f  f^atiquii'inf 
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SPECIES  3.  Leucite  :j; 
Vefuv'tan  of  Kirwan — IVhite  Garnet  of  Vefuvlus. 
This  ftone  is  ufually  found  in  volcanic  produftlons, 
and  is  very  abundant  in  the  neighbourhood  of  Vefuvlus. 
It  is  always  cryftallized.  The  primitive  form  of  its  cry- 
ftals  is  either  a  cube  or  a  rhomboidal  dodecahedron,  and 
its  integrant  molecules  are  tetrahedrons  ;  but  the  varie- 
ties hitherto  obferved  are  all  polyhedrons :  The  moft 
common  has  a  fpheroidal  figure,  and  is  bounded  by  24 
equal  and  fimllar  trapeziods  §  ;  fometimes  the  faces  are 
12,  18,  36,  54,  and  triangular,  pentagonal,  &c.  For 
a  defcription  and  figure  of  feveral  of  thefe,  we  refer  the 
reader  to  Mr  Hauy*.  The  cryftals  vary  from  the  fize 
of  a  pin-head  to  that  of  an  inch. 

The  texture  of  the  leucite  is  foliated.     Its  frafture 
fomewhat  conchoidal.      Luftre  3  ;    when   in   a  ftate  of 
decompoCtion  o.     Tranfparercy  3  to  2  ;  when  decom- 
pofing  o.    Hardnefs  8  to  10  ;  wlien  decompofing  5  to  6. 
Sp.  gr.  2.4648.  Colour  white,  or  greyifh  white  (h).  Its 
'powder  caufes  fyrup  of  violets  to  afTume  a  green  colourf. 
It  is  compofed,  as  Klaproth  has  fhewn,  of 
54  filica, 
23  alumina, 
22  potafs. 
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It  was  by  analyfing  this  ftone  that   Klaproth  difco-    Simple 
vered  the  prefence  of  potafs  in  the  mineral  kingdom  ;     Stonesr 
which  is  not  the  leall  important  of  the  numerous  difco.         " 
veries  of  that  accurate  and  iUullrious  chemift, 

Leucite  is  found  fometimes  in  rocks  which  have  ne- 
ver been  expofcd  to  volcanic  lire  ;  and  Mr.  Dolomieu 
has  rendered  it  probable,  from  the  fubftances  in  which 
it  is  found,  that  the  leucite  of  volcanoes  has  not  been 
formed  by  volcanic  fire,  but  that  it  exlfted  previoufly 
in  the  rocks  upon  which  the  volcanoes  have  afled,  and 
that  it  was  thrown  out  unaltered  in  fragments  of  thefe 
rocks  \.  t  Jiur.de 

Genus  VIII.      sag.  AWN' 

SPECIES  I.     Emerald  (k).  xxxu.^177. 

This  ftone  has  hitherto  been  only  found  cryftallized.  G.VIII.s4o 
The  primitive  form  of  its  cryftals  is  a  regular  fix-fided  Emerald. 
prifm  ;  and  the  form  of  its  integrant  molecules  is  a  tri- 
angular prifm,  whofc  fides  are  fquares,  and  bafes  equila- 
teral triangles^.  The  moft  common  variety  of  its  cry-§  Hcuy, 
ftals  is  the  regular  fix-fided  prifm,  fometimes  with  the-^"'  S,^  . 
edges  of  the  prifm  or  of  the  bafes,  or  the  folid  angles,  ^j 
or  both  wanting*,  and  fmall  faces  in  their  place  f.  The  *  Fig.  16. 
fides  of  the  prifm  are  generally  channelled.  ^  Rome  dc 

Its  texture  is  foliated.  Its  fratlure  conchoidal.  Luftre    ''"'  "■. 
ufually  from  3  to  4.  Tranfparency  from  2  to  4.  Caufes  Hniiy  UiJ, 
a  double  refraftion.       Hardnefs   12.   Sp.  gr.   2.65  to 
z-TJ^.     Colour  green.     Becomes  eledlric  by  friftion, 
but  not  by  heat.     Its  powder  does  not  phofphorefce 
when  thrown  on  a  hot  iron  J.     At  150'^  Wedgewood^  DolomUu^ 
it  melts  into  an  opaque  coloured  mafs.     According  to-y/'-''  Jo 
Dolomieu,  it  is  fufible  ^fry^"  by  the  blow-pipe  *.  xviii.  19, 

This  mineral  was  formerly  fubdivided  into  two  diftinft  *  Hid, 
fpecies,  the  emerald,  and  beryl  or  aqua  marina.  Hauy 
demonftrated,  that  the  emerald  and  beryl  correfponded 
exaftly  in  their  ftrufture  and  properties,  and  Vauquelin 
found  that  they  were  compofed  of  the  fame  ingredients; 
henceforth,  therefore,  they  muft  be  confidered  as  va- 
rieties of  the  fame  fpecies. 

The  variety  formerly  called  emerald  varies  in  colour 
from- the  pale  to  the  perfedt  green.  AVhen  heated  to 
I  20''  Wedgewood,  it  becomes  blue,  but  recovers  its  co- 
lour when  cold.  A  fpecimen,  analyfbd  by  Vauquelin^ 
was  compofed  of 

64.60  filica, 
14.00  alumina, 

13.00  glucina,  '      .     - 

3.50  oxide  of  chromiim, 
2.56  lime, 
2.00  moifture  or  other  volatile  ingredient. 
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The  beryl  is  of  a  greyifli  green  colour,  and  fometimes  Ciim.  xivk 
blue,  yellow,  and  even  white  :  fometimes  different  co-*  ■♦■ 
lours  appear  in  the  fame  ftone  J   It  is  found  in  Ceylon,  jj,  ,    . 
different  parts  of  India,  Brazil,  and  efpecially  in  Siberiaa,7,  ' 

and  Tartary,  where  its  cryflals  are   fometimes  a  foot 

long  ^.%ityu 


(f)  Kirtu.  I.  208. — Karjlen.  Beob.  der  Berlin,  5  Band.  71. — Klaproth  Beitrage,  I.  279.  and  II.  191. 

(g)  That  IS,  fcalejlone,  or  ftone  compofed  of  fcales :   From  >^i-"!  the  fc ale  of  afjh,  and  ^t^'f  ajlone. 
(h)  Hence  the  name  leucite,  from  '^■u'c,  white. 

(i)  See  Jour,  de  Min.  N°  XXVII.  164.  and  201.  and  Klaproth's  Beitrage,  II.  39. 

(k)  Kir.   I.   247.  and   248. — Dolomieu.  Magazin  Enc^dop/cdique,  II.   17.  and   145.;  and  Jour  de  Min.li^ 
XVIII.  19 — Kl.iproth  Beitrage,  II. 
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A  fpeclmeo  of  beryl,  nnalyfed  by  Vauqueliri, 


69 

13 
16 

I. 
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filica, 
alumina, 
glucina, 
oxide  of  iron. 


jFig-i;. 
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OSi'ffi.xxviii.     j[  ^3j  by  analyfing  this  (lone  that  Vauquelin  difco- 
*'*•  vered  the  earth  which  he  called  glucina. 

O.IX.\ab  Genus  IX.     sab. 

Staurolite.  SPECIES  I.     Staurolite  f . 

+  Kiitv.  i.   AndreoUte  of  Lametherie  and  Hauy — Hyacinthe  blanche 

382.  cruclforme,  var  9   of  Rome  de  Lifle. 

This  ftone  has  been  found  at  Andrealberg  in  the 
Hartz.  It  is  cryftallized,  and  the  form  of  its  cryftals 
has  induced  mineralogies  to  give  it  the  name  of  crofi- 
Jlone.  Its  cryftals  %  arc  two  four-fided  flattened  prifms, 
terminated  by  four  fided  pyramids,  interfering  each 
other  at  right  angles :  the  plane  of  interfedion  paffing 
longitudinally  through  the  prifms  (^l). 

Its  texture  is  foliated.  Its  luftre  waxy,  2.  Tranf- 
parency  from  i  to  3.  Hardnefs  9.  Brittle.  Sp.  gr. 
2.355  '°  2.361.  Colour  milk  white.  When  heated 
flowly,  it  lofes  0.15  or  0.16  parts  of  its  weight,  and  falls 
into  powder.  It  effervefces  with  borax  and  microcof- 
mic  fait,  and  is  reduced  to  a  greenifh  opaque  mafs.  With 
foda  it  melts  into  a  frothy  white  enamel.  When  its 
powder  is  thrown  on  a  hot  coal,  it  emits  a  greenifh 
yellow  light  J. 

A  fpecimen  analyfed  by  Weftrura  wag  compofed  of 
44  fdica, 
20  alumina, 
20  barytes, 
16  water. 
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is  to  its  breadth  as  v'S  *"  '>  9n<J  to  ''s  tliicknefs  as  v'2     Simple 
to  I  *.    The  only  variety  hitiiei  to  obferved  is  an  e!j;ht-     ''''°""' 
fided  prifm,  terminated  by  fix-fided  funmiitsf .    Two  of  ^  ,,••  "  ^g 
the  faces  of  the  prifm  are  hexagons,  two  are  reftangles,  |  F,g.  iq, 
and  four  trapeziums  ;   two  faces  of  the  fummits  are  rec- 
tangles, and  the  other  four  trapeziums.  Sometimes  two 
of  the  edges  of  the  prifm  are  wanting,  and  fmall  faces 
in  their  place  %.  \  Hauy, 

Its  texture  is  foliated.     Laminae  parallel  to  the  faces  7°"' • ''« 
of  the  prifm.     Lullre  3  to  4.     Tranfparency  3  to  4.  ■^!"-  '^' 
Caufes  fingle  refradtion.     Hardnefs  1 2.     Sp.  gr.  from  ^^''  ^' 
3.698  §  to  3.7961  *.     Colour  yellowifh  green,  furface  5  Werntr, 
fparkling.     It  is  infufible  by  the  blow-pipe  per fe,  and*  ^""i' 
with  foda. 

A  fpecimen  of  chryfoberyl,   analyfed  by  Kl^pro(h, 
was  compofed  of  71.5  alumina, 

18.0  fdica, 

6.0  lime, 

1.5  oxide  of  iron. 


§  Hauy, 
your,  de 
Min.  N" 
ssviii.  180. 
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Klaproth  found  the  fame  ingredients,  and  nearly  in 
*  Beitrogi,  the  fame  proportions  *. 

"•  '^^'  A  variety  of  ftaurolite  has  been  found  only  once, 

which  has  the  following  peculiarities. 

Its  luftre  is  pearly,  2.  Sp.  gr.  2.361.  Colour 
browniih  grey.  With  foda  it  melts  into  a  purpliih  and 
ydlowifti  frothy  enamel.  It  is  compofed,  according  to 
Weftrum,  of        47.5  fdica, 

12.0  alumina, 
20.0  barytes, 
16.0  water, 
4.5  oxides  of  iroi)  and  manganefe. 
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Chryfobe-  GenUS  X.     I.  ASL. 

j-yl.  SPECIES  I.      Chryfoberyl  f. 

\Kir-w.  i.  Oriental  chryfolite  of  jewellers — Cymophane  of  Hsuy. 
Hitherto  this  ftone  has  been  found  only  in  Brazil, 
the  ifland  of  Ceylon,  and  as  fome  affirm  near  Nortfchink 
in  Siberia.  Werner  firft  made  it  a  diftinft  fpecies,  and 
gave  it  the  name  which  we  have  adopted.  It  is  ufually 
found  in  round  maffes  about  the  fize  of  a  pea,  but  it  is 
fometimes  alfo  cryftallized.  The  primitive  form  of  its 
cryftals  is  a  four-fided  reftangular  prifm,  whofe  height 


361. 
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Genus  X.   2.  sal. 
SPECIES  2.   Hyalite*, 


f  BeitrXge, 

G.X.i.SAb 

This  ftone  is  frequently  found  in  trap.     It  occurs  *  Kh-zu% 
in  grains,  filaments,  and  rhomboidal  mafles.  Texture  fo-apS. 
liated.  Frafture  uneven,  inclining  to  conchoidal.  Luftre 
glafl"y{M),  2  to3.  Tranfparency  2  to  3 ;  fometimes,  tho' 
feldom,    it   is  opaque.     Hardnefs  9.      Sp.gr.    Z.H  f.  ^  Kir^waa, 
Colour  pure  wliite.     Infufible  at   150^  Wedgewood  ; 
but  it  yields  to  foda  %.     According  to  Mr  Link,  it  is  1  -W. 
compofed  of  57  filica, 

18  alumina,  ' 

15  lime. 
-~—  _  ^CreWsAft' 

90  and  a  very  little  iron  f.  oali,  1790. 

lBand.1^% 

Species  3.     yEdelite  *. 
This  ftone  has  hitherto  been  found  only  in  Sweden   ^delitc. 
at  Mofleberg  and  jEdelfors.     From  this  laft  place  Mr  «  Kirw.  i. 
Kirwan,  who  firft  made  it  a  diftinft  fpecies,  has  given  276. 
it  the  name  which  we  have  adopted.     It  was  firft  men- 
tioned by  Bergman  \.  Its  form  is  tuberofe  and  knotty,  t  Ofufc.  *i. 
Texture  ftriated  ;  fometimes  refembles  quartz.     Luftre  '°'' 
from  o  to  I.     Sp.  gr.  2.515  after  it  has  abforbed  wa- 
ter ■\.     Colour  light  grey,  often  tinged   red  ;  alfo  yel- }  See  Kir- 
lowifti  brown,  yellowifh  green,  and  green.     Before  the.'"""'-'  M'"* 
blow-pipe  it  intumefces  and  forms  a  frothy  mafs.  Acids'"  *' 
convert  it  into  a  jelly  J.     A  fpecimen  from  MolFeberg,  M"'i'' »"• 
analyfed  by  Bergman,  contained  **?• 

69  filica, 

20  alumina, 
8  lime"," 

3  water. 
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A  fpecimen  from  .£delfors  yielded  to  the  fame  che-'oi- 
mift  62  filica, 

18  alumina,  n, 

17  lime, 

4  water. 
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(l)   See  Gi/lot,  Jour,  de  Phyf.  1793.  p.  I  and  2. 

(m)  Hence  probably  tlie  name  hyalite,  which  was  impofed  by  Werner  from  'vx>.is,  and  "Soc,  ajlgtte. 
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Genus  X.  v  sAwt. 
SPECIES  4.  Zeolite  (n). 
Tills  ftone  was  firft  defcrlbed  by  Croiiiledt  in  the 
Stockholm  Tranfadlions  tor  1  756.  It  is  found  fouie- 
time5  amorphous  and  i'oraetiraes  cryllallized.  The  pri- 
mitive form  of  its  cryftals  is  a  rectangular  prifm,  whole 
bafcs  are  fqiiares.  The  raoll  common  variety  is  a  long 
foiir-lidtd  prifm,  terminated  by  low  four  fided  pyra- 
mids*. 

Its  texture  is  (Iriatcd  or  fibrous.  Its  Indre  is  <ilky, 
from  j  to  I.  Traiifparcney  from  2  to  4  ;  fometimcs  ). 
Hardnefs  6  to  8  ;  fomt  times  only  4.  Abforbs  water, 
Sp  gr.  2. 07  to  2.3.  Colour  white,  often  with  a  (hade 
of  red  or  yellow  ;  hnnctimes  britk  red,  green,  blue. 
+  flouy,ii/i/ When  heated,  it  becomes  electric  like  the  tourmaline  f- 
KOxxviii.  Btfore  the  blow-pipe  it  froths  (o),  emits  a  pholpho- 
refcent  light,  and  melts  into  a  white  fcmilranfparent 
enamel,  too  fuft  to  cut  glafs,  and  foluble  in  acids.  In 
acids  it  dillolves  flowly  and  partially  without  cfferve- 
fccnce  ;  and  at  lait,  unlcfs  the  quantity  of  liquid  be  too 
great,  it  is  convened  into  3  jelly. 

A  fpecimen  of  zeolite  (p),  analyfed  by  Vauquclin, 
contained  Si-'o  hlica, 

27.00  alumina, 

9.46  lime, 
10.00  water. 


MINERALOGY.  Clafs  I. 

According  to  the  analyfis  of  Vauquelin,  it  h  compo- 
fed  of  j2.o  hlica, 

17.5   alumina, 

9.0  lime, 
J  8.5  water. 


.Simple 
Sionts, 


year,  Je 
Min.  N" 
liv.  80. 


176. 


t  IbiJ.  NO 
iliv.  576. 

Stilbite. 


99.46  %. 


SPECIES  5.     Stilbite. 
This  ftone  was  firft  formed  into  a  diftinft  fpecies  by 
Mr  Hauy.     Formerly  it  was  contldered  as  a  variety  of 
zeolite. 

The  primitive  form  of  its  cryftals  is  a  reflangular 
prifm,  whofe  bafes  are  reftangles.  It  cryftallizes  fome- 
times  in  dodecahedrons,  confdling  of  a  four  iidcd  prifm 
with  hexagonal  faces,  terminated  by  four-fided  fummits, 
whofe  faces  are  oblique  parallelograms;  fometimes  in 
fix-fided  prifms,  two  of  whofe  folid  angles  are  wanting, 
and  a  finall  triangular  face  in  their  place  *. 

Its  texture  is  foliated.  The  laminae  are  eafily  fepa- 
rated  from  each  other  ;  and  are  fomewhat  flexible. 
Luftre  pearly,  2  or  3  (oj).  Hardnefs  inferior  to  that 
of  zeolite,  which  fcratchcs  ftilbite.  Brittle.  Sp.  gr. 
\  Hauy, Hid.  j^rQQ-'f.  Colour  pearl  white.  Pciwder  bright  white, 
N«xxvu!.  fometimes  with  a  fliade  of  red.  This  powder,  when  ex- 
pofed  to  the  air,  cakes  and  adheres  as  if  it  had  abforb- 
cd  water.  It  caufes  fyrup  of  violets  to  afl'ume  a  green 
colour.  When  Itilbile  is  heated  in  a  porcelain  crucible, 
it  fwe'ls  up  and  alfumes  the  colour  and  femitraniparen- 
cy  of  baked  porcctain.  By  this  procefs  it  lofes  0.185 
of  its  weight.  Before  the  blow-pipe  it  froths  like  bo- 
rax,  and  then  melts  into  an  opaque  white-coloured  en- 

}  ^ni/?'af///i,  amelt. 

UU.  N" 

xuii,  i6i.  — ■ ■ 


*  JJauyy 

^our,  de 
Mim.  N» 
xiv.  86. 
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*  IhiJ,  164, 

68 
Anakime. 


SPECiis  6.  Analcime. 

This  ftone,  which  was  difcovered  by  Mr  Dolomieii, 
is  found  cryftallized  in  the  cavities  of  lava.  It  was  firll 
made  a  diftindl  fpecies  by  Mr  Hauy.  Mineralogifts 
had  formerly  confounded  it  with  zeolite. 

The  primitive  form  of  its  cryftals  is  a  cube.  It  is 
fometimes  found  cryftallized  in  cubes,  whofe  folid  angles 
are  wanting,  and  three  fmall  triangular  faces  in  place  of 
each  ;  fometimes  in  p<.lyhedrt;hs  with  24  faces.  It  is 
ufually  fomewhat  tranfparent.  Hardnefs  about  8  ; 
fcratchcs  glafs  (lightly.  Sp.  gr.  above  2.  When  rubbed, 
it  acquires  only  a  fmall  degree  of  eleftricity,  and  with 
difliculty  (r).  Before  the  blow-pipe  it  melts  withoutf  Hauyy 
frothing,  into  a  white  femitranfparent  glafs+.  Jour.dc 

Genus  X.   4.   sla.  ^*-  ="d 

SPECIES  7.   Lazulitef.  xxvin..78. 

This  ftone,  which  is  found  chiefly   in  the  northern  g.X. 4. sla. 
parts  of  Afia,  has  been  long  known  to  n-.ineralogifts  by   i-azulite. . 
the  name  of  lapis  /ltzuH.     This  term  has  been  contraft- 1  ^""^-  '• 
ed  into  lazulu'e  by  Mi  Hauy  ;   an  alteration  which  was*  ^' 
certainly  proper,  and  which  therefore  we  have  adopted. 

Lazulile  is  always  amorphous.    Its  te.xture  is  earthy. 
Its  frafture  uneven.      Luftre  o.     Opaque,  or  nearly  fo. 
Hardnefs  8  to  9.      Sp.  gi".   2.7610   2.945*.      Colour*  5r/^/r. 
blue(s);  often  fpotted   white  from  fpecks  of  quartz, 
and  yellow  from  particles  of  pvrites. 

It  retains  its  colour  at  100'*  Wedgewood;  in  a  higher 
heat  it  intumefces,  and  melts  into  a  yellowifh  black 
mafs.  With  acids  it  effervefces  a  little,  and  if  previ- 
oufly  calcined,  forms  with  them  a  jelly. 

MargrafF  publifhed  an  analyfis  of  lazuHte  in  the  Ber- 
lin Memoirs  for  1758.  His  analyfis  has  fince  been 
confirmed  by  Klaproth,  who  found  a  fpecimen  of  it  to 


contain 


46.0  filica, 

14,5  alumina, 

28.0  caibonat  of  lime, 
6.5  fulphat  of  lime, 
3.0  oxide  of  iron, 
2.0  water. 


100. of 

Genus  XI.   sali. 
SPECIES  I.  Garnet  (t). 


i.  -96. 


70 
This  ftone  is  found  abundantly  in   many  mountains.    Garnet   ' 
It  is  ufually  cryftallized.     The  primitive   form   of  its 

cryftals 


(n)   Klriv.  I.    2jS.—GueltuiJ,  IV.   e^l—Bucquet,   Mem.   Sa-j.  Etrang.  IX.  376. — Pdktier,  Jour,  de  Phyf. 

XX.  420. 

(o)   Hence  the  name  iLeoltte,  given  to  this  mineral  by  Cronftedt  ;  from  ^  "■  to  ferment ,  ^-'^i,  ajlone. 

(p)  Dr  Black  was  accuftoined  to  mention,  in  the  courfe  of  his  leftures,  that  Dr  Hutton  had  difcovered _/J)(/<» 
in  zeolite.     This  difcovery  has  not  hitherto  been  verified  by  any  other  chemical  mineralogift. 

{q\   Hence  the  name  given  to  this  mineral  by  liaiiYyJiHiile,  from  o-li'^fa,  tojh'me. 

(r)    Hence  the  name  anahhne  given  it  by  Hauy,  ftom  "v«..««,  -weak. 

(s)   Hence  the  name  laxulite,  from  an  Arabian  word  a%ul,  which  fignifies  blue. 

(t)  Kiriu.  I.  25^. —  Gerhard,  Difqulfitio phyftcchchymica  Granatorum,  &c. — Pafumot,  Jour,  de  Phyf.  III.  442. 
—  IViegleb,  ./inn.  de  Ch'im.  I.  231. 


Order  I. 

jaithsaiiJ  crvftals  IS  a  dodecahedron  wliofe  fides  are  rhombs,  with 
-tone'*,     angles  of  78''  31'  44",  and  120°  2S'  16".      The  inclina- 
"""^  tion  of  the  rhombs  to  each  other  is  izo''.      This  dode- 

caiiedron  may  be  coiifidered  as  a  foiir-fided  prilm,  ter- 
*  ^"-K- '.°  minated  by  four  fidcd  pyramids  *.  It  is  divilible  into 
,.  '  '•''',  four  parallelopipcds,  whofe  fides  are  rhombs;  and  each 
Uj^y^  ^„„.  of  thcfe  may  be  divided  into  lour  tetrahedrons,  whofe 
it  CHm.  iides  are  ifufceles  triangles,  equal  and  timilar  to  either 
xvii.  305.  Qf  t^lie  halves  into  which  the  rhombuidal  faces  of  the 
dodecahedron  are  divided  by  tiieir  fhorter  diagonal.  The 
+  K.iiyiirW-integrant  molecules  of  garnet  are  fimilar  tetrahedronsf . 
3°^-  Sometimes  the  edges  of  the  dodecahedrons  are  wanting, 

and  fmall  faces  in  their  place  ;  and  fometimts  garnet  is 
cryftallized  in  polyhedrons,  having  24  trapezoidal  faces. 
For  a  defcription  and  figure  of  thel'e,  and  otlier  varie- 
ties of  garnet,  we  refer  to  Ronn-  tie  Li/lc  ^\iA  HauyX. 

The  texture  of  garnet,  as  Bergman  firft  (hewed,  is 
fuli.\ted  f.  Its  fradure  commonly  conchoidal.  Inter- 
nal luftre  from  4  to  2.  Tranfparency  from  2  to  4  ; 
f  imetlmes  only  i  or  o.  Caulcs  fingle  refraction  ||. 
Hardnefs  from  10  to  14.  Sp.gr.  ^^.75  to  4.i8'<.  Co- 
lour ufuaily  red.  Often  attrafted  by  the  magnet.  Fu- 
fible  per  ft:  by  the  blow-pipe. 

Variety  I.      Oriental  garnet  (u). 
Internal  luftre  3  to  4.      Tranfparency  4.      Hardnefs 
13  to  14.     Sp.  gr.  4  to  4.188.     Colour  deep  red,  in- 
clining to  viokt  (x). 

V<irieiy  2.  Common  garnet. 
Fraflure  uneven,  inclining  to  the  conchoidal.  In- 
ternal lullre  2  to  3.  Tranfparency  from  3  to  o.  Hard- 
nefs 10  to  II  ;  fometimes  only  9.  Sp.  gr.  :?.75  to  4. 
Colour  commonly  deep  red,  inclining  to  violet  ;  fome- 
times verging  towards  black  or  olive  ;  fometimes  leek 
green,  brown,  yellov/. 

Variety  3.     Amorphous  garnet. 
Strufture  flaty.      Luftre   2.     Tranfparency  2  to   i. 
Hardnefs  11   to  I  2.      Sp.  gr.  3  89.      Colour  brownifii 
or  blackifh  red.     Found  in  Sweden,  Switzerland,   and 
the  Eaft  Indies. 

A  fpecimen  of  oriental  garnet,  analyfed  by  Klaproth, 
contained  35-75  filica, 

27.25  alumina, 
36.00  oxide  of  iron, 

0.25  oxide  of  manganefe. 
'  * 
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Mr  Klaproth  found  «  fpecimen  of  Bohemian  garnet,     Sirrpic 
compofcd  of  40.CO  filica,  Strme-i. 

28.  50  alumina,  * 

16.50  oxide  of  iron, 
10.00  magnefia, 
3.50  lirnc, 
.25  o.\.ide  of  manganefr. 


X  Hi  J. 

§  o/..v/:-^  ii. 
9- 

II  K^i;/?,- 
Jr.ur    de 
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Xivlii.  ^io. 


•  Beilrage, 


t  Jsur.  ie 
Mm.  N° 


t  !iiJ.  S73 


9925- 

A  fpecimen  of  red  garnet,  analyfed  by  Vauquelin, 
contained  520  filica, 

20.0  alumina, 
17.0  oxide  of  iron, 
7.7  lime. 

-      _  96-7 1 

A  fpecimen  of  black  garnet  yielded  to  the  fame  che- 
mift  43  filica, 

16  alumina, 
2  0  lime, 

16  oxide  of  iron, 
4  moifture, 

99  t 


98.75* 
SPECIES  2.     Thumerftone  f. 
Tanol'tte  of  Lamathcrie — Aximt--  of  Hauy. 


*  Seitra^if 
ii.  1 1. 
7t 
Thumer. 

This  llune  was  firft  defcribed  by  Mr  Schreber,  who  .  j^,>^.  ;, 
found  it  near  Balnie  d'Auris  in  Danphinc,  and  gave  it  7  . — {'d. 
the  name  ofjiior/  I'lo/ej..  It  was  afterwards  found  near''""'i7<""'''' 
Thum  in  Saxony,  in  confequence  of  which  Wc  ncr 
called  it  thumcijlone. 


xxui.  I. 


.de  >  b\/. 
^xvi.  00. 
;  Dc  i-ijif, 
It    is  fometimes  amorphous;    but    more  commonly  ii,  353, 

cryltallized.       The  primitive  form  of  its  cryihds  is  a 
rectangular  prifm,  whofe  bales  are  parallelograms  with 
angles  of  101°  32' and  7«°  28^.     The   iiioft  ufual  va-^^^^V' 
riety  is  a   flat   rhomboidal  parallelopiped,   with  t«o  of^^"^'  jjo 
its  oppofite  edges  wanting,  and  a  fmall  face  in  place  of  xxviii.  164. 
each  Ij.      The  faces  of  the  parallelopiped  are  generally  ||  ^|g■  n. 
llreakcd  longitudinally  •].  ^  ''''  '-'P> 

The  texture  of  thumerftone  is  foliated.  Its  fraflure 
conchoidal.  Luftre  2.  Tranfparency,  when  cryllalli- 
zed,  3  to  4  ;  when  amorphous,  2  to  i.  Caufes  fimple 
refraftlon*.  Hanlnefs  10  to  9.  Sp- gr.  3.;956.  Co-*  Hauy, Hid, 
lour  clove  brown  ;  fometimes  Inclining  to  red,  green, 
grey,  violet,  or  black.  Before  the  blow-pipe  it  froths 
like  zeolite,  and  m.elts  into  a  hard  black  enamel.  With 
borax  it  exhibits  the  fame  phenomena,  or  even  when  the 
ftone  is  finiply  heated  at  the  end  of  a  pincer-j-.  t  ''^Kyw/m, 

A  fpecimen  of  thumerftone,  analyfed  by   Klaproth,  7"'""  ''' 
contained  52.7  lilica, 

25.6  aluitiina, 
»  9.4  lime' 

9.6  oxide  of  iron  with  a  trace  of 

— —  manganefe. 

gj  ^l  J  Be'itrtigf, 

A  fpecimen,  analyfed  by  Vauquelin,  contained  "' 

44  filica, 

18  alumina, 

19  lime, 

14  oxide  of  iron, 
4  oxide  of  manganefe. 

99  f  §  7<'«r.  <fe 

SPECIES  3.     Prehnite(Y).  iW-«.ii;</. 

Though  this  ftone  had  been  m>  nlioned  by   Sage  ||,prehnite. 
Rome  de  Lifle  ^,  and  other  mineralogifts,  Werner  was  ||  Miner,  u 
the  firft  who  properly  diftingullhed  it  from  other  mli.e  ^32- 
rals,  and  made  it  a  diftinft  fpecies.     The  fpecimen  which  \  '''^^''"''S' 
he  examined  was  brought  frum  the  Cape  of  Good  Hope"'  ^ 
by  Colonel  Prehn  ;  hence  the  name  ^rthv.ite,  by  which 
he  diftlnguiflied  It.      It  was  found  near  Dunbarton  by 
Mr  Grotche  *  ;  and  fince  that  time  it  has  been  obfer- *  y^in.  A 
ved  in  other  parts  of  Scotland.  Ch  im  .11  ■^ 

It 


(u)  This  feems  to  be  the  carbuncle  (««9fa|)  of  Theophraftus,  'and  the  carbunculus  garamanticus  of  other  ancient 
■writers.     See  Hill's  Therfhrajlus,  "'f  >^'-''».  p.  74.  and  77. 

(x)  Hence,  according  to  many,  the  r\imt  garnet  (In  Latin  granatus),  from  the  refemblance  of  the  ftone  in  co- 
lour to  the  bloflbms  of  the  pomegranate. 

(y)  Kirw.  I.  2-j4.—ffaJer,fratz,  Jour,  de  Phyf.  XXXIL  81 Sage^  Hid.  XXXIV.  4^6 .^ Klajiroti.  £eoL 

Jer  Berlin,  2  Band.  211.     And  .^nn,  de  Chim.  I,  201. 


MINERALOGY. 


f  H/Juy,  ihiJ 


tt  is  both  amorplious  and  cryftallized.  The  cryftals 
are  in  groups,  and  confiifed  :  they  feem  to  be  tour- 
fided  piffms  with  dihedral  fuminits  *.  Sometimes  they 
are  irregular  fix- tided  plates,  and  fomctimes  flat  ihom- 
buiJal  parallelopipeds. 

Its  texture  is  foliated.  FraAiire  uneven.  Internal 
lullre  pearly,  fcarcely  2.  Tianiparency  3  to  2.  Hard- 
nefs  9  to  10.  Brittle.  Sp.  gr.  2.6969  f-  Colour 
apple  green,  or  greenifh  grey.  Before  the  blo«'-pipe  it 
froths  more  violently  than  zeolite,  and  melts  into  a 
brown  enamel.  A  fpecimen  of  prehnite,  analyfed  by 
Klaproth,  was  compofed  of 

43.83  filica, 
30.3?  alumina, 
18.33  lime, 
5.66  oxide  of  iron, 
1. 16  air  and  water. 


%  Ann.  3e 
Vbmi.  u 

xc3. 


Whereas  Mr  HafTenfratz  found  in  another  fpecimea 
50.0  filica, 
20.4  alumina, 
23.3  lime, 
4.9  iron, 
.9  water, 
.J  magnefia. 


§  /jy.  and 

'Jour,  de 
Phyf.  N» 
XX.\J1.  81. 
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Thallite. 
It  CryftaUog. 

u.  401. 


'\   Hauy, 
lour,  de 
Min.  NO 
xxviiL  271. 
*  Fig.  22. 
\  Rome  de 
/^i/le^  ibid. 
and  .ff  tuy, 
'JouTt  de 
Min.  N" 
XK.415. 


De/cotils, 
Hid. 


loo.of 


5  md.  N' 

xu.  410. 


si-ECiEs  4.     Thallite. 
Green  Jhorl  of  Dauphine  of  De  Lifle  ||. — Delph'm'tte  of 
SaufTure. 
This  itone  is  found  in  the  fifTures  of  mountains  ;  and 
hitherto  only  in  Dauphine  and  on  Chamouni  in  the  Alps. 
It  is  fometimes  amorphous,  and  fometimes  cryftalli. 
zed.     The  primitive  form  of  its  cryftals  is  a  reftangu. 
lar  prifm,  whofe  bafes  are  rhombs  with  angles  of  114° 
37',  and  6s'°  23' f-     The  moft  ufual  variety  is  an  elon- 
gated four-fided  prifm  (often  flattened),  terminated  by 
four-fided  incomplete  pyramids  *  ;  fometimes  it  occurs 
in  regular  fix  fided   prifmsf-     The  cryftals  are   often 
very  flender. 

Its  texture  appears  fibrous.  Luftre  inconfiderable, 
Tranfparency  2  to  3,  fometimes  4 ;  fometimes  nearly 
opaque.  Caufes  fingle  refradlion.  Hardnefs  9  to  10. 
Brittle.  Sp.gr.  3.4529  to  3.46.  Colour  dark  green  (z). 
Powder  white  or  ycUowifh  green,  and  feels  dry.  It 
does  not  become  eledric  by  heat.  Before  the  blow- 
pipe, froths  and  melts  into  a  black  flag.  With  borax 
melts  into  a  green  bead  ;]:. 

A  fpecimen  of  thallite,  analyfed  by  Mr  Defcotils, 
contained  37    filica, 

27     alumina, 
17     oxide  of  iron, 
1 4    lime, 
1.5  oxide  of  manganefe. 

96.5  J 


Genus  XII.    i.  ams. 
spEciF.s  I.  Cyar'itc  *. 
Sappare  of  Saultiire. 
This  ftone  was  fivli  defcribed  by  Mr  Sauflure  the  fon, 
who  gave  it   the  iiamt   cf  fappare\.      It    is  commonly 
found  in  granite  rocks.      Th>.  primitive  form  ot  its  cry- 
ftals  is  a  four-fided  oblique  prilin,  whofe  fides  are  incli- 
ned at  an  angle  of  1 03".    The  bale  forma  with  one  fide 
of  the  prifm  an  angle  of  103' ;  with  another  an  angle  of 
77",   It  is  fometimes  cryftallized  in  fix-fided  prifms  J. 

Its  texture  is  foliated.  Laminae  long.  Fragments 
long,  fplintery.  Luftre  pearly,  2  to  3.  Tranfpai^ncy 
of  the  laminae  3.  Caufes  fingle  refraction  (J.  Hardnefs 
6  to  9.  Brittle.  Sp.gr.  from  3.092  to  3.622  II .  Feels 
fomewhat  greafy  Colour  milk  white,  with  (hades  of 
Iky  or  pruflian  blue  (a);  fometimes  hluifh  gny  ;  fome- 
times partly  bluifli  grey,  partly  yellowilh  or  greenifh  grey. 
Before  the  blow-pipe  it  becomes  almoft  perfeftly 
white  ;  but  does  not  melt  According  to  the  analyfii 
of  Sauffure,  it  is  compofed  of 

66.92  alumina, 
13.35  magnefia, 
12.81  filica, 
5.48  iron, 
1.7 1  lime. 

100.17* 
Cyanite  has  alfo  been  analyfed  by  Struvius  and  Her. 
mann,  who  agree  with  Sauflure  as  to  the  ingredients ; 
but  differ  widely  from  him  and  one  another  as  to  the 
proportions. 

Hermann. 
•     -     30  alumina, 

-  -     39  magnefia, 

-  •     23  filica, 
.     -       2  iron, 

-  .       3  lime. 
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Genus  XII.  2.  msa. 
SPECIES  2.   Serpentine (b). 
This  ftone  is  found  in  amorphous  maffes. 


t  CreWsAn, 
nats^  1790. 
}  Ibid. 

Its  frac.  G.  XII.  3. 


ture  is  fplintery.  Luftre  o.  Opaque.  Hardnefs  6  to  msa. 
7.  Sp.  gr.  2.2645  to  2.709.  Feels  rather  foft,  almoft  Serpentina 
greafy.  Generally  emits  an  earthy  fmell  when  breath- 
ed upon.  Its  colours  are  various  fhades  of  green,  yel. 
low,  red,  grey,  brown,  blue :  commonly  one  or  two  co- 
lours  form  the  ground,  and  one  or  more  appear  in  fpots 
or  veins  (c). 

Before  the  blow-pipe  it  hardens  and  does  not  melt. 
A  fpecimen  of  ferpentine,  analyfed  by  Mr  Chenivix, 
contained  34.5  magnefia, 

28.0  filica, 
23.0  alumina, 
4.5  oxide  of  iron, 
0.5  lime, 
10.5  water. 


101. o^ 


Genus  §  Ann.ie  _ 

Chim.:iXS\i\t 
199. 


(z)  Hence  the  name  thaJWte  given  it  by  Lametherie,  from  Saxxof,  a  green  leaf. 

(a)  Hence  the  name  cyanite.  impofed  by  Werner.  ,        ,,  n    in 

(b)  Kirw.  I.  1 56.— Mar^ra/,   Mem.  Berlin,  1759,  ^.y—Bayen,  Jour,  de  Phyf.  XIII.  46 — Mayer,  Crell t 

Annah,  1789,  II.  416.  .  \.     n  •       t 

(c)  Hence  the  name /£r/fn//'«f,  given  to  the  ftone  from  a  fuppofed  refemblance  in  colours  to  the  ton  ot 
a  ferpent. 


)rder  I. 

arths  and 
Stones. 


7^ 


Potftone. 
Kirw.  i. 
5S- 


M 

Genus  XIII.  msai. 
SPECIES  I.  Potftone*. 
This  ftone  is  found  in   nefts  and  beds,  and  Is  always 
G.  XIM.  amorphous.     Its  ftrufture  is  often  flaty.     Texture  un- 
MSAi.     dulatingly  foliated.     Luftrc   from    i    to  3.     Tranfpa- 
rency  from   I   to  o  ;  foraetimes  2.      Hardnefs  4  to  6. 
Brittle.     Sp.  gr.   from  2.8531  to  3.023.     Feels  grea- 
fy.     Sometimes  abforbs  water.     Colour  grey  with   a 
(hade  of  green,  and  fometimes  of  red  or  yellow  ;  fome- 
times  leek  green  ;  fometimes  fpecked  with  red. 

Potftone  is  not  much  affefted  by  fire  ;  and  has  there- 
fore been  made  into  utenfils  for  boiling  water  ;  hence 
its  name. 

According  to  Wiegleb,  the  potftone  of  Como  con- 
tains 38  magnefia, 
38  filica, 
7  alumina, 
5  iron, 

I   carbortat  of  lime, 
I   fluoric  acid. 


INERALOGY. 

A  fpecimen  of  the  fame  variety  yielded  Mr  Hssp- 
ner  12.92  oxide  of  iron, 

37.50  filica, 

4.17  alumina, 
43.75   magnefia, 
1.66  lime. 


90 
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SPECIES  2.     Chlorite  f. 
This  mineral  enters  as  an  ingredient  into  different 
mountains.     It  is  fometimes  amorphous,  and  fometimes 
cryftallized  in  oblong,  four-fided,  acuminated  cryftals. 

Its  texture  is  foliated.  Its  luftre  from  o  to  2.  O- 
paque.  Hardnefs  from  4  to  6 ;  fometimes  in  loofe 
fcales.     Colour  green. 

Variety  i.     Farinaceous  chlorite. 
Compofed  of  fcales  fcarcely  cohering,  either  heaped 
together,  or  invefting  other  ttones.   Feels  greafy^  Gives 
an  earthy  fmell  when  breathed  on.     Difficult  to  pulve- 
rife.     Colour  grafs  green  ;  fometimes  greenifh  brown  ; 
fometimes  dark  green,  inclining  to  black.   Streak  white. 
Wlien  the  powder  of  chlorite  is  expofed  to  the  blow- 
pipe it  becomes  brown.     Before  the  blow-pipe,  farina- 
ceous chlorite  froths  and  melts  Into  a  dark  brown  glais; 
(  yauquelln,\i/iih  borax  it  forms  a  greenifti  brown  glafs;};. 
Joijr.Je  Variety  2.      Indurated  chlorite. 

Kiix.^67  This  variety  is  cry  ftalllzed.  Luftre  1.  Hardnefs  6. 
Feel  meagre.  Colour  dark  green,  almolt  black.  Streak 
mountain  green. 

Variety  3.     Slaty  chlorite. 
Strufture  flaty.     Fragments  flatted.     Internal  luftre 
1  to  2.      Hardnefs  5.     Colour  greenifli  grey,  or  dark 
green  Inclining  to  black.     Streak  mountain  green. 

A  fpecimen  of  the  firft  variety,  analyfed  by  Vauque- 
lin,  contained  43.3  oxide  of  iron, 

26.0  filica, 
15.5   alumina, 
8.0  magnefia, 
2.0  murlat  of  potafs, 
4.0  water. 


Chim.  XXX. 
}o6. 


98.8  J 


*  Saujfurt*f 

analyfed  by  the  ,°^^f"'  "' 


1 00.0* 
A  fpecimen  of  the  fecond  variety, 
fame  chemift,  contained 

10.15  oxide  of  iron, 
41.15  filica, 

6.13  alumina, 
39.47  magnefia, 
1.50  lime, 
1.50  air  and  water. 

99.90  t  \Crell'i  Alt- 

on the  fuppofition  that  thefe  analyfes  are  accurate,"' ''j^'""' 
the  enormous  difference  between  them  is  a  demonflra- 
tion  that  chlorite  Is  not  a  chemical  combination,  but  a 

mechanical  mixture. 
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Genus  XIV.     slam.  g.xiV. 

SPECIES  I.     Siliceous  fpar  (d).  ,.?''^" 

This  ftone  has  been   found  in   Tranfylvanla.     It  is  ^'^^_'°"*' 
cryftalllzed  in  4  or  6  fided  prifms,   channelled   tranf- 
verfely,  and  generally  heaped  together.     Its  texture  is 
fibrous.     Its  luftre  filky,  2.     Its  colours  white,  yellow, 
green,  light  blue.    According  to  Bindheim,  it  contains 
6 1. 1   filica, 
21.7  lime, 
6.6  alumina, 
5.0  magnefia, 
1.3  oxide  of  iron, 
3.3  water. 


99.0  * 

Genus  XV.  samli. 
SPECIES  I.     Arglllitef. 
ylrgillaceous  Jhiflus — Common  Jlale. 
This  ftone  conttltutes  a  part  of  many  mountains. 


•  Btrg.  vi." 
IC4. 
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Argillitt. 

Its  ftrufture  is  flaty.  Its  texture  foliated.  Fradlure  f  Kir-iu.  i< 
fplintery.  Fragments  often  tabular.  Luftre,  moft  com-^o4- 
monly  filky,  2  ;  fometimes  o.  Tranfparency  from  o  to 
I.  Hardnefs  from  5  to  8.  Sp.  gr.  from  2.67  to  2.88. 
Does  not  adhere  to  the  tongue.  Gives  a  clear  found 
when  ftruck.  Often  imbibes  water.  Streak  white  or 
grey.  Colour  i»oft  commonly  grey,  with  a  fliade  of 
blue,  green,  or  black ;  fometimes  purplifli,  yellowifh 
mountain  green,  brown,  blulfti  black:  fometimes  ilriped 
or  fpotted  with  a  darker  colour  than  the  ground. 

It  is  compofed,  according  to  Kirwan,  of  filica,   alu. 
mina,  magnefia,  lime,  oxide  of  iron.     In  fome  varieties 

the 


(d)  Is  this  the  tremolite  of  Lowitz  from  the  lake  Baikal  in  Siberia  ?  If  fo,  the  name  of  the  genus  ought  to  be 


SLM  i  for  be  found  it  contain  no  alumina. 


According  to  his  analyfis,  it  was  compofed  of 
52  filica, 
20  lime, 

1 2  carbonat  of  b'me, 
12  magnefia, 
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MINER 

tlie  lime  Is  waiuinjT.     Several  vaneties  contain  a  confi- 
derable  quantity  of  carbonaceous  matter. 

Genus  XVI.  slacmi. 
SPECIES  I.  kiniaraj^Jito. 
This  ftone  was  called  fm.imgdite  hy  Mr  SaufTure, 
from  fome  rcfcniblance  which  it  has  to  the  emerald. 
Its  texture  is  foliated.  The  lamina  are  inflexible. 
Frafture  even.  Hardnefs  7.  Colour  in  fome  cafes 
fine  gic-cn,  in  others  it  h.is  the  grey  colour  and  metallic 
luftrc  of  mica  :  it  afl'umes  all  the  (hades  of  colour  be- 
tween  thcfs;  two  extremes  *. 

According  to  tlie  analyfis  of  Vauquelin,  it  is  compo- 
fed  of  jo.o  filica, 

13.0  lime, 
li.O  alumina, 
7.5  oxide  of  chromum, 
6.0  magnefia, 
5. J   oxide  of  iron, 
I.J  oxide  of  copper. 

94-5 1 
Genus  XVII.     sm. 
SPECIES  I.     Kiffckil;}:. 
Myrfen — Seafroth. 
This  mineral  is  dug  up  near  Konie  in  Natolia,  and 
is  employed  in  forming  tlie  bowls  of  Turkifli  tobacco 
pipes.      The   fale  of  it   fiipports  a  large  monallery  of 
dervifes  eftablifhed  near  the  place  where  it  is  dug.      It 
is  found  in  a  large  filTure  fix  feet  wide,  in  grey  calcare- 
ous earth.     The  workmen  affert,   that  it  grows  again 
in  the  fiffure  J,  and  puffs  itfclf  up  like  froth  (e).     This 
mineral,  when  frk;ni  dug,  is  of  the  confidence  of  wax  ; 
it  feels  foft  and  greafy  ;  its  colour  is  yellow  ;  its  fp.  gr. 
1.600*  :   when  thrown  on  the  fire  it   fweats,   emits  a 
fetid  vapour,  becomes  hard,  and  pcrfcclly  white. 

According  to  the  analyiis  of  Klaproth,  it  is  conipo- 
fed  of  5^-50  filica, 

17.25   magnefia, 
25.00  water, 
5.00  carbonic  acid, 
.50  lime. 

98.^5  t 

SPECIES  2.     Steatites  (f). 

Though  this  mineral  was  noticed  by  the  ancients, 
little  attention  was  paid  to  it  by  mineralogiHs,  till  Mr 
Pott  publiflied  his  experiments  on  it  in  the  Jlerlin  Me- 
moirs for  1747. 

It  is  ufually  amorphous,  but  fometimes  it  is  cryffalli- 
zed  in  fix-fided  prilms.  Its  texture  is  commonly  earthy, 
but  fometimes  foliated.  Lnflre  from  o  to  2.  Traiif- 
parency  from  o  to  2.  Hardnefa  4  to  7.  Sp.  gr.  from 
2.61  to  2.7941.  Feels  greafy.  Seldom  adiieres  to 
the  tongue.     Colour  ufually  white  or  grey  ;  often  with 


A  L  Q  G  Y.  ciafs  r 

a  tint  of  other  colours  j  tlie  foliated  commonly  green,     simple 
Does  not  melt  per feljQi'ori:  the  blovv-pipe.  bto,x«. 

Variety  I.    Semi  indurated  lUalites.  """"v— r 

Texture  earthy.  Frafture  fumetfmes  coarfe  fpHn- 
tcry.  Lultre  o.  Tfanfparency  o,  or  fcarce  1.  Hard- 
nefs 4  to  5.  Abforbs  water.  Takes  a  poliih  from  the 
nail.  Colour  white,  with  a  fliade  of  gvty,  yellow,  or 
green  ;  fometimes  pure  white;  fometimes  it  contains 
dendritical  figures  ;  and  fometimes  red  veins. 
VaiK-ty  2.  Indurated  Iteatites. 
Frafture  fine  fplintery,  often  mix.d  witli  imperfeftly 
conchoidal.  External  luftre  2  to  i,  internal  o.  Tranf- 
parency  2.  Often  has  the  feel  of  foap.  Abforbs  wa- 
ter. Colour  yellowilh  or  grcenilh  grey  j  often  veined 
or  fpotted  with  deep  yellow  or  red. 

Variety  3.  Foliated  or  ftriated  fteatites. 
The  texture  of  this  variaty  is  ufually  foliated  ;  fome- 
times ftriated.  Fragments  cubiform.  Luftre  3.  Tranf. 
parency  2  to  I.  Hardnefs  6  to  7.  Colour  leek  green, 
pailing  into  mountain  green  or  fulphur  yellow.  Streak 
pale  greenilh  grey.  When  heated  to  rednefs,  it  becomes 
grey  ;  and  at  147°  Wedgewood,  it  forms  a  grey  porous 
porcelain  mafs*.  _  *  Kir-wan ^ 

A  fpecimen  of  fteatites,  analyfed  by  Klaproth,  con.'-  ijj. 
tained  59.5  filica, 

30.5  magnefia, 
2.5  iron, 
l-l  water. 

98.0  t  \Br.lrd, 

A  fpecimen  of  white  fteatites,  analyfed  by  Mr  Che-il  17/"^'' 
nevix,  contained     60.00  filica, 

28.50  magnefia, 
3.00  alumina, 
2.50  lime, 
2.25  iron. 
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Genus  XVIII.     msi. 

SPECIES   I.    Chryfolite  (g). 

Peridot  of  the  French — Topaa  of  the  ancients. 
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The  name  chr\>falite  was  applied,  without  difcriinina- Chryfolite. 
tion,  to  a  great  variety  of  ftonts,  till  Werner  defined  it 
accurately,  and  confined  it  to  that  ftone  which  the 
French  chemifts  diftlnguilh  by  the  appellation  of  peri- 
dot. This  ftone  is  the  topaz  of  the  ancients  ;  their 
chryfolite  is  now  called  topaz  *.  *  Plini!  lib 

Chryfolite  is  found  fometimes  in  unequal  fragments,  37.  c.  8. 
and  fometimes  cryftallized  f.   The  primitive  form  of  itsf  Fig.  zi. 
cryftals  is  a  right  angled  parallelopiped  J,  whole  length, ,  p-    , 
breadth,  and  thicknefs,  are  as  5,  i/9>,  v'5  §. 

The  texture  of  the  chryfolite   is  foliated.      Its  frac-  i^j^"^/ 
ture  conchoidal.     Its  internal  luftre  from  2  to  4.      Its^/,„*  jjo 
trinfparency  from  4  to  2.     Caufcs  double   refraction. xxvii'. 

Hardnefs»i5»- 


The  carbonat  of  lime  was  only  mechanically  interpofed  between  the  fibres  of  the  ftone.     See  Pallas,  Neu.  Nord. 
Bcitrage,  6  Band,   p.  146. 

(e)  Hence  the  name  k'lff-kH,  or  rather  keff-kelli,  «'  clay  froth,"  or  "  light  clay." 

(f)  Kir-w.    I.   151. — Pott,   Mem.    Berlin,    1747,  p.   57. —  Wiegleh,   Jour,   de  Phyf.  XXIX.    60. — Lavoi/ier, 
Mem.  Par.  1778,  433. 

(g)  Ki'w.l.  262. —  Cartheufer,  Min.  94. — Dolomieu,  Jour,  de  Min.  N«xxix.  365. — La  Metherie,   Kouv. 
Jour,  de  Phyf.  I.  397. 


Order  I. 

Earths  andHardnefs  9  to  10.  Brittle.  Sp.gr.  from  3.26?  to 
a:onc?.  ■i.dz.  Colour  "-recii.  It  is  iiifufibk  at  1  50°,  hut  lofes 
" — T^'TT"  its  tranfparency,  and  becomes  blackilh  grey  *.  With  bo- 
* %Sx.^  '"'rax  it  melts  without  effervefcence  into  a  tranfparent  glaCs 
of  a  light  green  colour.  Iiifulible  with  microcofmic 
I  Vauptlin,  fait  f  and  fixed  alkali  %• 

CA.>i.xxi.  Variety  I.  Common  chryfolite. 

9'^.       .,.,      Found  in  Ceylon,  and   South  America,  and  In    Bo-      j^^  fragments  often  long  fplintery. 

1^'"" '*"'•  hernia,  amidft  land  and  gravel  ^.   I,ulbe  3  to  4.  Traul-  -    ''    ■  .    .   b    1- 

^^Ccjuttirt,     ^^^  fg  ,_   Colour  ycUowKh  green,  fometimes  ver- 

four*  oc  r  «•  r  •  1  11 

ivi/..  N^*     ging  to  olive  green,  fometimes  to  pale  yellow. 

•  A'iv'it.a/iV  Variety  2.   Olive  chryfolite — Olivine  *. 

Mm.  i.  Found  commonly  among  traps  and  bafalts  ;  fometimes 

263— fc      Jn  fmall  grains,  fometimes  in   pretty  large  pieces;  but 
7°"l'^^  has  not  been  obferved  in  cryltals.      Luftre  2   to   3. 
Tranfparency  3  to  2.      Colour  olive  green. 

The  firft  variety,  according  to  the  analyfis  of  Kla- 
pToth,  is  compofed  of  41.5  magnefia, 
38.5  fdica, 
19.0.  oxide  of  iron. 


•f-  Klit'rctl't 
Btitriigc,  i. 
103. 
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Genus  XIX.  sml.  simrle 

SPECIES  1.  Albeftus  (1).  .      "  ^     ' 

This  mineral  was  well  known  to  the  ancients.    They         g, 
even   made  a  kind  of  cloth   from  owe  of  the  varietirs,    G.  XIX. 
which  was  famous  anionrr  them  for  its  inconibuftibility.       ^^"  • 
It  is  found  abundantly  in  moll  mountauious  countries, 
and  no  wliere  more  abundantly  than  in  Scotland. 

It  is  commonly  amorphous.      Its  texture   is   fibrous. 

Lullre  from  o  to 
2;  fom.etims  3,  and  tlieri  it  is  metallic.  Tranlparency 
from  o  to  2.  Hardnefs  frmn  3  to  7.  Sp.  gr.  from 
2.7  to  0.6806.  Abforbs  w-ater.  Colour  ufually  white 
or  green.  Fufible^^ry^  by  the  blow-pipe. 
Variety  I.  Common  afbeflus. 
Luftre  2  to  I.  Tranfparency  i.  Hardncfs  6  to  7. 
Sp.  gr.  2.577  to  2.7.  Feels  fomewhat  greafy.  Colour 
leek  green  ;  fometimes  olive  or  mountain  green  ;  fome- 
times greeniih  or  yellovvilh  grey.  Streak  grey.  Pow- 
der grey. 

Variety  2.   Flexible  afbeftusl 
^mianliis. 
Compofed  of  a  bundle  of  threads  flightly  cohering. 
Fibres  flexible.      Luftre  1  to  2,  fometimes   3.      Tranf- 
parency 1  to  2,  fometimes  o.     Hardnefs  3  to  4.     Sp. 
gr.   before   it  abforbs  water,  from  0.9088  to  2.3134; 
after  abforbing  water,  from  i.;662  to  2.3803*.   Feels    (^"'J'"- 
greafy.     Colour  greyiih  or  greenifh  white  ;  fometimes 
yellowifti  or  lilvery  white,  olive  or  mountain  green,  pale 
fleih  red,  and  mountain  yellow. 

Variety  3.  Elaftic  aftieftus. 
Mountain  cork. 
This  variety  has  a  ftrong  lefemblance  to  common 
cork.  Its  fibres  are  interwoven.  Luftre  commonly  o. 
Opaque.  Hardnels  4.  Sp.  gr.  before  abforbing  wa- 
ter, from  0.6806  to  0.9933  >  ^f'*^'"  abforbing  water, 
from  1.2492  to  1.3492.  Feels  meagre.  Yields  to  the 
fingers  like  cork,  and  is  fomewhat  clailic.  Colour  white  ; 
fometimes  with  a  Ihade  of  red  or  yellow  ;  fometimes 
yellow  or  brown. 

A  fpecimen  of  the  firft  variety  from  Dalecarlia,  an- 
alyfed  by  Bergman,  contained 
63.9  filica, 
16.0  carbonat  of  lime, 

12.8  carbonat  of  magnefia, 

6.0  oxide  of  iron, 

1.1  alumina. 

A  fpecimen  ot  the  fecond  variety  yielded  to  the  fame  170. 
chemift  64.0  filica, 

17.2  carbonat  of  magnefia, 

13.9  carbonat  of  lime, 
2.7  alumina, 

2.2  oxide  of  Iron. 
ioo.o:t  Xliidf, 

A  fpecimen  of  the  third  variety  contained,  according  ^'-S' 
to  the  fame  analyfis,  36.2  filica, 

26.1  carbonat  of  magnefia, 
12.7  carbonat  of  lime, 
3.0  iron, 

( 

Twelve  5  Ji'"l-  f. 

(h)  Kirtv.l.    171. — Bartdin,  De  Lafule  Nephritico.. — Lehman,   Nov,   Comm.    PetropoL    X.    381. — Hoepfner, 
Hijl.  Nat.  de  la  Suiffe,  I.  251. 

(i)    Kiriv.   I.   I s^.— Bergman,   IV.   iCo— Plot,  Phi!.  Tranf.   XV.   lOJI Nelef,  Jour,  de  Phyf.   II.  62 


99.0  t 
According  to  that  of  Vauquelin,  it  is  compofed  of 
J 1 .5  magnefia, 

38.0  filica, 
9.5  oxide  of  iron. 

99.0 1 
The  fecond  variety,  according  to  the  analyfis  of  Kla- 

proth,  is  compofed  of  37.58  magnefia, 
50.00  filica, 
*  I '-75  "xide  of  iron, 

.2 1  lime. 

99.54  J 

Species  2.  Jade  (h). 
This  ftone  was  formerly  called  lapis  naphriticus,  and 
was  much  celebrated  for  its  medical  virtues.  It  is  found 
in  Egypt,  China,  America,  and  in  the  Siberian  and 
Hungarian  mountains.  It  is  fometimes  adhering  to 
rocks,  and  fometimes  in  detached  round  pieces. 

Its  furface  is  fmooth.  Its  frafture  fplintery.  Ex-  " 
ternal  luftre  o,  or  fcarce  i  ;  internal  waxy,  i.  Tranf- 
parency from  2  to  I.  Hardnefs  10.  Not  brittle.  Sp. 
gr.  from  2.9V  to  2.9829  ;  or,  according  to  SaufTure, 
to  3  389.  Feels  greafy.  Looks  as  if  it  liad  imbibed 
oil.  Colour  dark  leek  green,  or  verging  towards  blue  ; 
in  fome  prominences  inclining  to  greeniih  or  bluKli 
white.  When  heated  it  becomes  more  tranlparent  and 
brittle,  but  is  infnfible  per  fe.  According  to  Hoepfner, 
it  is  compofed  of  47  filica, 

38  carbonat  of  magnefia, 
9  iron, 
4  alumina, 
3  carbonat  of  lime. 

100 
This  is  the  ftone  in  which  the  inhabitants  of  New 
Zealand  make  into  hatchets  and  other  cutting  inftru- 
meiits. 


2.0  alumina. 
1 00.0  § 


Ibid.  III.  367. 
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Pyroxcn. 


■f  Hauy, 
your,  de 
Min.  N° 
ixviii.  269. 
%  De  Lip, 
ii.  39S. 
§   yauqueUn 
*  Berber. 
■f  if  LJevre. 
$  yati^ttilin. 


Twtlvc  uifFerent  fpecimens  of  afbcilus,  analyfsd  by 
Bergman,  yielded  tlie  fame  iiigrediciils,  dilieiing  a  little 
in  their  proponioiis  *. 

SPECIES  2.  Afliedinite  (k). 
This  (lone  is  amorplioud.  Texture  foli;ited  or  hro.id 
ftriated.  Liiftre  illky,  3.  Tranfpnicncy  1  to  2.  Hiird- 
nefs  5  to  6.  Sp.  gr.  from  2.806  to  2.880.  Colour 
white  \yitli  iliades  of  red,  yellow,  green  or  blue.  At 
IJC^  Wcdgcwood  it  melts  into  a  green  glafs. 

Genus  XX.  1.  eilm. 
SPECIES  I.  Pyroxen. 
This  (lone  is  found  abundantly  in  lava  and  other  vol- 
canic prodnftions  (l).  It  is  ahvays  cryfiallizcd.  The 
primitive  form  of  it»cry(lals  is  an  oblique  angled  prifm, 
whufe  bafes  are  rhombs  with  angles  of  92-'  18',  and 
37^  42'f .  It  generally  crydallizes  in  eight-lided  prifms, 
terminated  by  dihedral  fnmmits  |:.  Its  texture  is  folia- 
ted. Hardntfs  9.  Colour  black  ;  fometimes  green. 
Powder  greeni(h  grey  (J.  Commonly  attraftcd  by  the 
magnet  *.  Scarcely  fufible  by  the  blow  pil>e  f .  With 
borax  it  melts  into  a  yellowifh  glafs,  which  appears  red 
while  it  is  hot  \. 

According  to  the  analyfis  of  Vauquelin,  it  is  com- 
pofcd  of  52.00  lilica, 

14.66  oxide  of  Iron, 
13.20  lime, 
ic.co  magnefia, 
3.33  alumina, 
2.03  oxide  of  manj^anefe. 


Clafs  I. 


^JovrJe  95-' 9  J 

^^i"-'^°  SPECIES  2.  A(befto;d*. 

55     '        This  (lone  has  obtained  its  name  from  its  fimilarity 

Afbcrtoit).    to  corrimon  a(be!lus.      It   is  amorphous.      Its  texture 

*  Kiribati,  is    foliated  or  ftriated.     Its  ludre  common  or  gla(ry, 

1.166.  from   2   to  3.     Tranfparency  from  o  to  i.      Hardnefs 

6  to  7.      Sp.  gr.  from  3  to  3.31.      Colour  olive  or  leek 

green  ;   when  decompollng,  brovv-n.      Before  the  blow- 

pipe  it  melts /)fr_/2'  into  a  brown   globule.     With  bo- 

*Macqaart  '"'"'  '"^  forms  a  viulet  coloured  globule  verging  towards 

Ann.de        hyacinth*.     According   to    the  analyfis  of  Mr  Mac- 

Cfom.  xxii.   quart,  it  is  compofed.  01   46  filica, 

°i-  20  oxide  of  iron, 

I  I  lime, 

10  oxide  of  manganefe, 
8  magnefia. 


t  na. 


95  t 


There  is  a  variety  of  this  fpecies  which  Kirwan  calls 
metalliform  a(beftoid.  Its  luftre  is  ftmimetallic,  ^. 
Opaque.      Haidriefs  S   to  9.      Sp.  gr.  3 -356.     Colour 

^Kir-wan\  greyi  fometimes  inclining  to  red  %. 

Mi"-  '•  167- 


Gf.VIVS   XX.   2,  SMI!,. 

SPECIES  3.  Shorlaceous  aclinolite  (m^. 

This  ilone   cryllalli/.es  in   four  or  fix   fided  prifms,        g 
thicker  at  one  end  than  the  other  ;   hence  it  has  been  G.  XX.  u 
called  by  the  Gtrmami/h-ahi/lau,  "  arrow-done."    The      smil. 
crydals    fometimes    adhere    longitudinally.       Pia^urg  Shorlaceoui 
hackly.      External  luftre  glalfy,   3  to  4;   internal,    i  to^'"""'''"- 
2.     Tranfparency   from    2  to  3  ;  fometimes  i.      Hard- 
nefs from   7   to    10.      Sp.  gr.  3.0^3   to   3.45.      Colour 
leek  or  dark  green. 

This  done  is  often  the  matrix  of  iron,  copper,  and 
tin  ores. 

SPECIES  y.  I^amellar  aftinolite.  Laire^lar 

This  (lone  refembles  hornblende.      It  is  amorphous,  adlinolitt. 
Texture    foliated.      Ludre  various  in   di(ferent  places. 
Tranfparency  o,  or  fcarce  i.      Sp.  gr.  2.916.     Colour 
dark  yellowi(h  orgreenilh  grey. 

91 

SPECIES  6.   GlalTy  atlinolite.  Glafiy  atK- 

This  done  is  found  amorphous,  compofed  of  fibres  ""lit*, 
adhering  longitudinally,   or  in  flender  four  or  fix  fided 
prifms.     Texture  fibrous.      Fragments  long  fplintery, 
lo  (harp  that  they  can   fcarcely   be  handled  without  in- 
jury.     External   ludre  glalfy  or  filky,  3  to  4  ;  internal 

0.  Tranfparency  2.  Exceedingly  brittle.  Sp.  gr. 
2.95  to  2.49;?.  Colour  leek  green  ;  fometimes  verging 
towards  greenilh  or  filver  white  ;  lometimes  llained 
with  yellowilli  or  brownilh  red.  According  to  Berg- 
man it  is  compofed  of  72.0  filica, 

12.7  carbonat  of  magnefia, 
6.0  carbonat  of  lime, 
7.0  oxide  of  iron, 
2.0  alumina. 

99.7^  ^Ofufi.ii. 

Genus  XXI.  sl.  "  ^ 

SPECIES  I.  Shidofe  horndone  *.  G.XXr.si,. 

The  ftrufture  of  this  done  is  flaty.     Ludre  from  o  Shiftofe 
to  I.      Commonly  opaque.      Hardnefs  9  to   10.      ■'^P- i"^/^""^^," 
gr.  from  2.596  to  2.641.    Colour  dark  bluilh  or  black-;  ,q-_       ' 
ifh  grey.      Infnfible  ^«-yc'. 

Farie/j  1.   Siliceous  fhiftus. 
Commonly  interfefted  by  reddifh  veins  of  iron  (tone. 
FraAure  fplintery.     Luftre  o.     Tranfparency   from  o 
to  1. 

Variety  2.  Bafanite  or  Lydian  ftone. 
Commonly  interfered  by  veins  of  quartz.      Frafture 
even  ;  fometimes  inclining  to  conchofdal.    Luftre  fcarce 

1.  Hardnefs  10.  Sp.  gr.  2.596.  Powder  black. 
Colour  greyifh  black. 

This,  or  a  ftone  fimilar  to  it,  was  ufed  by  the  an- 
cients as  a  touchftone.  They  drew  the  metal  to  be  ex- 
amined  alcng  the  ftone,   and  judged  of  its  purity    by 

the 


(k)  Klrw.  Milt. I.  165.  Is  this  the  trcmolite  of  Werner?  It  certainly  is  not  the  tremolite  of  the  French 
mineralogifts. 

(l)  Heiiee  the  n'ime pyroxen  given  it  by  Hauy  ;  from  ^"s Jire,  and  ?'»»{•  ajlrangir.  It  means,  as  he  hirafelf 
explains  it,  a  ftrangerin  the  regions  of  f.re.  By  this  he  means  to  indicate,  that  pyroxen,  though  prefent  in  lava, 
is  not  a  volcanic  produftion. 

(m)  In  this  and  the  following  fpecies  we  have  followed  Mr.  Kirwan's  new  arrangement  exadlly,  without  even 
venturing  to  give  the  fynonimes  of  other  authors.  The  defcriptions  which  have  been  given  are  fo  many  and  in- 
complete, and  the  minerals  themfelvcs  are  ftill  fo  imperfeftly  known,  and  have  got  fo  many  names,  that  no  part 
of  mineralogy  is  in  a  Itate  of  greater  confufion. 


Order  I.  MINER 

Earths  aiitJ  the  colour  of  tlie  metallic  ftreak.  On  this  account 
Stones,  they  called  it  gaaov  c, '^f 'Wfr.  They  called  it  alfo  I.y- 
^—"V—  J\anJlom,  becaiife,  as  Theophraftiis  informs  us,  it  was 
•  H;//'j  found  moll  abundantly  in  the  river  Tmolus  in  Lydia  *. 
Thtopr.^flus,      A  fpecimen  of  the   lirft  variety,  analyfed    by  Wieg- 


leb,  contained  7;.olilioa, 

1 0.0  lime, 
4.6  niagnefia, 
3.5  iron, 
5.2  carbon. 

This  fpecies  is  ratl\cr  a  mechanical  mixture  than  a 
chemical  comlnnation. 

Gf.nus  XXII.  zs. 
SPHCI  t  s  1.  Zircon  ■\. 
jf argon — Hyitcinlh. 
This  ftone  is  brought  from  Cey'on,  and  found  alfo 
in  France,  Spain,  and  other  parts  of  Europe.  It  is 
commonly  cryftallized.  The  primitive  form  of  its  cry- 
%  Fig.  j5-  ftals  is  an  oClahedron  j:,  compofed  of  t«()  four-fided  py- 
ramids applied  bafe  to  bafe,  whofe  fides  are  ifofceles 
triangles  (n).  The  inclination  of  the  fides  of  the  fame 
pyramid  to  each  other  is  124°  12';  the  inclination  of 
the  fides  of  one  pyramid  to  thofe  of  another  82'^  50'. 
The  folid  angle  at  the  apex  is  73°  44'  §.  The  varieties 
of  the  cr)llalline  forms  of  zircon  amount  to  feven.  In 
feme  cafes  there  is  a  four-fided  prifm  interpofed  be- 
tween the  pyramids  of  the  primitive  form  ;  fometimes 
all  the  angles  of  this  prilm  are  wanting,  and  two  fmall 
triangular  faces  in  place  of  each  ;  fometimes  the  cry- 
ftals  are  dodecahedrons,  compofed  of  a  flat  four-fided 
prifm  with  hexagonal  faces,  terminated  by  four-fided 
lammits  with  rhomboidal  faces  ||  ;  fometimes  the  edges 
of  this  prifm,  fometimes  the  edges  where  the  prifm  and 
fummit  join,  and  fometimes  both  togetlier,  are  wanting, 
and  we  find  fmall  faces  in  their  place.  For  an  accurate 
defcription  and  figure  of  thele  varieties,  we  refer  to  Air 
Hauy^. 

The  texture  of  the  zircon  is  foliated.  Internal  luftre 
3.  Tranfparency  from  4  to  2.  Caufes  a  very  great 
double  refradlion.  Hardnefs  from  10  to  16.  Sp.  gr. 
from  4.2  to  4.16?  *.  Colour  commonly  reddilli  or  yel- 
lowifli  ;   fometimes  it  is  limpid. 

Bi'fore  the  blow-pipe  it  lofes  its  colour,  but  not  its 
tranfparency.  With  borax  it  melts  into  a  tranfparent 
glafs.  Infufible  with  fixed  alkali  and  microcofmic  fait. 
I.  The  variety  formerly  called  hyacinth  is  of  a  yel- 
lowifh  red  colour,  mixed  with  brown.  Its  furface  is 
fmooth.      Its  luftre  3.      Its  tranfparency  3  to  4. 

2  The  variety  formerly  called  jargon  of  Cfylon,  is 
either  grey,  greenifh,  yellowifh  brown,  reddifh  brown, 
or  violet.  It  has  little  external  luftre.  Is  fometimes 
nearly  opaque. 

The  firft  variety,  according  to   the  analyfis  of  Vau- 
quelin,  is  compofed  of  64.5  zirconia, 
32.0  filica, 
2.0  oxide  of  iron. 

98.it 
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A  fpecimen  analyfed  by  Klaproth  contained 
70.0  zirconia, 
25.0  filica, 
0.5  oxide  of  iron. 

95.5  •  •  Brilragt, 

The  fecond  variety,  according  to  Klaproth,  who  dif-i-  JJi- 
covered  the  component  parts  of  both  tliefe  llones,  con- 
tains 60.0  zirconia, 
31.5  filica, 
05  nicl.el  and  iron. 


1 00.0  J 
Order  II.     SALINE  STONES. 
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Under  this  order  we  comprehend  all  the  minerals  Genera, 
which  confift  of  an  earthy  bafis  combined  with  au  acid. 
They  naturally  divide  thcnifelves  into  five  genera.  We 
fhall  defcribe  them  in  the  following  order. 

I.     CALCAREOUS   SALTS. 

Carbonat  of  lime, 
Sulphat  of  lime, 
Phofphat  of  lime, 
Fluat  of  lime, 
Borat  of  lime. 

II.  BARYTIC    SALTS. 

Carbonat  of  barytes, 
Sulphat  of  barytes. 

III.  STRONTITIC   SALTS. 

Carbonat  of  ftrontites, 
Sulphat  of  ftrontites. 

IV.  MAGNESIAN    SALTS. 

Sulphat  of  magnefia. 

V.  ALUMINOUS    SALTS.  , 

Alum. 

At 

Genus  I.     calcareous  salts.  G.  1.  Cal- 

This  genus  comprehends  all  tlie  combinations  of  lime careous 
and  acids  which  form  a  part  of  the  nn'neral  kingdom.     '^''*' 

species  I.      Carbonat  of  lime.  Carbonat 

No  other  mineral  can  be  compared  with  carbonat  of  of  lime, 
lime  in  the  abundance  with  which  it  is  fcaltered  over 
the  earth.  Many  mountains  confift  of  it  entirely,  and 
hardly  a  coimtry  is  to  be  found  on  the  face  of  the  globe 
where,  under  the  names  of  limeftone,  chalk,  marble, 
fpar,  it  does  not  conftitute  a  greater  or  finaller  part  of 
the  mineral  riches. 

It  is  often   amorphous,  often   ftalaclitical,  and  often  > 

cryftallized.  The  primitive  form  of  its  cryftals  is  a  pa- 
ralltlopiped,  whofe  fides  are  rhombs,  with  angles  of  77° 
30'  and  102°  30' J.  Its  integrant  molecules  have  the  |  Fig.  »8. 
fame  form.  The  varieties  of  its  cryftals  amount  to  more 
than  40  ;  for  a  defcription  and  figure  of  which  we  re- 
fer to  Romi'  Je  Li/le  *  and  Hauy  (o).  •  Cnjlat.'u 

When  cryftallized,  its  texture  is  foliated  ;  when  amor-  497. 
phous,    its   ftrufture  is  fometimes  foliated,    fometimes 
ftriated,  fometimes  granular,  and  fometimes  earthy.   Its 
E  e  2  luftre 


(n)  Let  ABC  (fig.  27.)  be  one  of  the  fides.  Draw  the  perpendicular  BD  ;  then  AB  =  J,  BD  =  4,  AD  =  :}. 
(o)  EJai  d'une  Theorie,  &c.  p.  T^.—Jour.  de  Phyf.  1793,  Auguft,  p.  1 14.— Jowr.  d'Byi.  Nat.  1792,  Febrii- 
V,  D.  ia8 — Ann.  de  Chim.  XVII.  249.  &c — Jour,  de  Min.  W  XXVIII.  304. 
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Earths  and  luftre  varies  from  o  to  ^.  Tranfparency  from  o  to  4. 
Mones.  jj  cgjjff,  cioublc  refraftion  ;  and  ft  is  the  only  mineral 
'  wlii'ch  caufes  double  refraction  through  two  paralk-1 
f?cfs  of  the  cryftnl.  Hardnefs  from  3  to  9.  Sp.  gr. 
from  2.315  to  2. 78.  Colour,  when  pure,  white.  Ef- 
fervffces  violently  with  muriatic  acid,  and  dinblvescom- 
filetely,  or  leaves  but  a  fmall  refiduum.  The  folution 
is  colourkfs. 

Thij  fpecits  occurs  in  a  great  variety  of  forms  ;    and 
therefore  has  been  fubdivided  into  numerous  varieties. 
■  All  thefe  may  be  conveniently  arranged  under  two  ge- 
neral divifions. 

1.     Soft  carbonat  of  lime. 
Variety  1.      Agaric  mineral. 
Mountain  ii.ilk,  or  m-jutitain  meal  of  the  Germans. 
This  variety  is  found  in  the  clefts  of  rocks,  or  the 
bottom  of  lakes.     It  is  nearly  in  the  ftate  of  poivder  ; 
of  a  white  colour,   fometimes  with  a  (hade  of  yellow  ; 
and  fo  light  that  it  almoft  floats  on  water. 
Variety  2.      Chalk. 
Tlie  colour  of  chalk  is  white,  fometimes  with  a  fhade 
t>f  yellow.      Luftre  o.     Opaque.     Hardiiefs  3  to  4.   Sp. 
gr.  from  2.315    to  2  6j7.      Texture  earthy.     Adheres 
(lightly  to  the  tongue.      Feels  dry.      Stains  the  fingers, 
and  marks.      Falls   to  powder  in   water.      It  generally 
contains  about  flo  of  alumina,   and  ^i^  of  water  ;  the 
rtll  is  carbonat  of  lime. 

Variety  3.      Arenaceous  limcftone. 
Colour  yellovvifli  white.    Luftre  i.    Tranfparency  i. 
■So  brittle  that  fmall  pieces  cruinble  to  powder  between 
the  fingers.    Sp.  gr.  2.742.     Piiofpliorefces  in  the  dark 
when  fcraped  with  a  knife,   but   not  when  her.ted.      It 
confifts  almoll  entirely  of  pure  carbonat  of  lime. 
Variety  4.     Teftaceous  tufa. 
The    colour  of  this  variety   is  yellowidi  or  greyifli 
wliite.      It  is  exceedingly  porous  and  brittle;  and  is  ei- 
ther compofed    of  broken    lliells,  or  refcmbles   mortar 
containing  (liells  ;  or  it  confills  of  lidulous  concretions 
^        varioufly  ramified,  and  refembling  mofs. 

II.  Indurated  carbonat  of  lime. 
Variety  I .  Compafl  limeftone. 
The  texture  of  this  variety  is  compadt.  It  has  little 
lullre  ;  and  is  moll  commonly  opaque.  Hardnefs  5  to 
8.  Sp.  gr.  1.3X64  to  2.72.  Colour  grey,  with  vari- 
ous {hades  of  other  colours.  It  moft  commonly  con- 
tains about  T'cith  of  alumina,  oxide  of  iron,  &c.  ;  the  reft 
is  carbonat  of  lime.  This  variety  is  ufually  burnt  as 
lime. 

Variety  2.      Granularly  foliated  limeftone. 
Strufture  fometimes  (latv.    Texture  foliated  and  gra- 
nular.    Luftre  2  to  I.      Tranfparency  2  to  i.     Hard- 
nefs 7  to  8      Sp.gr.   2.71    to   2.8376.     Colour  white, 
of  various  ftiades  from  other  colours. 

Variety  3.  Sparry  limeftone. 
Strufture  fparry.  Texture  foliated.  Fragments 
rhomboidal.  Luftre  2  to  3.  Tranfparency  from  2  to 
4  ;  fometimes  i.  Hardnefs  5  to  6.  Sp.  gr.  from  2.693 
to  2.718.  Colour  white  ;  often  with  various  (hades  of 
other  colours.  To  this  variety  belong  all  the  cryftals 
of  carbonat  of  lime. 

Variety  4.      Striated  limeftone. 
Texture  ftriated  or  fibrous.     Luftre  i  to  o.     Tranf- 
parency 2  to  I.     Hardnefs  5  to  7.     Sp.  gr.  commonly 
from  2.6  to  2.77.     Colours  various. 
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Variety  5.     Swine  ftone. 

Texture  often  earthy.  Frafture  often  fplinterv. 
Luftre  1  to  o.  Tranfparency  o  to  i.  Hardnefs  6  to 
7.  Sp.  gr.  2.701  to  2.7  I  2  I.  Colour  dark  grey,  of 
various  (hades.  When  fcraped  or  pounded  it  emits  an 
urinous  or  gailic  fniell. 

Variety  6.      Oviform. 

This  variety  confifts  of  a  number  of  fmall  round  bo- 
dies, clofcly  compared  together.  Luftre  o.  Tranfpa- 
rency o  or  1.     Hardnefs  6  to  7. 

SPECIES  2.      Sulphat  of  lime. 
Gyl>fiim  — Selenite. 

This  mineral  is  tound  abundantly  in  Gennany, 
France,  England,  Italy,  &c. 

It  is  found  iometimcs  in  amorphous  inalfcs,  fometimes 
in  powder,  and  fometimes  cryltallized.  Tiie  primitive 
form  of  its  cryftals,  according  to  Rome  de  LKle,  is  a 
decahedron  *,  vvlfich  may  be  conceived  as  two  four-fided  •  Fig.  19, 
pyramids  applied  bafe  to  bafe,  and  which,  inftead  of 
terminating  in  pointed  fummits,  are  truncated  near  their 
bafes  ;  fo  that  the  fides  of  the  pyramids  are  trapeziums, 
and  they  terminate  each  in  a  rhomb.  Thefe  rhombs 
are  the  largelt  faces  of  the  cryftal.  The  angles  of  the 
rhombs  are  52*^' and  158".  The  inclination  of  two  op- 
pofite  faces  of  one  pyramid  to  the  two  fimilar  faces  of 
the  other  pyramid  is  145",  that  of  tlie  other  faces  i  lof.)-  Cr^fal. 
Sometimes  lome  of  the  faces  are  elongated  ;  fometimes'-  J44. 
it  cryftaliizes  in  fix-fided  prifms,  terminated  by  three 
or  four-fided  fummits,  or  by  an  indeterminate  number 
of  curvilinear  faces.  For  a  defcription  and  figure  of 
thefe  varieties,  we  refer  to  Rome  de  Lijle  %.  j  lUd. 

The  texture  of  fulphat  of  lime  is  moft  commonly  fo- 
liated. Luftre  from  o  to  4.  Tranfparency  from  o  to 
4.  It  caufes  double  refraftion.  Its  hardnefs  does  not 
exceed  4.  Its  fp.gr.  from  1.S72  to  2. 311.  Colour 
commonly  white  or  grey.  ' 

Before  the  blow-pipe,  it  melts  into  a  white  enamel, 
provided  the  blue  flame  be  made  to  play  upon  the  edges 
of  its  laminre.  When  the  flame  is  direfted  againft  its 
faces,  the  mineral  falls  into  powder  ^.  r  ^, ^/^.^^ 

It  does  not  elfervefce  with  muriatic  acid,  except  it  Xitjour.de 
impure  ;   and  it  does  not  diffolve  in  it.  Mi"'  N" 

The  following  varieties  of  this  mineral  are  deferving"^'"' ^'^' 
of  attention. 

Variety  i.      Broad  foliated  fulphat. 

Texture  broad  foliated.  Luftre  glaiTy,  from  4  to  2. 
Tranfparency  from  4  to  ^.  Hardnefs  4.  Sp.  gr. 
2.31 1.     Colour  grey,  often  with  a  (hade  of  yellow. 

Variety  2.  Grano-foliated  fulphat. 
Texture  foliated,  and  at  the  fame  time  granular;  fo  that 
it  eafily  crumbk-s  into  powder.  Luftre  2  to  3.  Tranf- 
parency 2  to  3.  Hardnefs  4  to  3.  Sp.  gr.  from  2.274  ^'^ 
2.310.  Feels  foft.  Colour  white  or  grey,  often  with 
a  tinge  of  yellow,  blue,  or  green  ;  fometimes  fiefh  red, 
brown,  or  olive  green. 

Variety  3.  Fibrous  fulphat. 
Texture  fibrous.  Fraginents  long  fplintcry.  Luftre 
2  to  3.  Tranfparency  2  to  i  ;  fometimes  3.  Hardnefs 
4.  Brittle.  Sp.  gr.  2.300.  Colour  white,  often  with 
a  fhade  of  grey,  yellow,  or  red  ;  fometimes  flefii  red,  and 
fometimes  honey  yellow  ;  fometimes  feveral  ol  thefe  co- 
lours meet  in  ftripes. 

Variety  4.     Compacft  fulphur. 
Texture  compa<a.  Luftre  1  or  o.  Tranfparency  2  to 
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Earths  and  i,  fometimes  o.     IlaiJiiifs  4.     Sp.  gr.  from  1.872  to 
S'oiies      2.288.   Feels  dry,  but  not  liaifli.    Colour  white,  with  a 
^—~V~~^  (liade  of  grey,  yellow,  blue,  or  green;  fometiines  yellow; 
fometimes  red  ;  fometimes  fpotted,  llripcd,  or  vcined- 
J'aru'ly  5.      Farinaceous  fulphat. 

Of  the  confillence  of   meal.       J^uftre  o.      Opaque. 
Scarcely  finks  in  water.   Is  not  gritty  between  the  teeili. 
Feels  dry  and    meagiT.      Colour  white.      When  heated 
below  rednefs,  it  becomes  of  a  dazzling  white, 
■i^     -  SPECIES  3.      rhofphat  of  lime. 

Ap.itUe — Phnfphorile — Chryfulite — of  the   French. 

This  fubitance  is  found  in  Spain,  where  it  forms 
whole  mountains,  and  in  difPeient  parts  of  Geuiiany. 
Tt  is  fometimes  amorphous,  and  fometimes  cryllalliy.ed. 
The  primitive  form  of  its  cryftals  is  a  regular  fix-fided 
prifm  *.  Its  integrant  molecule  is  a  regular  triangular 
prifni,  whole  height  is  to  a  lide  of  its  bafe  as  i  to  v/  ^  t- 
Sometimes  the  edges  of  the  primiti\e  hexagonal  prilui 
are  wanting,  and  Imall  faces  in  their  place  ;  lomctinies 
there  are  fmall  faces  inllead  of  the  edges  which  termi- 
nate the  prifm  ;  fometimes  tliefe  two  varieties  are  unit- 
ed ;  fometimes  the  terminating  edges  and  the  angles  of 
the  prifni  arc  replaced  by  fmall  faces  f  ;  and  fometimes 
'jHauy,ibiJ.\_\ie  prifm  is  terminated  by  four  lided  pyramids  f. 

Its  texture  is  foliated.  Its  fracture  uneven,  tending 
to  conchoidal.  External  luftre  from  2  to  3,  internal 
3  to  2.  Tranfparency  from  4  to  2.  Caufes  fingle  re- 
fraftion.  Hardnefs  6  to  j.  Brittle.  Sp.  gr.  from 
2.^249  to  3.218.  Colour  commonly  green  or  grey  ; 
fometimes  brown,  red,  blue,  and  even  purple. 

It  is  infufible  by  the  blow-pipe.  When  its  powder 
is  thrown  upon  burning  coals.  It  enn'ts  a  yellowilh  green 
}>hofphorefcent  light.  It  is  foluble  in  muriatic  acid 
without  elfervefcence  or  decompofition,  and  the  folution 
often  homes  gelatinous. 

SPECIES  4.     Fluat  of  lime. 
Fluor. 
This  mineral  is   found   abundantly  in  different  coun- 
tries, particularly  in  Detbyflure.    It  is  both  amorphous 
and  crylfallized. 

The  primitive  form  of  its  cryftals  is  the  regular  ofto- 
hedron  ;  that  of  its  integrant  molecules  the  regular  te- 
trahedron II .     The  varieties  of  its  cryftals  hitherto  ob- 
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ferved  amount  to  7.  Thefe  are  the  primitive  oftobe- 
dron  ;  the  cube  ;  the  rhomboidal  dodecahedron  ;  the 
cubo  oftohedron  ^,  which  has  both  the  faces  of  the  cube 
and  of  the  o£^ohedron  ;  the  oftohedron  wanting  the 
edges ;  the  cube  wanting  the  edges,  and  either  one 
face*,  or  two  faces  in  place  of  each.  For  a  defcription 
and  figure  of  thefe  we  refer  to  Mr  Hiuiy  \. 

The  texture  of  fluat  of  lime  is  foliated.  Luflre  from 
2  to  3,  fometimes  c.  Tranfparency  from  2  to  4,  fome- 
times I.  Caufes  fingle  retraftion.  Hardnels  S.  Very 
brittle.  Sp.  gr.  from  3.0943  to  3.1911.  Colours  nume- 
rous,  red,  violet,  green,  red,  yellow,  blackifli  purple.   Its 


owder  thrown  upon  hot  coa 
ght.     Two  pieces  of  it  rub 


als  emits  a  bluifh  orgreenilh 
bbed  in    the  dark  phofpho- 


§  nij. 


roo 
Borat  of 
Lime, 


refce.     It  decrepitates  when  heated.     Before  the  blow- 
pipe it  melts  into  a  tranfparent  glafs  .§ 

It  admits  of  a  polifli,  and  is  often  formed  into  vafes. 
and  other  ornaments. 

SPECIES  5.     Borat  of  lime. 
Boradle. 
This  mineral  has  been  found  at  Ka  Ikberg  near  Lu- 
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neburg,  feated  in  a  bed  of  fulpliat  of  lime.     It  is  ciy-     Saline 
llallized.      The    primitive  form  of    its  cryftals  is  the  ,  •'^'"'i'^'-   ^ 
cube*.     In  general,    all   the   edges  and  angles  of  the  ,^^_,^^_ 
cube  are  truncated  ;    fometimes,    however,   only  the  al-yo,/r.'i/e 
ternate  angles  are  truncated  -(■.     The  fizc  of  the  c'rylfals  Mh.  N" 
does  not  exceed  half  an  inch.  xxvu.  p. 

The  texture  of  this  miner.il  is  compaft.    Its  ^'iftife  4 //],„„  and 
is  flat  conchoidal.      External  lulle  3  ;   internal,  greafy,  Wejlrum. 
2.  Tranfparency  from  2  to  3.      Hardnefs  9  to  10.    Sp. 
gr.  2.566.     Colourgreyifh  white,  fometimes  pafling  in- 
to greenilh  white  or  purplilh. 

When  heated  it  becomes  elcftric  ;    and  the  angles  of 
the  cube  are  alternately  pofitive  and  negative  \.  \  HauyJUJ. 

Before  the  blow-pipe  it  froths,  emits  a  grcenifli  light,  ^^'d  Ann.dt 
and  is  converted  into  a  yellowifli  enamel,  garnilhed  with 


dim.  IX. 
59- 


fmall  points,  which,  if  the  heat  be  continued,  dart  out 

in  fparksiJ.  ,        ,.,  ,   .  §i.ZrVwf, 

According  to  Weftrum,  Avho   djfcovered  Us  compo- j„„r.  ;/<. 

nent  parts,  it  contains    6S  boracic  acid,  Min.ib'iJ. 

•13.5  magnefia, 

1  I  lime, 

1  alumina, 

2  filica, 
I  iron. 


SPECIES  6.     Nitrat  of  lime. 


$  Atn.di 
CLim,  ii. 
116. 

For  a       iot 


Found  abundantly  mixed  with   native  nitre.      _  . 
defcription   fee  the  article  Chemistry   in   this  5"///^      ^"^*' 
nunt,  w"  672. 


lime. 

102 
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Genus  II.     barytic  salts. 
This  genus  comprehends  the  combinations  of  barytes ''5""  *  ^ 
with  acids. 

'03 
SPECIES  I.     Carbonat  of  barytes.  Carbonatof 

Wttherlte.  barytes. 

This  mineral  was  difcovered  by  Dr  Withering  ;  hence 
AVerner  has  given  it  the  name  of  witherite.  It  is  found 
both  amorphous  and  cryftallized.  The  cryftals  are  oc- 
tohedrons  or  dodecahedrons,  conClling  of  four  or  fix 
fided  pyramids  applied  bafe  to  bafe  ;  fometimes  the  fix- 
fided  pyramids  are  feparated  by  a  prifm  ;  fometimes  fe- 
veral  of  thefe  prifms  are  joined  together  in  the  form  of 
a  flar. 

Its  texture  is  fibrous.  Its  frafture  conchoidal.  Its 
fragments  long  fplintery.  Luftre  2.  Tranfparency  2 
to  3.  Hardnefs  5  to  6.  Brittle.  Sp.  gr.  4.3  104.338. 
Colour  greenifti  white.  When  heated  it  becomes  opaque. 
Its  powder  phofphorefces  when  thrown  on  burning 
coals*.  *  Hauy, 

It  is  foluble  with  eifervefcence  in  muriatic  acid.  The 
folution  is  colourlefs. 

According  to  Pelletier  it  contains 
62  barytes, 
22  carbonic  acid, 
16  water. 


I  oof 

SPECIES  2.     Sulphat  of  barytes. 

Borofclenite. 


t  Jour,  dt 
Min.  N"> 
xxi.  p.  46. 
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This  mineral  is  found  abundantly  in  many  countries,  ."y, 
particularly  In  Britain.  It  Is  fometimes  In  powder,  of- 
ten in  amorphous  mafles,  and  often  cryftallized.  The 
primitive  form  of  Its  cryftals  is  a  redangular  prifm, 

whofe 
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Eai-tli9  andwhofc  bafes  arc  rhonjbs,  with  angles  of  loi"  30'  and 
,  S-oiies.  ^gn  ^^1  «_  'pj^g  varictieii  of  its  cryftals  are  very  nume- 
*H.iiiv  £/. 'ous.  For  a  dcfcription  and  figure  of  them  we  refer 
fii  d'l'iiK  '  to  Ratne  dc  L'ijle\  and  Hauy  \.  Tlie  mod  common  va- 
•/i«riV,&c.i-;t.ties  are  the  ocloliedron  witii  cuneiform  fuinniits,  the 
P  ^''•':  .  .    fu  or  four  fidcd  prifm,    the   hexangular  table  with    be- 


tSi  '  '  veiled  edges.  Sometimes  thefe  cryllals  are  needle  form. 
J//.;/,  and  Its  texture  is  commonly  foliated.  Lutlie  from  o  to 
Ann.ji  2.  Tranfparency  from  2  to  o  ;  in  fome  cafes  3  or  4. 
^*™'"'- ■'Hardnefs  from  5  to  6.  Sp.  gr.  from  4.4  to  4.44.  Co-  ' 
lour  commonly  white,  with  a  (liade  of  yellow,  red,  blue, 
or  brown. 

■\Mien  heated  it  decrepitates.  It  is  fufible  perfe  by 
the  blue  flame  of  the  blow-pipe,  and  is  converted  into 
fulphnrat  of  barytes.  Soluble  in  no  acid  except  the 
fulphuric  ;  and  precipitated  from  it  by  water. 
Variety  1.  Foliated  fulphat. 
Luftre  3  to  3.  Tranfparency  from  4  to  2,  fome- 
tinies  I.  Colours  white,  reddifli,  bluifli,  yellowifh, 
blackifli,  greenidr.  Mr  Werner  fubdivides  this  variety 
into  three,  according  to  the  nature  of  the  texture.  Thefe 
three  fubdivifions  are  granularly  fol'tated,Jlraighi foliated^ 
curve  foliated. 

Variety  2.      Fibrous  fulphat. 
Texture    fibrous ;   fibres    converging  to  a  common 
centre.     Luftre  lilky  or  waxy,   2.      Tranfparency  2  to 
1.     Hardntfs  5.     Colours  yellowifh,  bluifli,  reddifli. 
Variety  3.      Compaft  fulphat. 
Texture  conipaft.     Luftre  o  to  I.     Tranfparency  I 
to  o.     Feels  meagre.     Almoft  conftaiitly  impure.    Co- 
lours light  )  ellow,  red,  or  blue. 

Variety  4.      Earthy  fulphat. 
In  the  form  of  coarfe  dufty   particles,    flightly  cohe- 
ring.    Colour  reddifli  or  yellowifli  white. 

Genus  III.     Strontitic  Salts. 
This    genus    comprehends    all   the  combinations  of 
fl.rontites  and  acids  which  form   a  part   of  the   mineral 
kingdom. 

SPECIES  I.  Carbonat  of  ftrontites 
This  mineral  was  iirft  difcoveivd  in  the  lead  mine  of 
Srontion  in  Argylefliire  ;  and  fince  that  time  it  is  faid 
to  have  been  difcovered,  though  not  in  great  abundance, 
in  other  countries.  It  is  found  amorphous,  and  alfo  cry- 
fl:allized  in  uecdlcs,  which,  according  to  Hauy,  are  re- 
gular fix-fided  prifms. 

Its  texture  is  fibrous;  the  fibres  converge.  Fradlure 
uneven.  Luftre  2.  Tranfparency  2.  Hardnefs  5.  Sp. 
o-r.  from  3.4  to  3.66.  Colour  light  green.  Does  not 
deci-epitate  when  heated.  Before  the  blow-pipe  be- 
comes  opaque  and  white,  but  does  not  melt.  With 
borax  it  eff'ervefces,  and  melts  into  a  tranfparent  colour- 
lefs  glafs.  Efiervefces  with  muriatic  acid,  and  is  totally 
diflblved.     The  foliition  tinges  flame  purple. 

SPECIES  2.     Sulphat  of  ftrontites. 
Celcjtine. 

This  mineral  has  been  found  in  Pennfylvania,  in  Ger- 
many, in  France,  in  Sicily,  and  Britain.  It  was  hrft 
difcovered  near  Briftol  by  Mr  Clayfield.  There  it  is 
found  in  fuch  abundance,  that  it  has  been  employed  in 
mending  the  roads. 

It  occurs  both  amorphous  and  cryftallized.  The 
pryftals  are  moft  commonly  bevelled  tables,  foraetimes 
ihomboidal  cubes.     Its  texture  is  foliated.     More  or 
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kfs  tranfparent.     Hardnefu  ^.     Sp.gr.  from  3,51   to  Aggrtgaici 
3.96.     Colour  moft  commonly  a  fini-   fky  blue;   fome-' 
times  reddilh  ;  fonietimes  white,  or  nearly  colourlefs^. 
Klaproth  found  a  fpeclmen  of  this  mineral  from  Penn- 
fylvania compoied  of  jS  ftrontilts, 

42  fulphuric  acid. 


§  Cla^ietJ, 
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According  to  the   analyfis  of  Mr  Clayfield,   the  ful-"-  9 
pliat  ftrontites  foimd  near  Briftol  is  compoied  of 
58.25  Itrontites, 
41.75  fulphuric  acid  of  2.24,  and  a  little  iron  ^ 


Bcifrr'ge^ 


1  nu.  (Vj. 
Journat, 


100.00 
According  to  the  analyfis  of  Vauquelin,    the  fulphat 
of  ftrontites  found  at   Bouvron  in    France,    which  was 
contaminated  with  .1  of  carbonat  of  lime,  is  compofed 
of  54  ftrontites, 

45  fulphuric  acid. 


n  ^ri7  '7'"r.J. 

Genus  IV.     magnesian  salts.  ^,„.  n» 

This  genus  comprehends  the  combinations  of  magne-xxxvii.  6. 

fia  and  acids  which  occur  in  the  mineral  kingdom.   On-       '°^ 

ly  two  fpecies  hare  hitherto  been  found;  namely,  Maenefiiii 

SPECIES  I.     Sulphat  of  magnefia. 

It  is  found  in    Spain,    Bohemia,    Britain,   &c.  ;  and  £;„i,,|jjt  of 
enters  into  the  compofition  of  many  mineral  waters.        magnefia. 

For  a  dcfcription  of  it,  we  refer  to  Chemistry,  n° 
633.  in  this  Suppl. 

SPECIES  2.     Nitrat  of  magnefia. 
Found  fometimes  aflbciated   with  nitre, 
fcription  fee  Chemistry,  11°  674, 

Genus  V.     aluminous  salts.  m 

This  genus   comprehends  thofe  combinations  ofalu-^-.^-  '^'"- 
miua  and  acids  which  occur  in  the  mineral  kir.sjdom.      '"'"""' 

species  I.     Alum.  jjj 

This  fait  is  found  in  cryitals,  in  loft  mafles,  in  flakes,  Alim:. 
and  invitibly   mixed  with  tiie  foil.      For  a  defcription, 
we  refer  to  Chemistry,  u*"  C^6. 


For  a  de- 


no 

Nitrat  of 
magnelJa. 


Order  III.  AGGREGATES.  ' 

This  order  comprehends  all  mechanical  mixtures  of 
earths  and  ftones  found  in  the  mineral  kingdom.  Thele 
are  exceedingly  numerous:  the  mountains  and  hills, 
the  mould  on  which  vegetables  grow,  and  indeed  the 
greater  part  of  the  globe,  may  be  confidered  as  compo- 
sed of  tliem.  A  complete  defcription  of  aggregates  be- 
longs rather  to  geology  than  mineralogy.  It  would  be 
improper,' therefore,  to  treat  of  them  fully  here.  But 
they  cannot  be  altogether  omitted  ;  bccaufc  aggre- 
gates are  the  firft  fubllances  which  prefent  thcmfelvts  to 
the  view  of  the  pradtical  mineralogift,  and  bccaufe, 
without  being  acquainted  with  the  names  and  compo- 
nent parts  of  many  of  them,  the  moft  valuable  minera- 
logical  works  could  not  be  underflood.  j,^ 

Aggregates   maybe   comprehended  under  four  divi-Divifion  of 
fions  :  I.  Mixtures  of  earths  ;  z.  Amorphous  fragments ^gg'^^S^'es, 
of  ftones  agglutinated  together;   3.  Cryftallized  ftones, 
either  agglutinated  together  or  with  amorphous  ftones  ; 
4.  Aggregates  formed  by  fire.     It  will  be   exceedingly 

convenient 


Drder  II. 


iartli*  ar.ii  convenient  to  treat  each  of  thefe   feparately. 
Scones    tlierefoie  divide  this  order  into  four  fections. 
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jiggregates  uf  Earths. 

The  moft  common  earthy  aggregates  may  be  com- 
prehended under  the  following  genera: 

1.  Clay, 

2.  Colorific  earths, 

3.  Marl, 

4.  Mould. 

G  EMUS    I.        CLAY. 

Clay  is  a  mixture  of  alumina  and  filica  in  various 
proportions.  The  ;ili:mi:ia  is  in  a  ftate  of  an  impalpable 
powder;  but  the  filiiri  is  almoft  always  in  fmall  Hones, 
large  enough  to  be  dlRiuguifhed  by  the  eye.  Clay, 
therefore,  exhibits  the  character  of  alumina,  and  not  of 
filica,  even  when  this  lafl  ingredient  predominates.  The 
particles  of  filica  are  already  combined  with  each  other; 
and  they  have  fo  ftrong  an  affinity  for  each  other  that 
few  bodices  can  feparate  theoi  ;  whereas  the  alumina,  not 
being  combined,  readily  difplays  tbe  charatters  which 
didingtiilh  it  from  other  bodies.  Befides  alumina  and 
filica,  clay  often  contains  carbonat  of  lime,  of  magncfia, 
barytes,  oxide  of  iron,  &c.  And  as  clay  is  merely  a 
mechanical  mixture,  the  proportion  of  its  ingredients  is 
exceedingly  various. 

Clay  has  been  divided  into  the  following  fpecies ; 

SPECIES  I.  Porcelain  clay. 
Its  texture  is  earthy.  Its  luftre  o.  Opaque.  Hard- 
nefs  4.  Sp.  gr.  from  2.23  to  2.4.  Colour  white, 
foinetimes  with  a  fliade  of  yellow  or  red.  Adheres 
nightly  to  the  tongue.  Feels  foft.  Falls  to  powder  in 
water. 

A  fpecimen,  analyfed  by  HafTenfratz,  contained 
62  filica, 
19  alumina, 
12  magnefia, 
7  fulphat  of  barytes. 


A  fpecimen,  analyfed  by  Mr  Wedgevrood,  contained 
60  alumina, 
20  filica, 
J  2  air  of  water. 
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Common  species  2.     Common  clay. 

;lay.  Its  texture  is  earthy.     Luftre  o.     Opaque.     Hani- 

nefs  3  to  6.  Sp.  gr.  1.8  to  2.68.  Adheres  llightly 
to  the  tongue.  Often  feels  greafy.  Falls  to  powder  in 
water.  Colour,  when  pure,  white  ;  often  tinged  blue 
or  yellow. 

Variety  I.      Potter's  clay. 
Hardnefs  3  to  4.      Sp.  gr.  1.8  to  2.      Stains  .the  fin- 
gers (lightly.     Acquires  fome  polifli  by  friftion.     Co- 
lour white  ;  often  with  a  tinge  of  yellow  or  blue  ;  fome- 
times  brownifh,  greenilh,  reddifli.     Totally  diffulible  in 
water  ;  and,  when  duly  moillened,  very  duftile. 
Variety  2.      Indurated  clay. 
Hardnefs  5  to  6.     Does   not  diffufe  itfelf  in  water, 
but  falls  to  powder.  Difcovers  but  little  du6lility»    Co- 
lours  grey,  yellowifh,  bluifli,  greenifli,  reddifh,  browr.. 
ifh. 
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We  fhall  Variety  3.      Shiftofe  clay.  Aggregates 

Strufture  (laty.     Sp.  gr.  from  2.6  to  2.68.     Feels  — v— ' 
fmooth.      Streak  white  or  grey.      Colour  commonly 
bluilh,  or  yellowilli  grey  ;  foinetimes  bbickilb,  reddilli, 
greenifii.      Found  in  ilrata,  ufually  in  coal  mines. 

This  variety  is  fometimes  impregnated  with  bitumen. 
It  is  then  called  bitumiuous^a/«. 


SPECIES  3.     Lithomarga.  Lithoniar- 

Texture  earthy.     Fradure  conchoidal.     Luftre  fromga. 

0  to  2.  Opaque.  Hardnefs  3  to  7.  Sp.  gr.  when 
pretty  hard,  2.815.  Surface  fmooth,  and  feels  foapy, 
Adheres  ftrongly  to  the  tongue.  Falls  to  pieces,  and 
then  to  powder,  iu  water  ;  but  does  not  diffufe  itfelf 
through  that  liquid,      p  ufible  per  fe  into  a  frothy  mafs. 

Variety  1.      Friable  lithomarga. 
Formed  of  fcaly  particles  (lightly  cohering.      Luftre 

1  to  o.  Hardnefs  3  to  4.  Excecdirigly  light.  Feels 
very  Imooth,  and  affumes  a  polilh  from  the  nail.  Colour 
white;  lometimes  tinged  yellow  or  red. 

Variety  2.      Indurated  lithomarga. 
Hardnefs  4  to  7.  The  fofter  forts  adhere  very  (Irong- 
ly  to  the  tongue  when  nev.ly  broken  ;   the  harder  very 
moderately.      Colours  grey,  yellow,    led,   brown,  blue.  ' 

A  fpecimen  of  lithomarga  from  Ofmiind,  analyfed  by 
Bergman,  contained      6c. i  filica, 

1 1 .0  ahimina, 
5.7  carbonat  of  lime, 
4.7  oxide  of  iron, 
0.5  carbonat  of  magnefia, 
18.0  water  and  air. 
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SPECIES  4.     Bole.  "8 

Texture    earthy.     FraAure  conchoidal.     Luftre  o.       ^^ 
Tranfparency  fcarce  I.     Hardnefs  4.     Sp.  gr.  from  1.4 
to  2.     Acquires  a  polifh  by  friction.      Scarcely  adheres 
to  the  tongue.   Feels  greafy.    Colour  yellow  or  brown  ; 
fometuncs  red  ;  fometimes  f|)ottcd. 

The  lemnian'  earth  which  belongs  to  this  fpecies,  ac- 
cording to  the  analyfis  of  Bergman,  contains 
47,0  filica, 
19,0  alumina, 
6.0  carbonat  of  magnefia. 
5.4  carbonat  of  lime, 
5.4  oxide  of  iron, 
17.0  water  and  air. 


99-St  |/iiV.  p. 

1J7. 
SPECIES  5.     Fullers  cartli.  119 

Texture  earthy.      Strufture  fometimes  (laty.     Frac-     Fullers 
ture  imperfedlly  conchoidal.   Luftre  0.   Opaque.   Hard-     «^'''"* 
neis  4.      Receives  a  polilh  from  friction.      Does  not  ad- 
here  to   the   tongue.     Feels   greafy.     Colour    ufually 
light  green. 

A  fpecimen  from  Hamplhire,  analyfed  by  Bergman, 
contained  51.8  filica, 

25.0  alumina, 
3.3  carbonat  of  lime, 
3.7  oxide  of  iron, 
0.7  carbonat  of  magnefia. 
15.5  moifture. 
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Earths  ar.il       This  earth  is  ufcd   by  fullers  to  take   the  greafe  out 
Stone*,     jjf  ^ijgj^  cloth  before  they  apply  foap.      It  jscHential  to 


fullers  earth  that  the  particles  of  filica  be  very  line, 
otherwil'e  thev  would  cut  the  cloth.  Any  clay,  pof- 
feffed  of  this  bit  property,  may  be  confidered  as  fullers 
enrth ;  for  it  is  the  alumina  alone  whiih  acts  upon  the 
cloth,  on  account  of  its  ftrong  affinity  for  greafy  fub- 
ftances. 
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G.  II.     Co- 

Ir.ritic 
■  earths. 


Ill 

Red  chalk. 
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Genus  II.  Colorific  E.\rths. 
The  minerals  belonging  to  this  genus  confift  of  clay, 
mixed  with  fo  large  a  quantity  of  fonie  colouring  ingre- 
dient as  to  render  them  ufeful  as  paints.  The  colour- 
ing matter  is  commonly  oxide  of  iron,  and  fometimes 
charcoal. 

SPECIES  r.      Red  chalk. 
ReMe. 

Texture  earthy.  Frafture  conchoidal.  Luftre  o. 
Opaque.  Hardnefs  4.  Sp.  gr.  inconfiderablc.  Co- 
lour dark  red. 

Feels  rough.  Stains  the  fingers.  Adheres  to  the 
tongue.  Falls  to  powder  in  water.  Does  not  become 
duftile.  When  heated  it  becomes  black,*  and  at  159° 
Wedgewood  melts  into  a  greenift  yellow  frothy  enamel. 

Compofed  of  clay  and  oxide  of  iron. 

SPECIES  2.     Yellow  chalk. 
Texture  earthy.     Frafture  conchoidal.    Hardnefs  3. 
Sp.  gr.  inconfiderablc.      Colour  ochre  yellow. 

Feels  fmooth  or  greafy.      Stains   the   fingers.     Ad- 
heres to  the  tongue.      Falls  to  pieces  iu  water.     When 
heated  becomes  red;  and  at   156°  Wedgewood  melts 
into  a  brown  porous  porcelain. 
According  to  Sage,  it  contains 
50  alumina, 
40  oxide  of  iron, 
10  water,  with  fome  fulphuric  acid. 


ICO  ' 


*  Mea. 

or.  1779,  SPECIES  3.     Black  chalk. 

123  Strufture  flaty.     Texture  earthy.     Fragments  fplin- 

Black  tery.   Luftre  o.      Opaque.     Hardnefs  5.     Sp.gr.  2.144 

*'''"=•  to  2.277.     Colour  black.     Streak  black. 

Feels  fmooth.  Adheres  (liglitly  to  the  tongue.  Does 
not  moulder  in  water.  When  heated  to  rednefs  it  be- 
comes reddifh  grey. 

According  to  Wiegleb,  it  is  compofed  of 
4  64.50  filica, 

1 1.25  alumina, 
11.00  charcoal, 
2.75  oxide  of  iron, 
7.50  water. 

\A.r.S,  97.00  t 

f f;"-  "^'^  s  p  E  c  I E  s  4.     Green  earth. 

■'114  Texture  earthy.     Luftre  o.     Opaque.     Hardnefs  6 

Green  to  7.     Sp.  gr.  2.637.     Colour  green. 

*"'''•  Commonly  feels  fmooth.    Does  not  flain  the  fingers. 

Often  falls  to  powder  in  water.  When  heated  it  be- 
comes reddifh  brovvn  ;  and  at  147'  Wedgewood  melts 
into  a  compact  glafs. 

Compofed  of  clay,  oxides  of  iron,  and  nickel. 

155  Genus  III.     Marl. 

G.m.Marl.     ^  nii-Hture  of  carbonat  of  lime  and  clay,  in  which  the 


carbonat  tonllderably  exceeds  the 

called  marl.  v 

Its  texture  is  earthy.  Luftre  o.  Opaque.  Hard- 
nefs from  4  to  8  ;  fometimes  in  powder.  Sp.  gr.  from 
1.6  to  2.877.  Colour  ufually  grey,  often  tinged  with 
other  colours.      Effervefces  with  acids. 

Some  marls  crumble  into  powder  vvhcn  expofcd  to  the 
air  ;  others  retain  their  hardnefs  for  many  years. 

Marls  may  be  divided  into  two  fpecies  :  i.  Thofe 
which  contain  more  filica  than  alumina  ;  2.  Thofe  which 
contain  more  alumina  than  filica.  Mr  Kirwan  has  call, 
ed  the  firft  of  thefe  JU'iceous,  the  fecond  argilhueoust 
marls.  Attention  Ihould  be  paid  to  this  diftinctioii, 
when  marls  arc  ufed  as  a  manure. 
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Genus  IV.     Mould.  G.  IV.      g 

By  mould  is  meant  the  foil  on  which  vegetables  grow.  MoulJ»  I 
It  contains  the  following  ingredients  :  filica,  alumina, 
lime,  magnefia  (fometimes),  iron,  carbon  derived  from 
decayed  vegetable  and  animal  fubftances,  carbonic  acid, 
and  water.  And  the  good  or  bad  qualities  ij{ foils  de- 
pends upon  a  proper  mixture  of  thefe  ingredients.  The 
filica  is  feldom  in  the  ftate  of  an  impalpable  powder,  but 
in  grains  of  a  greater  or  fmaller  fize  :  Its  chief  ufe  fi  ems 
to  be  to  keep  the  foil  open  and  pervious  to  raoilture. 
If  we  pafs  over  the  carbon,  the  iron,  and  the  carbonic 
acid,  the  goodnefs  of  a  foil  depends  upon  its  being  able 
to  retain  the  quantity  of  moiiture  v.hich  is  proper  for 
the  nouriftiment  of  vegetables,  and  no  more.  Now  the 
retentive  power  of  a  foil  increafes  with  the  proportion 
of  its  alumina,  lime,  or  magnefia,  and  diminifties  as  the 
proportion  of  its  filica  increafes.  Hence  it  follows,  that 
in  a  dry  country,  a  fertile  foil  fliould  contain  lefs  filica, 
and  more  of  the  other  earths,  than  in  a  wet  country. 

Giobert   found  a  fertile   foil  near  Turin,  where   it 
rains  annually  30  inches,  to  contain 
From  77  to  79  filica, 

9  —  14  alumina, 
5  —  12  lime. 
Near  Paris,  where  it  rains  about  20  inches  annually, 
Mr  Tillet  found  a  fertile  foil  to  contain 
Coarfe  fand     25 


Fine  fand        2  i 


46.0  filica, 
16.5  alumina, 
37.5  lime. 


TCO.O*  , 

The  varieties  of  mould  are  too  numerous  to  admit  aPo 
accurate  defcription  :   we  fiiall  content  ourfelves,  there- 
fore, with  mentioning  the  moft  remarkable. 

SPECIES  1.     Sand. 
This   confifts  of  fmall  grains  of  filiceous  ftones  not 
cohering  together,  nor  foftened  by  water.      When  the 
grains  are  of  a  large  fize,  the  foil  is  called  ^raW. 

SPECIES  2.     Clay. 
This  confifts  of  common  clay  mixed  with  decayed  ve- 
getable and  animal  fubftances. 


Kirivan 
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Sand. 


Clay. 


Loam. 


SPECIES  3.      Loam.  Loa^i. 

Any  foil  which  does  not  cohere  fo  ftrongly  as  clay, 
but  more  ftrongly  than  chalk,  is  called  loam.  There 
are  many  varieties  of  it.     The  following  arc  the  mod 

common. 

Vantt')' 


Order  HI. 

larihsand    Canity   i 
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fill, 
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O.  I.  Sand 
iloiie. 


©alcareouf. 
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Clayey  loam  s  called  alfo  Jlrorg,  Jl'iff,  culj, 
and  heavy,  loam. 
It  confills  of  a  mixture  of  clay  and  coarfe  fand. 

Farkty  z.     Chalky  loam. 
A  mixture  of  clay,  chalk,  and  coarfe  fand  ;  the  chalk 
predominating. 

Variety  3.      Sandy  loam. 
A  mixture' of  the  fame  ingredients  }  the  fand  amount- 
ing to  .8  or  .9  of  the  whole. 

SPECIFS    4.        Till. 

Till  Ir  a  mixture  of  clay  and  oxide  of  iron.  It  is  of 
a  red  colour,  very  hard  and  heavy. 

Sect  II.     Aggregates  of  Amorphous  Stones. 

The  aggregates  which  belong  to  this  feftion  confift 
of  amorphous  fragments  of  ftones  cemented  together. 
They  may  be  reduced  to  the  following  genera  : 

1.  Sandftone, 

2.  Puddingftone, 

3.  Amygdaloid, 

4.  Breccia. 

Genus  I.  Sandstome. 
Small  grains  of  fand,  conClling  of  quartz,  flint,  horn- 
ftone,  filiceous  (liillus,  or  felfpar,  and  fometiraes  ot  mi- 
ca, cemented  together,  are  denominated  fandllones. 
They  feel  rough  and  fandy  ;  and,  when  not  very  hard, 
eafily  crumble  into  fand.  The  cement  or  bafis  by  which 
the  grains  of  fand  are  united  to  each  otiier  is  of  four 
kinds  ;  namely,  lime,  alumina,  filica,  iron.  Sandftones, 
therefore,  may  be  divided  into  four  fpecies. 

SPECIES  I.  Calcareous  fandllones. 
Calcareous  fandftones  are  merely  carbonat  of  lime  or 
marl,  with  a  quantity  of  fand  interpofcd  between  its 
particles.  Though  the  quantity  of  fand,  in  many  cafes, 
far  exceeds  the  lime,  calcareous  fandftones  are  fometimes 
found  cryftallized  ;  ard,  in  fome  cafes,  the  cryilals,  as 
might  be  expefled,  have  fome  of  the  forms  which  dif- 
tinguifh  carbonat  of  lime.  Thus  the  calcareous  fand- 
ftone  of  Fountainbleau  is  cryftallized  in  rhom.boidal 
tables.  It  contains,  according  to  the  analyfis  of  Laf- 
fone  62.5  filiceous  fand, 

37.5  carbonat  of  lime. 


A  L  0  G  Y.  225 

Sometimes  ftones  occur,  confiHing  of  grains  of  lime  Aew-rtgaie* 
cemented  together  with  fiUca.   Thefc  iloncs  are  alfo  de-  ■""">> 
nominated  filiceous  landttoncs. 

SPECIES  4.      Ferruginous  fandftones.  Ferrugi- 

The  iron  which  afts  as  a  cement  in  ferruginous  fand- 
ftoiK's  is  not  far  fnmi  a  metallic  ftate.  When  iron  is 
completely  oxidated,  it  lofes  the  property  of  acling  as 
a  cement.  This  is  the  reafon  that  ferruginous  fand- 
ftones, when  expofed  to  the  air,  almoll  always  crumble 
into  powder. 

The  colour  of  ferruginous  fandftones  is  ufually  dark 
red,  yellow,  or  brown.  The  grains  of  fand  which  coin- 
pofe  them  are  ofttn  jiretty  large.  Their  liardncfs  is 
commonly  inconfiJerable. 

Gfnus  II.     Pudding  Stone.  g.  II.  Pud- 

Pebbles  of  quartz,   flint,  or  other  fimilar  ftones  of  a<*'"S '^°"'- 
round  or  cliptical  form,  from  tlie  fize   of  rape  feed  to 
that  of  an   egg,   cemented  together  by  a  filiceous  ce- 
ment,  often  mixed  with   iron,   have  been   denominated 
pudding  Jlones. 

Pudding  ftones,  of  courfe,  are  not  inferior  in  hard- 
nefs  to  quartz,  flint,  chalcedony,  &c.  of  which  the  peb- 
bles may  confift.  The  colour  of  the  cement  is  ufually 
yellow,  brown,  or  red.      Its  frafture  is  conchoidal. 

The  finer  forts  of  pudding  ftones  are  capable  of  a  fine 
polifh  ;  the  coarfe  are  ufed  for  millilones. 

Genus  III.     Amygdaloid.  G.  lir.    A- 

Rounded  or  eliptical  maffes  of  chalcedony,   zeolite, mygdaloid. 
limeftone,  lithomarga,  fteatites,    green  earth,  garnets, 
hornblende,  or  opal,  cemented  together  by  a  bafis  of  in- 
durated clay,   trap,  muUen,   walken  or  kragg,  confti- 
tute  an  amygdaloid. 

Amygdaloids  are  opaque.  They  have  no  luftre. 
Their  fraflure  is  uneven  or  conchoidal.  Hardnefs  6  to 
9.  Their  colours  are  as  various  as  the  ingredients  of 
which  they  are  compofed. 

Grnus  IV.     Breccia. 
Angular  fragments  of  the  kmc  fpuies  of  ftone,  agglu-   Breccia, 
tinated  together,  conftitute   a  hreccia.      This  calcareous 
breccia  confifts  of  fragments  of  marble  cemented  toge- 
ther by  means  of  lime. 


'38 
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Calcareous  fandftones  have  commonly  an  earthy  tex- 
ture. Their  furface  is  rough.  Their  hardnefs  from  6 
to  7.  Their  fpecific  gravity  about  2.5  or  2.6.  Their 
colour  grey  ;  fometimes  yellowifti  or  brown.  They  are 
fometimes  burned  for  lime. 

m 

Aluminous.  species  2.     Aluminous  fandftones. 

The  bafis  of  argillaceous  fandftones  is  alumina,  or 
rather  clay.  Their  ftrufture  is  often  ftaty.  Their  tex- 
ture is  compaft,  and  either  fine  or  coarfe  grained,  ac- 
cording to  the  fize  of  the  fand  of  which  they  are  chief- 
ly compofed.  Their  hardnels  is  from  6  to  8,  or  even 
9.     Their  colour  is  ufually  grey,  yellow,  or  brown. 

They  are  often  formed  into  mill-ftones,  filtering- 
ftones,  and  coarfe  whet-ftones. 

-...'3*  SPECIES  3.     Siliceous  fandftones. 

Siliceous  fandftones  confift  of  grains  of  fand  cement- 
ed together  by  filica,  or  fome  fubftance  which  confifts 
chiefly  of  filica  or  flint.  They  are  much  harder  than 
any  of  the  other  fpecies. 
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Sect.  III.     Aggregates  of  Cryflah. 

The  minerals  belonging  to  this  feftion  confift  either 
of  cryilals  of  different  kinds  cemented  together,  or  of 
cryftals  and  amorphous  ftones  cemented  together. 

They  may  be  reduced  under  the  following  genera. 

1.  Granite, 

2.  Sienite, 

3.  Granatine, 

4.  Granitell, 

5.  Granilite, 
.  6.  Trap, 

7.  Porphyry. 

GiNus  I.     Granite.  [■'cra. 

An  aggregate  of  felfpath,  quartz,  and  mica,  what-^;ie." 
ever  be  the  fize  or  the  figure  of  the  ingredients,  is  de- 
nominated granite.     This    aggregate   may  be    divided 
into  two   fpecies,  namely,  common  granite,  and  Jhijlofe 
granite  or  gneifs. 

SPECIES  I.     Common  granite.  p  '^'' 

Its  ftrufture  is  always  granular.    The  felfpar  is  often 
F  f  amor- 


.Stone'. 
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larth?  and  amorp!iotis,  and  conflitutes  moft  frequently  the  greateft 
I  part  of  the  aggregate. 

Common  granites  differ  much  in  their  appearance,  ac- 
•ording  to  the  fize,  proportion,  colour,  and  figure  of 
their  component  parts.  They  are  commonly  very  hard  : 
Their  fpecific  gravity  varies  from  25  3  88  to  2.9564. 


LOG 

Y. 

Mica, 
Sliovl. 

Mica, 
Hornblende, 

Mica,  , 
Jade. 

Honjbltiide, 
Jade. 

Jade, 
Garnet. 

Mica, 
Garnet. 

Hornblende,    Steatites, 
Garnet.      |       Shorl. 

Clafs  I.- 

Aj;s,'ragat«  ~ 
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.eifs. 
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G   II.  Sic 
nite. 


G.  1!I.  Gra. 

natine. 


sPETiEs  2.  Shiitofe  granite  or  gneifs. 
The  ftruclure  of  gneii's  is  always  flaty,  and  this  con- 
ftitutes  its  fpecific  charaifler.  In  gneifs,  the  proportion 
of  quartz  and  felfpar  is  nearly  equal:  the  proportion 
of  mica  is  fmalleft.  It  is  evidently  fubjeft  to  the  fame 
varieties  with  common  granite. 

Genus  II.  Sienitc. 

Mr  Werner  has  given  the  n-ime  oi  fienite  to  aggre- 
gates comp'ifed  of  felfpar,  hornblende,  and  quartz  ;  or 
of  felfpar,  hornblende,  quartz,  and  mica.  Tlitfe  aggre- 
gates were  formerly  confounded  with  quartz. 

Sienite  is  found  both  of  a  granular  and  flaty  ftruc- 
ture  :  it  might,  tlierefore,  like  granite,  be  divided  into 
two  fpecies.  In  fienite  the  quartz  is  commonly  in  by 
far  the  fmalleft  proportion. 

Genus  III.     oranatine. 
Mr  Kirwan  has  applied  the  name  granaUnt  to  the 
following  aggregates. 


Some  of  thcfe  aggregates  have  received  particular 
names.  The  aggregate  of  quartz  and  mica,  when  its 
ftrufture  is  flaty,  is  called  by  \i trntx  Jhiftofc  mica:  by 
the  Swe^des,  it  is  denominated _y?^/^fn,  whatever  be  its 
ftrufture. 

The  aggregate  of  hornblende  and  mica  is  called 
grunjlein,  Irom  the  dii  k  green  colour  which  it  ufually 
has. 

MS 
Genus  V.     granilite.  G.V.  Gr»» 

Under  the  name  oi  granilite,  Mr  Kirwan  comprehends"'  "*" 
all  aggregates  containing  more  tlian  three  ingredients. 
Of  thcfe  the  following  are  the  moft  remarkable. 


Quartz, 

Felfpar, 
Shorl. 

Quartz, 
Mica, 

Garnet. 

Quartz, 

Hornblende, 

Jade. 

Felfpar, 
Mica, 
Shor 

Felfpar, 

Mica, 

Hornblende. 

Quartz, 

Felfpar, 
Jade. 

Quartz, 

Shorl, 
Hornblende. 

Quartz, 
Shorl, 
Jade. 

Quartz, 

Shorl, 

Garnet. 

Quartz, 

Hornblende, 

Garnet. 

Quartz, 
Felfpar, 
Garnet. 

Quartz, 

Jade, 
Garnet. 

Felfpar, 

Quartz, 

Serpentine. 

Quartz, 

Mica, 
Shorl. 

Quartz, 
Hornblende, 
Hornftone, 

Felfpar, 
Quartz, 
Steatites. 

Quartz, 

Mica, 
Jade. 

Quartz, 

Quartz, 

Quartz, 

FeUpar, 

Mica, 

Sulpli.  of  barytes. 

Mica, 

Shorl, 

Mica, 

Shorl. 

Garnet. 

Shorl. 

Quartz, 

Quartz, 

Quartz, 

Felfpar, 

Felfpar, 

Sulph.  of  barytes. 

Mica, 

Mica, 

Mica, 

Steatites. 

Garnet. 

Hornblende. 
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G.lV.Gra- 
nitell. 


Genus  VI.    trap  (p).  G.  Vf. 

Under  this  genus  we  clafs  not  only  what  has  com-     Trap^ 
monly  been  called  trap,   but  alfo  wacken,  and  mullen, 
and  kragftone  of  Kirwan. 

SPECIES  I.  Common  trap. 
This  ftone  is  very  common  in  Scotland,  and  is  known 
by  the  name  of  ivhin/lone.  Whole  hills  are  formed  of 
it  ;  and  it  occurs  very  frequently  in  large  rounded  de- 
tached fragments.  Sometimes  it  affumes  the  form  of 
immcnfc  columns,  and  is  then  called  baj'alt.  The  Giants 
Caufeway  in  Ireland,  the  ifland  of  Staffa,  and  the  fouth 
fide  of  Arthur's  Seat  in  Scotland,  are  well  known  in- 
ftanccs  of  this  figure. 

Its  texture  is  earthy  or  compaft.  Its  frafture  un- 
even. Its  luftre  commonly  o.  Opaque.  Hardnefs  8 
to  9.  Not  brittle.  Sp.  gr.  from  2.78  to  3  02I*^J^,.^ 
Colour  black,  with  a  Ihade  of  grey,  blue,  or  purple  ; 
fometimes  blackifh  or  reddilh  brown  ;  in  fome  caff-.s 
greenifh  grey.  By  expofure  to  the  atmofphere,  it  often 
becomes  Invefted  winh  a  brownifli  rind.  Before  the 
blow-pipe,  it  melts /if;- /(■  into  a  more  or  lefs  black  glafs. 
Trap  confifts  of  fmall  cryftals  of  hornblende,  felfpar, 
olivine,  5cc.  ufually  fet  in  a  ground  compofed  apparent- 
ly of  clay  and  oxide  of  iron.  A  fpecimen,  in  the  form 
of  bafaltes,  from  Staffa,  analyfed  by  Dr  Kennedy  of  E- 
dinburgh,  contained      48  filica, 

16  alumina, 
16  oxide  of  iron, 
9  lime, 
J  moiitiwe, 
4  foda, 
I  muriatic  acid. 

99  t  \  EJh. 

A  Tr<!„j: ». 

— ■ S9. 

(p  )   Kirtv.  I.  23 1  and  43  l . — Faujas  de  St  Fond.  F.Jfai  fur  I'Hi/l.  Nat.  des  Roches  de  Trap. — Phil.  Trnnf.  paflim. 
•Swalfo  a  very  ingenious  fet  of  experiments  on  the  fufion  of  trap,  by  Sir  James  Hall  in  Tranf.  Edin.  V.  43, 


One  of  thefe  aggregates,  namely,  quarts,  mica,  gar- 
net, was  called  by  Cronftcdt  tiiorka  or  viurkjlen. 

Genus  IV.     graniteli,. 
Mr  Kirwan  gives  the  name  of  graniteli  to  all  aggre- 
gates   compofed   of  any   two  of  the   following   ingre- 
dients :   quartz,  fclfpath,   mica,  fhorl,  hornblende,  jade, 
garnet,  fteatitcs.     The  mod  remarkable  of  thefe  are  : 


Quartz, 
F^fpar. 

Quartz, 
Hornblende. 

Quartz,     1      Felfpar, 
Steatites.     Hornblende. 

1 

Quartz, 
Mica. 

Quartz, 
Jade. 

Felfpar, 

Mica. 

Felfpar, 
Jade. 

Quartz, 
Shorl. 

Quartz, 
Garnet. 

Felfpar, 
Shorl. 

Felfpar, 

Garnet. 

htones. 
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garths  and  A  fpecimen  from  Salifbury  rock,  near  Edinburgh, 
contained,  nccoiding  to  tlic  analyfis  of  the  fame  gentk- 
man,  46.0  filica, 

19.0  alumina, 
17.0  oxide  of  iron, 
8.0  lime, 
4.0  rnoifture, 
3.5  foda, 
i.o  muriatic  acid. 


-•  EiTw. 
Trail/.  V, 
Sio. 


I4S 
Wacken. 


98.5* 
Dr  Kennedy  condufted  tliefe  analyfes  with  grsAt  in. 
genuity  and  judgment  ;  and  the  difcovery  in  which  they 
terminated,  that  trap  contains  foda,  is  certainly  of  im- 
portance, and  may  lead  to  valuable  confequences  both 
in  a  geological  and  mineralogical  view. 


SPECIES  2.    Wacken  f. 

+  Kirwan,       This  ftone  often  forms  confiderable  parts  of  hills,  and, 

'•  '^'^i-         like   trap,  is  amorphous.      Its  texture  is  earthy.     Its 

frafture  ufually  even.     Luftre  o.      Opaque.     Hardnefs 

\  Kir-wan.    6  109.      Sp  gr.  from  2.535  '°  2.893  J.     Colour  grey, 

with  a  (hade  of  green,  black,  red,  brown.     When  ex- 

pofed  to  the  atmofphere,  it  withers  and  becomes  more 

grey. 

It  melts  into  a  grey  porous  flag. 
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*  KirvJiiJi^ 

i.  laj. 


K/aglione. 
^  Kiriv.  i. 

aa6. 
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G.  Vlf. 

Porphyry. 


SPECIES  3.     Mullen*. 

This  ftone  is  alfo  found  in  confiderable  maffes,  and 
fomttimes  has  a  tendency  to  a  columnar  form  like  ba- 
falt.  Texture  earthy.  Frafture  uneven,  and  fine  fplin- 
ter)'.  Luftre  0,  except  from  fome  (hining  particles  of 
bafaltine.  Opaque.  Hardnefs  from  7  to  9.  Sp.  gr. 
from  2.6  to  2.738.  Colour  afti  or  bluidi  grey  ;  fome- 
times  mixed  with  ochre  yellow,  in  confequence  of  the 
decompofition  of  the  ftone.  At  130°  Wedgewood  it 
melts  into  a  black  compaft  glafs. 

When  mullen  is  expofed  to  the  air,  its  furface  be- 
comes covered  with  3  greyifh  white  rind  fometimes 
(lightly  ochry. 

SPECIES  4.     Kragftone  *. 

This  ftone,  which,  like  the  others,  forms  confiderable 
parts  of  rocks,  was  formed  into  a  diftinA  fpecies  by 
Mr  Kirwan.  Its  texture  is  earthy.  It  is  exceedingly 
porous,  and  the  pores  are  often  filled  with  the  cryftals 
of  other  minerals.  FraAure  uneven.  Luftre  o.  O- 
paque.  Hardnefs  5  to  7.  Sp.  gr.  2.314.  Feels  rough 
and  harfli.  Colour  reddifti  grey.  Streak  yellowifli 
grey.  At  138"  Wedgewood  it  melts  into  a  reddifh 
brown  porcelain  mafs. 


Genus  VII.    porphyry. 

Any  ftone  which  contains  fcattered  cryftals  or  grains 
of  felfpar,  vifible  to  the  naked  eye,  is  denominated  a 
porphyry,  Befides  felfpar,  porphyries  generally  con- 
tain fmall  cryftals  of  quartz,  hornblende,  and  mica. 
Thefc  cryftals  are  ufually  of  a  different  colour  from  the 
ftone  in  which  they  are  found,  and  they  are  ftuck  in  it 
as  in  a  cement.  It  is  evident  from  this  definition,  that 
the  number  of  porphvries  mud  be  great.  Each  fpe- 
cies receives  its  name  from  the  ftone  which  forms  its  ba- 
fis.  To  defcribe  them  would  be  unneceflary.  We 
ftiall  pnly  give  a  catalogue  of  the  principal  fpecies. 


A  L  O  G  y, 

1.  Horn  ftone  porphyry. 

2.  Pitchftonc  porphyry, 

3.  Hornflate  porphyry. 

4.  Felfpar  or  petunle  por- 

pliyry. 

5.  Clay  porpliyry. 

6.  Hornblende  porphyry. 

7.  Trap  porphyry. 


8.  Wacken  porpliyry.      Aggrc^ne. 

9.  Mullen  porphyry,  '  '    )<   ' 

10.  Krag  porpliyry. 

11.  ArgiUitic  porphyry. 

12.  Put rtonc  porphyry. 

13.  Serpentine  porpliyry. 

14.  Sandllonc  porphyry. 


The  aggregates  belonging  to  this  fcftion  compofe 
moft  of  the  mountains  of  the  globe.  In  giving  an  ac- 
count of  them,  we  have  adhcied  implicitly  to  the  ar. 
rangement  moft  generally  received  by  mineralogifta.  It 
muft  be  acknowledged,  that  this  arrangement  is  by  no 
means  complete,  and  that  fome  of  the  genera  are  to^> 
vague  to  be  of  much  ufe.  The  number  of  aggregates 
already  difcovered  is  too  great  for  giving  to  each  a  par. 
ticular  name.  Perhaps  it  would  be  better  henceforth 
to  adopt  the  method  propofed  by  Mr  Hauy,  namely, 
to  conftitute  the  genera  from  that  ingredient  which  en- 
ters  moft  abundantly  into  the  aggregate,  and  which 
forms  as  it  were  its  bafis,  and  to  dillinguifli  the  fpecies 
according  to  the  nature  and  proportion  of  the  other 
ingredients.  According  to  this  plan,  the  aggregates 
hitherto  difcovered  have  been  divided  by  Hauy  into  th*. 
following  genera  : 


1.  Felfpathic  rock. 

2.  Quartzous  rock. 

3.  Micaceous  rock, 

4.  Cliloritous  rock. 

5.  Serpentine  rock. 

6.  Trappean  rock. 


7.  Hornblendean  rock. 

8.  Petro  filiceous  rock, 

9.  Gametic  rock. 

10.  Calcareous  rock. 

11.  Argillaceous  rock. 

12.  Corneous  rock. 


Sect.  IV.      Volcank  Aggregates. 

AGGREGATES  formed  by  volcanoes  may  be  reduced 
to  the  following  genera. 


Lava. 
Tufa. 
Pumice. 

Alhes. 


15  » 
G.  1.  Lavi. 


Vitreou8» 


Genus  I.     lava. 
All  fuhftances  which  have  iffucd  out  of  a  volcano  in 
a  ftate  of  fufion  are  called  lavas.     They  have  been  di- 
vided into  three  fpecies. 

SPECIES  I.     Vitreoys  lava. 

Found  in  fmnU  pieces. 

Texture  glofTy.  Frailurc  conchoidal.  Luftre  3. 
Tranfparency  from  3  to  l.  Hardnefs  9  to  10.  Sp.  gr. 
from  2  to  3.  Colour  blackilh,  greenilh,  or  whitifli. 
Commonly  fomewhat  porous. 

SPECIES  2.  Cellular  lava. 
This  fpecies  is  full  of  cells.  Surface  rough  and  full 
of  cavities.  Texture  earthy.  Luftre  o.  Opaque. 
Hardnefs  7  to  9.  Sp.  gr.  varies,  but  does  not  exceed 
2.8.  Colour  brown  or  greyifli  black.  Commonly  fome- 
what magnetic. 

SPECIES  3.     Compacl  lava.  Compacl, 

This  fpecies  is  the  moft  common  of  all;  it  runs  into 
F  f  2  the 
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Cellular. 


228 


Combiif- 
tible». 
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the  fecond  by  infenfible  degrees  ;   and  indeed  is  feldom 
I  found  of  any  confiderable  fi/.e  without  fome  pores.      It 
bears  in  general  a  very  ftrong  refcinblance  to  trap. 

A  fpecimen  of  the  lava  of  Catania  in  Sicily,  anal)  fed 
by  Dr  Kennedy,  contained 
51.0  filica, 
ip.o  alumina, 
14.5  oxide  of  iron, 
9.5  lime, 
4.0  foda, 
i.o  muriatic  acid. 

99.0* 
A  fpecimen  of  the  lava   of  Sta.  Ventre  in  Sicily  he 
found  to  contain  5c. 75  filica, 

17.50  alumina, 
14.25  oxide  of  iron, 
10.00  lime, 
4.00  foda, 
1. 00  muriatic  acid. 


f  IhiJ.  94. 


97-5  t 


Thus  we  fee,  that  the  refemblance  between  trap  and 
lava  holds  not  only  in  their  external  appearance,  but  al- 
fo  in  their  component  parts. 


O  G  Y.  Clafs  111. 

Genus  II.  puizolanA.  Combuf. 

Found  in  fmall  pieces.      Surface  rough.     Texture       ^'*^*^- 
earthy  and  porous.     Frafture  uneven.     Luftre  o.     O-         ", 
paque.     Hardnefs  3.     Very  brittle.     Sp.  gr.  from  2.57  g.  II.  Puz« 
to  2.8.     Colour  brown  or  dark  grey.      Magnetic.   Ea-zulana. 
fily  melts  into  a  black  flag. 

When  mixed  with  lime  into  a  mortar,  it  pofTetres  the 
property  of  hardening  even  under  water.  This  pro- 
perty  it  owes  mott  probably,  as  Mr  Kirwan  fuppofes, 
to  the  iron  which  it  contains.  The  iron  d^compofes 
the  water  of  the  mortar,  and  by  this  means  it  becomes 
too  hard  to  be  a£ied  upon  by  water  in  a  very  ihort 
time. 

Genus  III.   pumice.  G.  HI.  Pu. 

This  is  a  very  light  fubltance  ejefted  from  volcanoes. '"''^^• 
It  is  porous.      Hardnefs  3.      Brittle.    Sp.  gr.  below  I. 
Colour  grey  or  brown. 

In  fome  varieties  the  luftre  and  tranfparency  are  o  : 
in  others,  the  luftre  is  glafly,  2.  Tranfparency  from  i 
to  2. 

Genus  IV.  volcanic  ashe9.  G  iV.Vol- 

Thefe  are  analogous  to  the  afhes  of  common  pit  coal,  "^^nic  jflies^ 
Loofe  and  fmooth,  very  light  and  fine.      Slowly  diffu- 
fible  in  water,  and  when  wet  fomewhat  duilile. 


Class  II.    SALTS. 


TTNDER  this  clafs  we  comprehend  all  the  combina- 
^  tions  of  alkalies  with  acids  which  exift  in  the  mi- 
neral kingdom.  As  they  have  been  already  defciibed 
in  the  article  Chemistry,,  Suppl.  we  (hall  here  only 
give  a  lift  of  their  names. 

Genus  I.  potass. 

Sp.  I .  Sulphat  of  potafs. 
2.  Nitrat  of  potafs. 


Genus  II.  soda. 
Sp.  1. 
2. 

3- 

4- 

Genus  III.  ammonia. 

Sp.  I.  Sulphat  of  ammonia. 
2.  Muriat  of  ammonia. 


Carbonat  of  foda. 
Sulphat  of  foda. 
Muriat  of  foda. 
Borax. 


Class  III.  COMBUSTIBLES. 


T 


HE  combuftible  fubftances  belonging  to  the  mine- 
ral kingdom,  excluding  the  metals,   may  be   com- 
prehended under  the  following  genera. 


Sulphur. 
Carbon. 
Bitumen. 
Coal. 

Amber. 


Genus  I.  sulphur, 
species  I.  Native  fulphur. 
This  fubftance  is  found  abundantly  in  many  parts  of 
the  world,  efpetially  near  Volcanoes,  as  Hccla,  ^tna, 
Vefuvius,  the  Lipari  idands,  &c.  It  is  either  in  the 
ftate  of  powder,  or  mafTive,  or  cryftallized.  The  pri- 
mitive  form  of  its  cryftals  is  an  otlohcdron,  compofed 
i  F>g-  34'  of  two  four-Qded  pyramids,  joined  bafe  to  bafe  ;(;.  The 
Udes  of  thefe  pyramids  are  fcaleiie  triangles,  and  fo  in- 
clined that  the  plane  where  the  bafes  of  the  pyramids 
join  in  a  rhomb,  whofe  long  diagonal  is  to  its  (hort  as 
;_5  to  4  §.  Sometimes  the  apices  of  the  pyramids,  to 
ufe  the  language  of  De  Lifle,  are  truncated  ;  fome- 
times  they  are  feparated   from   each  other  by  a  prifm  ; 


fometimes  they  are   truncated   near  their  bafes,  and  a 

low  four-fided  pyramid  rifcs  from  the   truncatiire  :   tliis 

pyramid  is  alfo  fometimes  truncated  near  its  apex  ^.  Fi-  H  ^'g-  3J. 

Dally,  one  of  the  edges   of  the   pyramids   is   fometimes 

truncated.      For  figures  of  thefe   varieties   and  for  the 

laws  of  their  formation,  we  refer  to  Mr  Lcfroy  * .  *  Jour.dt 

Colour   yellow,    with  a  ftiade  of  green;   fometimes  ■'^"'- N° 
reddifh  (q^).     Luftre  greafy,  2.      Tranfparency  varies^*'"' ^^'" 
from  o  to  4.     Caufes    double    refraClion  f .     Texture  t  ■^""J'' 
compaft.      Hardnefs  4  to  5.      Brittle. — For  its   other 
properties,  we  refer  to  Chemistry  in  this  Suppl. 

Sometimes  fulphur  is  mixed  with  different  propor- 
tions of  earths.  Thefe  combinations  are  hardly  fuf- 
ceptible  of  accurate  defcription. 

Sulphur  combines  alfo  with  metals.  Thefe  combi- 
nations fhall  be  defcribed  in  the  fourth  clafs. 

.-.  TT  *** 

Genus  11.   carbon.  g.  \\, 

This  genus  comprehends  all    minerals  compofed   of  Carbon, 
pure  carbon,  or  of  carbon  combined  with  a  little  earth. 

SPECIES  I.  Diamond.  i*3 

This  mineral,  which  was  well  known  to  the  ancients,       """"^ 


(q^)  It  then  contains  arfenic. 


Clafs  III.  MINER 

is  found  i!i  different  parts  of  Afia,  particularly  in  the 
kingdoms  of  Golconda  and  Vifapour  ;  it  is  found  alio 
in  Brazil. 

It  is  always  cryftallized  ;  but  fometimes  fo  imper- 
feiSlly,  that  at  the  iirft  light  it  migiit  pafs  for  amor- 
phous. Its  primitive  form  is  a  regular  odtogun  f  ;  but 
it  more  commonly  aifumes  a  fpheroidal  form,  and  then 
has  lifually  36  curvilinear  triangular  faces,  fix  oi  which 
are  railed  \ipon  each  of  the  faces  of  the  primitive  oflo- 
gon  J.  Its  integrant  molecule,  according  to  Hauy,  is  a 
regular  tetrahedron. — For  a  more  particular  account  of 
the  cryftals  of  this  mineral,  we  refer  the  reader  to  Mr 
Rami  di  Lip  *  and  Mr  Hauy  f. 

Texture  foliated.  Luftre  4.  Tranfparency  from  2 
to  4.  Caufes  iingle  refraftion.  HardnelV  20.  Sp. 
gr.  3.5185  to  3.5310  J.      Colour  various;   fometimes 

I  Hui/j,  ii;V.  limpid,  fometimes  red,  orange,  yellow,  green,  blue,  and 
even  blackifh. 

When  rubebd  it  becomes  pofitively  cleftric,  even 
before  it  has  been    cut  by  the   lapidary,   which   is  not 

]j  Id.  itid.     the  cafe  with  any  other  gem  |{. 

^  Mf:rveau,      It  is  coinpoled  ot  pure  carbon  J . 

Ann.  de  .  ,  i 

SPECIES  2.   Mineral  charcoal. 

Kilkenny  coal — Wales  culm. 
This    mineral    has    been   found   in   Hungary, 


t  Fig-  3«. 


t  Fig.- 37- 


*  Crypt. 
ii.  191. 
+  Jnur.  de 
Min.  NO 
xxix.  343 


Chim.  XXXI 
71. 
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Mineral 
•harcoal. 


Ital 


_  y> 

France,  Ireland,    and    Wales.     It  occurs  iii  Aratilied 
malTes,  or  in   lumps  nefted  in  clay. 

Colour  black.  Lullre  4,  metallic.  Opaque.  Tex- 
ture foliated.  Hardntfs  5  to  7.  Sp.  gr.  1.4  to  1.526, 
Often  ilains  the  lingers,  Infoluble  in  acids.  Defla- 
grates with  nitre.  Does  not  burn  till  wholly  ignited, 
and  then  confumes  flovvly  without  emitting  flame  or 
fnioke. 

It  confifts  almoll  entirely  of  charcoal,  which,  as  Mor- 
•  Ibid.         veau  has  proved,  is  an  oxide  of  carbon  *. 

165  SPECIES  3.  Anthracite  (r). 

Anthracite.  jlnlhracolile. 

This  fubftance,  as  Dolomieu  informs  us,  is  found  ex- 
clufively  in  the  primitive  mountains.  It  is  always  amor- 
pbous.  Colour  black  or  brownilli  black.  Luftre  3  to 
4.  Strudture  flaty.  Fragments  rhomboidal.  Hard- 
nefs  6  to  7.  Sp.  gr.  greater  than  that  of  coal.'  Often 
ftains  the  fingers. 

Burns  precifely  like  the  laft  fpecies,  and  leaves  .40  of 
white  alhes.  According  to  Dolomieu,  it  is  compofed 
of  about  64.0  charcoal, 

325  filica, 
Z-5  iron, 


1 00.0  f 
It  is  probable  that  the  charcoal  in  the  two  lafl   fub- 
llances  is  in  the  fame  (late  in  which  it  cxifts  in  plum- 
bago, combined    with   oxygen,  but    not  containing  fo 
\Morviau,  n^^(,jj  35  charcoal  does  J. 

Genus  III.  bitumen. 
By  bitumen  we  underftand,  with  mineraloglfts  in  ge- 
neral, an  oil,  which  is  found  in  different  parts  of  the 
earth,  in  various  Ifatcs  of  confiftence.  I'liefe  diffe- 
rent flates  form  diftinft  fpecies  ;  in  our  arrangement  of 
which  we  fhall  be  guided  by  the  obfervations  which  Mr 
Hatchett  has  made  in  his  valuable  paper  on  bituminous 
•^'■'*»f."''fublUiices*. 

Journal^  11.  

201,  Hi, 


f  your,  da 
Mm.  N° 
xxLx.  338. 


ibid. 
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G.III.  Bi- 
tumen. 


A  L  O  G  Y.  229 

SPECIES  t.  Naphtha.  Coniln.r. 

This  fubllance   is  found  fometimes  on  the  furface  of      '    *^^"    , 
the  water  of  fprings,  and  fometimes  illuing  from  certain       ,j. 
Itrata.      It  is  found  in  great  abundance  in  Perlia.  Naphtha. 

It  is  as  fluid  and  tranlparent  as  water.     Colour  white 

or  yellowilh  white.   Smell  itrong,  but  not  difagreeablc. 

Sp.  gr.  when  white,  .y'^S  *  or  .729  f  ;  when  yellowilh,  *  Mufchcn. 

.8475  \.      Feel.5  greafy.      Catches  lire  on  the  approach  *'''"^- 

ot  flame,   burns    witli   a  white    flame,   and  leaves  fcarce  I  „t'"^' 
...  \  Brijon. 

any  reliduum. 

Infoluble  in  alcohol.  Does  not  freeze  at  o^  Fahren- 
heit. When  pure  naphtha  is  expofed  to  the  air,  it  be- 
comes yellow  and  then  brown  ;  its  coufulcnce  is  increa- 
ftd,  and  it  palles  InXo  petroleum  *.  «  Uauhett, 


168 
Petroleum. 


SPECIES  2.  Petroleum. 

This  fubftance  is  alio  found  in  Perlia,  and  likewife  In 
many  countries  in  Europe,  particularly  Italy,  France, 
Switzerland,  Germany,  Sweden,  Kngiaiid,  and  Scot- 
land. 

Not  fo  fluid  nor  tranfpareiit  as  water.   Colour  yellow, 
either  pale  or  with  a  ihade  of  red  or  green  ;  reddifh 
brov\'n  and  reddlfli  black.     Sijiell   that  of  naphtha,  but 
lefs  pleafant.      Sp.  gr.  8783  *      When  burned  it  yields*  Brijin, 
a  foot,  and  leaves  a  Imall  quantity  of  coally  rcfiduum. 

By  expolure  to  the  air  it  becomes  like  tar,  and  is 
then  called  mineral  tar  \.  f  Haidett, 

SPECIES  3.  Mineral  tar.  \g„ 

This  fubftance  is  found  In  many  paits  of  Ali.T,  Ame- Mineral 
rica,  and  Europe.      It  is  vifcid,  and  of  a  black,  brown- "r. 
ifli  black,  or  reddlfl)  colour.      Smell   fometimes  ftrong, 
but  often  faint.      Sp.gr.  i.i.      When  burned,  emits  a 
difagreeable  bituminous  fmell.     By  expolure  to  the  air 
it  palfes  into  mineral  pitch  and  maltha  *.  *  flatchitt, 

ibid. 

SPECIES  4.  Mineral  pitch  and  maltha.  170 

This  fubftance  has  a  ftronsj  refemblance  to  common '^"'^'*' 


litch  and 
maltha. 


pitch.  When  the  weather  is  warm  it  Is  foft,  and  has 
lonie  tenacity  ;  It  is  then  called  adheffue  mineral  [ritih  : 
when  the  weather  is  cold,  it  is  brittle  ;  its  hardncfs  is  5  ; 
and  Its  frafture  has  a  glalfy  luftre.  In  this  Hate  it  is 
called  maltha.  Colour  black,  dark  brown,  or  reddifh. 
Luftre  o.  Opaque.  Sp.  gr.  from  1.45  to  2.07.  Does 
not  ftuin  the  fingers.  On  a  white  hot  iron  it  flames  with 
a  ftrong  fmell,  and  leaves  a  quantity  of  grey  aflies.  It 
it  Is  to  the  prcience  of  the  earths  which  compofe  thefe 
aflies  that  the  great  fpecific  gravity  of  this  bitumen  is 
to  be  afcribed.  By  farther  induration.  It  palTes  Into 
afpholt.  171 

SPECIES  5.  Afphalt.  Afphalt. 

This  fubftance  is  found  abundantly  in  many  parts  of 
Europe,  Alia,  and  America,  efpecially  in  the  Ifland  of 
Trinidad. 

Colour  black  or  brownifh.  black.  Luftre  greafy  2. 
Opaque.  Fratture  conchoidal,  of  a  glaffy  luftre.  Hard- 
nefs  from  7  to  8.  Very  brittle.  Sp.  gr.  j  ,07  to  I.i6j  *.  *  Kirivan. 
Feel  fmoolh,  but  not  greafy.  Docs  not  ftain  the  fin- 
gers. Has  little  or  no  fmell,  uiilefs  when  rubbed  or 
heated.  When  heated  melts,  fwells,  and  Inflames  ;  and 
when  pure,  burns  without  leaving  any  aflies. 

SPECIES  6.   Elaftic  bitumen.  171 

Mineral  caoutchouc.  Elaftic  bit 

This  fubftance  was  found  about  the  year  1,786  in  the'""'"' 

lead 


(r)  This  name  was  given  by  Hauy  from  ai'.^xi,,  a  coal. 


Frf,  Jour 

Phyf.  xsxi. 
31J. 


4  Hatchet', 
ioid. 
7.? 


a^o  MINE 

Conilnif-    lead  mine  of  Odin,  near  Cafiletown,  Derbythirc.  It  was 
.    "''''■"•      firll  mentioned  by  Mr  De  Born. 

'  Colour  yellowldi  or  reJdi(h  brown,  fometimes  black- 

ifl)  brown.  In  its  appearance  it  has  a  Ibong  refem- 
bl-diice  to  cacitchouc  or  Indian  rubber  ;  henc>.  us  name. 
Confiftcncy  various  :  fometimes  lb  foft  i...  to  adhere  to 
the  fingers;  fometimes  nearly  as  hard  as  ;ifpha!t.  When 
foft  it  is  elaftic  ;  when  h*d  brittle.     Sp.  gr.  0.9053  to 

*  Halcbett,  1,02^5*. 

'*"'•  Infoluble  in  alcohol,  ether,  and  wil  of  turpentine,  but 

foluble  in  oil  of  olives.  Not  affefted  by  nitric  acid. 
When  diftilled,  it  yields  a  bituminous  oil  infoluble  in 

^  Lamctbi-  alcohol  ;  the  refiduum  is  carbonaceous  f. 

There  is  a  variety  of  this  fubftance  found  in  a  rivulet 
near  the  mine  of  Odin,  which,  when  frcfli  cut,  exadlly 
refembles  fine  cork  in  colour  and  texture;  but  in  a  few 
days  after  being  expofcd  to  the  air,  becomes  of  a  pale 
reddifh  brown.  This  fubftance  contains  within  it  a  nu- 
cleus of  elaftic  bitumen.  It  feems  to  be  the  elaftic  bi- 
tumen altered  in  its  texture  by  the  water  %. 

Genus  IV.    coal. 
G.IV.  Coal.      Thg  fubftances  belonging  to  this  genus  are  compofed 
of  carbon,  or  rather  charcoal,  and  bitumen. 

174  SPECIES    I.      Jet  (s). 

J"'  This  fubftance  is  found  in  France,  Spain,  Germany, 

Britain,  and  other  countries.      It  is  found  in  detaclicd 

kidney  form  mafles,  of  various  fizes,  from  an  inch  to  feven 

or  eight  feet  in  length. 

Colour  full  black.     Luftre   3  to  4  ;  internal   glaffy. 

Opaque.      Hardncfs   7   to   8.      Not  near  fo   brittle  as 

afphalt.      Texture  ftriated.    FraAure  conchoidal.      Sp. 

'"  Sr'Jon.      gr.  1.259*.     It  has  no  odour  except  when  heated,  and 

then  it  refembles  the  odour  of  afphnltum.      Melts  in  a 

ftrong  heat,  burns  with  a  greenilh  flame,  and  leaves  an 

I  Hatchctt,  earthy  refiduum  f . 

%  Kir-wan.        Becomcs    fbmewhat   eledlric    by    friftion  %.     When 

§  roi>ji/<f/;».diftifted  yields  a  peculiar  acid  jj. 

This  mineral  is  formed  into  buttons,  beads,  and  other 

trinkets.     The  manufafture  has  been  almoft  confined 

X]""-;!'.    to  France  11 . 
Min.  W  IV.  " 

41.  SPECIES  2.  Cannel  coal. 

This  mineral  is  found  in  Lancaftiirc,  and  in  diffe- 
rent parts  of  Scotland,  where  it  is  known  by  the  name 
■oi  parrot  coal. 

Colour  black.  Luftre  common,  2.  Opaque.  Struc- 
ture fometimes  flaty.  Texture  compaA.  Frafture  con- 
chuidal.  Hardnefs  5  to  8.  Brittle.  Sp.gr.  1.232  to 
J. 426.     Docs  not  ftain  the  fingers. 

Kindles  eafily,  and  burns  with  a  bright  white  flame 
like  a  candle  (t),  which  lafts  but  a  ftiort  time.  It  docs 
not  cake.     It  leaves  a  ftony  or  footy  refiduum. 

A  fpecimen  of  Lancaftiire  cannel  coal,  analyfed  by 
Mr  Kirwan,  contained  75.20  charcoal, 
21.6S  maltha, 
3.10  alumina  and  fiHca. 


R  A  LOG  Y.  ClafsII!, 

A  fpecimen  of  the  llaty  kind  from  Airfljire,  called  Ccmbuf- 
fphnt  coal,  was  compofed  of  ,   ""''^'- 

47.62  charcoal,  " 

32.52  maltha, 
20.00  eaichs. 
looTi^*  *  nid.  szi 

Cannel  coal  is  fufceptible  of  polifli,  and,  like  jet,  is 
often  wrought  into  trmkets. 

SPECIES  3.   Common  coal.  Ci'mmon 

This  very   ufcful  cfmbuftible  is  never  found  in  thccojl. 
primitive  mountains,   but  only  in  the  fecondary  moun- 
tains,  or  in   plains  formed  of  the  fame  materials  with 
them.      It  is  always  in   ftrata,  and  generally  alternates 
with  clay,  fandftone,  or  llmeftone. 

Colour  black,  more  or  lefs  perfetL  Luftre  ufually 
grcafy  or  metallic,  2  to  4.  Opaque.  Strufture  gene- 
rally flaty.  Texture  often  foliated.  Fradture  various. 
Hardnefs  4  to  6.  Sp.  gr.  1.25  to  1.37.  Ufually  ftains 
the  fingers.  Takes  fire  more  flowly,  and  burns  longer, 
than  the  laft  Ipecies.  Cakes  more  or  lefs  dunng  com- 
buft;un. 

Of  this  fpecies  there  are  many  varieties,  diftinguifhed 
in  Britain  by  the  names  of  caking  coal,  rock  coal,  lic. 
Thefe  are  too  well  known  to  require  any  defcription. 

Mr  Kirwan  analyfed  a  variety  of  different  kinds  of 
coal  :  The  refnlt  of  his  experiments  may  be  feen  by 
the  following  table. 


»75 
Cannel 
<:o4i. 


U'hiteha- 
ven  coal. 

Wigan. 

Swanfcy. 

L.ecireni. 

41-3 
1-7 

6»-73 

367 

i-i7 

73-53 
23.14 

3-33 

71-43 

23-37 

5.20 

charcoal, 
maltha  5c  afph. 
earthsf . 

100. 0 

lOO.CO 

100,00 

100.00 

t  Mineral. 
11.515. 


'-<I  Mineral. 
ii.  jij. 


99-9811 
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SPECIES  4.   Spurious  coal.  Spurious 

This  mineral  is  generally  found  amidft  ftrata  of  ge-coal. 
nuine  coaL      It  is  alio  called  parrot-coal  in  Scothdnd. 

Colour  greyifh black.  Luftre  o  to  I.  Strufture  ufually 
flaty.  Texture  earthy.  Hardnefs  7  to  8.  Sp.  gr.  1.5  to 
1.6.   Generally  explodes,  and  burfts  when  heated. 

Compofed  of  charcoal,  maltha,   and  afphalt,  and  a- 

bove  .20  of  ftony  matter. 

'  178 

Genus  V.  amber.  G.V.Aih» 

SPECIES  1.  Common  amber.  ber. 

This  fuliftance,  called  ekarum  by   the  ancients,    is 
found  in  different  countries  ;  but  moft  abundantly  in 
PrufTia,  either  on  the  fea-fliore,  or  under-ground  at  the 
depth  of  about  100  feet,  repofing  on  luood-coal %•     It  t  ^"■'"• 
IS  in  lumps  01  diiierent  ines.  ^^^ 

Colour  yellow.  Luftte  3  to  2.  Tranfparency  2  to  4. 
Frafture  conchoidal.  Hardnefs  5  to  6.  Sp.  gr.  1.078 
to  1.0S5.     Becomes  eledlric  by  friftion. 

If  a  piece  of  amber  be  fixed  upon  the  point  of  a 
knife,  and  then  kindled,  it  burns  to  the  end  without 
melting  ^.  i     "  }• 

By  diftillation  it  yields  fuccinic  acid. 

Class 


(s)  It  was  cvWei  gagathes  by  the  ancients,  from  the  river  Gages  in  Licia,  near  which  it  was  found  ;  jayet  In 
French,  oT:,abache  in  Spaniih,  ^dffl^/j  in  German, 

(t)  Hence  it  has  been  c,alled  cannel  coal.  Candle,  in  the  Lancadilre  and  Scotch  dialed,  is  pronounced 
tannal. 


ciafs  rv. 

Metallic 
Ores* 


miNERALOGY. 

Class  IV.     METALLIC  ORES. 


Golcf, 
Sliver. 


THIS  clafs  comprehends  all  llie  mineral  bodies,  com- 
pofed  either  entirely  of  inetals,  or  of  which  metals 
conftitiite  the  mod  confidcrable  and  important  part. 
It  is  from  the  minerals  belonging  to  this  clafs  that  all 
metals  are  extraftcd  ;  for  this  reafon  they  have  obtain- 
ed the  name  of  ores. 

The  metals  hitherto  difcovered  amount  to  21  ;  we 
fliall  therefore  divide  this  clafs  into  21  orders,  allotting 
a  dillindl  order  for  the  ores  of  every  particular  metal. 

Metals  exift  in  ores  in  one  or  other  of  the  four  fol- 
lowing Hates  :  i.  In  a  metallic  ftate,  and  either  folitary 
or  combined  with  each  other.  2.  Combined  with  ful- 
phur.  3.  In  the  ftate  of  oxides.  4.  Combined  with 
acids.  Each  order  therefore  may  be  divided  into  the 
four  following  genera. 

1.  Alloys,  3.  Oxides, 

2.  Sulphurets,  4.  Salts. 

It  muft  be  obferved,  however,  that  every  metal  has 
not  hitherto  been  found  in  all  thefe  four  flates,  and 
that  fome  of  them  are  hardly  fufceptible  of  them  all. 
Some  of  the  orders  therefore  want  one  or  more  genera, 
as  may  be  feen  from  the  following  table. 


I.  Oxides. 

Order  XX.   Ores  of  kllu- 


Order  I.  Gold  ores. 

I.  Alloys. 
Order  II.  Silver  ores. 

I.  Alloys. 

z.  Sulphurets. 

3    Oxides. 

4.  Salts. 
Order  III.   Platinum  ores. 

I .  Alloys. 
Order  IV.  Ores  of  mercury. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 
Ordkr  V.   Copper  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 
Order  VI.   Iron  ores. 


Alloys. 
Sulphurets. 
Carburets. 
Silicated  iron. 
Oxides. 
6.  Salts. 
Order  V  fl.   Tin  ores. 

1.  Sulphurets. 

2.  Oxides. 
Order  VIII.   Lead  ores. 


I, 

2, 

3- 
Order 
I . 
2. 
3- 


Sulphurets. 

Oxides. 

Salts. 

IX.  Zinc  ores. 

Sulphurets. 

Oxides. 

Salts. 


Order  X.  yintimonial  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 

Order  XI.  Bifmuih  ores, 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

Order  XII.  Arfenic  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

Order  XIII.   Cobalt  ores. 

1.  Alloys. 

2.  Sulphurets. 

3.  Oxides. 

4.  Salts. 

Order  XIV.  Nichel  ores. 

1.  Snlphurets. 

2.  Oxides. 

3.  Salts. 
OrderXV.  Manganefeores. 

1.  Oxides. 

2.  Salts. 
OrderXVI.  Tungsten  ores. 

1.  Oxides. 

2.  Salts. 
OrderXVII.  Ores  of  mo- 
lybdenum. 

1.  Snlphurets. 
Order  XVI II.  Ores  of  it. 
ranium. 

1.  Oxides. 

2.  Salts. 

Order  XIX,  Ores  of  tila- 
nium. 


I.  Alloys. 


I  Order  XXI.  Ores  o/ichro- 

mum. 
I.  Oxides. 


Order  I.    GOLD  ORES. 


iSl 


No  metal  perhaps,  if  we  except  iron,  is  more  widely  Where 
fcatteted   through   the  mineral  kingdom  than  gold  *.f''""<'' 
Hitherto  it  has  been   found  oidy  in   a  metallic   itate  ;  *  ^"'S"""*  ■ 
moft  commonly  in  grains,  ramifications,  leaves,  or  rhom- 
boidal,  oftahedral,   or  pyramidal  cryftals.      It   is  "-ene- 
rally  mixed  with  quartz,   though  there  are  inllances  of 
its  having  occurred  in  calcareous  rocks.      It  is  not  un- 
common  alfo  to  find  it  difleminated   through  the  ores 
of  other  metals  ;  efpecially  iron,  mercury,  copper,  and 
zinc.     The  grcatefl  quantity   of  gold  is  found  in  the 
warmer  regions  of  the  earth.      It  abounds  in  the  fands 
of  many  African  rivers,  and  is  very  common  in   South 
America  and  India.     Europe,  however,  is  not  deftitnte 
of  this  metal.      Spain  was  famous  in  a,ncient   times  for 
its  gold  mines,  and  feveral  of  the  rivers  in  France  con- 
tain it  in  their  fands  f.     But  the  principal  gold  mines  f  ^w«wi/r, 
in  Europe  are  thofe  of  Hungary,  and  next  to  them  thofe  ■''''-''"'•  ^'"■ 
of  Salzburg.      Gold  alfo  has  been  difcovered   in   Swe-'Uf'^,'''^' 
den  and  Norway,   and    more  lately  in  the  county  o( /■i.a'^Tranr. 
Wicklow  in  Ireland  t..  1796, p. 36,' 

/-             T        All           r      ij                            Milh,ib]j. 
Genus  I.     Alloys  of  gold.  p  jg /vi- 

sPECiEs  I.     Native  gold.  cholfm's 

Native  gold   is  never  completely  pure;   it  is  alloyed  J"'""- "• 

with  fome   fiiver  or   copper,  and   fometimes  with   :ron.'^'*j'g 

In  the  native  gold  found  in  Ireland,  indeed,  the  quan- g. I.  Native 

tity  of  alloy  appears  to  have  been  exceedingly  fmail.      ^IJ. 

Its  colour  is  yellow.      Lnltre  metalh'c.      Fvadture 

hackly.     Hardnefs  5.     Sp.gr.  from  12  tap. 

Order  II.     SILVER  ORES. 

Silver  is  found  moft  commonly  in  quartz,  Jimeftone,  \vher'^ 
hornllone;  or  combined  with   the  orL«s  of  other  metals,  lound. 
moll  commonly  with  copper,  antimony,   zinc,  cobalt, 
and  lead.     This  laft  metal  indeed  is  feldom  totally  def- 
titute  of  filver. 

1S4  - 
Genus  I.      Alloys  of  filver.  d. I.  Native 


sppxiEs   I.      Native  filver 


li'vrr. 

*  K'triv.  \\. 


Native  filver,  fo  called  becaufe  the  filver  is  nearly  in  ,^5  ^^' ','" 
a  ftate  of  purity,   forms  the  principal  part  of  fome  of/.w'^fl"" 
the  richcft  filver  mines  in  the  world.      It   is  fometimes /.//^r.Siif- 
in  fmall  lumps  ;   fometimes  crj'ftallizcd  in  cubes,  hexa-"'''  '738, 
hedrons,  oftahedrons,  or  dodecahedrons  ;   fometimes  in  l'""*"' 
leaves,  or  threads,  often  fo  connedled  with  each  other 
as  to  refemble  branches  of  trees,  and  therefore  called 
dendrites.     The  filver  in  the  famous  mines  of  Potoli  lia.s 
this  laft  form.     When  newly  extradted,  it  is  not  unlike 
fmall  branches  of  firf .  t  Birgmnn't 

The  colour  of  native  filver  is  white  ;  often  tarniflied.  PhJ-Giogr. 
Lnllre  metallic.     Fradure  hackly.     Hardncls  6.     Mai- j^^^^' ^o 
leable.     Sp.  gr.  from  1,   to  ic.338.  xvi  p.i5. 

Thr  filver  'r.\  this'  fpccits  is  aluioft  conftantly  alloyed 
'.villi  from  .03  to  .05  of  fome  other  metal,  frequently 
gold  01  arfenic. 

SPECIES 
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Silver. 

Alloy  of 
Clver  and 
gold. 


*  PiU. 

Trahf. 
1776,  p. 

53  J- 

186 
Alloy  of 
filver  ar.d 
antimony. 

ii.  no. 
X  Heme  de 

1^'Jley  iii. 

461. 

§  Hauy, 

jfour.  de 
Min.  N" 

rs.%.  p.  47.?. 

*  Kiriuatij 
MJ 

+  Ofufc  ii. 

415. 

4  Juiir.  dc 

Min.  ibid 


MINERALOGY. 


SPFCIEI  1.  Alloy  of  filver  and  gold. 
Auriferous  nalivejllver. 
This  alloy  is  not  uncommon  in  lllvor  mines.      Its  co- 
lour is  yellowifh  white.      Its-lu(lre  metallic.      Hardnefs 
5.   Malleable.    Sp.  gr.  above  10.6.    Dr.  Fordyce  found 
a  fpecimcn  from  Norway  compofed  of 
72  lilvcr, 
28  gold. 


Clafs  1\ 


100' 


spsciEs  3.   Alloy  of  filver  and  antimony  \. 
AnUmon'tatedJilver  ore. 

This  alloy,  which  is  found  in  the  filver  mines  of  Spain 
and  (Germany,  is  fometimes  in  grains  or  lumps,  and 
fometimes  cryftallized  in  fix-fided  prifms,  whole  fides 
are  longitudinally  channelled  \. 

Its  colour  is  white.  Its  luftre  metallic.  Hardnefs 
10.  Brittle.  Sp.  gr.  from  9.4406  {  to  10.*  Texture 
foliated.  Frafture  conchoidal.  Before  the  blow-pipe 
the  antimony  evaporates  in  a  grey  fmoke,  and  leaves  a 
brovvnifli  flag,  which  tinges  borax  green.  If  borax  be 
ufed  at  firft,  a  filver  bead  may  be  obtained. 

This  alloy  was  long  fuppofed  to  contain  arfenic. 
Bergman  examined  it,  and  found  only  filver  and  anti- 
mony t  His  analyfis  has  been  confirmed  by  the  ex- 
periments of  Vauquelin  and  Selb  \.  According  to 
Selb,  it  is  compofed  of  89  filver, 

II  antimony. 


SPECIES  2.  Antimoniated  filver  ore  ''. 
Sulphuret  of  filver  •with  auliincny  ond  iron. 
This  ore,   which    occurs  in   Saxony   and   Hungary,         ,58 
ieems  to  be  fulphurct  of  filver  contaminated  with  anti- Antimmi 
mony  and  iron,  and  ought  therefore,  in  all  probabilitv, '''''"''^"^' 
to  be  confidercd  merely  as  a  variety  of  the  lafl  fpecics. '^''V- 
It  is  fometimes  in  maffes,  but  more  iVcquently  cryftalliii.  118. 
zed  in  fix-fided  prifms,  tables,  or  rhomboids  ;   geneially 
indiftinft  and  accumulated  togetliur. 

Its  colour  is  iron  grey  ;   often   tarnifhcd.      Its  luftre 
metallic.    Frafture  uneven.     Hardnefs  4  to  5.    Brittle. 
Sp.    gr._  7.208  f.      Before  the    blow-pipe  the   fulphui-  ^  collet. 
and  antimony   exhale,  leaving  a  bead,   which   may  be 
freed  from  iron  by  fufion  with  nitre  and  borax. 

A  fpecimcn  of  this  ore,  analyfed  by  KLiproth,  con- 
tained 66.5  filver, 

1  2.0  fulphur, 
10. o  antimony, 
j.O  iron, 
l.o  filica, 


o.^  arfenic  and  copper. 


t  Beitra'fe, 
i.  166. 


$  IBeitriige, 
ii.301. 
187 
G.  II.  Sul. 
phurets. 
Common 


A  fpecimcn  analyfed  by  Klaproth,  contained 
84  filver, 
16  antimony. 

I03 

Another  fpecimcn  contained 

76  filver, 
24  antimony. 

100  X 


95.0 1 

SPECIES  3.  Sulphuret  of  filver  and  copper  |{ 

Cupriferous  fulphurated Jdver  ore.  Sulphuret 

This  ore,  which  is  found  in  the  Korbolokinll<  moun-  of  filver 
tains  in  Siberia,  was  firft  defcribed  by   Mr   Renovantz.^"^^!^"??" 
It  is  in  amorphous  maffes,  varying  in  fize  from  that  of;^     ir^can, 
the  thumb  to  that  of  the  fill. 

Its  colour  is  bluifh  grey  like  lead.  Luftre  metallic. 
Hardnefs  5  to  6.  Brittltr.  Its  powder,  when  rubbed 
on  the  fliin,  gives  it  a  black  colour  and  a  leaden  glofs. 
Beforetheblow-pipethe  fulphuret  of  filver  melts  readily: 
that  of  copper  with  difficulty.  This  ore  is  compofed 
of  about  42  filver, 

21  copper, 
35  fulphur. 


98 


Genus  II.   sulphurets  or  silver. 
SPECIES  I.  Common  fulphuret  of  filver*. 
Vitreous  Jtlver  ore. 
This  ore  occurs  in  the  filver  mines  of  Germany  and 
Clv'er"'^'  °  Hungary.      It  is    fometimes    in    maffes,   fometimes  in 
*  Kirivaii    threads,  and  fometimes  cryftallized.      Its    cryftals   are 
Ji.  115.         either  cubes  or  regular  oftohedrons,  whofe  angles  and 
edges  are  often  varioufly  truncated.     For  a  defcription 
of  the  varieties  produced  by  tiiefe  truncatures,  we  refer 
the  reader  to  Rome  de  Lifle  f . 

Its  colour  is  dark  bluifti  grey,  inclining  to  black  ; 
often  tarnifhed.  Internal  luitie  metallic.  Texture  fo- 
liated. Frafture  uneven.  Hardnefs  4  to  ?.  May  be 
cut  with  a  knife  like  lead.  Flexible  and  malleable. 
Sp.  gr.  6.909  f  to  7.215  [|  In  a  gentle  heat  the  ful- 
j]  GSUrt.     phur  evaporates.     Melts  when  heated  to  rednefs. 

A  fpecimcn  of  this  ore,  analyfed  by  Klaproth,  con- 
tained  "85  filver, 

15  fulphur. 
* 


t  Cryjial. 
iii.  44 '• 


X  Brijon 


Genus  III.  ()Xides  of  silver. 
SPECIES  I.    Calciform   filver  ore*. 
This  ore  was  firft  defcribed  by   Mr  Widenman. 
is  fometimes  in  maffes,  fometimes  difleminated  through  ii 
other  minerals. 

Its  colour  is  greyifti  black.  Its  ftreak  bright.  Its 
luftre  metallic.  Its  frafture  uneven.  Hardnefs  4  to  5. 
Brittle.  Sp.  gr.  confiderable.  Effervefces  with  acids. 
Melts  eafily  before  the  blow  pipe.  Froths  with  bo- 
rax. 

According  to  Selb,  it  contains  72.5  filver, 

15.5  copper, 
12.0  carbonic  acid. 


190 

G.  in. 

Oxides. 

Calciform 
filver  o  e. 

Kirtau/tf 

112. 


100  ' 


*  BeitrSgt, 
»■  162. 


SPECIES  2.   Red  filver  ore  (u).  jpj 

This  ore  is  very   common   in  feveral  German    filver  Red  filver 
mines.      It  occurs  in  maffes,  diffeminated  and   cryftnlli- "■■«• 
zed.     The  primitive  form  of  its  cryftals  is  a  dodecahe- 
dron %,  whofe  fides  are  equal  rhombs,  and  which  may  bef  Fig-s'- 

con- 


(u)    Kirw.  II.  122 ScopoH  de    Minera  Argenti,  Rubra. — Sage,  Jour,  de  Phyf,  XXXIV.    33I.  and  XLI. 

370;  and  Nouv.  Jour,  de  Phyf  II.  28^.~-W^rum,  Jour,  de  Phyf  XLIII.  2^\.~- Klaproth,  Beitr'dse,  I.  141- 
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Silver.     confiJered  as  a  fix-fided  rhomboidal  prifm,  terminated    pipe  it  inftantly  melts,  and  grndiiallj-  evapivrntes,  hut    M- rallic 
by    three-liJed    fuminits*.      Sometimes    the    prifm    is     may  be  reduced  by  adding  an  alkab'. 


■I-  n;j. 

X   Jour. 
J-Hijl.  y^ 
tunlU,  N' 

18.  p.  116. 

II  Kirtuon. 


lengthened,  and  lumetimes  its  edges,  or  thofe  ot  the 
ternn'nating  fummits,  or  both,  are  wanting.  For  a  de- 
fjriptiiin  and  figure  of  thefe  varieties,  we  refer  to  De 
Lift;  t  and  Hany  \. 

Its  colour  is  commonly  red.  Streak,  red.  External 
luftre  metallic,  internal  common.  rranip.rr-cncy  from 
^  to  1  ;  fometimcs  opaque.  Fraciilre  fiat  conchoidal. 
Hardnefs  5  to  7.  Brittle.  Sp.  gr.  from  5.44  ||  to 
*' "'7'"''"' 5.502  *.  Becomes  eledric  by  friiiion,  but  only  when 
AJ'/i  N'^  infulatedf.  Soluble  in  nitric  acid  without  effervef- 
x»ii.  p.  a.  cence  {.  Before  the  blow-pipe  melts,  blackens,  burns 
t  i?jav, ".'■/•  with  a  blue  flame,  gives  out  a  white  fmoke  with  a  flight 
N°xxx.  [..  ~.^,.ij^,  fifiell,  and  leaves  a  fdver  bead  |1. 
476.  fa  '  ■  " 

\iUuy,ih\d.  Variety  t.   Light  red. 

xixi.  p.  Colour  intermediate  between  blood  and  cochineal  red  ; 
U^ji/TOj/i/;, '''-'"''^■■'''f'-'s  variegated.  Streak  orange  red.  I'owJer 
Hid.  black. 

Variety  2.   Dark  red. 
Colour  commonly  between  dark  cochineal  red  and 
lead  grey  ;   fometimcs   nearly  black,  and   without  any 
(hade  of  red.      Streak  dark  crimfon  red. 

This  ore  was  long  fuppofed  to  coiitain  arfenic.    Kla- 
*Ann.ii     proth  firft  afcertained   its  real  compofition  *  ;    and  his 
Chim.  xviu  analyfis  has  been  confirmed  by  Vauquelin,  who  found  a 
fpecimen  compofed  of  56.6748  filver, 

16.  I3'0  antimony, 
I  j. 0666  fulphur, 
12.1286  oxygen. 


That  this  ore  contains  muriatic  acid,  has  been  long 
known.      Mr  Wotdfe  firll  flvewed  that  it  contained  alfo 

acid  *  :  and  tiiis  difeovery  has  been  corfirmid  ,J^''"r 


*  F611. 


fulph\n-ic 

by   KIa|)roth,  according  to   whofe  analyfis  this  ore   isij^o. 
compofed  of  67.75  "Jtide  of  filver, 

6.00  oxide  of  iron, 
21.00  muriatic  acid, 
.25  fulphuric  acid, 
1 .75  alumina. 

The  alumina  can  only  be  confidered  as  mixed  with 
the  ore.  Sometimes  its  quantity  amounts  to  .67  of  the 
whole  t  ♦■^^'''•P' 


137- 


Order  III.  ORES  OF  PLATINUM  (v). 


>9J 
Hitherto  no  mine  of  platinum  has  been  difcovercd.  Minej. 

It  is  found  in  fmall  fcales  or  grains  on  the  lands  of  the 

river  Pinto,  and  near  Carthagena  in   South   America. 

It  is  always  in  a  metallic   date,  and  always  combined 

with  iron. 

Genus  I.   alloys  of  platinum. 

SPECIES  i.  Native  platinum.  ,.. 

Its  colour  is  whitifh  iron  grey.  Magnetic.  Sp.  gr.  G.I.  Alloyi. 
from  12  to  16.  Soluble  in  nitro-muriatic  and  oxy- ^•■>t'''«  pl»- 
muriatic  acids.  ''"""• 

Order  IV.   ORES  OF  MERCURY. 


100. 


Klaproth  proved,  that  the  filver  and  antimony  are  in         Mercury  is  einployed  in  medicine;  it  ferves  to  fe- 

the  ftate  of  oxides  ;   and    Vauquelin,  that  the  fulphur  parate  filver  and  gold  from  their  ores  ;   the  filvering  of 

is  combined  partly  with  the  oxide  of  filver  and    partly  looklng-glafTes,  gilding,  &c.  are  performed  by  means  of 

with  the  oxide  of  antimony.   Klaproth  obtained  a  little  it  ;'  and  its  fulphuret  forms  a  beautiful  paint.  Mines, 

fulphuric  acid  ;   but  this  acid,  as  Vauquelin,  with  his         Mercury  abounds  in  Europe,  particularly   in  Spain, 

ufual  ingenuity,  demonftrated,  was  formed  during  the  Germany,  and  Hungary  :  it  is  found  alfo  in  China  (z), 


8. 
i9» 
G.  IV. 

Salt'. 
Muriat  of 
Clvcr. 


analyfis. 

This  ore  fometimes  contains  a  minute  portion  of  ar- 

f  ^i"?'"'''",  fenic,  but  never  more  than  .02  +. 
iiiJ.  [ .  8. 

Genus  IV.   salts  of  silver. 

SPECIES  I.   Muriat  of  filver  (x). 

Corneous  Jilver  ore. 

This  ore  occurs  at  Johanngeorgenftadt  in  Saxony,  in 

South  America,  &c.    It  is  often  amorphous,  fometimes 

nearly  in  powder,  and  fometimes  cryftallized  in  cubes 

or  parallelepipeds. 

Its  colours  are  various  :   when  expofcd  to  the  light  it 

becomes  brown.      Internal  lullre  greafy,  2  ;  external,  2 

to   I.      Acquires  a  glofs  when  fcraped  with  a  knife. 

Tranfparency  2  to  I.     Texture  foliated.      Hardnefs  4 

to  5.      Sp.  gr.   4  745  X  to  4.804  II .      Before  the  blow- 

SufPL.  Vol.  II.  Parti. 


y  GclUrl. 


the  Phillipines  II,  and  in  Peru,  and   perhaps  Chilt    (a)  ||  Carnri't 
in   South    America.     The    mod    produftive   mines  of'°7''i'\ 
mercury  are  thofe  of  Idria  *  ;  of  Almaden,  near  Cordo-  .  „"*" ',' 

n-  1*1  1_L11^  /\t    jour,  de 

va  in  Spam,  which  were  wrought  by  the  Romans  (b)  ;  j/,„.  n* 
of  the  Palatinate  f  ;  and  of  Guanca  Velica  in  Peru  (c).xxxvi.  p. 

Mercury  has   never  been   found   in  Britain,  nor  hasV'5- 
any   mine  worth   working  been   difcovered   in   France. -'l°i'.'^' /q 
It  occurs  moll  commonly  in   argillaceous  ihillus,  lime-.,i_3ydyii. 
Hones,  and  fandltones. 

Genus  I.  alloys  of  mercury. 

SPECIES  I.   Native  mercury.  T96. 

Native  mercury  is  found  in  moll  mercurial  mines  :   it  f  I.  AIIoy§ 

Is  In  fmall  globules,  fcattered  through  different  kinds  of    ^"'* 
„  1    °  ,  mercury, 

itones,  clays,  and  ores. 

Fluid.      Colour  white 


Sp.  gr,  about  13.6. 


Gg 


SPECIES 


(x)  Klrtu.  II.  ii^.  —  Laxman.  Nov.  Comm.  Petropol.  XIX.  482. — Monnet,  Mem.  Sfav.  Etatig.  IX.  717. 

(v)  See  Brownrigg,  Phil.  Tranf.  XLVI.  ^^.^.—Leiuis,  ibid.  XLVIII.  638.  and  L.  XJ^'i.—Margrof,  Mem. 
Berlin,  1757,  p.  314. — Macquer,  Mem.  Par.  1758,  p.  II9. — Buffon,  'Jour,  de  Phyf.  III.  324. —  Moiv.'au,  ibid, 
VI.  193. — Bergman,  Opufc.  II.  166. — Tillet,  Mem.  Par.  1779,  p.  373,  and  385,  and  541;. — Crell,  Crell's  An- 
nals,  1784.  I  Band.  iz8.—JVilHs,  Manchejier  Memoirs,  HI.  ifil.— Muffin  Pufchkin,  Ann.de  Chim.  XXIV. 
205. — Morveau,  ibid.  XXV.  3. 

(z)  See  Entrecolle's  Letlres  Edificantes. 

(a)  See  Molina's  Natural  HiJIory  of  Chili. 

(b)  See  Bowie's  Natural  HiJIory  of  Spain,  and  Jour,  de  Min.  N"  xxxi.  p.  SSS' 

(c)  See  Ulloa's  Memoirs  concerning  Amzrica. 
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SPECIES  2.     Amalgam  of  lilvcr  *. 

A''iitive  amalgam. 

Tin's  mineral   has   been   found  in   the   filver  mine  of 

Sahlberg  f.  "i  tl'^  province  of  Dalecarlia,   in  Sweden  ; 

in  tiie  mines  of  Deux  Fonts  J.  in  the   Palatinate;  and 

in  other  j)!aces.      It  is  in  thin  plates,  or  grains,  or  cry- 

,  llalliyed  in  cubes,  parallelopipeds,  or  pyramids. 

Its  colour  is  filvery  white  or  grey.  Luftre  metallic. 
Creaks  when  cut.  Sp.  gr.  above  10.  Tinges  gold 
white.  Before  the  blow-pipe  the  mercury  evaporates 
and  leaves  the  filver. 

A  fpecimen  of  this  amalgam,  analyfed  by  Klaproth, 
contained  64  mercury, 

36  iilver. 

100  § 
Sometimes   it   contains  a   mixture    of  alumina,  and 
fometimes  the   proportion   of  mercury  is  fo  great  that 
the  amalgam  is  nearly  as  foft  as  parte. 

Genus  II.     sulphurfts  of  mfrcury. 
SPECIES  I.      Common  fulphuret  ||. 
Native  cinnabar. 
This   ore,    which   is  fonnd    in    almoft  all    mercurial 
mines,   is  fometimes  in   veins,    fometimes   dlfieminated, 
fometimes  in  grains,  and   fometimes  cryftallized.      Tlie 
form  of  its  cryftals    is  a  tetrahedron  or  three-fided  py- 
ramid, mod  commonly  wanting  the  fummit ;  fometimes 
two   of  thefe   pyramids   are  joined  bafe  to  bafe  ;   and 
fometimes  there   is   a  three  fided  prifni   interpofed   he- 
tween  them  «[. 

Its  colour  is  red.  Its  flreak  red  and  metallic.  Luftre 
when  cryftallized  2  to  3  ;  when  amorphous,  often  c. 
Tranfparency,  when  cryftallized,  from  i  to  3  ;  when 
amorphous,  often  o.  Texture  generally  foliated.  Hard- 
nefs  from  3  to  8.      Sp.  gr.  from  5.419  to  10.1285. 

Before  the   blow-pipe  evaporates  with   a  blue  flame 
and  fulphureous  fmcll.      Inioluble  in  nitric  acid  *. 
Variety  I.      Dark  red. 
Colour  cochineal   red.      Hardnefs   6  to   7.      Sp.  gr. 
when  pure,   10.1285  f;  fometimes  only   7.2,  or  even 
6.i88t. 

Variety  2.     Bright  red. 
Colour    commonly    fcarlet.       Sp.   gr.    6. 9022  §    to 

5-419  II- 

Genus  III.     oxides  of  mercury. 
SPECIES  I.      Hepatic  mercurial  ore  ^. 

This  ore,  which  is  the  moll  common  in  the  mines  of 
Tdria,  is  always  amorphous,  and  is  often  mixed  with  na- 
tive mercury  and  cinnabar. 

Its  colour  is  fomewhat  red.  Its  ftreak  dark  red  and 
brighter.  Luftre  commonly  metallic.  Hardnefs  from 
6  to  8.  Sp.  gr.  from  9.2301*  to  7.186!.  When 
heated  the  mercury  evaporates. 

Though  this  ore  has  never  been  accurately  analyfed, 
chemills  have  concluded  that  the  mercury  which  it 
contains  is  in  the  ftate  of  a  red  oxide,  becaufe  it  is  in- 
foluble  in  nitric  and  foluble  in  muriatic  acid  \.  When 
purell,  it  contains  about  .77  of  mercury  §.  It  contains 
alfo  fome  fulphur  and  iron. 

Werner  has  divided  this  fpccies  into  two  varieties, 
the  compaa  and  tUeJIaly.  The  fecond  is  often  nothing 
more  than  bituminous  fhale  impregnated  with  oxide  of 
mercury  ||. 


CkfsIV- 
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Ores. 


Genus  IV.     mercurhl  salts. 
SPECIES  I.      Muridt  of  mercury*. 

Corneous  mtrctiry.  ^ 

This  ore,  which  occurs  in   the  Palatinate,   is  fome-  Mercurial 
times  in  fcales,  fometimes  in  grains,  and  fometimes  cry- Salts. 
ftallized.      Its  cryftals  are  either  fmall  four  or  fix  fided '^"f^^''  °f 
prifms  whofe  fides  arc  rhombs  f,  or  cubes,  or  foiir-fided  .^tl^!^""^''' 
pyramids  wanting  their  angles.      i  hey  are  always  vcryii.  226. 
Imall  and  generally  confufed.  f  Home  it 

Its   colours   are    various;   but   it  is  moft  frequently  ■^'T''' '"• 
white.      Its  luftre,   vhcn  white,  is  pearly.      Sometimes'   '" 
opaque,  and    fometimes  fcmitranfparent.      Evaporates 
before  the  blow-pipe. 

Mr  Woulfe  difcovered  that  this  ore  generally  con- 
tains fome  fuiphuric  acid  %•    Specimens  have  been  found  f  Ph}l. 
in  which  the  quantity  of  fulphutic  acid  exceeds  that  oiT"'"'/-  Ixvfe 

the  muriatic  I.  *'^  , 

■•  §  Sucio'w, 

Order  V.     COPPER  ORES. 

M.1NY  of  the  moft  ufeful  utenfils  are  formed  of  cop- 
per :  it  enters  largely  into  the  compofition  of  brals, 
bronze,  and  btll  metal  ;  not  to  mention  the  dyes  and 
paints  of  which  it  is  the  bafis. 

Copper  mines  abound  in  moft  countries.      They  areMjjjeji, 
wrought  in  Ciiina,  Japan,  Sumatra;  the  north  of  Afri- 
ca ;  in  Chili  and  Mexico  ;  and  in  moft  parts  of  Europe; 
efpecially  Britain,  Germany,  Ruffia,  Hungary. 

Copper  is  found  moft  commonly  in  rocks  of  horn- 
blende, ftiiftus,  and  quartz. 

Genus  1.     alloys  ok  copper,  G.I.  Alloy?. 

SPECIES   I.      Native  copper  II .  Native  cop- 

Native  copper  occurs  now  and  then  in  the  greater F^'-,. 
number  of  copper  mines  :     Sometimes  it  is  in  mafles, ".     """^» 
fometimes  in  plates  and  threads,  which  alTume  a  variety  t,-],,.,^^^,^, 
of  torms  ;  and  fometimes,  as  in  Siberia,  it  is  cryftallized 
in  cubes,  or  other  forms  nearly  refembling  cubes  J.  5  H.iuy, 

Colour  commonly  that  of  copper,  but  fometimes  dark  Joi/i-.  de 
brown.      Luftre  metallic.      Streak  brighter.      Fradfure-'^^'^-  ^° 
hackly.      Flexible  and  malleable.      Hardnefs   6  to 
Sp.  gr.  from  7.6*  to  8.s844f. 

SPECIES  2.      White  copper  ore  :f. 

yllloy  of  capper,  iron,  ami  arjenic. 

This  ore,   which   is  (aid  to  be   uncommon,  occurs  in  p.  jog. 

maffes.     Colour  white.    Luftre  metallic.      Fratture  un-      ^03 

even.      Hardnefs    8  to  g.      Brittle.      Sp.  gr.   confider-'^''^'''  "^"P- 
,  ,  -^  '    °  per  ore. 

^D'"^-  .  .  .  .       }  Kir.  Mil,.- 

Before  the   blow-pipe   gives   out    a  white    arfenicalii.  ijj. 
fmoke,  and  melts  into  a  greyifti  black  flag  J.  J  jyidenman. 

Genus  II.     sulphurets  of  copper.  g  I?^  S  U 

SPECIES  I.     Common  fulphuret  of  copper  ||.  phurets. 

Vitreous  copper  ere.  Copper. 

This  ore,  which  is  found  in  Cornwall,  Hungary,  andt'ommon 
Siberia,  occurs  in  mafles,  plates,  threads,  and  cryftalli-' "'l''^""'"' 
zed  in   fix-fided  prifms,  or  four-Tided  pyramids,  joined  ,  ^iy.^a„ 
bafe  to  bafe.  ii.  144, 

Colour  bluifli  grey.     Streak  brighter  grey.     Luftre 
metallic.  Hardnefs  4  to  7.    Sp.  gr.  5.452  f  to  5.565  •;,  A:,v,„a„, 
fometimes  fo  low  as  4.129!.      Detonates  with  nitre.      *  Celltrt. 

Before  the  blow-pipe  it  melts  eafily  ;  and  while  the  fu-t  Kirixan. 
fion  exhibits  a  green  pearl,  which,  on  cooling,  is  cove- 
red with  3  brown  cruft.     Tinges  borax  green. 

Werner  makes  two  varieties  of  this  ore  :  the  firft  he 

calls 


XXXI.  ^09, 

•  Kir^wafi, 

Min.  ii. 

128- 

f  Hauy,  ibid. 


Order  IV.  MINER 

Copper     calls  eompaH,  from  its  fraAure  \  and  the  fecond,  for  the 
^'^^-      fame  reafoa,  he   c.\\h  fo/ia/er/.     This  lall  is  fomewhat 
'^^~~*'~~'  darlicr  colouri."d  than  the  firll,  but  in  other  refpdtts  they 
agree. 

SPECIES  2-  Copper  pyrites  *. 
Telloiv  topper  ore. 
This  ore,  which  is  probably  nothing  elfe  than  ful- 
phuret  of  iron  combined  with  copper,  and  which,  there- 
fore, would  be  more  properly  placed  among  iron  ores, 
is  found  frequently  in  copper  mines,  and  mixed  with 
common  pyrites  or  fulphuret  of  iron.  It  is  fometimes 
amorphous,  and  fometimes  cryftallized.  Its  cryflals  are 
either  three  or  four  fided  pyramids  applied  bafe  to  bafe, 
or  fix-fided  plales. 

Its  colour  is  yellow  ;  often  tarniflied.      Its  internal 
luftre  metallic.    Hardnefs  6  to  7;  fometimes  9.    Brittle. 
■f  trijfon.     Sp.  gr.  4.3  14 1  t°  4-o8  t'     Deflagrates  ;  but  does  not 
%  Kir-wan,   detonate  with  nitre  §. 

^Id.dtitn.  Before  the  blow-pipe  decrepitates,  gives  a  greenifh 
"■  '■^''  fulphureous  fmoke,  and  melts  into  a  black  mafs,  which 
tinges  borax  green.  Does  not  effervefce  with  nitric  acid. 

SPECIES  3.  Purple  copper  ore  ||. 
This  ore  is  found  in  malTes,  or  plates,  or  diflemina- 
ted  ;  fometimes,  alio,  it  is  cryftallized  in  odlahedrons. 
Colour  various,  but  moft  commonly  purple  ;  internally 
reddilh.  Streak  reddifh  and  bright.  Luftre  metallic. 
Hardnefs  6  to  7.  Brittle.  Sp.  gr.  4.9  (6  to  4.983  f . 
Effervefces  with  nitric  acid,  and  tinges  it  green.  De- 
flagrates with  nitre.  Before  the  blow-pipe  melts  readi- 
ly, withour  fmoke,  vapour,  or  fmell  ;  but  is  not  redu- 
ced.    Tinges  borax  a  bright  green. 

A  fpecimeu  of  this  ore,  analyfed  by  Klaproth,  con- 
tained 58  copper, 
'  18  iron, 
19  fulphur, 
5  oxygen. 
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SPECIES  4.  Grey  copper  ore  \. 
This  ore  is  found  in  Cornwall,  Saxony,  Hungary, 
&c.  It  is  often  amorphous,  but  often  alfo  cryftallized. 
The  primitive  form  of  its  cryftals  is  the  regular  tetra- 
hedron ;  but,  in  general,  either  the  angles  or  the  edges, 
or  both,  are  truncated  or  bevelled  ^. 

Colour  fteel  grey  ;  often  tarnifhed,  and  then  dark 
grey.  Streak  dark  grey  ;  fometimes  reddifh  brown. 
Powder  blackifti ;  fometimes  with  a  tint  of  red.  Luftre 
metallic.  Hardnefs  7  or  8.  Very  brittle.  Sp.  gr. 
4.8648  II .  Deflagrates  with  nitre.  Before  the  blow- 
pipe crackles,  but  at  laft  melts,  elpecially  if  aflifted  by 
borax.  The  bead  gives  a  white  fmoke,  without  any 
particular  fmell ;  tinges  borax  yellow  or  brownifli  red, 
but  does  not  unite  with  it. 

A  fpecimen  of  this  ore  from  Cremnitz,  analyfed  by 
Klaproth,  contained     31  copper, 
1 4  filver, 
34  antimony, 

3  iron, 
1 1  fulphur. 
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A  L  O  G  Y.  2;v5 

Napion,  in  an  oie  from  the  valhsy  of  Lnnzo,  found   MctaUx 
copper,  filver,  and  antimony,  nearly  in  tiic  fame  pro-      '•'"'• 
portions,   but  more  iron,  and  fome  arfenic  *.     Savoreli,  »  ,ij,„.  x*. 
as  Baron  Born    iuforms   us,  belides  the   ingredients  ot,//,,  t.  173. 
Klaproth's  analyfis,   found  fome  gold  and  mercury   in 
grey  coi)per  ore  f  :  and  Klaproth  hiiiifelt'  found  lead  in  t  Cu/a/.  ii. 
molt  of  the  other  fpecimens  which  he  examined.  '•^  " 

Genus  III.     oxides  of  copper.  g.  iir. 

SPECIES  I.      Red  oxide  of  copper  J.  Oxides. 

Florid  red  copper  ore  -  Red  copper  glafs.  ^^^  ^''"'^'= 

This  ore  is  found  in  Cornwall,  and  many  other  coun. "  ^y^ 
tries.      It  occurs  in  mafles,  dilfcminated,  in  fcales,  and,;   j,,_ 
cryftallized.  The  figure  of  its  cryllala  is  moil  commonly 
the  odtahedron  p.  §  Hobjt, 

Colour  commonly  cochineal  red.      Streak   briek  red.  V""''- ''' 
Luftre  femimctallic.     Traniparency,  when  amorphous,  ^^^j ' 
generally  o  ;  when  cryftallized,  3  or  4.     Hardnels  from 
4  to  7.      Soluble  witii  effervefcence  in  nitric  acid.      Be- 
fore the  blowpipe  melts  eafily,  and  is  reduced. 

i  his  ore  was  iuppofed  to  be  compofed  ot  carbonic 
acid  and  red  oxide  of  copper  ;   but  a  fpecimen,  exami- 
ned by  Vauqnelin,  which  coniifted  of  pure  cryftals,  con- 
tained no  acid  ||.     It  muft  therefore  be  conlidered  as  an  11  nn, 
oxide  of  copper. 

Werner  has  made  three  varieties  of  this  ore,  which, 
from  their  texture,  he  has  denominated  compaH,  foliated, 
and  JUrous .  The  fii  ft  is  ftldom  or  never  found  cryftal- 
lized, and  is  opaque  ;  the  fecond  occurs  amorphous,  ' 
cryftallized,  and  in  fcales  ;  the  third  is  carmine,  ruby, 
or  fcarlet  red  ;  and  occurs  always  in  ftiort  capillary  cry- 
ftals, or  delicate  flakes. 

This  ore  fometimes  contains  a  mixture  of  red  oxide 
of  iron  ;  it  is  then  called  irici  red  copper  ore,  copper 
malm,  or  copper  ochre. 

This  ore  is  fometimes  mixed  with  bitumen.  Its  co- 
lour is  then  brownifli  black,  and  it  is  called ^//f/j  ore. 

SPECIES  5.     Green  oxide  of  copper*.  _      '    .. 

^_,         ,-,,-,,  Orcen  oxide 

Green /and  oj  Feru.  ofcoi.per. 

This  ore,  which  was  brought  from  Peru  by  Dombey,  *  Kiiivan, 
is  a  grafs  green  powder,    mixed  with  grains  of  quartz.''-  '49- 
When  thrown  on    burning    coals,   it   communicates   a 
green  colour  to  the  flame.      It  is  foluble  both  in  nitric 
and  muriatic  acids  without  effervefeeuce.    The  folutiou 
is  green.      It  was  fuppoied  to  contain   muriatic  acid  -f-  ;  (.  Ecrthllat 
but  Vauquelin  has  difccvered  that  the  appearance  oi  Mrm.  Par. 
this  acid  was  owing  to  the  prefence  of  fome   common 'J'"'' ''^'* 
fait,  which  is  accidently  mixed  with  the  fand  J.  4  <x„,  j, 

GT\7-  Mil.  a" 

ENUS   IV.        SALTS  OF   COPPER. 

_,  ,  _  ,     .  XXXU319. 

SPECIES  I.     Blue  carbonat  ot  copper  (d). 
Mountain  blue — A-z.ure  de  cuivre — Blue  calx  of  copper-—  „  ?y  g  ■ 
Kupfer  bxur.  _  uL^e  carho- 

This  ore,  which  occurs  in  the  copper  mines  of  Sibe-nat  of  cop- 
ria,  Sweden,  Germany,   Hungary,  Cornwal,  S;c.   is  ci-P^'"' 
ther  amorphous  or  cryftallized.       The  cryftals  are  fniall, 
and  difficult  to  examine.     According  to  Rome  de  Lifle, 
their  primitive  form  is  an  octahedron,  the  fides  of  which 
are  ifoicelcs  triangles,  and  two  of  them  more  inclined 
than  the  others  J.     Be  that   as  it  may,  tiie  cry kAs  oi^CryJIal.iu, 
blue  carbonat  of  copper  are  often   rhomboidal  prifms,  343- 
either  regular,  or  terminated  by  dihedral  fuinmits  ||.         ii  y^y. „, 
Its  colour  is  azure  or  fmalt  blue.   Streak  blue.  Hard-345. 
G  g  2  jicfs 


(0)   Kirwn.  II.  129. — Morveau,  Mem.  Dijon,  1782.  I  Semeflre,  p.  ico. 
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nefs  4  to  6.  Brittle.  Sp.  gr.  3.608  f .  It  effervefces 
with  nitric  acid,  and  gives  it  a  blue  colour.  Before  the 
blow  pipe  it  blackens,  but  does  not  melt.  Tinges  bo- 
rax green  with  efFcrvcfctnce. 

The  cryllals,  according  to  Pelletier,  are  compofcd  of 
66  to  70  copper, 
18  —  20  carbonic  acid, 
8  —  10  oxygen, 
2  —   2  water. 
Fontana  firfl,  difeovered  that  this  ore  contained  car- 
bonic acid  gas 

Variety  I.   Earthy  blue  carbonat. 
Movutain  blue. 
This  variety  generally  contains  a  mixture  of  lime.  Tt 
is   never  cryftalllzed  ;    and  fometimes  is  almoft  in  the 
ftatc  of  powder.      Luftre  o.      Texture  earthy. 
Fariely  2.    Striated  blue  carbonat  of  copper. 
Luftre  glafty.     Tranfparency,  when  cryftalli/.ed,  2  ; 
when  amorphous,  I.      Texture  ftriatcd  ;  lomctimes  ap- 
proaching to  the  foliated. 

SPECIES   2.      Green  carbonat  of  copper  (e). 
Oxygenated  carbonat  of  copper — Malachite. 
This  ore  is  generally  amorphous,  but  fometimes  it  Is 
cryftallized  in   four-fided  prifms,  terminated  by   four- 
fided  pyramids. 

Colour  green.  Luftre  filky.  Harduefs  5  to  7. 
Brittle.  Sp.  gr.  3.571  *  to  3.653  %■  Effervefces 
with  nitric  acid,  and  gives  a  blue  colour  to  ammonia. 
Before  the  blow-pipe  it  decrepitates  and  blackens,  but 
does  not  melt.  Tinges  borax  yellowifti  green.  It  is 
compofed  of  carbonic  acid  and  green  oxide  of  iron. 
J''ariefy  1.  Fibrous  malachite. 
Texture  fibrous.  Opaque  when  amorphous ;  when 
cryftallized  its  tranfparency  is  2.  Colour  generally 
grafs  green. 

Variety  2.  Compaft  malachite. 
Texture  compad.     Opaque.    Colour  varies  from  the 
dark  emerald  green  to  blackifti  green. 

A  fpecimcn  of  malachite  from   Siberia,  analyfed  by 
Klaproth,  contained        58.0  copper, 

18.0  carbonic  acid, 
12.5  oxygen, 
I  i.j  water. 

100* 
This  fpecies  is  fometimes  mixed  with  clay,  chalk, 
and  gypfum,  in  various  proportions  ;  it  is  then  known 
by  the  name  of 

Common  tnountain  green. 
Its  colour  is  verdigris  green.     Luftre  o.     Tranfpa- 
rency o  to    I.      Hardnefs  3  to  4.      Brittle.      Texture 
earthy.   Efl'ervefces  feebly  with  acids.   Before  the  blow- 
pipe it  exhibits  the  fame  phenomena  with  malachite. 
SPECIES  3.      Sulpliat  of  copper. 
For  a  defcn'ption  of  this  fait,   fee  Chemistry,    n'^ 
648.  in  this  Supplement. 

SPECIES4.     Arfeniat  of  copper :{:. 
OHvc  copper  ore. 
This  ore  is  found  at  Cararach  in  Cornwa]._    It  is  ge- 
nerally cryftallized  in  fix-fided  comprefTed  prifms.      Its 
colour  is  olive  green.    Streak  fometimes  ftraw  coloured. 
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fometimes  olive  green.     Ludre  glafty.     Tranfparency    Metallic 
from  4  to  2.      Frafture  conchoidal.      Hardnefs  4  to  7.       ^'''^'■ 
Before  ttie  blow-pipe  deflagrates  with  an  arfenical  fmoke,  ' 

and  melts  into  a  grey  coloured  bead.      This  bead,  fufed 
with  borax,  leaves  a  button  of  pure  copper  ||.  ^Khprctb'i 

Klaproth  difeovered  that  it  was  compofed  of  oxide  ^^ iJ^'"""' 
copper  and  arfenic  acid.  Cmniodl, 

Sometimes  this  ore  is  combined  with  iron.      It  then  p.  19. 
cryftallizes  in  cubes.      Thete  cubes  are  of  a  dark  green 
colour;  before  the  blow-pipe  they   irothe,  give  out  an 
arfenical  fmoke,  and  do  not  fo  quickly  form  a  grey  bead 
as  the  arfeniat  of  copper  *.  *  Jbid.  p. 

Order  VL     IRON  ORES.  *9- 

To  defcribe  the  ufes  of  iron,  would   be  to  write  the 
hiftory  of  every  art  and  manufacture,  fnice  there  is  not 
one  which  is  not  more  or  Icfs  dependent  upon  this  ufe- 
ful  metal.      Nor  is  its  abundance  inferior  to  its  utility.        jj.      1 
It  exifts  almoll  everywhere,  and  feems,   as  it  were,  the  Mines.     "» 
bond  which  connedls  the  mineral  kingdom  together. 

Genus  I.     alloys  of  iron.  ^'5 

SPECIES  I.      Native  iron  (f),  NatWc  °^'' 

Native  iron  has  been  found  in   Siberia  and   in  Peru  iru„. 
in  immenfe  maftes,  which  leemed  as  if  they  had  been 
fufed.      Thefe  maffcs  evidently  did  not  originate  in  the 
place  where  they  were  found.     See  FisE-balh,  Siippl. 

Colour  bluilli  white.  Frafture  hackly.  Luftre  me- 
tallic. Malleable.  Magnetic.  Hardnefs-S  to  9.  Sp. 
gr.  7.8.  Prouft  has  difeovered,  that  the  native  iron 
found  in  Peru  is  alloyed  with  nickel  ^.  ^Nidolfin't 

Genus  II.   sulphurets  of  iron.  5''""'''"' 

SPECIES  I.  Common  fulphuret  of  iron  *.  37''' 

Pyrites.  ''      !'<?• 

This  mineral  occurs  very  frequently  both  in  ores  and''-  '"■Sul- 
mixed  with  other  bodies,  for  inftance  in   flates.      It  is^.^Jj^^'^n 
often  amorphous,  and  often  alfo  cryftallized.      The  pri- fulphuret  of 
mitive  form  of  its  cryftals  is  either  a  regular  cube  or  an  iron, 
oflohedron.      The  varieties  of  its  form  hitherto   dcfcri-*  Ji^'^"", 
bed  amount  to  30;  for   a  defcription   of  which  we  re- ^^„/^^.^  n 
fer  the  reader  to  Rome  cfe  Lijle  f .  ritologiu. 

Its  colour  is  yellow.      Its  luftre  metallic.     Hardnefs  fCrv/Fa/. 
8  to  10.      Brittle.      Sp.   gr.   3.44  to  4.6.      Soluble  in"'-^°8- 
nitric   acid   with  effervefcence.      Scarce  foluble  in   ful- 
pliuric  acid.     Before  the  blow-pipe  burns  with   a  blue 
flame   and  a  fulphureous  fmell,  and  leaves  a  brownilli 
bead,  which  tinges  borax  of  a  fmutty  green. 
Variety  I.   Common  pyrites. 

Fraftu'-e  uneven.  Hardnefs  10.  Decrepitates  when 
heated.  Emits  a  fulphureous  fmell  when  rubbed.  Not 
magnetic.     It  occurs  often  in  coal  mines  and  in  flates. 


i 


Variety  2.      Striated  Pyrites. 
Texture  ftriated.      Hardnefs  10.     Not  magnetic. 

Variety  3.  Capillary. 
Colour  often  fteel  grey.      Found  in  needle-form  cry. 
ftals.      Uncommon.      Not  magnetic. 

Variety  4.   Magnetic  pyrites. 
Found  in  maffes.     Texture    compaft.     Hardnefs  8, 
9.      Slightly  magnetic.      Seems  to  contain  lefs  fulphur 
than  the  other  varieties. 

In  pyrites  the  proportion  of   the  fulphur  to  the  Iron 
is  variable ;  and  this  explains  the  variety  of  its  cry  ftaUine 

forms. 

Genus 


(e)  Kiriv.  IL  izi.— Fontanel,   Jour,  de  Phf.  XI.  ^ot).— Klaproth,  Beitr'dge,  II.  287. 

(f)  Pallas,   Phil.    Tranf.  LXVI.   ^2i.-Rubin  de   Celts,  ibid.   LXVIII.  37.— See    alfo   Schreiber,  Jour,   dc 
■Phi/.  XLI.  3.;  and  Stelin,Phi/.  Tranf.  LXIV,  461. 


Order  IV. 


MINERALOGY. 


Iron  Ore 


ii.  58. 


GbNUS  III.     CARBURET  OF    IRON. 

'—     V       '  spFCiKS  I.   Plumbago*. 

^*'7|  Graph'iU  of  Werner. 

PliimbaL'o.  This  mineral  is  found  in  England,  Gernnny,  France, 
*  Kh-j.-an,  Spain.  America,  &c.  It  occurs  in  kidncy-forn\  lumps 
of  viirious  fizes.  Its  colour  is  dark  iron  grey  or  hrowu- 
iili  black  ;  when  cut,  bluidi  grey.  Lullre  metallic, 
from  \  to  4.  Opaque.  Strudure  flaty.  Texture  fine 
grained.  Hardnefs  4  to  5.  Brittle.  Sp.  gr.  from 
J. 987  to  2.089;  after  being  foaked  in  water  2.15; 
after  being  heated  2.^,  and  when  heated  after  that 
2.41  f .  Feels  fomewhat  greafy.  Stains  the  fingers,  and 
marks  (Irongly.  Tlie  ufe  of  this  nu'ncral  when  manu- 
faftured  into  pencils  is  known  to  every  perfon. 

Its  compufitlon   was  difcavcred  by  Schtele.     When 
pure  it  contains  9?  carbon, 

lo   iron. 


2.37 

Metallic 
Oris. 


t  Sr,/.« 


But  it  is  often  exceedingly  impure  :  A  fpecimen,  for 
inftance,   from  the  mine  of  Pluffier,  in  France,  analyfcd 
by  Vauquclin,  contained  23  carbon, 
2  iron, 
38  filica, 
37  alumina. 

%  Jour.  *  1 00  I 

Xii.  1>.  16.  Ge.VUS   IV.       IRON    COMBINED  WITH    SILICA. 

aiS.  spECiKs  I.      Emery*. 

G.  IV.  This  mineral  is  commonly  diflfeminated  through  other 

Eniery.        fofljls     but    fometinies  in  the   Eaft  Indies  it  occurs  in 

jlijij.         ^^''g^  malies. 

Its  colour  is  bluifli  grey,  greyilh  brown,  or  bluifh 
black,  often  covered  with  a  yellowifh  rind  ;  internally 
it   difcovers  red  or  purple   fpots.      Lullre    i  or  o  ;   in 
fome  parts   2,  and  metallic.      Opaque.     Hardnefs  14. 
f  Srljhn.      Brittle.      Sp.    gr.    3.92  f .      Before    the    blow-pipe    it 
blackens  and  gives  a  fmutty  yellow  tinge  to  borax. 
According  to  Wiegleb  it  contains 
9J.6  filica, 
4.3  iron. 

JI9  99.9 

G.  V. 

Ojjidcs.  Genus  V.     Oxides  or  iron. 

This  genus  is  very  extenfive  ;  for  iron  is  much  more 

frequently  found  in  the  ftate  of  an  oxide  than  in  any 
II*      other. 
ofiroV"'^^  s p E CI F s  I .     Black  ox ide  of  iron  | . 

1  Kiriuan     Common  magnetic  iron  Ji one — Blackijh  o3oheilral  iron  ors. 
ii.  ijS.  This  fpecies  of  ore  is  verj'  common  in  Sweden  ;  it  is 

found   alfo   in   Switzerland,  Norway,   RufPia,   &c.      It 

,  p^^  J      occurs  in  maffes,  plates,  grains,  and  cryflallized.      The 

Li!le,m,      primitive  form  of  its  cryftals  is  a  regular  oftohcdron  f. 

17S.  Sometimes  two  oppofite  fides  of  the  pyramids  are  tra- 

5 /i«/.         peziums,  which  renders  the  apex  of  the  pyramids  cunei- 

'^oiir."dt       f"'"'^'     Sometimes  the  cryftals  pafs  into  rhomboidal  pa- 

Miit.  N^      rallclopipeds,  and  into  dodecahedrons  with  rhomboidal 

xxxiii. 6j9.  faces  J. 

^Kirii^^cns       jts  furface  is  brownifh  black  ;   internally  blnifh  grey. 

J   '"'"■        Powder  black  *.    Streak  blackilh  grey,  brighter.   Luftre 

t  Hauy,       metallic.   Hardnefs   9  to    10.      Brittle.      Sp.gr.   from 

Jour,  de      4.094  to  4.688  f .     Attrafted  by  the  magnet,  and  ge- 

Min.  N'     nerally  pofleffed  of  more  or  lefs  magnetic  virtue  t.    To 
HXLjiy.  b  + 


this  fpecies  belongs  the  magnet.  Before  the  blow  pipe 
it  becomes  browner,  but  docs  nut  milt.  Tinges  borax 
dark  green.  ' 

^^'hcn  pure  it  confifts  entirely  of  oxide  of  iron  ;  and 
this  oxide  appears  to  contain  from  .15^10   24  oxygen, 
and  from   .7610.85   iron^.      Undoubtedly  it    couliils  S  A'/r^na/i. 
of  a  mixture  of  iron   in   two   dlfl'erent  Hates  of  oxida- ■'^''''- »• 
tion.      It   is  often   alfo   mixed   and   contaminated  with  '•"■ 
foreign  ingredients. 

There  are  two  varieties  of  this  ore.  The  firft  is 
what  we  have  jull  defcribcd  ;  the  fccond  is  in  the  firm 
ot   fund,  and  has  therefore  been  called 

Magnetic  fand  *.  »  Klrw^n, 

This  fubftnnce  is   found  in  Italy,  Virginia,   St.  Do-''- — Dufu- 
mingo,  the  Ead  Indies,  and  in  the  fand  of  the  river  Don^'''  7°"^-  <* 
at  Aberdeen  in  Scotland.      It  is  black,  very  hard,  mag-  xirp.75 
netic.      Sp.gr.    about  4.6       Not  altered  by. the  blow- 
pipe jJ^ry^;   melts   into   a  black  glafs  with  jjotafs,   and 
into  a  green  glafs  with  microcofmic  Lit,  both  opaque  -f-.  +  Fcurcroy, 
It  probably  contains  foiiie  filica,  33   Kirv.an  has   fup-'^""'* 
pofedf.  "■ 

SPECIES  2.  Specular  iron  ore  ^. 
Fer  uUg'ijh. 

This  ore  is  found  abundantly  in  the  ifle  of  Elba  neargn  '^I'r 
Tufcany.      It    is  either  in  malTjs  or  cryftallized.      Theiionore. 
primitive  form  of  ils  cryftsl-i,  and  of  its  integrant  rtiole-  \  Kirio.W^ 
cples,  is  the  cube  *.      The  varieties  hitherto  obferved  a-  '^i-— Cm- 
amount  to  7.   Thefe  are  the  rhombuidal  para]leloj)ipcd;|J^"^'A"'''' 
the  cube,  with  three  triangular  faces  inllead  of  two  of 5 2. 
its  angles  diagonally  oppofite;  two  fix  fided  pyramids,*  Hauy, 
applied  bafe  to  baft,  wanting  the  fiimn.its  I,  and  fome- 7<"". ''^ 
times  the  angles  at  the  bafes,  and  fitmttimes  the  alter- ^       '  ^^ 
nate  edges  of  the  pyramid  ;    a  polyhedron  of  24  fides,  \  lig.y).  ' 
refembling  a  cube  with  three  triangular  faces  for  two 
angles   diagonally    oppofite,  and  two  triangles  for  the 
rell  of  its  angles.    For  a  dcfcription  and  figure  of  tiiefe 
varieties,  we  refer  to  Rami  de  Lijle  \  and  Hauy  \.  (•  O-v/?. iii. 

Colour  fteel   grey;  often  tarni-fhed,    and   beautifully  iSj'. 
iridefcent,   reflefting    yellow,    blue,  red.      Streak  red.  M*"'' ^^°- 
Powder  dark   red.      Luftre  metaRic.      Hardnefs   9   to 
10.   Not  brittle.   Sp.  gr.  5.01  \6\  to  5.218^.  Slightly  .  jj^^ 
magnetic.     Little   altered  by   the  blow-pipe.      Tinges  I  ^^yZj. 
borax  an  obfcure  yellow. 

This  ore,  according   to  Mr  Mulhet,  is  compofed  of 
66.1  iron. 


him.  11. 
127. 

\  Min.  ii. 
i6i. 


21.2  oxygen, 

10.7  water  and  carbonic  acid, 
2.0  lime. 

1 00.0  f 

The  quantity  of  oxygen  here  ftated  is  probably  too 
fmall,  owing  to  the  unavoidable  inaccuracy  whicli  re- 
fulrs  from  the  dry  -way  of  analyfis  which  Mr  Mufliet 
followed. 

Micaceous  iron  ore 

Is  generally  confidered  as  a  variety  of  this  fpecies. 
Kirwan,  however,  fuppofes  it  to  contain  carbon,  and 
to  be  a  diftiuifi;  fpecies. 

It  is  found  in  Saxony,  and  in  the  ifle  of  Elba,  &c. 
generally  in  amorphous  malTes,  compofed  of  thin  fix- 
fided  lamince.  Colour  iron  grey.  Streak  bluifh  grey. 
Luftre  metallic.  Opaque.  Feels  greefy.  Hardnefs  5 
to  7.     Brittle,     Sp.  gr.  from  4.5   to  5,07.     Slightly. 

magnetic. 


f  Plllof. 
Mag^  iij. 
354- 
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Jroti  OreK.  msgiictic.     Infufibk  by  the  blow-pipe. 
jreenilh  brown. 


*  V:  Lip, 
iii.  I  S3. 


t  Haiiy, 
'J^itr.  lie 
Min.  N" 
xxxi.  3J. 

Brown  iron 

ire. 

%  Kir-w.'\\. 


1  N  E  R 

Tinges  borax 


SoEciES  3.      Laniliiatcd  fpeclilav  iron  ore. 
Fer  pyrocctl  of  Haiiy. 

This  ore,  which  is  foiind  at  Montd'or  in  Auvergn, 
was  ufually  arranged  under  the  laft  fpecies  ;  but  has 
been  feparattd  from  it,  we  think  properly,  by  Mr  Hauy, 
becaufe  the  form  of  its  cry  dais  is  incompatible  with  the 
fnppoiition  that  their  primitive  nucleus  is  a  cube,  as  we 
have  feen  is  the  cafe  with  common  fpecular  iron  ore.  Its 
cryftals  are  thin  oftagonal  plates,  bounded  by  fix  linear 
trapeziums,  alternately  inclined  different  ways  *. 

Colour  fteel  grey.  Powder  reddidi  black.  Luftre 
metallic  ;  furface  polilhed.  Fradlure  glafly.  Very 
brittle  f.  Hauy  fuppofes  that  this  ore  has  been  pro- 
duced  by  fire,  and  accordingly  has  given  it  a  name 
which  denotes  its  origin. 

SPECIES  4.      Brown  iron  ore  J. 

This  fpecies  of  ore  is  found  abundantly  in  Britain, 
pai-ticularly  in  Cumberland  and  Lancaflu're  ;  and  it  is 
aU'o  very  common  in  other  counties.  It  confifts  of  the 
brown  oxide  of  iron,  more  or  lefs  contanSinated  with 
other  ingredients. 

Its  colour  is  brown.  Its  ftreak  reddiih  brown.  Sp. 
gr.  from  3.4771  to  3-951.  Before  the  blow-pipe 
blackens,  but  docs  not  melt.  Tinges  borax  gre.euilh 
yellow. 

Varlely  r.      Brown  haematites. 

The  name  hsematites  (bloodflone)  was  probably  ap- 
plied by  the  ancients  only  to  thofe  ores  which  are  of  a 
red  colour,  and  have  fome  refeniblance  to  clotted  blood  ; 
but  by  the  moderns  it  is  applied  to  all  the  ores  of  iron 
which  give  a  reddilh  coloured  powder,  provided  they 
be  of  a  fibrous  texture. 

Brown  haematites  occurs  in  mafles  of  various  fliapes, 
and  it  is  faid  alfo  to  have  been  found  cryftallized  in  five 
or  fix  fided  acute  angled  pyramids.  Colour  of  the  fur- 
face  brown  or  black,  fometimes  iridefcent  ;  internally 
nut  brown.  Powder  red.  Texture  fibrous.  Hardnefs 
8  to  10.  Brittle.  Sp.gr.  3.789  J  103.95111.  Not 
magnetic. 

This  variety  has  not  been  analyfed,  but  it  feems  to 
confift  of  brown  oxide  of  iron,  oxide  of  manganefe,  and 
*[  Ki>«)an'j  Jlumina  fl. 

Variety  2.     Conipaft  brown  iron  (lone. 

This  variety  occurs  in  mafTes  of  very  various  and 
often  fantaftieal  fliapes. 

Colour  brown.      Internal  lufl:re   metallic, 
compadl.    Hardnefs  6  to  9.    Brittle.    Sp.  gr. 

t°3-5S't-  „  ^    ,     . 

Variety  3.     Brown  icaiy  iron  ore. 

This  variety  is  generally  incumbent  on  other  mine- 
rals. Colour  brown.  Luftre  metallic.  Stains  the 
fingers,  marks  ftrongly.  Feels  unftuous.  Texture  fo- 
liated. Hardnefs  3  to  5.  Brittle.  So  light  as  often 
to  float  on  water. 

Variety  4.      Brown  iron  ochre; 

This  variety  occurs  both  maffive  and  difleminated. 
Colour  from  nut  brown  to  orange.  Luftre  o.  Strongly 
ftains  the  fingers.     Texture  earthy.     Hardnefs  3  to  4. 
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When  flightly  heated  reddens. 


SPECIES  5.     Red  iron  ore;}:. 
Colour  red.     Streak  blood  red.     Sp.  gr.  from  3-423 


to  5.005.      Before    the   blow-pipe  blacken?,  but  does    Metallic 
not  nult.      Tinges  borax  ycllowilh  olive  green.    When       Ores. 
digelled  in  ammonia,   it  becomes  black  and  often  mag-         •"""" 
iietic. 

Variety  i.      Red  haematites. 

Found  in  mafles,  and  all  the  variety  of  fonns  of  fta- 
ladlites.  Colour  between  brownifli  red  and  fteel  grey. 
Powder  red.  Internal  luftre  metallic.  Texture  fibrous. 
Hardnefs  9  to  10.   Brittle.   Sp.  gr.  4.74  *  to  5.^05  f .   «  dUerf. 

When  pure  it  confifts  of  red  oxide  of  iron,  but  it  of-t  Kir-wan. 
ten  contains  manganefe  and  alumina  J.  j  Kirwaa't 

Variety  2.      Compaft  red  iron  ore.  Min.  ii. 

Found  maffive  and   ftalaftitic  ;   fometimes  in  cryftals '^J* 
of  variiius  forms,  but  they  feem  to  be  only  fecondary  ; 
fometimes  in  columns  like  bafalt. 

Colour  between  brown  red  and   fteel  grey.      Stains 
the  lingers.     Luftre  i  to  o  ;  often  femimetallic.     Tex- 
ture compaft.      Hardnefs    7   to  9.      Brittle.      Sp.  gr. 
3.423  to  3.76^.     Sometimes  inverted  with  a  rofy  red  §  Kirwaiu 
ochre. 

Variety  3.      Red  ochre. 

Found  fometimes  in  powder,  fometimes  indurated. 
Colour  blood  red.  Stains  the  fingers.  Luftre  o.  Tex- 
ture earthy.     Hardnefs  3  to  5.     Brittle. 

Variety  4.      Red  fcaly  iron  ore. 

This  variety  is  generally  found  incumbent  upon  other 
iron  ores.  Colour  between  cherry  red  and  fteel  grey. 
Stains  the  fingers.  Luftre  filky,  inclining  to  metallic. 
Texture  foliated.  Feels  undtuous.  Hardnefs  3  to  4. 
Brittle.     Heavy. 

SPECIES  6.     Argillaceous  iron  ore  (|.  Argillaceo 

Oxid  of  iron  combined  or  mixed  with  clay.  ous  iron 

This  ore  is  exceedingly  common  ;  and  though  it  con-ore- 
tains  lefs  iron  than  the  fpecies   already  defcribed,  it  is,  J  •'^"""'•"• 
in  this  country  at  leaft,  preferred  to  them,  becaufe  the 
method  of  extrafting  pure  iron  from  it  is  eafier,  or  ra- 
ther becaufe  it  is  better  underftood. 

Colour  moft  commonly  dark  brown.  Streak  red  or 
yellowifli  brown.  Sp.  gr.  from  2.673  to  3.471  *.  ^^- <t  Kir^uxm 
fore  the  blow-pipe  blackens,  and  tinges  borax  olive 
green  and  blackifti.  It  is  compofed  of  oxide  of  iron, 
alumina,  lime,  filica  in  various  proportions.  It  gene- 
rally yields  from  30  to  ^o  per  cent,  ot  iron. 

Variety  i.     Common  argillaceous  iron  ore. 

The  minerals  arranged  under  this  variety  differ  con- 
fiderably  from  each  other  in  their  external  charafters. 
They  are  found  in  mafliss  of  various  fhapes,  and  oft«a 
form  large  ftrata. 

Colour  various  ftiades  of  grey,  brown^  yellow,  and 
red.  Streak  reddifti  yellow  or  dark  red.  Luftre  o. 
Hardnefs  from  3  to  8.  Smell  earthy  when  breathed 
upon. 

Variety  2.     Columnar  or  fcapiform  iron  ore. 

This  variety  is  found  in  columns,  adhering  to  each 
other,  but  eafily  feparable  :  They  are  commonly  incur- 
vated,  and  their  furface  is  rough.  Colour  browiiifti  red. 
Streak  dark  red.  Slightly  ftains  the  fingers.  Luftre 
o.  Adheres  ftrongly  to  the  tongue.  Sound  hollow. 
Feel  dry.     Texture  earthy. 

Variety  3.     Acinofe  iron  ore. 

This  variety  is  found  in  mafles,  and  is  commonly  len- 
ticular. Colour  generally  brownifli  red.  Luftre  me- 
tallic, nearly.  Texture  granular.  Hardnefs  5  to  9. 
Brittle. 

Variety 


)rder  VI, 


MINER 


■on  Ores .         Varlely  4.     Nodular,  or  kidney-form  iron  ore. 
•—\       '  JElites  or  Eaglejlone. 

This  variety,  which  was  mentioned  by  the  ancients, 
is  generally  found  under  the  form  of  a  rounded  knob, 
more  or  lei's  refembling  a  kidnev,  though  fometimes  it 
is  quadrangular ;  and  it  contains  within  it  a  kernel, 
which  is  fometimes  loofe,  and  fometimes  adheres  to  the 
outfide  rind.  Colour  of  the  itone  ycUowifli  brown  ;  of 
the  kernel  ochre  yellow.  Surface  generally  fouled  with 
earth.  Luftre  of  the  rind  metallic  ;  of  the  kernel  O. 
Hardnefs  from  4  to  7.      Brittle. 

Variety  5.     Pifiform  or  granular  iron  ore. 
This  variety  occurs  in   rounded  maifes,  from  the  fize 
of  a  pea  to  that  of  a  nut.    Surface  rough.  Colour  com- 
monly dark  brown.   Streak  yellowilh  brown.    Hardnefs 
5  to  6.      Brittle. 

The  oolitic  ore  found  at  Creufot,  Bear  mount  Cenis, 
belongs  to  this  variety.     It  is  compofed  of 
50  lime, 
30  iron, 
20  alumina. 
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SPECIES  7.     Lowland  iron  ore  •. 

This  fpecies  of  ore  is  fuppofed  to  confift  of  oxide  of 
Kirvi.  ii.  iron,  mixed  with  clay  and  phofphuret  or  phofphat  of 
iron.  It  is  called  lowland  ore,  becaufe  it  is  found  only 
in  low  grounds ;  whereas  the  lalt  fpecies  is  more  com- 
monly in  high  grounds  ;  and  is  therefore  cally  highland 
ore. 

This  ore  occurs  in  amorphous  maffes,  and  alfo  in 
grains  or  powder.  Its  colour  is  brown.  Streak  yellow- 
ilh brown.  Luftre  o,  or  common.  Texture  earthy, 
Hardnefs  3  to  5. 

Variety  1 .     Meadow  lowland  ore. 

Colour  blaekilli  or  yellowiih  brown  :  Both  colours 
often  meet  in  the  fame  fpecimen.  Found  in  lumps  of 
various  fizes,  often  perforated.  Frafture  compail.  Mo- 
derately heavy. 

Frequently  yields  from  32  to  jS/cr  cent,  of  iron. 
Variety  2.      Swampy  iron  ore. 

This  variety  is  generally  found  under  water.  It  is 
in  lumps,  which  are  commonly  perforated  or  corroded, 
and  mixed  with  fand.  Colour  dark  yellowilh  brown, 
or  dark  nut  brown.  Hardnefs  3  to  4.  Brittle.  Sp. 
gr.  2.944.  It  often  contains  .36  of  iron. 
Variety  3.      Moraify  iron  ore. 

This  variety  is  found  either  in  a  loofe  form  or  in  per- 
forated lumps.  Colour  light  yellowiih  brown.  Stains 
the  fingers.     Hardnefs  3.     Friable. 

Genus  VI.      salts  of  iron. 
SPECIES  I.      Sparry  iron  ore  (g). 
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It  is  found  fometimes  in  amorphous  maffes,  and  feme-    Metallic 
times  cryftalllzed.  .    """•    . 

Its  colour  is  white  ;  but  it  becomes  tarnifhed  by  e.-c-  ' 
pofure  to  the  air,  and  then  alfumes  various  colours. 
Streak  grey  or  white.  External  luftre  often  metallic  ; 
iiUernal  common  or  glaffy.  Tranfpartncy  i  or  2  ;  lome- 
tlmes  o.  Texture  foliated.  Fragments  rhomboidal. 
Hardnefs  5  to  7.  Brittle.  Sp.  gr.  3.6  to  3.81c.  Not 
magnetic.  Soluble  in  acids  with  very  little  efl'ervef- 
cence.  Before  the  blow-pipe  decrepitates,  becomes 
brovvnifti  black,  and  magnetic  ;  but  is  Icarcely  iufible. 
Tinges  borax  fm\itty  yellow,  with  fome  tffervefcence. 

This  ore,  as   Bergman  afcertained,  confifts  of  iron, 
manganefe,  lime,  and  carbonic  acid 

One  fpecimen,  according  to  his  analyfis,  contained 
38  iron, 
24  manganefe, 
38  carbonat  of  lime. 

ICO 

Another  contained      22  iron, 

28  manganefe, 

50  carbonat  of  lime. 


117 
■;.VI.  Salts, 
iparry  iron 
ire. 


This  ore  is  common  in  Germany,  France,  and  Spain. 


ISO 

Whether  the  iron  be  combined  with  the  carbonic 
acid  is  ftill  a  difputed  point.  The  cryftals  of  this  ore 
are  rhomboidal  par.nllelopipeds  ;  vv'hich  is  precifely  tlfe 
foim  of  carbonat  of  lime.  This  amounts  nearly  to  a 
demonftration,  that  the  carbonic  acid  is  combined  with 
the  lime  ;  and  that,  as  Cronftedt  and  Hauy  have  fup- 
pofed, this  ore  is  merely  carbonat  of  lime,  contamina- 
ted with  a  quantity  of  the  oxids  of  iron  and  manganefe.  • 

SPECIES  2.     Arleniat  ot  iron.  Arfeiiiat  of 

Mr  Frouft  has  difcovered  this  ore  in  Spain.      Its  co-  iron.         ' 
lour  is  greenlfh  white.     Its  texture  granular.     InfoUible 
in  water  and  nitric   acid.     When  melted  on   charcoal, 
the  arfenical  acid  efcapes  with  effervefcence  *.  *  Ann.de... 

,.11.       p  •  (./■.*.  i.  IQC', 

STECiES  3.      Sulphat  or  iron.  '■' 

For  a    defcription    of  this  fait,   fee  Chemistry,  n°  Sulphat  of 
631.  in  this  Siifipl.  iron. 

Order  VIL     TIN  ORES  (h). 

Tin  is  employed  to  cover  plates  of  iron  and  copper, 
and  to  elver  the  backs  of  looking  glaiR-s  :  It  enters  in- 
to the  compnfition  of  pewter  ;  and  forms  a  very  im- 
portant article  in  dyeing. 

Tin  ores  are  by  no  means  fo  common  as  tlie  ores  of 

the    metals  which   we  have  already  defcribed.      Thev  ..-'■'^ 
r        J        1-,  •••  -/v       TT-'  Miiiei. 

are  tound  only  in  the  pnrinlive  mountains  (ij.      Hence 

Werner  fuppofes  them  to  be  the  moil  ancient  of  all  me- 
tallic' ores.  They  occur  moft  frequently  In  grarilte, 
fometimes  in  porphyry,  but  never  in  llnieftone. 

Almoft 


(g)  Kir-w.  II.  i go.— Bergman,  II.  \%^.—  Bayen.  Jour.  Je  Phyf.Vll.  213.—  Razommoitijli,  Mem.  Laufanne, 
1783,  p.  I'^q. 

(h)   Geoffroy,  Mem.  Par.  1738,  p.  103.  — Morvea:u,  Ann.  de  Ch'im.  XXIV.  127. 

(i)  Geologlfts  have  divided  mountains  Into  three  clalTes  ;  primitive,  fecuudary,  and  tertiary.  The primitii'e  oc- 
cupy the  centre  of  all  extenfive  chains  ;  they  are  the  higheft,  the  moft  rugged,  and  exhibit  the  moft  pointed  tops. 
They  are  confidered  as  the  moft  ancient  mountains  of  the  globe. 

The  fee ondary  mountains  occupy  the  outdde  of  extenfive  ranges.  They  are  ufually  compofed  of  ftrata,  more 
or  lefs  Inclined,  and  commonly  reft  agairft  the  fides  of  the  primitive  mountains. -The  rc-Y;ar)i  mountains  are 
much  fmalkr  than   the  others,  and  are  often  folitary.     We  ufe  the   terms  primitive,  feeondary,  &c.  merely  as 

proper 
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Tin  Ore«.       Almod  the  only  tin  niineR  known    to  Europeans  are  tliiflone,  we  refer  the  reader  to  JRcme  -de   Ltjle  and  Mr     Metalic 

^''—'\——  thofe  of  Cornwal,  Dcvondiire,  Saxony,  Bohemia,  Sile-  Doy  *.  ^^Orcs. 

fia,  Hungary,    Gallicia  ;  thofe  of  the    ifland  of  Banca         Its  colour  is  commonly  brown.   Streak  grey.      HaiJ-  «  pi/ii'.'~ 

and  the  peniiifula  of  Malacca  in    India  ;  and  thcfc  of  nefs  9  to  ic.      Sp.  gr.  6.Q  to  7.0.      Brittle.  il/uj,.  ,hid. 


»3i 
G.  I.  Sul- 
phurets. 
Sulphuret 
of  tin  and 
copper 
*  Kiriu,  ii. 


Chili  and  Mexico  and  America. 

GeNItS    I.   SULPHURETS   OF   TIN. 

SPECIES   I.    Sulpluirtt  of  tin  and  copper  *. 
Tm  Pyrites. 
Hitherto    this     ore  has  only    been   found   in   Corn- 
wal.   There  is  a  vein  of  it  in  that  county,  in  the  paiilli 
of  St  Af^nes,  nine  feet  wide,  and  twenty  yards  beneath 


XVI  ..    ,;'i'^"^  furfacef. 

Csrn'^val,  ^'^  coiour  IS  yellowilh 


grey,paning  into  the  Reel  grey. 

p.ii.  Not  unlike  grey  copper  ore.      Luftre  metaUic.      Hard- 

i /f/a/roM.  nefs  5  to   6.      Very    brittle.      Sp.  gr.  4.3;^.      Before 

the  blowpipe  it  melts  eaiily,   with  a  fulphureous  fmell, 

into  a  black  bead,  and  depofits  a  bluilh  oxide  on  the 

charcoal. 

The  compofition  of  this  ore,  as  Klaproth  informs  us, 


Variety  I.  Common  tinltone. 
Colour  dark    brown  ;   fomctiirK  ycllowidi   grey,   and 
fometimes  nearly  white.      Streak  light  grey.   Somewliat 
tranfparent    when  cryftallizcd.      Hiirdrnfs  10.      Sp  gr. 
6.9  to  697.      Before  the  lilow  pip'-  it  dLcrepitates,  and 
on  charcoal  is  partly  reduced.      Tinges  borax  white. 
According  to  Klaproth,  it  is  eompofed  of 
77.50  tin, 
2  1.50  oxygen, 
.25  iron, 
.75  I'llica. 
100.00  f 

Variety  2.  Woodtin. 

This  variety  has   hitherto  been   found  only  in  Corn 

wal.      It  occurs  always  in  fragments,  which  are  general 

ly  rounded.   Colour  brown  ;  fometimes  inclining  to  yel 


\  BiitrUge^ 
ii.  ij6. 


wasfirft  difcoveredby  Mr  Rafpe^.     According  to  Kla-     low.   Streak  yellowidi  grey.   Opaque.   Texture  fibrous. 

Hardiicfs  9.  Sp.  gr.  7.0.  Before  the  blow-pipe  be- 
comes browiiifli  red  ;  decrepitates  when  red  hot,  but  is 
not  reduced. 

Klaproth  obtained  from  it  ,63  of  tin  ;  and,  iu  all  pro- 
bability,  it  is  an  oxide  of  tin  nearly  pure. 


proth's  analyfis,  it  is  eompofed  of 
34  tin, 
^6  copper, 
25  fulphur, 
3  iron, 
2  earth. 


G.  II.  Ox- 
ides. Brown 
<jxide  of  tin 
*  KiriV'  ii. 
1S7. 


1 00  J 
GeSUS    II.     OXIDES   OF   TIN. 

SPECIES  1.  Brown  oxide  of  tin  *. 
Tmjlone —  Woodtin. 
This  ore,  which  may  be  confidered  as  almoft  the  on- 
ly ore  of  tin,  occurs  in  maffes,    in  rounded  pieces,  and 
^  cryilallized.      Thefe  cryftals  are  very  irregular.      Hauy 

t7o«r.ifc     fuppofes,  that  their  primitive  form  is  a  cube  f  ;  but  llo- 
x%<\  476    "'^  ^^  Liflc,  with  more  probability,  makes  it  an  oAohe- 
\Cr\flall(ig.  dron  \  ;  and  in  this  opinion  Mr  Day  agrees  with  him  {|, 
iii.  413.        The  oftohedron   is   eompofed  of  two   four-lldcd    pyra- 
-  \PI''lo/-      mids,  applied  bale  to  bale.      The  fides  of  the  pyramids 
Mag.  IV.     g|.g  ,■f„f^-^.le3  triangles,  the  angle  at  the  vertex  of  which 
is  70°,  and  each  of  the   other  angles  55°.     The  fides 
of  the  two  Pyramids   are  inclined   to  each  other  at  an 
5  Some  de    angle  of  90°  jj.      The    primitive  form,  however,   never 
Lip,  ibid,     occurs,  but  cryftals  of  tinftone  are  fometimes  found,   in 
which  the  two  pyramids  are  feparated  bv  a  prilm.    For 


Order  VIII.  ORES  OF  LEAD. 

The  ufeful  purpofes  to  which  lead  in  its  metallic 
ftate  is  applied,  are  too  well  known  to  require  defcrip- 
tion.  Its  oxides  are  employed  in  painting,  in  dyeing, 
and  fometimes  alfo  in  medicine. 

Ores  of  lead  occur  in  great  abundance  in  almoft  every 
part  of  the  world.  They  are  generally  in  vtrins  ;  fome- 
times in  filiceous  rocks,  fometimes  in  calcareous  rocks. 

Genus  I.  sulphurets  of  lead.  G.  1.  Sul- 

SPECiEs  I.  Galena,  or  pure  fulphuret  of  lead  t.         phurets. 

This   ore,  which  is  very  common,    is  found  both   '",urefui° 
niafles  and  cryftallized.     The  primitive  form  of  its  cry- ph^ret  of 
ftals  is  a  cube.   The  moft  common  varieties  are  the  cube,  lead, 
fometimes  with  its  angles  wanting,  and  the  oftohedron, '  .^-Vw.  u. 
eompofed  of  two  four  fided   pyramids  applied   bafe   to 
bafe  :    The  fummits  of  thefe  pyramids  are  fometimes  cu- 
neiform, and  fometimes  their  folid  angles  are  wanting  ||.   II  !^'"",t  '^' 

Its  colour  is  commonly  bluidi  grey,  like  lead.   Streak    /''''"' 


a  complete  defcription  of  the  varieties  of  tlie  crj  ftals  of     bluifh  grey  and  metallic.     Luftre  metallic, 


Sometimes' 
ftains 


1.  Granite, 

2.  Gneifs, 

3.  Micaceous  fhiftus, 


10.  Serpentine, 

1 1.  Topaz  rock. 


proper  names,  withont  affirming  or  denying  the  truth  or  falfehood  of  the  theory  on  which  thefe  names  are  found- 
ed. That  the  reader  may  have  a  more  accurate  idea  of  the  compofition  of  thefe  different  claflcs  of  mountains, 
we  have  fubjoined  a  lift  of  tlic  fubftances  which,  according  to  Werner,  enter  into  the  compofition  of  each. 

I.   Primary  Mountains. 

4.  Argillaceous  fliiftus,  7.  Shiftofe  porphyry, 

5.  Syenite,  8.  Quartz, 

6.  Porphyry,  9.  Primitive  limeftone, 

II.  Secondary  Mountains. 

3.  Secondary  limellone, 

4.  Shiftofe  hornblende, 

III.  Tertiary  Mountains. 

1.  Trap,  4.  Sandftone,  7.  Chalk, 

2.  Argillaceous  fhiftus,  5-  Breccia,  8.  Sulphat  of  lime, 

3.  Stratified  limeftone,  6.  Coal,  9.  Rock  fait. 


1 .  Argillaceous  ftiiftus, 

2.  Rubble  ftone. 


5.  Grunftein, 

6.  Amygdaloid. 


10.  Ferruginous  clay, 

11.  Potters  earth. 


Order  Vlir, 
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Ores  of 
Lead. 

t , 

5  n'al/on. 


«34 
Sulphuret 
of  lead, 
•with  filver 
and  anti- 
tnany. 
*  Kirtti.  ii. 
113. 


ftains  the  fingers.  Texture  foliated,  FragmentH  cubi- 
cal. H^rJiiefs  5  to  7  ;  foinetimes  even  9.  Brittle. 
Sp.  gr.  6.884  to  7.786  §.  EiTervefces  with  nitric  and 
muriatic  acids.  Before  the  blow-pipe  decrepitates,  and 
melts  with  a  fulphureous  fmell ;  part  finks  into  the 
charcoal. 

It  is  compofed  of  from  .4J  to  .83  lead,  and  from  .0B6 
to  .16  of  fulphur.  It  generally  contains  forae  fdvtr, 
and  fometimes  alfo  antimony  and  zinc. 

Variety  1.  Common  galena. 

This  variety  correfponds  nearly  with  the  above  de- 
fcription.  Sp.  gr.  7051  to  7.786.  Sometimes  ftains 
the  fingers. 

CompaS  galena. 

Found  only  in  amorphous  maffes. 
inclining  to  foliated.     Hardnefs  6  to 
to  7.444-    Lullre  common.   Streak  lead  grey,  brighter 
and  metallic.     Often  feels  greafy,  and  ftains  the  fingers. 

SPECIES  2.  Sulphuret  of  lead,  with  filver  and  antimony*. 
Plumbiferous  antimonlited Jilver  ere. 
Found  in  amorphous   mafles.     Colour  grey.     Hard- 
nefs 5  to  6.     Brittle.     Sp.  gr.  from  y.z  to  8. 
Variety  I.   Light  grey  filver  ore. 
Colour  light  bluifh  grey.     Streak   light  bluifh  grey, 
and  brighter.    Ludre  metallic.    Texture  compatl.   Be- 
fore the  blow-pipe  partly  evaporates,  and  leaves  a  filver 
bead  on  the  charcoal,  furrounded  by  yellow  dull. 
According  to  Klaproth,  it  contains 
48.06  lead, 
20.40  filver, 

7.88  antimony, 
12.35  fulphur, 
2.25  iron, 
7.00  alumina, 
.25  filica. 


and  wliioh  is  fuppofed  to  be  comifion    galena  decayed,    M<-taUic 
is  fomelimes  in  llalaftites  of  various  forms,  and  fonie-  ,     fJ'f«^ 


Texture  compaft, 
Sp.  gr.  6.8«6 


\  BcitrSge, 


}  /W.  1 7 J. 

Blue  lead 

ore. 

*  Kino.  ii. 

ai9. 


f  Gtllcrt. 

Black  lead 

ore. 

t  Kiriv, 

aai. 


_  98.09  t 
Variety  2.  Dark  grey  filver  ore. 
Colour  iron  grey,  verging  on  black.     Powder  black, 
and  ftains  the  fingers.     Lullre  o.     Texture  earthy. 
According  to  Klaproth,  it  contaias 
41.00  lead, 
21.50  antimony, 
29.25  filver, 
22.00  fulphur, 
1.75  iron, 
1. 00  alumina, 
•  75  filica. 

97-2St 
SPECIES  3.  Blue  lead  ore  *. 

This  ore,  which  is  found  in  Siberia,  Germany,  and 
Hungary,  and  is  very  rare,  occurs  fometimes  in  mafles, 
and  fomtftimes  cryftallized  in  iix-fided  prifms. 

Colour  between  indigo  blue  and  lead  grey  ;  fometimes 
inclining  to  black.  Internal  lullre  metallic.  Streak 
brighter.  Texture  compaft.  Haidtiefs  6.  Sp.  gr. 
5.461  f.  Before  the  blow-pipe  melts  with  a  low  blue 
flame  and  a  fulphureous  fmell,  and  is  cafily  reduced. 

SPECIES  4.   Black  lead  ore  J. 
This  ore,  which  is  found  in  Germany  and  Brittanny, 
Sup  PL.  Vol.  II.  Part  I. 


times  cryftallizcd  in  iix-fided  prifms,  which  are  general-         ' 
ly  truncated  and  confufed. 

Colour  black,  often  with  fome  ftrenks  of  red.   Streak 
light  bluifh  grey.      Internal  luftre   metallic-      Hardnefs 
5  to  6.      Brittle.     Sp.  gr.  from  5.744  ||  to  5.77*.      Be-  |j^  ^^"f■^••■ 
fore  the  blow-pipe  decrepitates,  melts  eafily,   and  is  re- 
duced. 

According  to  the  experiments  of  Laumont,  this  ore 
is  a  fulphuret  of  lead  (or  rather   fulphuret  of  oxide  of 

lead),  mixed  with  fome  phofphat  of  lead. 

137 
SPECIES  5.     Sulphuret  of  lead,  bifmuth,  and  filver.     Sulphuret 
This  ore,  which  occurs  in  the  valley  of  Schapbach  in  of  lead,  bif- 
Saxony,  was  firft  taken    notice  of  by  Selb,   and  after-  '?"•'''  """^ 
wards  defcribed  by  Weldenmann  and  Emerling. 

Its  colour  is  light   bluifh  grey.     Its  luftre  metallic 
Its  frafture  uneven.     Hardnefs  5.     Melts  eafily  before 
the  blow-pipe,  emitting  fome  fmoke,  and  leaves  a  filver 
bead. 

A  fpecimen,  analyfed  by  Mr  Klaproth,  contained 
33.0  lead, 
27.0  bifrauth, 
15.0  filver, 
16.3  fulphur, 
4.3  iron, 
0.9  copper. 


96-5  t 
Genus  II.  oxides  of  leab. 
SPECIES  I.  Lead  ochre  f. 


»39 

G.  ur. 

^alte. 
Cart).'nat 

of  1.,-d, 


+  Beitrage^ 
ii.  197. 
138 
G.  II.  Ok. 

This  ore,  which  is   a  .mixture   of  the  oxide   of  It^ad'T'     ^ 
with  various   earths,  is  found  maflive,  and  various  de- ♦  j^iVw.u. 
grees  of  hardnefs.  iOj. 

Its  colour  is  either  yellow,  grey,  or  red.  Luftre  o. 
Tranfparency  o  to  i.  Hardnefs  6  to  8  j  fometimes  in 
powder.      Sp.    gr.  from   4.165    to  5.545  $.      Texture'  ""' 

compaft.  Effervefces  with  nitric  and  muriatic  acids. 
Eafily  reduced  by  the  blow-pipe,  leaving  a  black  flag, 
unlefs  the  lead  be  mixed  with  too  great  a  proportion  of 
earth. 

GeNBS   III.    SALTS    OF    LEAD. 

SPECIES  I.  Caibonai  of  lead  J. 
IVIiite  lead/far. 

This  xire  of  lead,  which  is  very  common,  is  fometimes  ;  ^,v_„  jj, 
in  mafles,  and  fometinies  cryllallized.      But  the  L!yllal-.o3. 
Jization    is   in    general    lo   confufed,  that  the  primitive 
form  of  the  cryltal?  has  not  yet  been  afccrtalned  (k). 

Its  colour  is  white.      External  luftre,  waxy  or  filky, 
from   3   to  I  ;  internal   l    to   2.      Generally    fomewh.it 
traniparent.      Hardnefs  t^  to  6.    Brittle.      Sp.  gr.  from 
5.349  II  to  6.92  ().    Effervefces  with  nitric  and  nuiriatic'l  Xir^oan, 
acids  when  they  are  heated.    Soluble  in  fat  oils.   Black-  ^  ''L'n''' 
ened  by  fulphuret   of  ammonia*.     Decrepitates  wiien  ^,„,/,     * 
heated.      Before  the  blow-pipe,  in  a  fdver  fpoon,  it  he.- ::bim.\x. 
comes  red   by  the  yellow  cone  of  the  flame,  while  thei''- 
blue  cone  renders  it  yellow +•     On  charcoal  it  is  ininie-''  "'"""'• 
diatcly  reduced.  j/cbim. 

It  contains  from  .Go  to  .85  of  lead,  and  from  .18  toxxv.  189. 
.24  o\  carbonic  acid.   It  is  generally  contaminated  with 
carbonat  of  lime  and  oxide  of  iron. 

H  h  SPECIES 


(k)  See  Hauy,  Jour,  dt  Min.  N"  XXXI.  502.  and  Rome  de  Lijlc,  III.  380. 


Ores  of 
J-.cad. 


•  Kiru.  ii. 
207, 
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SPECIES  2.     Phofphat  of  Uad*.  According  to  Fourcroy,  from  whom  the  whole  of   MetalUc 

Tins  ore,  which  13  fniirid  in  Siberia,  Scotland,  Eng-     this  delcription  has  been  taken,  it  is  compofed  of  ^'"^ 

" ""  "'        °'  '^        '  65  arfeniat  of  lead, 


•  Sriffhn. 
f  Klaprotb. 

X  Fourcrovy 
Ann.  de 
C6:m.  ii, 
107. 


land,  Germany,  Carinthia,  Brittany,  S:c.  is  fometimes 
amorphous,  and  fometimes  cryilallizcd.  The  primitive 
form  of  its  cryftals,  according  to  Rome  de  Lifle,  is  a 
dodecahedron,  confiding  of  a  fix-fided  rectangular  prifm, 
terminated  by  lix-fided  pyramids,  the  fides  of  which  are 
ifofceles  triangles  (l).  Sometimes  the  pyramids  are 
truncated,  and  even  altogether  wanting.  The  cryftals 
of  this  ore  are  often  a<;icular. 

Its  colour  is  commonly  green  ;  fometimes  yellowirti 
or  browiiiih,  or  greyifii  white.  Streak  commonly  green- 
i(h  white.  Powder  yellowifli.  External  luilie,  waxy,  2 
to  3.  Somewhat  tranfparent,  except  when  its  colour  is 
greyi(h  white.  Hardnefs  y  to  6.  Brittle.  Sp.  gr. 
from  5.86*  to  6.27f .  Infoluble  in  water  and  fulphu- 
ric  acid,  and  nearly  infoluble  in  nitric  acid  ;  foluble  in 
hot  muriatic  acid,  with  a  flight  effervefcence  J.  Before 
the  blow-pipe  It  eafily  melts  on  charcoal,  and  cryftalli- 
zes  on  cooling  :  with  foda  the  lead  is  in  fome  ineafure 
reduced. 

The  compofition  of  this  ore  was  firfl  difcovered  by 
Gahn. 

According  to  Fourcroy's  analyfis,  a  fpeclmen  from 
Erlenbach  in  Alface  confifts  of 

96  phofphat  of  lead, 

2  phofphat  of  iron, 

3  water. 


1 1HJ. 

Arfeniat 
of  lead. 
§  Kirtv.  ii. 
105. 


*  Proulff 
'Jour,  de 
Pb^f.  xsx. 
394. 

242 
Phofphat 
and  a-fe- 
irfat  of 
lead. 

f  Kiriv.  ii. 
a  10. 


iBri/fnA 


100 
Or  it  contains  79  oxide  of  lead, 

1  oxide  of  iron, 
18  phofphoric  acid,. 

2  water. 

SPECIES  3.  Arfeniat  of  lead  ^. 
This  ore,  which  has  hitherto  been  found  only  in  An- 
dalufia  in  Spain,  and  always  in  quartz  or  feldfpar,  is  in 
fimall  maffes.  Colour  meadow  green,  often  palling  into 
wax  yellow.  Luftre  waxy,  2.  Tranfparency  2.  Be- 
fore the  blow-pipe  it  melts,  and  retains  its  colour,  and 
does  not  cryftallize  on  cooling.  When  heated  to  white- 
nefs,  the  arfenic  acid  efcapes,  and  the  lead  is  reduced*. 

SPECIES  4.     Phofphat  and  arfeniat  of  lead. 
yiefenio  phofphat  of  lead  \. 

This  ore,  which  has  been  found  in  Auvergne  in 
France,  is  either  in  maffes,  or  cryftallized  in  fmall  fix- 
fided  prilms,  with  curvilineal  faces. 

Colour  yellowifh  green,  or  fhews  alternate  layers  of 
pale  and  light  green.  Pcwder  yellowifli.  The  cryftals 
are  fomewhat  tranfparent  ;  but  when  maffive,  this  ore 
is  opaque.  Hardnefs  5  to  7.  Brittle.  Sp.  gr.  6.846;  J.  Dr  Withering 
Soluble  in  hot  muriatic  acid,  but  not  in  nitric.  When 
heated  it  decrepitates.  Before  the  blow-pipe  melts  ea- 
fily, eff'ervefces,  emits  a  white  fmoke,  with  an  arfenical 


27  phofphat  of  lead, 
5  pholphat  of  iron, 
3  water. 

*  A»n,  Je 

1 00  *  Ctim.  ii.  13, 

SPECIES  5.      Molvbdat  of  lead  (m).  MolVdat 

This  ore,   which  is  found  in  Carinthia  and  at  Lead- of  Uad.* 
hills  in  Scotland,   was  firft  mentioned  in  1781   by  Mr 
Jacquin  (n).     It  occurs  either  in  maffes,  or  cryftallized 
in  cubic,  or  rhomboidal,  or  cftohedral  plates. 

Its  colour  is  yellow.      Streak  white.      Luftre  waxy. 
Generally    fomewhat    tranfparent.       Texture   foliated. 
Fraaure  conchoidal.   Hardnefs  5  to  6.   Sp.  gr.  5.486I  ;^  ^r         ^ 
when  purified  from  its  ganguc  by  nitric  acid,  5. 706  J.   .  Halcbctt. 

Soluble  ill  fixed  alkalies  and  in  nitric  acid.  Commu- 
nicates  a  blue  colour  to  hot  fulphuric  acid.  Soluble  in 
muriatic  acid,  and  dtcompofed  by  it.  Before  the  blow- 
pipe decrepitates,  melts  into  a  yellowifli  grey  mafs,  and 
globules  of  lead  are  reduced  ||.  '  ||  Macquart. 

Klaproth  firft  proved  that  this  ore  was  molybdat  of 
lead. 

A  very  pure  fpecimen,  analyfed  by  him,  contained 
64.42  oxide  of  lead, 
34.25  molybdic  acid, 

*  ^  Bettrage^ 

98.6751  •i.»75. 


According  to  the  analyfis  of  Mr  Hatchett,  it  is  com- 
pofed of  58.40  oxide  of  lead, 
38.00  molybdic  acid, 
2.10  oxide  of  iron,^ 
.28  filica. 


98.78*  _ 
Macquart  found  a  fpecimen  to  contain 
.  58.74  lead, 
4.76  oxygen, 
28.00  molybdic  acid, 
4.50  carbonat  of  lime, 
4. CO  filica. 


*  Ptil. 

Tranf. 
Iixxvi,  313^ 


\ 


loo.oof 
Its  gangue  is  carbonat  of  lime. 

SPECIES  6.   Sulphat  of  lead  *. 
This  ore,  which  is  found  in  Anglefey  and  in  Anda-„  1  v       r 
lufia,  is  generally  cryftallized.      The  cryftals  are  regu-j^^j 
lar  oftahedrons  f ,  and  very  minute.  «  Kiriu. 

Colour  white.      Luftre  4.    Tranfparency  4.      Before '"W'"- "■ 
the  blow-pipe  it  is  immediately  reduced.  "i; 

The  compofition  of  this  ore  was  firft  afcertalned  ^Jfour.d' 
■"'"■'  Min.ti^ 

uxi.  joS. 

Order  IX.     ORES  OF  ZINC. 


f  Jtur.  dt 
Min.  N« 
xvii.  32. 

»44 


fmell.     Some  particles  of  lead  are  reduced,   a  brown  Hitherto  zinc  has  not  been  applied  to  a  great  va- 

fluid  remains,   which  cryftallizes  on  cooling  like  phof-     riety   of  ufes.      It  enters  into  the  compofition  of  brafs  ; 
phat  of  lead.  it  is  ufed  in  medicine  ;  and  Morveau  has  ftiewn  that  its 

oxide 

(l)  Crj^al.  III.  391.     See  alfo  Haay's  remarks  on  the  fame  fubjeft  in  the  Jour,  de  Mm.  N°XXXI.  506. 
(m)  Kirvj.  II.  ii:l.— Klaproth,  ydnn.  de  Chim.  VIII.  lO^.— Hatchett,  Phil.  Tranf.  1796,  p.  285. 
(m)  In  his  Mifcellanea  jlujlriaca,  Vol.  II.  p.  139. 


Order  IX. 


MINER 


zinc. 


Orc"  of     oxide  might   be  employed  with   advantage  as  a  white 
paint. 

Ores  of  zjnc  are  very  abundant  ;  they  generally  ac- 
company lead  ores,  particularly  galena.  Calamine,  or 
oxide  of  zinc,  has  never  been  difcovercd  in  the  primitive 
niouiicains. 


«45 
"C  I.  Sul- 
fhurets. 
Common 
fulphiiret 
of  zinc 
*  Kirtii.  II. 


Genus  I.  solphurets  of  /inc. 
SPECIES  I.     Common  fuipiiuret  of  zinc  *. 


Blende. 
This  ore  very  commonly  accompanies  fulphuret  of 
lead.  It  occurs  both  in  amorphous  mafTes  and  cryllal- 
Ji^- — -S'^flized.  The  primitive  form  of  its  cryllals  is  a  rhomboi- 
"■  ^'''  dal  dndecalicdrori,  confifting  of  a  fix  lided  prifm,  termi- 
nated by  three-tided  [lyramids.  AH  the  facts  of  the 
crviliils  are  equal  rhombs.  This  dodetahedrcn  may  be 
mechanically  divided  into  tour  equal  rhimibuidal  paral- 
lelopipeds,  and  eacii  of  thefe  into  lix  tetrahedrons,  whofe 
faces  are  equal  ifofccles  triangles.  The  figure  of  its  in- 
tegrant particles  is  the  tetrahedron,  fimilar  to  thefef. 

The  principal  varieties  of  its  cryllals  are  the  tetrahe- 
dron ;  the  oftohcdron  ;  the  oAohcdron  with  its  edges 
wanting!;  a  24-fided  cryftal,  12  ot  whofe  faces  are  tra- 
pezoids, and  12  elongated  triaiiglesj;  and,  laftly,  a  28- 
fidcd  figure,  which  is  the  laft  variety,  augmented  by  four 
D  See  /fawji, equilateral  triangles (|. 

f"i(V.  and  Colour   yellow,   brown,   or  black.      Streak  reddifli, 

brownifh,  or  grey.  Lullre  commonly  metallic.  Ge- 
nerally fomewhat  tranfparent.  Texture  foliafcd.  Hard- 
nefs  6  to  8.  Sp.  gr.  3.93  *  to  4.  i665f.  Before  the 
blow-pipe  decrepitates,  and  gives  out  white  flowers  of 
zinc,  but  does  not  melt.  Borax  does  not  affeft  it. 
When  breathed  upon,  lofes  its  luftre,  and  recovers  it 
very  flowly  J. 

Variety  i.  Yellow  blende. 
Colour  commonly  fulphur  yellow,  often   paffing  into 
olive  green   or    brownifli   red.       Powder    pale  yellow. 
Streak  yellowifh  or  reddifli  grey,  not  metallic.      Lultre 
metallic.     Tranfparency  2  to  4.      Often  phofphorefces 
§  B,rgma„,  w'"-'"  fcrapcd  or  rubbed  §. 
ii.  34J.  According  to  Bergman,  it  is  compofed  of 

64  zinc, 
20  fulphur, 

5  iron, 

4  fluor  acid, 
I   filica, 

6  water. 


t  Uauy, 

Min.  N» 
Xxxiti.  669. 
t  Fig.  40. 

§ri^.  41. 


Jiome  de 
Lijhy  ill. 

65. 

•  GWert. 
\  Brijon. 


%  }1auy, 
jfour,  ds 
Mm-  ibid. 


viiJ-iM.  ;°°" 

Variety  2.   Brown  blende. 
Colour  different  ftiades  of  brown.    Surface  often  tar. 
niflied.       Powder  brownifli  grey.       Streak  reddilh   or 
yellowifli  grey,  not  metallic.     Lultre  commonly  metal- 
lic.    Tranfparency  o  to  2. 

A  fpecimen  of  this  variety,  analyfed  by  Bergman, 
contained  44  zinc, 

1 7  fulphur, 
24  filica, 
5  iron, 
5  alumina, 
5  water. 

?'*'■'*  333.  loof 

Variety^.   Black  blende. 
Colour  black,  or  brownifli  black ;  furface  often  tar- 
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niflied  blue  ;  tips  of  the  cryftaU  often  blood  red.  Pow-  Me'ailic 
der  brownifli  black.    Streak  reddifli,  brownifli,  or  grey.  ,    *-*''"• 
Luftre  common  or  metallic.     Tranfparency  o  to  i ;  the         ' 
red  parts  2.     Hardnefs  8. 

A  fpecimen  of  this   variety,   analyfed  by  Bergman, 
contained  52  zinc, 

26  fulphur, 

4  eopper, 

a  iron, 

6  filica, 

4  water. 


100' 


Genus  II.  oxides  of  zinc. 

SPECIES  I.    White  oxide  of  zinc  f . 

Calamine. 


*  Bergman^ 

>'•  335- 
a46 
G.ir. 

Oxide?. 

White  ox- 

rpi  •  ■       -.1        r        J    1      /  •  rr  "''  of  zinc. 

I  Ins  ore  is  either  tound  loole,  or  in  mafles,  or  cry.|/^-,y,„  ;; 

fl.allized.      The   primitive  form  of  its  cryftals  appears,  233. — Berg, 
from   the  mechanical  divifion  of  one  of  them   by   Mr''- 3^1. 
Hauy,   to  be  an  oftohedron   compofed  of   two  four- 
fided  pyramids,  whofe  (ides  are  equilateral  ^''^lugles  J.  U^'"xj''' 
But  the  cryflals  are  minute,   and  their  figure  not   very  xxxiil  5 96. 
diftinft.     They  are   either  four  or  fis-fided  tables  with 
bevelled   edges,   fix-fided  prifms,   or  three-fided   pyra- 
mids. 

Colour  commonly  white,  grey,  or  yellow.     Luftre 
often  o,  fometimes  2  or  i.     Opaque.     The  cryft^als  arc 
fomewhat   tranfparent.     Hardnefs  from  4  to  9,  fome- 
times  in  powder.  Sp.  gr.  from  2.585  to  3.674  §.   When  ^  ^'"'""'■ 
heated,  becomes  eleflric,  without  fridlion,  like  the  tour- 
maline ||.     Not   blackened   by   fulphuret   of  ammonia,  il  ^'"'>'' 
Soluble  in  fulphuric  acid.     Before  the  blow-pipe   de-^^"J'',^y^ 
crepitates,  and  does  not  melt. 

This  ore  confifts  of  oxide  of  zinc  more  or  lefs  conta- 
minated with  iron,  filica,  lime,  and  other  foreign  ingre- 
dients. In  one  fpecimen  Bergman  found  the  following 
ingredients  :  84  oxide  of  zinc, 

3  oxide  of  iron, 
12  filica, 

I  alumina. 


100^ 

In  another  fpecimen,  which  gelatinized  with  acids  like 
zeolite,  Klaproth  found  66  oxide  of  zinc, 
33  fil'"' 


^  Bergman^ 
"•  323- 


99 


In  another  fpecimen,  analyzed  by  Pelletier,  the  con- 
tents were  52  filica, 

36  oxide  of  zinc, 
12  water. 


100' 


«  Jour,  ie 
.     Vbyf  xn. 


Mr  Kirwan  has  divided  this  fpecics  into  three  varie-^j's. 
ties. 

Variety  i.    Friable  calamine. 

In  mafles  which  eafily  crumble  between  the  fingers. 
Luftre  o.  Opaque.  Texture  earthy.  When  its  co- 
lour is  white,  it  ia  pure  oxide  of  zinc  ;  when  yellow,  it 
is  mixed  with  oxide  of  iron.  The  white  often  becomes 
yellow  when  placed  in  a  red  heat,  but  lefumes  its  colour 
on  cooling.  Common  in  China,  where  it  is  called  <vjo- 
ban  or  ore  of  Tutenago. 

^H  h  2  Variety 
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»47 
G.  III. 
Slit?. 
Su'phat  of 
zinc. 


T'ariely  t.     Compaft  calamine. 
Colour   differen:    (hades  of  grey  ;  fometimes  yellow 
or  brownifh  red.     Luitre  o.     Opaque.     Texture  corn- 
pad. 

Variety  3.      Striated  calamine. 
This  variety   alone    is  found  cryftallized  ;  but,  like 
the  others,  it   is  alfo  often  amorphous.     Colour  white, 
and  alfo  various  fhadcs  of  grey,  yellow,  and  red.   Some, 
what  Iranfparent.     Texture  ftriated.      Luftre  2  to  i. 
Genus  III.    salts  of  zinc. 
SPECIES  I.    Suiphat  of  zinc. 
For  a   defcription    of  this  fait,    we   refer  to   Che- 
mistry, n'  643.  Supji/. 

Order  X.     ORES  OF  ANTIMONY. 


Antirriony  is  much  ufed  to  give  hardnefs  to  thofe 
metcils  which  otherwife  would  be  too  foft  for  certain 
purpofes  :  printers  types,  for  inltance,  are  compofed  of 
lead  and  antimony.      It  is  ufed  alfo  in  medicine. 

Ores  of  antimony  are  found  abundantly  in  Germany, 
Hungary,  France,  Spain,  Britain,  Sweden,  Norway, 
8tc.  They  often  accompany  jralcua  and  hematites. 
They  are  found  both  in  the  fecondary  and  primitive 
flratitied  mountains.  Their  gangue  (o)  is  often  quartz 
and  fulphat  of  barytes. 

G.  I.  All  y«  Genus  1.     alloys  of  antimony. 

Kotivc  an-  species  I.     Native  antimony  *. 

hniuny.  This  mineral,  which  was  fiift  difcovercd  by  Dr  Swab, 

has  been  found  in  Sweden  and  in  France,  both  in  maf- 
fes  and  kidney  (haped  lumps.  Colour  white,  between 
that  of  tin  and  filver.  Luftre  metallic.  Texture  folia- 
ted. Hardnefs  6.  Sp.  gr.  above  6.  Deflagrates 
•with  nitre.  Before  the  blow-pipe  melts  and  evaporates, 
depofiting  a  white  oxide  of  antimony. 

It  conlifts  of  antimony,  alloyed  with  3  or  4  per  cent. 
ofarfenic. 


Clafs  IV. 


343. 
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G.  TI.  Sul- 
j>huTetf. 
Grey  ore 
of  anti- 
mony. 
*  JCiriu.  11. 
447- 

■f  Borne  de 
Lip,  iii. 
49- 

X  !M.—See 
alfo  Hauy, 
^ur.  di 
Min.  N^ 
ixjii.  6g6. 
§  B'-Jon. 


Genus  II.    sulphurets  of  antimony. 
SPECIES  I.      Grey  ore  of  antimony  *. 

This  ore,  which  is  the  moft  common,  and  indeed  al- 
moft  the  only  ore  of  antimony,  occurs  both  maflive, 
diffeminated,  and  cryftallized.  Its  cryftals  are  four-fided 
prilms,  fomcwhat  flattened,  whofc  fides  are  nearly  rec- 
tangles, terminated  by  fliort  four-fided  pyramids,  whofe 
fides  are  trapeziums  -f-.  Sometimes  two  of  the  edges  are 
wanting,  which  renders  the  prifm  fix-fided  \. 

Colour  grey.  Luftre  metallic.  Streak  grey,  me- 
tallic, and  brighter.  Powder  black  or  greyilh  black. 
Hardnefs  6  to  7.  Sp.  gr.  from  4.1327  to  4.516^. 
Often  ftains  the  fingers.  Before  the  blow-pipe  melts' 
eafily,  burns  with  a  blue  flame,  and  depofits  a  white 
oxide  on  the  charcoal.  When  placed  in  an  open  veffel, 
over  a  (low  fire,  the  fulphur  evaporates,  and  leaves  a 
grey  oxide  of  antimony.  This  oxide,  if  fufed  with  tar- 
tar, is  reduced. 

This  ore,  when  taken  out  of  the  mine,  almoft  always 


contains  a  large  proportion  of  quartz  or  other  ilony    Metallic 
matter.     When  pure,  it  is  compofed  of  about  .     ^'^^   . 

74  antimony,  * 

26  lulphur. 


Werner  has  divided  this  fjiecies  into  three  va- 
rieties. 

Variety  I.      Compaft  fulphuret. 

Colour  bluifli  grey,  furface  often  tarniftied,  and  then 
it  is  blue  or  purplilh.  Luftre  i  to  2.  Texture  compad. 
Frafture  fine  grained,  uneven.  Powder  black,  dull, 
and  earthy.     Slightly  ftains  the  fingers. 

Variety  2.      Foliated  fulphuret. 

Colour  light  fteel  grey.     Luftre  3  to  4.     Texture 
foliated.      Powder  as  that  of  the  laft  variety. 
Variety  3.      Striated  fulphuret. 

Colour  dark  fteel  grey,  and  light  bluifti  grey,  furface 
often  tarnifiied,  and  then  it  is  dark  blue  or  purplKh. 
Luftre  3  to  2.  Texture  ftriated.  Powder  greyilh  black. 
Thks  variety  alone  has  been  hitherto  found  cryftal- 
lized. 

150 
SPECIES  2.     Plumofe  antimonial  ore  f .  Plumofe 

Sulphurets  of  antimony  and  arfenic.  amimonial 

This  fpecies,  which  is  fometimes  found  mixed  with  .  Xirw,  ia 
the  cryftals  of  fulphurated  antimony,  is  in  the  form  of  250. 
brittle,  capillary,  or  lanuginous  cryftals,  often  fo  fmall 
that  they  cannot  be  diftinCUy  feen  without  a  micro- 
fcope. 

Colour  fteel  or  bluifh  grey,  often  tarnilhed,  and  then 
brown  or  greyiih  black.  Luftre  I,  femimetallic.  Be- 
fore the  blow-pipe  emits  a  fmoke,  which  depofits  a 
whitiih  and  yellowifh  powder  on  the  charcoal :  it  then 
melts  into  a  black  flag. 

It  is  fuppofed  to  coufift  of  fulphur,  antimony,  arfe- 
nic, and  lome  filver. 

SPECIES  3.      Red  antimonial  ore  f.  Red  ami- 

Hydrofulphuret  of  antimony.  monial  ore. 

This  fpecies  is  generally  found  in  cavities  of  fulphu-  f  Kirvi.  u. 
rated  antimonial   ore.       It   is    cryftallized    in    delicate  ^i* 
needles,  often  diverging  from  a  common  centre. 

Colour  red.  Luftre  2,  filky.  Sp.  gr.  4.7.  Before 
the  blow-pipe  melts  eafily,  and  evaporates  with  a  ful- 
phureous  fmell. 

This  ore  has  not  been   analyfcd.     Mineralogifts  have 
fuppofed  it  to  be  a  natural  kermes.    If  fo,  we  may  con- 
clude, from  the  experiments  of  Berthollet*,  that  it  is  *  ^"o- * 
a  hydrofulpluiret  of  antimony,   and  confequently  com-      '"'  "'' 
pofed  of  oxide  of  antimony,  fulphur,  and  fulphurated 
hydrogen  gas. 

Genus  III.     oxides  ot  antimony.  G.  Hi. 

There   is  a  fubftance  found  incumbent  on  fulphuret  Oxides  of 
of  antimony,  of  a  yellow  colour,  and  an  eaithy  appear-*"  '       '' 
ance,  which  has  been  fuppofed  an  oxide  of  antimony, 
and   denominated   antimonial  ochre.     But  hitherto  it 
has  not  been  analyfcd. 

Genus 


(o)  The  word  gang  is  ufed  by  German  mineralogifts  to  denote  a  metallic  vein.  Now,  it  is  not  often  that 
thefe  veins  confifl  entirely  of  ore  i  in  general,  they  contain  ftony  matter  befides.  For  inftance,  in  the  copper 
mine  at  Airthry,  near  Stirling,  the  copper  ore  is  merely  a  narrow  ftripe  in  the  middle  of  the  vein,  and  the  reft  of 
it  is  filled  up  with  fulphat  of  barytes.  We  ufe  the  word  gangue  (as  the  French  do),  to  denote,  not  the  nutallit 
vein,  but  the  Jiony  matter  which  accompanies  the  ore  in  the  vein.  The  gangue  of  the  copper  ore  at  Airthry  is 
fulphat  of  barytes.  ' 


Order  XI. 


MINERALOGY. 


Genus  IV.     salts  of  antimony, 
SPECIES  I.    Muriat  of  antimpny  *. 


Ores  of 

Bifmuili. 

'  This  ore,  which  has  been  found  in  Bohennia,  is  fome- 

G. IV.  Suit! times  in  quadrangular  tables  ;  fometimes  in  aclcular  cry- 
Muriat  o{  itals  grouped  like  zeolites;  and  fometimes  in  prifms. 
antimony.  Colour  pale  ycUowifh  or  grtyifti  white.  Luftre  3  to 
jiirw.u.  j^  nearly  metallic.  Tranfparency  2.  Texture  foliated. 
Melts  eafily  by  the  flame  of  a  candle,  and  emits  a 
white  vapour-)-.  Before  the  blow-pipe  decrepitates; 
when  powdered,  andjull  ready  to  melt,  it  evaporates, 
and  leaves  a  white  powder  around.  Between  two  pie- 
ces of  coal  it  is  reducible  to  a  metallic  Hate. 


Order  XI.    ORES  OF  BISMUTH  *. 


+  Hauy, 

your,  de 
Min.  N" 
ixxii.  609. 


•  PiU,  Oh. 
fav,  Cbyni. 

134 — Cnf'      Bismuth  is  employed  in  the  manufafture  of  pewter, 
froy,  Mcr,i.  of  printers  types,  in  foldering;  and  perhaps  alfo  its  pro. 

p.  296, 


petty   of  rendering  other  metals   more   fufible,    might 


A  fpecimen,  analyfcd  by  Klaproth,  contained 
9i  bifmwth, 
5  fulphur. 
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It  IS  commonly  accompanied  by  quartz,  afbeftos,  ori. ij6. 
fparry  iron  ore. 

Genus  III.  oxides  of  bismuth. 
SPECIES  J.   YiIIdw  oxide  of  bilrauth|. 
Bijmuth  ochre. 
This  ore   generally   accompanies  the   two  fpecies  al-|„in>utli. 
ready  defcribfd.      It  is  found  in   two  Hates;  cither  off  Iiir-w,\\. 
an  earthy  confiftence,  or  cryllallized  in  cubes  or  qua-i6j. 
drangular  plates. 

Colour  ufually  greenifh  yellow,  fometimes  grey.  So- 
luble in  nitrous  acid  without  effervefcence,  and  may  in 
a    great    meafure   be   precipitated    by    the  effuhon  of 


■f  Biitrii^ff 
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The  quantity    water. 
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+  Brijon. 
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make  it  ufeful  in  anatomical  injeftions. 
confumed  in  commerce  is  not  great. 

It  has  been  found  only  in  the  primitive  mountains, 
and  is  by  no  means  common.  When  unaccompanied 
by  any  other  metal,  it  does  not  form  veins,  but  kidney- 
form  maffes.  It  often  accompanies  cobalt.  Its  gangue 
is  conimonly  quartz.  Its  ores  are  not  very  abundant. 
Thty  have  been  found  chiefly  in  Sweden,  Norway, 
Traniylvania,  Germany,  France,  and  England. 

Genus  I.     alloys  of  bismuth. 
SPECIES  I.     Native  bifmuth  *. 

This  mineral,  which  is  found  at  Schnecherg,  Johan- 
georgenfladt,  &c.  in  Germany,  has  commonly  the  form 
of  fmall  plates  lying  above  one  another.  Sometimes  it 
is  cryftallized  in  four-fided  tables,  or  indillinft  cubes. 

Colour  white  with  a  (hade  of  red  ;  furface  often  tar- 
Difhed  red,  yellow,  or  purple.  Luilre  metallic,  3  to  2. 
Opaque.  Texture  foh'ated  or  ftrialed.  Hardnefs  6. 
Sp.  gr.  9.022  t  to  9.57  \..  E.-Jceedingly  fufible.  Be- 
fore the  blow-pipe  gives  a  filvery  white  bead,  and  at 
laft  evaporates  in  a  yellowifh  white  fmoke,  which  is  de- 
poiited  on  the  charcoal. 


Order  XII.     ORES  OF  ARSENIC. 

Arsenic  is  ufed  as  an  alloy  for  feveral  other  metals, 
efpecially  copper.  It  is  fometimes  employed  to  facili- 
tate the  fufion  of  glafs,  or  to  render  it  opaque,  in  order 
to  form  an  enamel.  Preparations  of  arfenic  are  em- 
ployed as  paints  ;  and,  like  inoft  other  violent  poifons, 
it  has  been  introduced  into  medicine. 

This  metal  is  fcattered  in  great  abundance  over  tl^ 
mineral  kingdom,  accompanying  almoll  every  other  me- 
tal, and  forming  alfo  fometimes  peculiar  veins  of  its  own. 
Of  courfe  it  occurs  in  alrooft  every  fpecies  of  moun- 
tain, and  is  accompanied  by  a  variety  of  ganguee. 

Genus  1.   alloys  or  arsenic. 

sphCiES  1.   Native  arfenicf.  fj.,,;^_ 

This  mineral  is  found  in  different  parts  of  Germany.  \  Kiriv,  ii 
It  occurs  generally  in  malTes  of  various  fliapes,  kidney- ijj- 
form,  botryoidal,  &c. 

Colour  that  of  fteel.  Its  furface  quickly  becomes  tar- 
nifhed  by  expofure  to  the  air.      Luflre  metallic  (when 


1J7 
G.  I.  AUoy» 
Niitive  ar- 


It  is  generally  accompanied  by  cobalt,  and  fometimes     frelh),  2  to  3.   Streak  bluilh  grey,  metallic,  and  bright, 
ntains  arfenic.  Powder  dull  and  black.      Texture  cumpaft.      Hardnefg 


contains 

Genus  II.   sulphhrets  of  uismuth. 
species  I.     Common  fulphuret  of  bifmuth  *. 
This  ore,  which   is  found   in  Sweden,   Saxony,  and 
Bohemia,  occurs  fometimes  in  amorphous  maffes,  and 
fometimes  in  needictoim  cryllals. 

Colour    commonly  bluilh    grey,   fometimes    white  ; 


G.  II.  Sul- 

phuret?. 

CoQimon 

fcilp.huret 

of  bifmuth, 

*  Kiriv.  ii. 

a5(). — Sa^!^ 

Mem.  Par.  furface  often  tarnifhed  yellow,  red,  and  purple.   Powder 

•78»,  307.  black  and  fhining.  Lullre  metallic,  2  to  3.  Streak, 
obfcurely  metallic.  Texture  foliated.  Hardnefs  5. 
Brittle.  Sp.  gr.  6.131  t  to  6.4672  |.  When  held  to 
the  flame  of  a  candle,  it  melts  with  a  blue  flame  and 
fulphureous  fmell.  Before  the  blow.pipe  emits  a  red 
difh  yellow  fmoke,  which  adheres  to  the  charcoal.    This 


7  to  8.      Brittle.      Sp.  gr.  5.67!  to  5.7249  J.     Gives 
an  aifenical  fmell  when    (truck.      Btfoiv  the  blow-pipe' 
emits  a  white  fmoke,  difTufcs  a  garlic  fmell,  burns  with 
a  blue  flame,  gradually  evaporates,  depofitlng    a  white 
powder. 

It  is  always  alloyed  with  feme  iron  J,  and  often  con 
tains  iilver,  and  fometimes  gold. 


f  K'trtt'ttfi,- 


\  Kirtvan. 
\  Brijin. 


Genus  II.  sulphurets  of  arsenic, 
species  I.    Orpitnent  (p). 
Auripigvienlum. 
This  ore,  which  is    found  in   Hungary,  Wiillachig, 
Georgia,  and  Turkey  in  Afia,  is  either  maffive  or  cry- 
ftallized.    The  cryftals  are  confuted,  and  their  figure 
powder  becomes  white  when  it  cools,  and  leUimes  its     cannot  be  eafily  determined;  fome  of  them   appear  oc- 
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Raaii.  ii. 

G.  II.  Sul- 

jhurets. 

Orjiiment. 
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former  colour  when  the  flame  is  direfled  upon  it  *. 
This  ore,  according  to  Sage,  contains     6:;  bifmuth. 
And,  according  to  La  Peroufe,  it  holds  36  fulphur. 
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tohedrons,  and  others  minute  four-fided  prifms. 

Its  colour  is  yellow.    Streak  orange  yellow.      Luftre 
waxy,  2103.      Tranfparency  from  o  to  2.     Texture ^ 
foliated.      Hardnefs  4  to  8       Sp.gr.  from   3.04b*   to 
3.521  f.   Eficrvel'ces  with  hot  nitric  acid.      Burns  with  '     '  " 


*  fCir 


(p)  K'tr'w.  II.  26o.-~Alicrtl  Je  jiuripigmciUo — ScDpoliinAmo  ^to  H'ljl.  Naturali,  p.  ^^.—Berg.  II.  237 ► 


246  MINER 

Orc«  of    3'  bluifh   white    flame.      Before  tlie  hlow-pi'pe  mek«, 
^  Ailcii:ar.   fmojj^cs,  and  evaporates,   Laving  only  a  little  earth  and 
fome  traces  of  iron. 

Compoicd  of         80  fulphur, 
20  arfenic. 


»59 

Realg.ir. 
*  Kirtv.  ii. 

iL  29;. 


iii.  34. 
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SPECIES  2.      Realgar*. 

This  mineral  is  found  in  Sicily,  about  Mount  Vefu- 
vius,  in  Hungary,  Tranfylvania,  and  various  parts  of 
Germany.  It  is  either  mafiive  or  cryftallized.  The 
primitive  form  of  the  cryftals  is,  according  to  Rome 
de  Lifle,  a  four-fided  rhomhoidal  prifm,  terminated  by 
four-fided  pyramids,  the  fides  of  which  are  rhombs  f. 
It  commonly  appears  in  4,  6,  8,  10,  or  12  fided  prifms, 
terminated  by  four  fidtd  fummits  J. 

Colour  red.  Streak  yellowilli  red.  Powder  fcarlet. 
Lullre  3  to  2.  Tranfparency  from  2  to  ^  ;  fometimes 
O.  Hardnefs  5  to  6.  Sp.  gr.  3.3384$.  It  is  an 
e\e(iuc  per  fe,  and  becomes  negatively  eledlric  by  fric- 
tion II .  Nitric  acid  deprives  it  of  its  colour.  Before 
the  blow-pipe  it  melts  eafily,  burns  with  a  blue  flame 
and  garlic  Imell,  and  foon  evaporates. 

Compofed  of         20  fulphur, 
80  arfenic. 


a6o 
G.  in. 

Oxides. 
White 
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*  Kiriv.  ii. 
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u.»85. 


f  Kirzvan, 


A  L  O  G  Y.  Clafs  IV. 

Its  colour,  when   frefli  broken,  is  whitlfh  or  bluiih    Maallic 
grey,  fometimes  with  a  ilradc  oi  red  )  vvtien  expofcd  to      ^>^^^- 
the  air  it  foon  bccom.es  tarnifhed.     Streak  bluifh  grey         ' 
and  metallic,      Luftre  fcarcely  metallic,  o  to  I.     'i'ex- 
ture  compaift.   Hardnefs  10.    Difiicnilly  frangible.   Sp. 
gr.  when  amorphous,   5.309  to  J.571  §  ;   when  cryllal-j  Kiriu.u. 
lized  7.7207  t-     When  ftruck  it  gives  out  an  arfenical  ^'i'^- 
fmell.      Before   the  blow-pipe  it  gives  out  an  arfenical  „        .' 
vapour,  becomes  magnetic,   and  melts  eafily,   unlefs  it  ^; )„_  (sju 
contains  a  great  quantity  of  iron.      Tinges  borax  darkxxxii.  588. 
blue,  and  a  fmall  metallic  btad  is  obtained. 

A  fpeclmen  of  this  ore  from  Cornwall,  examined  by 
"Mr  Klaproth,  contained   20  cobalt, 
24  iron, 
33  arfenic. 
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Genus  III.     oxides  ot  arsenic. 
SPECIES  1.      White  oxide  of  arfenic  *. 
Native  calx  of  arfenic. 
This  ore  is  found  in  various  parts  of  Germany,  Hun- 
gary, &c.  either  in   powder,  or  mafllve,   or  cryllallized 
in  prifmatic  needles. 

Colour  white  or  grey,  often  with  a  tint  of  red,  yel- 
low, green,  or  black.  Lullre  common,  i  to  2.  Tranf- 
parency I  to  o  ;  when  cryftallized,  2.  Texture  earthy. 
Hardnefs  6.  Brittle.  Sp.  gr.  3.7  f .  Soluble  in  hot 
<liluted  nitric  acid  without  effervelcence.  Soluble  at 
6o»  Fahrenheit  in  80  times  its  weight  of  water.  Be- 
fore the  blow-pipe  fublinies,  but  does  not  inflame.  Tin- 
ges borax  yellow. 

Order  XIII.     COBALT  ORES. 

Cobalt  is  employed  to  tinge  glafs  of  a  blue  colour, 
and  is  ufeful  in  painting  upon  porcelain. 

Cobalt  ores  are  found  almoft  exclufively  in  the  ftra- 
tified  mountains,  except  one  fpecics,  fulphurct  of  co- 
balt, which  afFefts  the  primitive  mountains.  They  are 
not  very  abundant  ;  and  for  that  reafon  cobalt  is  more 
valuable  than  many  of  the  other  metals  which  have 
been  already  treated  of.  They  are  commonly  accom- 
panied by  nickel,  bifmuth,  or  iron.  They  are  moil 
abundant  in  Germany,  Sweden,  Norway,  and  Hungary  ; 
they  have  been  found  alfo  in  Britain  and  France,  but 
not  in  any  gixat  quantity. 
s6i  _ 

G.I. Alloys.  Genus  I.     alloys  of  cobalt. 

Cobalt  al-  species  I.     Cobalt  alloyed  with  arfenic  f. 

loyed  with  Dull  grey  cobalt  ore. 

arfcnic.  This  ore,  which  occurs  in  different  parts  of  Germa- 

^yo'™'  ""  ny>  's  either  amorphous  or  cryftallized.     The  forms  of 
its  cryftals  are  the   cube  ;   fometimes  the  cube  with  its 

iRomeds     angles,  or  edges,  or  both  wanting;   and   the  oftahe- 
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with  fome  bifmu'h  and  ftony  matter  ' 


*Kljproth'i 


\  Beltnige, 
ii.  ^07. 

G  11.    Sul. 

phurets. 
Whire  co- 


Another  fpecimen  trom  Tunaberg,  according  to  the ''"'"'''j", 
analyfis  of  the  lame  chemift,  contained  p.  61. 

155.5  arfenic, 
44.0  cobalt, 
.5  fulphur. 

100  t 

Genus  II.     sulphurets  of  cobalt. 
SPECIES  I.     White  cobalt  ore  J. 
Sulphuret  of  cobalt,  arfenic,  and  iron. 
The  defcriptions  which  different  mineralogifts  have'^^if  '"■'•.. 

given  of  this  ore  are  fo  various,  that  it  is  impofiible  not :    "^'r,'  ' 
to  fuppofe  that  diftinft  fubftances  have  been  confound- yc„^.  ^t 
ed  together.  riy.  :s.ixit. 

It  occurs  either  in  mafTes,  or  cryftallized  in  cubes,  53- 
dodecahedrons,  odlohedrons,  and  icofahedrons. 

Colour  tin  white,  fometimes  tarniflied  reddirti  or  yel- 
lowiili.      Powder    fteel   grey.      Luftre   partly  metallic, 
and  from  2  to  4  ;  partly  o  or   1.     Texture  foliated. 
Hardnefs  8  to  9.      Sp.  gr.   from  6  284  f  to  6,4509  J.  ^  KirtcM. 
Before  the   blow-pipe  generally  gives  out  an   arlciiical  {  Huuy. 
vapour,  and  does  not  melt. 

The  analyfes  that  have  been  given  of  this  ore  are  ve- 
ry various.  Sometimes  it  has  been  found  to  contain 
no  arfenic  nor  iron,  and  fometimes  to  contain  both.  A 
fpecimen  from  Tunaberg  in  Sweden,  which  ought  to 
belong  to  this  fjiecies,  was  analyted  by  Taffaert,  and 
found  to  conllll  of    49      arftnic, 

36.6  cobalt, 
5.6  iron, 
6.5  fulphur. 

97.7  t  fy^n/I.  dt__ 

Klaproth  found  a  fpecimen  of  the  fame  ore  to  con- Ci'w.xxviii 
tain  55-5  arfenic,  '°°- 

44.0  cobalt, 
0.5  fulphur. 
100.0  X 

Genus  III.     oxides  of  cobalt. 
SPECIES  I.     Black  cobalt  ore  or  ochre  j. 
This  ore,  which  occurs  in  different  parts  of  Germa 
ny,  is  either  in  the  form  of  powder,  or  indurated. 

Colour  black,  often  with  a  fhade  of  blue,  grey,  brown,  5  Kirw.  ii. 
or  green.     Luftre  o  to  1.     Streak  brighter.    Hardnefs  i7J- 
(of  the  indurated)  from  4  to  8.     Sp.  gr.  3  to  4.     So- 
luble in  muriatic  acid.     Tinges  borax  blue. 

SPECIES 
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SPECIES  2.      Brown  cobalt  ore  *. 
Colour  greyilli  or  dark  leather  brown.   Streak  bright- 
er, unftuous.     Communicates  a  pale  blue  tiuge  in  tu- 
fion. 

SPECIES  ?.     Yellow  cobalt  ore  f . 
Colour  yellow.      Dull  and  earthy.      HarJnefs  4  to  5'. 
Texture  earthy.     Streak  brighter,  unftuous.     Gives  a 
■  weak  blue  tinge. 

GtNUS    IV.       SALTS    OF   COBALT. 

SPECIES   I.      Arfeniat  of  cobalt  J. 
Red  cobalt  ore. 
'      This  fpeciea,  like  mod  other  ores  of  cobalt,  has  nei- 
ther been  accurately  defcribtd  nor  analyled. 

It  is  found  in  maflcs  of  various  Ihapcs,  and  cryftalli- 
zed  in  quadrangular  tables  or  acicuLir  prifms. 

Colour  red.  Luftrc  from  2  to  3,  fomctiines  o.  Tranf- 
parency  o  to  2.  Hardnefs  5  to  7.  Brittle.  Before 
the  blow-pipe  becomes  blackilh  grey.  Diflules  a  weak 
arfenical  fmcll.     Tinges  borax  blue. 

Order  XIV.     ORES  OF  NICKEL. 

Hitherto  nickel  has  been  found  in  too  fmall  quan- 
tities to  be  applied  to  any  ufe  ;  of  courfe  there  are,  pro- 
perly fpeaking,  no  mines  of  nickel.  It  occurs  only  (as 
far  as  is  yet  known)  in  the  fecondary  mountains,  and 
ft  commonly  accompanies  cobalt.  It  has  been  found  in 
different  parts  of  Germany,  in  Sweden,  Siberia,  Spain, 
France,  and  Britain. 

GeNVS   I.       SULPHURETS  OF   NICKEL. 

SPECIES  I.  Sulphuret  of  nickel  with  arfenic  and  iron. 
Kupj'er  nickel*. 

This,  which  is  the  moil  common  ore  of  nickel,  oc- 
curs either  maflive  or  diilemiuated,  but  never  cryflalli- 
zed. 

Colour  often  that  of  copper,  fometimes  yellowilli 
white  or  grey.  Recent  frafture  often  filver  white. 
Luftre  metallic,  z  to  ^.  Texture  compaft.  Hardnefs 
8.  Sp.  gr.  6.6086  to  6.6481  \.  Soluble  in  nitric  and 
nitro-mnriatic  acids..  Solution  green.  Before  the  blow- 
pipe exhales  an  arfenical  fmokc,  and  melts  into  a  bead 
which  darkens  by  expofure  to  the  air. 

It  is  compofed  of  various  proportions  of  nickel,  ar- 
fenic, iron,  cobalt,  fulphur;  often  contains  bifmuth,  and 
fometimes  filver  and  copper. 

Genus  II.     oxides  of  nichel, 
SPECIES  I.      Nickel  ochre  *. 

This  mineral  occurs  either  in  the  form  of  a  powder, 
or  indurated,  and  then  is  either  amorphous,  or  cryrtalli- 
zed  in  acicular  form  cryftals.  The  powder  is  generally 
found  on  the  furface  of  other  nickel  ores. 

Colour  different  (hades  of  green.  Luftre  i  to  o. 
Texture  earthy.  Sp.  gr.  confiderable.  Slowly  diflolves 
in  acids ;  folution  green.  Before  the  blow-pipe  does 
not  melt ;  but  gives  a  yellowifh  or  reddilh  brown  tinge 
to  borax. 

This  ore  often  contains  fulphat  of  nickel,  which  is 
foluble  in  water.  The  folution,  when  evaporated,  gives 
oblong  rhomboidal  cryftals,  from  which  alkalies  preci- 
pitate a  greyifti  green  oxide.     This  oxide  is  foluble  by 


ai.ids  and  by  ammonia, 
the  alkaline  blue. 

Genus  III. 

SPECIES    I. 


The  acid  fulutioo  is  green  ; 


SALTS  OF   NICKEL. 

Arfeniat  of  nickel  f . 


This  ore,  which  was  lately  difcovcred  at  Regendortrjy^^'^^"j'^'  "^ 
by  Mr  Gmclin,  is  found   in  fliapeltfs  maftcs,  and  is  oi- ,  i^j^^^^ 
ten  mixed  with  plates  of  fulphat  of  barytes.  ii.  jSj. 

Colour  pale  grey,  here  and  there  mixed  with  pale 
green.  Streak  white.  Luftre  o.  Texture  compaifl. 
Hardnefs  7.  Difficultly  frangible.  Sp.  gr.  confider- 
able. Adheres  Hlghtly  to  the  tongue,  and  gives  an 
earthy  fmtU  when  breathed  on.  Soluble  iu  hot  nitric 
and  muriatic  acids  :   folution  green. 

Contains  fonie  cobalt  and  alumina. 

Order.  XV.     ORES  OF  MANGANESE  (c^). 

Hitherto  manganefe,  in  its  metallic  ftate,  has  fcarce- 
ly  been  put  to  any  ufe  ;  but  under  the  form  of  an  yxlde 
it  h;is  become  of  great  importance.  The  oxide  of  man- 
ganefe has  the  property  of  rendering  colouilefs  a  varie- 
ty of  bodies  which  injure  the  traulparency  of  glafs  ;  and 
it  has  been  long  u/ed  in  glafs  manufactories  for  this  pur- 
pofe  under  the  nTfne  oi glafs  foop.  By  means  of  the  fame 
oxide,  oxy-muriatic  acid  is  prepared,  which  has  rendered 
manganefe  of  great  importance  in  bleaching.  Not  to 
mention  the  utility  of  manganefe  to  the  chemUl,  the 
property  which  it  has  of  facilitating  the  oxidation  of 
other  metals,  and  of  rendering  iron  more  fufible — will 
probably  make  it,  in  no  very  remote  period,  of  very 
confiderable  importance  in  numerous  manufactories. 

Ores  of  manganefe  occur  often  in  ftrata,  both  in  the 
primitive  and  feCondary  mountains  ;  fcarcely  ever,  how- 
ever,  v^e  believe,  in  thofe  mountains  which  are  confidtr- 
ed  as  the  moft  ancient  of  all.  They  are  very  common, 
having  been  found  abundantly  in  Germany,  France, 
Spain,    Britain,   Sweden,   Norway,    Siberia,   and  other 

countries. 

170 
Genus  I.     oxides  of  urANCANESE.  G.I.Oxides*. 

Hitherto  manganefe  has  only  been  found  iu  the  ftate 
of  oxide.  La  Peroufe,  indeed,  fufpefted  that  he  had 
found   it   in  a  metallic  ftate  :   but  probably   there  was 

fonie  miftake  or  other  in  his  obfervations. 

271 

SPECIES  I.   Oxide  of  manganefe  combined  with  barytes.  0^"*^  of 
This  fpecies,  which  exifts  in  great  abundance  in  Ro- "0^"^ "J,"  j 
mancche  near  the  river  Soane  iu  France,  is  found  maf- „;;[,  b^. 
five,  forming  a  ftratum  in  fome  places  more  than  I2rytes. 
feet  thick. 

Cplour  greyifh  black  or  brownilh  black,  of  great  in- 
tenfity.  Luftre,  external,  o  ;  interiinl,  metallic,  I. 
Soon  tarnifhes  by  expofure  to  the  air,  and  then  becomes 
intenfely  black.  Texture  granular.  Fracture  uneven  ; 
fometimes  conchoidal.  Often  porous.  Hardnefs  1 1 , 
Difficultly  frangible.  Sp.  gr.  from  3  950  to  4.10.  Ab- 
forbs  water.  When  taken  out  of  water  after  a  minute's 
immerfion  it  has  a  ftrong  argillaceous  fmell.  Condufts 
electricity  nearly  as  well  as  if  it  were  in  .a  metallic  ftate, 
Infufible  by  the  blow-pipe.  Tinges  foda  red  ;  the  co- 
lour difappears  before  the  blue  cone  of  flame,  and  is  re- 
produced  by  the  adtion  of  the  yellow  flame. 

From 


(q.)   Pott.  Mifcelan.  Berolens,  VI.  40. — Margraff,   Mem.  Berlin,   1773,  P-  3'— -^^   Peroufe,  Jour,  de  Phyf, 
XVI.  J56.  and  XV.  67.  and  XXVIII.  68.— %f,  Mem.  Par.  1785,  235. 


24^  MINER 

Ore!  'if        From  the  analyfis  of  Vauquelin,  it  appears  that  it  ia 
Ni angancfe. cpnipufed  of         50.0  white  oxide  of  manganeie, 
"  "  33-7  oxygen, 

14.7  barytes, 
1.2  filica, 
.4  charcoal. 


'Mil.  N" 
xix  41. 

Grey  ore  of 

*  Kirivan^ 
ii.  191. 


^  your,  de 
Min.  N" 
xvii.  13. 

Black  or 
brown  ore 
of  mang»- 
nefe. 

*  Kiriuanj 
ii.  -192. — 
JVfdgdivoQdf 
fbil.  Tranf. 
Ixxiii.  1S4. 


»74 
G.  H.  Salts. 
Carbonat 
of  raanga- 
nefe. 

+  Kiriuattf 

ii.»97. 


1 00.0  ^ 

SPECIES  2.     Grey  ore  of  manganefe  *. 
This  ore  occurs  both  maflive  and  difTeminated  :  it  is 
alfo  fometimes  cryftallized  in  (lender  four-iided  prifms 
or  needles. 

Colour  ufually  duflcy  fteel  grey  ;  fometimes  whitifh 
grey,  or  reddith  grey.  Streak  and  powder  black.  Ex- 
ternal luftre  3  to  2  ;  internal  metallic,  2  to  1.  Texture 
ftriated  or  foliated.  Hardnefs  4  to  5.  Brittle.  Sp. 
gr.  from  4.073  f  to  4.8165  %.  Before  the  blow-pipe 
darkens.     Tinges  borax  reddifli  brown. 

A  fpecimen  of  oxide  of  manganefe  from  the  moun- 
tains of  Vofges,  which  probably  belonged  to  this  fpecies, 
and  which  was  analyfed  by  Vauquelin,  was  compofed 
^  82  oxide  of  manganefe, 

7  carbonat  of  lime, 
6  filica, 
5  water. 
100  § 
Sometimes  it  contains  a  little  barytes  and  iron, 

SPECIES  3.  Black  or  brown  ore  of  manganefe  *. 
This  ore  is  found  fometimes  in  the  ilate  of  powder, 
and  fometimes  indurated  in  amorphous  maffes  of  vari- 
ous figures.  Colour  either  black,  fometimes  with  a 
fliade  of  blue  or  brown  ;  or  reddifh  brown.  Streak  of 
the  harder  forts  metallic  ;  of  the  others,  black.  Luftre 
O  to  I  ;  internal  (when  it  is  indurated),  metallic.  Tex- 
ture compaft.  Hardnefs  5  to  7.  Sp.  gr.  3.7076  to 
^.90^9  ;  that  of  the  powdery  fometimes  only  2.  Be- 
fore the  blow-pipe  it  exhibits  the  fajne  phenomena  as 
the  laft  fpecies. 

A  fpecimen  of  this  ore,  analyfed  by  Weftrum,  con- 
tained 45.00  manganefe, 

14.00  oxide  of  iron, 
1 1. 00  filica, 
7.25  alumina, 
2.00  lime, 

1.50  oxide  of  copper, 
18.00  air  and  water. 

■98:75" 

Genus  II.     salts  or  manganese. 

SPECIES  I.     Carbonat  of  manganefe  f. 

White  ore  of  manganefe- 

This  fpecies  occurs  in  Sweden,  Norway,  and  Tranf- 

fylvania.     It   is  either  in  the  form  of  loofe  fcales,  or 

mafiive,  or  cryftallized  in  needles. 

Colour  white,  or  reddith  white.  Texture  either  ra- 
diated or  fcaiy.  Luftre  of  the  fcaly  z.  Tranfparency 
I  to  2.  Hardnefs  of  the  maflive  6  to  9.  Sp.  gr.  2.794. 
Effervefces  with  mineral  acids.  Heated  to  redjiefs, 
blackens.     Tinges  borax  violet. 


A  L  O  G  Y.  Clafs  IV 

SPECIES  2,     Red  ore  of  manganefe  f, 

Carbonal  of  manganefe  and  iron. 
This  fpecies  has  been  found  in   Piedmont  and  in  the 
Pyrenees.     It  is  fometimes  in  powder,  fometimes  maf- 
five,   fometimes   cryftallized   in    rhomboidal    prifnia    or 
needles. 

Colour  pale  rofy  red,  mixed  with  white.  Powder 
nearly  white.  Luftre  o.  Tranfparency  i.  Hardnefs 
8.  Sp.  gr.  3.233.  Effervefces  with  nitric  and  muria- 
tic acids.  When  heated  to  rednefs  becomes  reddilh 
brown.     Tinges  borax  red. 

A  fpecimen,  analyfed  by  Ruprecht,  contained 
55.0  filica, 

25.0  oxide  of  manganefe, 
7.0  oxide  of  iron, 
1.5  alumina. 


Metallic 
Ore». 


27S 
Red  ore  o( 
niad^anefe^ 
t  Kirutan^ 
ii.  iy7.— 
\npion, 
Mem.   Til. 
rin,  iv,  jOJ 


98.3^ 


Order  XVI.     ORES  OF  TUNGSTEN. 

As  110  eafy  method  has  hitherto  been  difcovered  of 
reducing  tungften  to  a  metdUic  ftate,  we  need  not  be 
furprifed  that  it  has  been  applied  to  no  ufe.  Ores  of 
tungften  are  by  no  means  common.  They  have  hither- 
to been  found  only  in  the  primitive  mountains.  Their 
gangue  is  commonly  quartz.  They  very  often  accom- 
pany  tin  ores. 


§  your  it 
Pbyf  KM. 
12.' 


Genus  I.     oxides  of  tungsten. 
SPECIES  !.     Woltram  (r). 


i7(f 
G.I.  Oxides 
Wolfram. 
Oxides  of  tungsten,  iron,  and  manganefe— Tungstat  of  iron 
and  manganefe. 

This  fpecies  is  found   in  different  parts  of  Germany, 
in  Sweden,   Britdi.i,   France  and  Spain  ;  and  is  almoft 
conftantly  acconpanied  by  ores  of  tin.     It  occurs  both 
mafiive  and  cryftallized.    The  primitive  form  of  its  cry- 
ftals,  according  to  the   oblervations  of  Mr  Hauy,  is  a 
redangular  parallelopipcd  \,  whofe  length  is  8.66,  whofe  t  Fig.  42. 
breadth  is  ;,  and  thicknefs  4.33  *      It  is  not  common,  *  jmr.dt 
however,  to  find  cryftals  of  this  perfeft  form  ;  in  many  Min.  N» 
cafes,  the  angles,  and  fometimes  the  edges,  of  the  cry-^'"-^- 
ftal  are  wanting -j-  ;  owing,  as  Mr  Hauy  has  (hewn,  to  f  Fig.  43. 
the  fuperpofition  of  plates,  whofe  edges  or  angles  de- 
creafe  according  to  a  certain  law  %.  X  Jour.ds 

Colour  brown   or  brownifh    black.     Streak   reddifti  ''}'"■  N* 
brown.     Powder  ftains    paper  with  the   fame  colour.  *'*' 
Luftre  external,   2  ;  internal,   2  to  3  ;  nearly  metallic. 
Texture  foliated.     Eafily  feparated  into  plates  by  per- 
cufFion.     Hardnefs  6  to. 8.     Sp.  gr.  from   7.006*  io  *  Kirwui. 
7-333  t-    Moderately  eleftric  by  communication.    Notx  ^j„y. 
magnetic.     Infufible  by  the   blow-pipe.     Forms  with 
borax  a  greenifli  globule,  and  with  microcofmic  fait  a 
tranfparent  globule  of  a  deep  red  ^I-  ^Vaujuili 

The  fpecimen  of  this  ore,  examined  by  Meffrs  d'El-7°' 
huyail's,  was  compofed  of  65  oxide  of  tungften, 

22  oxide  of  manganefe, 
13  oxide  of  iron. 


Jour,  de 

Mill.  N« 

xix.  II, 


100 


Another 


(r)   Kir'w.  II.  316. — De  Luyart,  Mem.  Thouloufe,  II.    141. —  Gmelin,  Crell's  Jour.  Englifh  Tranf.  III.  127, 
205,  and  293 — La  Peroufe,  Jour,  de  Min.  N'  IV.  p.  23. 


Order  XVIT. 


MINER 


Ores  of        Another  fpecimen  from  Pays  le  Mines  in  France, 
Mi'l-btic-  analyfed  by  Vauqiitliii  ar,J  Hcciili  coutaiiied 
.    ""'"•     ,  67.00  i>xidt?  ot'  tunglleii, 

'  18.00  bi.itk  uxidc  ot  iriii], 

6.2  J  bhck  oxide  of  maiiganefc, 

1.50  filica, 

7.2  ;  oxide  of  the' iron  and  manganefe. 


M,«.  N° 


100.00  § 


Genus  II.  salts  of  tungsten. 
SPECIES  I.  Tungllat  of  h'me  (s). 
Tulips  I  en. 


S'     '\^.,'e     This  ore,  which  is  now  exceedingly  fcarce,  has  hi- 

lime.  therto  been  lound  vinly  in   bwcden  and  Crermany.      It 

is  either  inafllvc  or  crytlallized  ;  and,  according  to  Hauy, 

,  „       j^    the  primitive  form  of  its  cryRals  is  the  oftahedron  f . 

Min.H"         Colour  vellowifh   white   or   grey.     Luftre    3  to   2. 

xMiii.  657.Tranfparency  2  to  3.  Texture  foliated.  Hardnefs  6 
to  9.  Sp.  gr.  5.8  to  6.0665.  Becomes  yellow  wiien 
digefted  with  nitric  or  muriatic  acids.  Infufible  by  the 
blow-pipe.  With  borax  forms  a  colourlels  glafs,  unlets 
the  borax  exceed,  and  then  it  is  brown.  With  micro- 
cofmic  fait  it  forms  a  blue  glafs,   which  lofes  its  colour 

ic  I    /  .„  -by  the  yellow  flame,  but  recovers  it  in  the  blue  flame  t. 

Scrgman.  -1'  '^  compoicd  Ot  about   70  oxidc  Ot  tunglteii,    . 

30  lime. 

100 
§  Sihttle.      with  a  little  filica  and  iron  jj. 

■^^If^  SPECIES  2.     Brown  Tungftat. 

tungftat.  This  ore  is  found  in  Cornwall,    and  is  either  mafiive 

or  compofed  of  Imall  cryft;alline  grains. 

Colour   grey,    variegated    with    yellow    and   brown. 
Luilre  2,  waxy.      Hardnefs  6  to  7.     Sp.  gr.  5.57.    Its 
powder  becomes  yellow  when  digefted  in  aqua  regia. 
According  to  Klaproth,  it  is  compofed  of 
88.0  oxide  of  tungften, 
I  r.5  lime. 

99-5 

Order  XVII.     ORES  OF  MOLYBDENUM. 

If  ever  molybdenum  be  found  in  abundance,  it  will 
probably  be  ufeful  in  dyeing  and  painting.  At  pre- 
fent  it  is  very  fcarce,  having  only  been,  found  in  Swe- 
den, Germany,  Carniola,  and  among  the  Alpes.  Like 
tin  and  tungften,  it  affeCls  the  primitive  mountains. 


A  L  O  G  Y.  249 

bluifti  black.     A  piece  of  refin  rubbed  with  this  mine-    ATeuliic 
ral  becomes   pofitivcly  elciilric  J.      Infoluble  in  fulphu-      Q*"''- 
ric  and  muriatic  acids  ;   but   in  a   boiling  litat   colours  \  ji" 
them    green.      Elfervcfccs  with  warm   nitric  acid,  ha- 7o„,.  <y,' 
ving  a  grey  oxide  undiffolved.     Before  the  blow-pipe,  on  -V/m.  N" 
a  illvcr  fpo'iu,  emits  a  white  fmokc,  which  condenies  in-"'*-  7°- 
to  a  white  powder,  which  iiecomts  bine  in  the  internal, 
and  lofes  its  colour  in  the  external,  ll mie.     Scarcely  af- 
fedfeil  by  borax  or  microcofmic   Kik.      Effervefcea  with 
fo(ia,  and  gives  it  a  reddilh  pearl  colour. 
Compofed  of  about    60  molybdenum, 
40  fulphur. 


279 
G.  I.  Sul- 
phuret. 
Common 


Genus  I.     suLPHURtT  of  molybdenum. 
SPECIES  I.     Common  fulphuret  (t). 
^  .  .  MolybJena. 

This  era,  which  is  the  only  fpecies  of  molybdenum 
ore  at  prefent  known,  is  found  commonly  mafllve;  fome- 
times,  however,  it  is  cryftallized  in  hexahedral  tables. 

Colour  light  lead  grey  ;   fometimes  with  3  fliade  of 

red.     Streak  bluifli    grey,    metallic.       Powder  bluilh. 

Luilre  metallic,   3   to  2.      I'exture  foliated.     LamelliE 

*KarJi:n.    fllghtly  flexible.       Hardnefs   4.       Sp.   gr.  4.569*   to 

*  Brlfm.     4.738;  f.     Feels   greafy  ;  ftains  the  fingers.      Marks 

SuppL.  Vol.  II.  Part  I. 


*  KlafrM, 


Order  XVIII      ORES  OF  URANIUM. 


Uranium  has  hitherto  been  found  only  in  Germany, 
and  has  not  been  applied  t(i  any  ufe.  The  only  two 
mines  where  it  has  occurred  are  in  the  primitive  moun- 
tains. 

r-  T  ^5° 

IjENUS   1.       OXIDES  OF   URANIUM.  G.I.Uxiile* 

SPECIES  I.     Sulphuret  of  uranium -j-.  Sulphuret 

Pechhlmde.  "f  uranium. 

This  ore,  which  has  been   found  at  Johanngeorgen-t  ""• 

ftadt  in  Saxony,  and  Joachimfthal  in  Bohemia,  is  either 
maflive  or  ftratified  with  other  minerals. 

Colour  black  or  brownifti   black  ;  fometimes  with  a 
(hade  of  grey  or  blue.    Streak  darker.     Powder  opaque 
and  black.      Luftre  femimetallic,  from  ^   to  1.      Frac- 
ture  conchoidal.    -Hardnefs  7  to  8.    Very  brittle.     Sp. 
gr.   from  6.3785  %  to  7-.S'  ^^^  even  higher  J.      Imper- j  Morvta,, 
teftly  foluble  in  fulphuiic  and  muriatic  acids  ;  perfedly  7<i»r. ./? 
in   nitric  acid  and  aqua  regia.      Solution   wine  yellow. -'*^'''- N° 
Infufible  with    alkalies  in  a  crucible:   infufible  by  the '*'"'■  ^'°- 
blow-pipe  per  fe.     With  borax  and  foda  forms  a  grey  ^^fl^f"'^' 
opaque  flag  ;   with  microcofmic  fait,  a  green  glafs.  ii.'iyr^  ' 

Compofed  of  oxide  of  uranium  and  fulphur,  and  mix- 
ed with  iron  and  filica,  and  fometimes  lead. 

A  fpecimen  of  this  ore  from  Joachimfthal,  analyfcd 
lately  by  Klaproth,  contained 

86.5  uranium,  \ 

6.0  fulphuret  of  lead, 

5.0  filica,  , 

2.5  oxide  of  iron. 


1 00.0' 


SPECIES  2.     Yellow  oxide  of  uranium  J. 
Uranitic  ochre. 
This  ore  Is  generally  found  on  the  furfaee  of  the  la  ft 
fpecies  at  Johanngeorgenftadt,  and  is  either  maffive  or 
in  powder. 

Colour  yellow,  red,  or  brown.  Streak  of  the  yellow 
forts  yellow  ;  of  the  red,  orange  yellow.  Luilre  c. 
Slightly  ilains  the  fingers.  Feels  meagre.  Texture 
earthy.  Hardnefs  3  to  4.  Sp.  gr.  3.2-138  ||.  Infu- 
fible by  the  blow-pipe  ;  but  in  a  ftrong  heat  becomes 
brownilh  grey. 

Compofed  of  oxide  of  uranium  and  oxide  of  iron. 

^  '  Genus 


•  Beilriige, 
il.  lil. 
2Sf 
Vellow 
oxide  of 
uiaitium. 


'Jovr,  de 


(s)    ^/r^.  II.  314.— iV/Wf'j  /ror^^f  (French  tranflation),  II.   St — Bergman,  ibid.   p.  QA.—Cre!,',  C/iem    yfn- 
iialen.  1784,  2  Bard  195. 

(t)  Kir-iv    II.  j,zi.— Scheie's  ICorh  (French  tranflation),  I.  27,6.—relletier,  Jour.  Je  Phyf.XXVll.  A%i.~ 
Ilfemann,  tb,d.  XXXIII.  z^z.-Sug:,  ibid,  ^i).— Klaproth  and  Modeer,  Ann.  de  Chim.  III.  1  20. 
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G.  ir.  Salts 
Carbonat 
of  uranium 
^  Kifwan, 
ii.  ,",04. 
§  Gmeh'n, 


•  JoLr.  dc 
Mix.  N« 
XV.  17. 
t  Ibid.  N° 
xii.  5  r. 
%  Jour,  it 
Min.  NO 
xxxii.  614. 
(  Ibid. 

G.I.OiWes 

Red  oxide 
of  titaniunn. 


^  your,  de 
Min.  N" 
XV.  i8.  ar.d 
xisii.  61J. 
t  Fig,  44. 


»  Klaproth 
■f-  VauquEli'i 

and  Hcibt. 


Menacha- 
nitc. 


Genus  II.    salts  of  uranium. 
SPECIES  I.   Carboiiat  of  uranium  <|[. 

Tills  fubllance  is  alio  found  at  Johanngeorgenftadt, 
and  near  Eibenftock  and  Rheinbreidenbach  ^.  It  is 
fomctimcs  amorphous,  but  more  commonly  cryftallizcd. 
Its  cryflals  are  fquare  plates,  oftaludrons,  and  lix  fided 
prifms. 

Colour  green  ;  fometimes  nearly  white  ;  fometimes, 
though  rarely,  yellow.  Streak  greenifh  white.  Luftre  j 
to  2  ;  internal,  2  ;  fometimes  pearly  ;  fometimes  near- 
ly metallic.  Tranfparency  2  to  3.  Texture  foliated. 
Hardnefs  5  to  6.  Brittle.  Soluble  in  nitric  acid  with, 
out  efFervefcence.      Infufible  by  alkalies. 

Compofed  of  carbonat  of  uranium,  with  feme  oxide 
of  copper.  When  its  colour  is  yellow  it  contains  no 
copper. 

Order  XIX.  ORES  OF  TITANIUM. 

Titanium  has  been  known  for  fo  fhort  a  time,  and 
its  properties  are  yet  fo  imperfeftly  afcertaiiied,  that 
many  of  its  ufes  muft  remain  to  be  difcovered.  Its 
oxide,  as  we  learn  from  Mr  Darcet,has  been  employed 
in  painting  on  porcelain  *.  Hitherto  it  has  been  found 
only  in  the  primitive  mountains,  the  Crapacks  f,  the 
Alpes  (u),  and  the  Pyrenees  J.  It  has  been  found  al- 
fo  in  Biittany  ||  and  in  Cornwal. 

Genus  I.  oxides  of  titanium. 

species  I.  Red  oxide  of  Titanium. 

Redjhorl — Sngenite. 

This  ore  has  been  found  in  Hungary,  the  Pyrenees, 
.the  Alpes,  and  in  Brittany  in  France.  It  is  generally 
cryftallized.  The  primitive  form  of  its  cryftals,  ac- 
cording to  the  obfervations  of  Mr  Hauy,  is  a  redlangu- 
lar  prifm,  whofe  bafe  is  a  fquare  ;  and  the  form  of  its 
molecules  is  a  triangular  prilm,  whofe  bafe  is  a  right 
angled  il'ofceles  triangle,  and  the  height  is  to  any  of  the 
fides  of  the  bale  about  the  right  angle  as  v'  12  to  \/  5, 
or  nearly  as  :;  :  2  «(J.  Sometimes  the  cryftals  of  tita- 
nium are  fix-fided,  and  fometimes  four-fided,  prifms, 
and  often  they  are  implicated  together  J. 

Colour  red  or  brownifh  red.  Powder  brick  or  orange 
red.  Lultre  3.  Tranfparency  commonly  o  ;  fometimes 
I.  Texture  foliated.  Hardnefs  9.  Brittle.  Sp.gr. 
from  4.18  *  to  4.24'i9  f .  Not  affefled  by  the  mineral 
acids.  When  fufed  with  carbonat  of  potafs,  and  dilu- 
ted with  water,  a  white  powder  precipitates,  heavier 
than  the  titanium  employed.  Before  ths  blow-pipe  it 
does  not  melt,  but  becomes  opaque  and  brown,  With 
microcofmic  fait  it  forms  a  globub  of  giafs,  which  ap- 
pears  black  ;  but  its  fragments  are  violet.  With  borax 
it  forms  a  deep  yellow  ginf?,  with  a  tint  of  brown. 
With  foda  it  divides  and  mixes,  but  does  not  form  a 
tranfparent  gl.ifs. 

When  pure,  it  is  compofed  entirely  of  oxide  of  tita- 
nium. 

species  2.  Menachanite  (x). 
Oxii'e  of  titanmm  combined  with  iron. 
This  fubftance  has  been  found  abundantly  in  the  val- 
ley of  Menachan  in  Cornwal ;  and  hence  was  called  me- 


ciafs  r. 


nachanite  by  Mr  Gregor,  lliedifcoverer  of  it.  It  is  in 
fmall  grains,  like  gunpowder,  of  no  determinate  (hape, 
and  mixed  with  a  fine  grey  fand.  Colour  black.  Eafiiy 
pulverized.  Powder  attrafted  by  the  magnet.  Sp.  gr. 
4.427.  Does  not  detonate  with  nitre.  With  two  parts 
of  fixed  alkali  it  melts  into  an  olive  coloured  mafs,  from 
which  nitric  acid  precipitates  a  white  powder.  The  mi- 
neral  acids  only  extradi  from  it  a  little  iron.  Diluted 
fulphuric  acid,  mixed  with  the  powder,  in  fuch  a  pro- 
portion that  the  mafs  is  not  too  liquid,  and  then  eva- 
porated to  drynefs,  produces  a  blue  coloured  mafs.  Be- 
fore the  blowpipe  does  not  decrepitate  nor  melt.  It 
tinges  microcofmic  fait  green  ;  but  the  colour  becomes 
brown  on  cooling  :  yet  microcofmic  fait  doe;;  not  dif- 
folve  it.  Soluble  in  borax,  and  alters  its  colour  in  the 
fame  manner. 

According  to  the  analyfis  of  Mr  Gregor,   it  is  com- 
pofed of  46  oxide  of  iron, 

45  oxide  of  titanium. 

91  with  fome  filica  and  manganefe  j-.  i^MCrmr^ 
According  to  Mr  Klaproth's  analyfis,  it  is  compofed  7"«''- </' 
of  51.00  oxide  of  iron,  Phyf.^vLw. 

45.25  oxide  of  titanium,  /'• 'j 

3.50  filica, 
.25  oxide  of  manganefe. 


IOO.OdJ  iBdtrUge^ 

A  mineral,   nearly  of  the   fame  nature  with  the  one"'*3i- 
juft  defcribed,   has  been  found  in  Bavaria.      Its  fpecific 
gravity,  however,  is  only  3.7.     According  to  the  ana- 
lyfis of  Vauquelin  and  Hecht,  it  is  compofed  of 
49  oxide  of  titanium, 
35  '■■on, 

2  manganefe, 
14  oxygen  combined  with  the  iron  and  manganefe. 

ICO  J  ^ycur.di 

Mia.  N" 
SPECIES  3.  Calcareo-fillceous  ore  of  titanium.  ^tii.  57. 

0. tide  of  titanium  comllned  wllh  lime  andjdtca — ^''''""'^t-Caicareo. 

This  ore   has  hitherto  been   found   only  near  Pa{Iau.f,iiceoii!ort 
It  was  difcovered  by  ProfefTor  Hunger.      It    Is  fome- of  titanium, 
times   maflive,  but  more  commonly  cryftallized  in  four- 1.  ^""^'"'> 
fided  prifms,  not  longer  than  one  fourth  of  an  Inch.        "'    ■^ 

Colour  reddifli,  yellowifti,  or  blackifh  brown  ;  fome- 
times whitilh  grey.  Powder  whitlfti  grey.  Luftre 
waxy  or  nearly  metallic,  2  to  3.  Tranfparency  from  o 
to  2.  Texture  foliated.  Hardnefs  9  or  more.  Brittle. 
Sp.  gr.  3.5 10.  Muriatic  acid,  by  repeated  digeftion, 
difTolves  one-third  of  It.  Ammonia  precipitates  from 
this  folutlon  a  clammy  yellowllfi  fubftance.  Infufible 
by  the  blow  pipe,  and  alfo  in  a  clay  crucible  ;  but  in 
charcoal  is  converted  into  a  black  opaque  porous  flag. 

According  to  the  analyfis  of  Klaproth,  it  is  compo- 
fed of  33  oxide  of  titanium, 
35  filica, 

33  1™^- 


lOI 


Order 


(u)  Bolom  eu.  Jour,  de  Min.  N»  XLII.  431.  and  Sauffure,  Voyages,  N°  1894. 

(x)  Klrw.   II.  326.— Grfjor,  Jour,  de  Phyf  XXXIX.  72.  and  i^z.—Schmeifer,  Crell's /inaals  {Eoghih 
tranflation),  HI.  252. 


Order  XX.  MINER 

Ore5  of  Ord€r  XX.  ORES  OF  TELLURIUM. 

-Tellurium.  ii..  ,.  rj-rr 

-  Hitherto  tellmium  has  only  been   round   in   1  ran- 

fylvania.      It  occurs  in   three   different   mines;  that  of 

Fatzhav,  Offenbanya,  anc\  Nagyag,  which  are  confultr- 

ed  as  ;;old  mines,  bccaufe  they  contain  Icfs  or  more  of 

that  metal.      Its  gangue  is  commonly  quartz. 


•:«6 

G.l.  Alloys. 
Wliite  Rii'd 
oreof  fiiz- 
bay. 


•  jinn  di 
Chim,  XXV, 
3»7- 


t  BW.180. 

187 
Graphic 
giuden  ore 
of  OfTeii- 

banya. 

\  Ann.  d! 
Chim.  XXV. 
328. 


]|  Dc  Bornj 
Kirit'iin's 
Min.  ii. 
IIJ. 


§  Ann.  de 
Chim.  XXV. 

a  So. 


Genus  I.   alloys  of  tellurium. 
SPECIES  1.  W'iiite  gold  ore  of  Fatzbpy. 
yi'//oy  of  lellurhim  andiron^  •with  Jome gold. 
This  fpecies  is  generally  mallive.      Its  colour  is'  be- 
tween tin  white  and  lead  grey.  Luftre  coniiderable,  me- 
tallic.    TcKtnre  granular*. 

According  to   Klaproth's  analyfis,  it  is  compofed  of 
72.0  iron, 
25.5  tellurium, 
2.;  gold. 

1 00.0  f 

SPECIES  2.  Graphic  golden  ore  of  Offenbanya. 
Telurium  alloyed  'unlh  gold  andjdvcr. 
This  ore  is  compofed   of  flat  prifmatic  cryftals  ;  the 
arrangement  of  which  has  fome  refcniblance  to  Turkilli 
letters.     Hence  the  name  of  the  ore. 

Colour  tin  white,  with  a  tinge  of  brafs  yellow  \. 
Lultre  metallic,  3,  Hardnefs  4  to  j.  Brittle.  Sp. 
gr.  5.723.  Befoie  the  blow  pipe  decrepitates,  and  melts 
like  lead.  Burns  with  a  lively  brown  flame  and  difa- 
greeable  fmell,  and  'it  laft  vanilhes  in  a  white  fmoke, 
leaving  only  a  whitifli  earth  ||. 

According  to  Klaproth's   analyfis   it   is  compofed  of 
60  tellurium, 
30  gold, 
10  filver. 

100  J 
The  yellow  gold  ore  of  Nagyag  would  belong  to  this 
fpecics  were  it  not  that  it  contains  lead.      Its  compofi. 
tion,  according  to  Klaproth's  anaylfis,  is  as  follows  ; 
45.0  tellurium, 
27.0  gold, 
19.5  lead, 
'8.5  filver, 


A  L  0  G  Y. 

Order  XXL  ORES  OF  CHROMUM. 

Chkomum  has  Ixitherto  been  found  in  too  fmall  quan- 
tities for  its  cxtenfive  application  to  the  arts.  When- 
ever it  becomes  plentiful,  its  properties  will  render  it  of 
great  importance  both  to  the  dyer  and  painter.  Na- 
ture has  ufed  it  to  colour  fome  of  her  mod  beautiful  mi- 
neral produdlions  :  And  can  art  copy  after  a  better  mo- 
del ?  Hitherto  it  has  been  found  only  in  two  places, 
near  Ekaterinbourg  in  .Siberia,  and  in  the  department 
of  the  Var  in  France.  In  the  full  of  thcfe  places,  and 
probably  alfo  in  the  fccond,  its  gangue  is  quartz. 


Motallic 
Ore?. 

.,-—» 


18S 
Grey  folia, 
ted  ^uld  cire 
of  Nagyag. 


t  Klaprolh, 
Ann.  de 

CUm.  XXV. 

3>9- 

i  Dc  Born, 

^ir-wan's 

Min.  ii.  99. 


5  Ann.  de 
Cbim.  ibid. 
980. 


1S9 

G.  I.  Salts. 
Chromat  of 
lead. 


100.0  and  an  atom  of  fiilphur  *. 

SPECIES  3.   Grey  foliated  gold  ore  of  Nagyag. 
This  ore  is  found  in   plates,  of  different    degrees  of 
thicknefs,  adhering  to  one  another,  but  eafily  feparable: 
thefe  are  fometimcs  hexahedral,  and  often  accumulated 
fo  as  to  leave  cells  between  them. 

Colour  deep  lead  grey,  paffing  to  iron  black,  fpotted. 
Luftre    metallic,  moderate.     Texture  foliated ;  leaves 
(lightly  flexible  f.  Hardnefs  6.    Sp.  gr.  8.919.    Stains 
the  fingers.      Soluble  in  acids  with  effervefcence  t. 
According  to  Klaproth,  it  is  compofed  of 
50.0  lead, 
3^.0  tellurium, 
8.5  gold, 
7.3  fulphur, 
1 .0  filver  and  copper. 

1 00.0  J 


GknuS  I.    SALTS   OF  CHROMl'M. 

SPECIFS  I.  Chromat  of  lead. 
Red  lead  ore  of  Siberia. 

This  lingular  mineral,  which  has  now  become  fcarce, 
is  found  in  the  gold  mines  of  Ilerefof  near  F.katerim- 
bourg  in  Siberia,  cryl'Lallizcd  in  four  fidcd  prifnis,  fome- 
times  terminated  by  four-lided  pyramids,  i'omctimes  not. 

Colour  red,  with  a  fliade  of  yellow.  Streak  and 
powder  a  beautiful  orange  yellow.  Luftre  from  2  to 
3.  Tranfparency  2  to  3.  SirnCiure  folialed.  Tex 
ture  compadl.  Frafture  nncven.  Hardnefs  j  to  4. 
Sp.  gr.  6.0269  f  to  5.75  %.  Does  not  efl'crvefce  'vith  ^  'f^r'Jfon. 
acids.  Before  the  blow  pipe  decrepitates  ;  fome  ler.d  is*  ^'"'""'"^ 
reduced,  and  the  mineral  is  converted  to  a  black  llag, 
which  tinges  borax  green. 

According  to  the  analyfis  of  Vauquelin,  it  is  compo- 
fed of  65.12  uxide  of  lead, 
34.88  chromic  acid. 

ICO.OO  ||.  IJour.ie 

Min.  N" 
SPECIES  2.  Chromat  of  iron.  xxxiv.  760. 

This  mineral,   which  has  been  found  only  near  Gaf-      '9° 

fin  in  the  department  of  Var  in  France,    is  in  irregular •""' 

rf  '■  '6        iron, 

mellas. 

Colour  brown,  not  unlike  that  of  brown  blende. 
Luftre  metallic.  Hardnefs  moderate.  Sp.  gr.  4.0326. 
Melts  with  difficulty  before  the  blow-pipe  ;  to  borax  it 
communicates  a  dirty  green.  Infoluble  in  nitric  acid. 
Melted  with  potafs,  and  difiulved  in  water,  the  folution 
aflumes  a  beautiful  orange  yellow  colour. 

It  is  compoled  of  63.6  chromic  acid, 
36.0  oxide  of  iron. 

99-H  ^Tap.rt, 

Ann.  de 

Chap.  V,     Of  the  Chemical  Analysis  of        Chim.ixii. 
Minerals.  »J°' 

191 
The  progrefs   which  the  art   of  analyfing   minerals '^P^'v''' "^ 
has  made  within    thefe  laft   twenty  years  is   truly  afto-'"'""*'*' 
nifliing.     To  feparate  five  or  'iw    fubftances  intimately 
combined  together,  to  exhibit  each  of  them  feparately, 
to  afcertain  the   piecife  quantity  of  each,    and  even  to 
detedl  the  prefence  and  the  weight  of  fubftances  which 
do  not  approach  j^s^h  part  of  the  compound,  would, 
at    no  very  remote   period,  have  been   confidered  as  a 
hopelefs,  if  not    an  impolfible,   taik  ;  yet  this  can  now 
be  done  with  the  moft  rigid  accuracy. 

The   firft  perfon   who  undertook  the  analyfis  of  mi- Begun  br 
nerals  was  Margraff  of  Berlin.     His  attempts  were  in-Margraff. 
deed  rude  ;  but  their  importance  was  foon  perceived  by 
otl\,er  chemifts,  particularly  by  Bergman  and  Sclieele, 
I  ■  2  whofc 


2.5  2 


i\nalyOs  oFwhofe  In^uflry  and  addrefs  brought  the  art  of  analylir.g 
Mini-ial  .   niinerals  to  a  conliderable  degree  of  perfeftion. 

•  But  their  methods,  though  they   had   very   confidtr- 

able  merit,  and,  coiiiulering  the  ftate  of  the  fcience,  are 
wonderful  proofs  of  the  genius  of  the  inventors,  were 
193        often  teiiious  and  uncertain,  and  could  not  in   all  cafes 
Impnvei    be  applied  with  confidence.      Thefc   defe<fls  were  per- 
'h'^'       celved  by  Mr  Klaproth  of  Berlin,  who  applied  himfelf 
'  to  the  anslyfjs   of  minerals    with  a  pcrfevering  induftry 

which  nothing  could  fatigue,  and  an  ingenuity  and  ac- 
curacy  which   nothing;  could   perplex.      He    corrc(5\ed 
what  was  wrong,  and  fupplied    what    was  wanting,   in 
the  analytical   method  ;   invented  new  procelfes,  duco- 
vered    new  inftruments  :  and    it   is  to  his  labours,  more 
than  to  thofe  of  any  other  chemiii:,  that  the  degree  of 
pcrfediion,  to  which  the  analylis  of  minerals  has  attain- 
204       cd,  is  to  be  afcribed.      Mary  improvement',   however, 
Andntlur   ^cre  introduced  by   other  chemiils,   efpecially  by   Mr 
emi   s.      Yaiiqueliii,  whofe  analvles  in  point  of  accuracy  and  in- 
genuity rival  thof;;  of  Klaproth  himftlf. 

We  fliall,  in  this  chapter,  give  a  (liort  dcfcription  of 
the  moll  perfeft  method  of  au.ilyfing  minerals,  as  far 
as  we  are  accpiainted  with  it.  We  Ihall  divide  the  chap- 
ter into  four  fedtions.  In  the  firft,  we  fnall  give  an  ac- 
count of  the  inftruments  ufed  In  analyfcs  ;  in  the  fecond, 
we  fhall  treat  of  the  method  of  aiialyfuig  ftones  ;  in  the 
third,  of  analyfing  combuftibles  ;  and  in  the  fourth,  of 
the  analyfes  of  ores. 

Sect.  I.      Of  the  Injlrumrvls  of  Analyfcs. 

Methuilof  I.  The  chymical  agents,  by  means  of  which  the  an- 
obtaininij  alvfis  of  minerals  is  accompliflied,  ought  to  be  prepared 
c  emica  a-  jj[j  ^^le  <rrcatcft  care,  becaufe  upon  their  purity  the 
exaftnefs  of  the  operation  entirely  depends.  Thefe  a- 
gcnts  are  the  three  alkalies,  both  pure  and  combined 
with  carbonic  acid  ;  the  fulphuric,  nitric,  and  muriatic 
acids  ;  liydrofulphuret  of  potafs  and  fulphiirated  hydro- 
gen gas  diil'olved  in  water;  pruffic  alkali,  and  a  few 
neutral  falts. 

1.  Potafs  and  foda  may  be  obtained  pure,  either  by 
means  of  alcohol,  or  by  the  method  defcribed  in  the 
article  Chemistry,  n'-'  372.  Suppl.  Thefe  alkalies  are 
known  to  be  pure  when  their  folution  in  pure  water  occa- 
Jions  no  precipitate  in  lime  and  barytic  water;  when  the 
precipitate  which  it  produces  in  a  folution  of  filver  is 
completely  dilfolved  by  nitric  acid  ;  and,  laftly,  when 
faturated  with  carbonic  acid  It  depoiits  no  fdica. 

2.  Ammonia  is  procured  by  diddling  one  part  of  mu- 
riat  of  ammonia  with  two  parts  of  quicklime,  and  recei- 
ving the  gas  in  a  dllh  containing  a  quantity  of  pure  wa- 
ter, equal  In  weight  to  the  muriat  employed.  Its  pu. 
j^'ty  is  known  by  the  fame  tells  which  afccrtain  the  pu- 
rity of  fixed  alkalies. 

3.  The  carbonats  of  potafs  and  foda  may  be  formed 
by  diffolving  the  potafs  and  foda  of  commerce  in  pure 
water,  faturaling  the  folution  with  carbonic  acid,  and 
cryftalllzing  them  repeatedly.  When  pure,  thefe  cry- 
ftals  efflorcfce  in  the  air  ;  and  the  precipitate  which  they 
occafion  in  folutions  of  barytes  and  of  fdver  is  com- 
pletely foluble  in  nitric  acid.  Carbonat  of  ammonia  is 
obtained  by  diftilling  together  one  part  of  muriat  of 
ammonia  and  two  parts  of  carbonat  of  lime. 

4.  The  fulphuric  acid  of  commerce  often  contains 
nitric  acid,  potafs,  lead  &c.  It  may  be  purified  by  di- 
ftitlation  in  a  low  cucurbitc.     The  firft  portion,  when 
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it  comes  over,  muft  be  fet  afid?;  it  contains  the  nitric  Analyfia  of 
The  other  impurities  remain  behind  in  the  cu-   Miietali. 


acid. 

curbite.     Sulphuric  acid,  when  pure,  dilfolves  indigo 

without  altering    its   colour,  does  not  attack   mercury 

while  cold,  and  caufts  no  precipitate  in  pure  alkaline  fo- 

lutions. 

q.  Nitric  acid  often  contains  both  fulphuric  and  mu- 
riatic acids.  It  is  eafdy  purified  by  throwing  into  it 
about  three  parts  of  lltjiaige  in  fine  powder  for  every 
IOC  parts  of  the  acid,  allowing  the  mixture  to  remain 
for  24  hours,  (liaklng  it  occafionally,  and  then  dillilling 
it.  The  fulphuric  and  muriatic  acids  combine  with  the 
lead,  and  remain  behind  iu  the  retort.  Pure  nitric  acid 
occafions  no  precipitate  in  the  folutions  of  barytes  and 
iilver. 

6.  The  muriatic  acid  of  commerce  ufually  contains 
fulphuric  acid,  oxymuriatic  acid,  and  oxide  of  iron.  It 
may  be  purified  by  diftillation  with  a  little  muriat  of 
foda  ;  taking  care  to  fet  aiide  the  firft  portion  which 
comes  over.  When  pure  it  caules  no  precipitate  in  the 
folution  of  barytes,  nor  of  pure  alkalies,  and  does  not 
attack  mercury  while  cold. 

7.  Hydrofulphuret  of  potafs  Is  made  by  faturating  a 
folution  of  pure  potafs  with  fulphurated  hydrogen  gas; 
and  water  may  be  faturated  with  fulphurated  hydrogen 
gas  in   the  fame  manner.     See  Chemistry,   11°   857. 

8.  The  method  of  preparing  pruffic  alkali,  oxalic 
acid,  and  the  other  fubfbances  uled  in  analytcs,  has  been 
already   defcribed  In   the  article   Chemistky,  Suppl.  it 

Is  unnecefl'ary  therefore  to  repeat  It  here.  j  g 

II.  Before  a  mineral  is  fubmitted  to  analyfis,  it  ought  How  to  re* 
to  be  reduced  to  an  Impalpable  powder.  This  is  by  noi1"<^e  the 
means  an  eafy  ta(l<  when  the  ftone  is  extremely  hard.  '^""■'■'''  '» 
It  ought  to  be  railed  to  a  bright  red  or  white  heat  in 
a  crucible,  and  then  inftantly  thrown  into  cold  water. 
This  fudden  tranfition  makes  it  crack  and  break  into 
pieces.  If  thefe  pieces  are  not  fmall  enough,  the  ope- 
ration may  be  repeated  on  each  till  they  are  reduced 
to  the  proper  fize.  Thefe  fragments  are  then  to  be 
beaten  to  fmall  pieces  in  a  poliflied  Heel  mortar  ;  the 
cavity  of  which  (bould  be  cylindrical,  and  the  fteel  peille 
fiiould  fit  It  exadly,  in  order  to  prevent  any  of  the  Hone 
from  efcaping  during  the  atl  of  pounding.  As  foon  as 
the  ftone  Is  reduced  to  pretty  fmall  pieces,  it  ought  to 
be  put  into  a  mortar  of  rock  cryllal  or  flint,  and  redu- 
ced to  a  coarfe  powder.  This  mortar  ftiould  be  about 
four  inches  in  diameter,  and  rather  more  than  an  inch 
in  depth.  The  peille  fliould  be  formed  of  the  fame 
ftone  with  the  mortar,  and  care  fliould  be  taken  to  know 
exadly  the  intrredlents  of  v?hich  this  mortar  is  compo- 
fed.  Klaprotli's  mortar  is  of  flint.  We  have  given  its 
analyfis  in  n"  32.  of  this  article. 

When  the  Hone  has  been  reduced  to  a  coarfe  pow. 
der,  a  certain  quantity,  whofe  weight  is  known  exatlly,. 
100  grains  for  inftance,  ought  to  be  taken  and  reduced 
to  as  fine  a  powder  as  poffible.  This  is  belb  done  by 
pounding  fmall  quantities  of  it  at  once,  not  exceeding 
10  grains.  The  powder  is  as  fine  as  pofiible  when  it 
feels  foft,  adheres  together,  and  as  it  were  forms  a  cake 
under  the  peftle.  It  ought  then  to  be  weighed  exadt- 
ly.  It  will  almoft  always  be  found  heavier  after  bemg 
pounded  than  It  was  before  ;  owing  to  a  certain  quan- 
tity of  the  fubllance  of  the  mortar  which  has  been  rub- 
bed off  during  the  grinding  and  mixed  with  the  pow- 
der. 
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ytralyfis  ofder.  This  additional  weight  muft  be  carefully  noted; 
Minerals,  and  after  the  analyfis,  a  portion  of  the  ingredients  of 
the  mortar,  correlponding  to  it,  mull  be  fubtradcd.  - 
III.  It  is  neceffary  to  have  a  crucible  of  pure  filver, 
or,  what  is  far  preferable,  of  platinum,  capable  of  hold- 
ing rather  more  than  feveu  cubic  inches  of  water,  and 
provided  with  a  cover  of  the  lame  metal  There  (hould 
alfo  be  ready  a  fpatula  of  the  fame  metal  about  four 
inches  long. 

The  difhes  in  which  the  fulutions,  evaporations,  &c. 
are  performed,  ought  to  be  of  glafs  or  porcelain.  Thofe 
of  porcelain  are  cheaper,  bccaufe  they  are  not  fo  apt  to 
break.  Thofe  which  Mr  Vauquelin  ufcs  are  of  porce- 
lain ;  they  are  feftions  of  fpheres,  and  arc  glazed  both 
■within  and  without,  except  that  part  of  tlie  bottom 
which  is  immediately  expofed  to  the  fire. 

Sect.  II.   ^rmlyfts  of  Stones  (y). 
298  rpj^^  ^^ly   fubftances  which  enter  into  the  compofi- 

0"  ftones"  *  ''""  °f  ^^^  fimple  ftones,  as  far  at  leait  as  analyfis  has 
difcovered,  are  the  fix  earths,  hlica,  alumina,  zirconia, 
glncina,  lime,  and  magnefia  ;  and  the  oxides  of  iron, 
manganefe,  nickel,  chromum,  and  copper  (z).  Seldom 
more  than  four  or  five  of  thefe  fubftances  are  found  com- 
bined together  in  the  fame  Itone  :  we  {hall  iuppofe, 
however,  in  order  to  prevent  unnecefTary  repetitions, 
that  they  are  all  contained  in  the  mineral  which  we  are 
going  to  analyie. 
M  tV  d  of  ^^^  looor  200  grains  of  the  ftone  to  be  analyfed,pre- 
decompo-  vioufly  reduced  to  a  fin'"  powder,  be  mjxed  with  three 
fiiiij  (tones,  times  its  weight  of  pure  potafs  and  a  little  water,  and 
expofed  in  the  filver  or  platinum  crucible  to  a  (Irong 
.  heat.  The  heat  fhould  at  firil  be  applied  flowly,  and 
the  matter  (hould  be  conilantly  ftirred,  to  prevent  the 
potafs  from  fwelling  and  throwing  any  part  out  of  the 
crucible.  When  the  whole  water  is  evaporated,  the 
mixture  (hould  be  kept  for  half  an  hour  or  three  quar- 
ters in  a  ftrong  red  heat. 
■  If  the  matter  in  the  crucible  melts  completely,  and 
appears  as  liquid  as  water,  we  may  be  certain  that  the 
Itone  which  we  are  analyfmg  confiils  chiefly  of  lih'ca  ; 
if  it  remains  opaque,  and  of  the  confitlenceot  palle,  the 
other  earths  are  mod  abundant  ;  if  it  remains  in  the 
form  of  a  powder,  alumina  is  the  prevalent  eartli.  If, 
the  matter  in  the  crucible  be  of  a  dark  or  browni(h  red 
colour,  it  contains  oxide  of  iron  ;  if  it  is  grals  green, 
manganefe  is  prefent ;  if'it  is  yellowilh  gieen,  it  con- 
tains chromum. 

When  the  crucible  has  been  taken  from  the  fire  and 
wiped  on  the  outfide,  it  is  to  be  placed  in  a  caplule  ot 
porcelain,  and  filled  with  water.  This  water  is  to  be 
renewed  from  time  to  time  till  all  the  matter  is  detach- 
ed from  the  crucible.  The  water  dillolvcs  a  part  of  the 
combination  of  the  alkali  with  the  filica  and  alumina 
of  the-llone  ;  and  if  a  fufficient  quantity  were  uled,  it 
would  dilfolve  the  whole  of  that  combinaticm. 

Muriatic  acid  is  now  to  be  poured  in  till  the  whole 
of  the  matter  is  diffolved.  At  firit  a  flaky  precipitate 
appears,    becaufe    the  acid  combines    with    the  alkali 
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which  kept  it  in  folution.  Then  an  efFei^efcence  takes  Ana'yfis  of 
place,  owing  to  the  dccompofition  of  fome  carbonat  of  ^"""'^''*-, 
potafs  formed  during  the  fufion.      At  the  fame  time  ' 

the  flaky  precipitate  is  redilFolved  ;  as  is  alfo  that  part 
of  tlie  matter  which,  not  having  been  diflolved  in  the 
water,  had  remained  at  the  bottom  of  the  dilh  in  the 
form  of  a  powder.  This  powder,  if  it  conlilts  only  of 
filica  and  alumina,  diflblves  without  cftervcfcence;  but 
if  it  contains  lime,  an  efTcrvcfcence  tftkes  place. 

If  this  folution  in  muriatic  acid  be  cohnulels,  we  may 
conclude  that  it  contains  no  metallic  oxide,  or  only  a 
very  fmall  portion  ;  if  its  colour  be  puri)lif})  red,  it  con- 
tains manganefe  ;  orange  red  indicates  the  prelcnce  of 
iron  ;  and  golden  yellow  the  prcfence  of  chromum. 

This  folution  is  to  be  poured  into  a  capfule  of  porce- 
lain, covered  with  paper,  and  evaporated  to  drynefs  in 
a  fand  bath.  When  the  evaporation  is  drawing  towards 
its  completion,  the  liquor  ali'umes  the  (orm  of  ielly.  It 
mull  then  be  itirred  conilantly  with  a  glais  or  porcelain 
rod,  in  order  to  facilitate  the  difengagement  of  the  acid 
and  water,  and  to  prevent  one  part  of  the  matter  from 
being  too  much,  and  another  not  fufiiciently  dried. 
Without  this  precaution,  the  filica  and  alumina  would 
not  be  completely  fepcrated  from  each  other.  300 

When  the  matter  is  reduced  almofl:  to  a  dry  powder.  How  the 
a  large  quantity  of  pure  water  is  to  be  poured  on  it  ;  '  "■*"■  "^ ' 
and,  after  expofnre  to  a  flight  heat,  the  whole  is  to  be 
poured  on  a  filter.  The  powder  which  remains  upon 
the  filter  is  to  be  walhed  repeatedly,  till  the  water  with 
which  it  has  been  waihed  ceafes  to  precipitate  filver 
from  its  folutions.  This  powder  is  the  whole  of  the 
fflka  which  the  ftone  that  we  are  analyfing  contained. 
It  muft  firft  be  dried  between  folds  of  blotting  paper, 
then  heated  red  hot  in  a  platinum  or  filver  crucible, .and 
weighed  while  it  is  yet  warm.  It  ought  to  be  a  fine 
powder,  of  a  white  colour,  not  adhering  to  the  fingers, 
and  entirely  foluble  in  acids.  If  it  be  coloured,  it  is 
contaminated  with  fome  metallic  oxide  ;  and  ihews,  that 
the  evaporation  to  drynefs  has  been  performed  at  too 
high  a  temperature.  To  feparate  this  o>:id'j,  the  filica 
muft  be  boiled  witli  an  acid,  and  then  waihedand  dried 
as  before.  The  acid  lolutlon  muft  be  added  to  tlie  water 
which  palTed  through  the  filter,  and  whicli  we  Ihaii  de- 
nominate A. 

The  watery  folution  A  is  to  be  eviporated  till  its 
quantity  does  not  exceed  30  cubic  inches,  or  nearly  an 
Englilli  pint.  A  folution  of  carbonat  of  potals  is  then 
to  be  poured  into  it  till  no  more  matter  precipitates. 
It  ought  to  be  boiled  a  few  moments  to  enable  all  the 
precipitate  to  fail  to  the  bottom.  When  the  whole  or 
the  precipitate  has  colledled  at  the  bottom,  the  fuper- 
natant  liquid  is  to  be  decanted  off^;  and  water  being 
fubftituted  in  its  place,  the  precipitate  and  water  are  to 
be  thrown  upon  a  filter.  When  the  water  has  run  off, 
the  filter  with  the  precipitate  upon  it  is  to  be  placed 
between  folds  of  blotting  paper.  When  the  precipi- 
tate has  acquired  fume  confiftence,  it  is  to  be  carefully 
colledted  by  an  ivory  knife,  mixed  with  a  folution  of 
pure  potafs,  and  boiled  in  a  porcelain  caj^lule.  If  any 
alumina. 


(v)  Part  of  this  I'eftion  is  to  be  confidered  as  an  abftraft  of  a  treatife  of  Vauquelin  on  the  analyfis  of  ftones,. 
publilhcd  in  the  ytnnales  de  Chhfiie,  Vol.  XXX.  p.  66. 

(z)  Barytes  has  alfo  been  difcovercd  in  one  fingle  ftone,  the  Jlauroiile ;  but  its  prefence  in  ftones  is  fo  im— 
common,  that  it  can.  fcarcely  be  looked  for.     The  melliod  of  detecting  it  (hall  be  noticed  afterwards. 
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Anilyfis  of  alumina  or  glucina  be  prcfciit,  they  will  be  diflTolveJ  in 
,  "•'•   the  pot^fs  ;  while  the  other  fiihilances  remain  untouch- 

ed in  the  form  of  a  powder,  which  we  (hall  call  B. 

Into  the  folution  of  potafs  as  much  acid  mull  be 
poured  as  will  not  onI\  faturatc  the  potafs,  but  alfo  com- 
pletely rcdiflolve  any  precipitate  which  may  have  at  tirtl 
appeared.  Carbonat  of  ammonia  is  now  to  be  added 
in  fuch  quantity  that  the  liquid  fliall  tafte  of  it.  By 
this  addition  the  whole  of  the  alumina  will  be  precipi- 
tated in  white  fltaks,  and  the  glucina  will  remain  dif- 
lolved,  provided  the  quantity  of  carbonat  of  ammonia 
ufed  be  not  too  fmall.  The  liquid  is  now  to  be  filter- 
ed, and  the  alumina  which  will  remain  on  the  filter  is  to 
he  waihed,  dried,  heated  red  hot,  and  then  weighed. 
To  fee  if  it  be  really  alumina,  difTolve  it  in  fulphuric 
acid,  and  add  a  fufficient  quamity  of  fulphat  or  acttite 
of  potafs  ;  if  it  be  alumina,  the  whole  of  it  will  be  con- 
verted into  cryftals  of  alum. 

Let  the  liquid  which  has  paflTed  through  the  filter  be 
boiled  for  fome  time,  and  the  glucina,  if  it  contains  any, 
will  be  precipitated  in  a  light  powder,  which  may  be 
dried  and  weighed.  When  pure,  it  is  a  fine,  foft,  very 
light,  taftelefe  powder,  which  does  not  concrete  when 
heated,  as  alumina  does. 

The  refiduum  B  may  contain  lime,  raagnefia,  and  one 
or  more  metallic  oxides.  Let  it  be  diflblved  in  weak 
fulphuric  acid,  and  the  folution  evaporated  to  drynefs. 
Pour  a  fmall  quantity  of  water  on  it.  The  water  will 
difTolve  the  ful])hat  of  mugnefia,  and  the  metallic  ful- 
phats  ;  but  the  lulphat  of  lime  will  remain  undilTolved. 
Let  it  be  heated  red  hot  in  a  crucible,  and  weighed. 
The  lime  amounts  to  0.41  of  the  weight. 

Let  the  folution  containing  the  remaining  fulphats 
be  diluted  with  a  large  quantity  of  water,  let  a  fmall 
excefs  of  acid  be  added,  and  then  let  a  faturated  car- 
bonat of  potafs  be  poured  in.  The  oxides  of  chromum, 
iron,  and  nickel,  will  be  precipitated,  and  the  magr.efa 
and  oxide  of  manganefe  will  remain  diflulyed.  The  pre- 
cipitate we  (liall  call  C. 

Into  the  folution  let  a  folution  of  hydrofulphuret  of 
potafs  be  poured,  and  the  mangancle  will  be  precipita- 
ted  in  ihe  (late  of  a  hydrofulphuret.  Let  it  be  calci- 
ned iu  contact  with  air,  and  weighed.  The  magnelia 
Magnclia,  ^ay  then  be  precipitated  by  pure  potafs,  wafhed,  ex- 
pofed  to  a  red  heat,  and  then  weighed. 

Let  the  refiduum  C  he  boiled  repeatedly  with  nitric 
acid,   then   mixed    with   pure  potafs ;  and   after  being 
^  heated,  let  the  liquid  be  decanted  off.     Let  the  preci- 

pitate, which  confifts  of  the  oxides  of  iron  and  nickel, 
be  wafhed  with  pure  water  ;  and  let  this  water  be  added 
to  the  folution  of  the  nitric  acid  and  potafs.  That  fo- 
lution contains  the  chromum  converted  into  an  acid. 
Add  to  this  folution  an  excels  of  muriatiu  acid,  and  eva- 
porate till  the  liquid  affumes  a  green  colour  ;  then  add 
a  pure  alkali :  The  chromum  precipitates  in  the  ftate 
of  an  oxide,  and  may  be  dried,  and  weighed. 

Let  the  precipitate,  coiififling  of  the  oxides  of  iron 
and  nickel,  be  diffolved  in  nnirialic  acid  ;  add  an  excefs 
of  ammonia  :  ihe  oxide  of  iron  precipitates.  Let  it  be 
wafhed,  dried,  and  weighed, 
ckel.  Evaporate  the  folution,  and  tlie  oxide  of  nickel  will 
alfo  precipitate  ;  and  its  weight  may  be  afcertained  in 
the  fame  manner  with  the  other  ingredients. 

The  weights  of  all  the  ingredients  obtained  are  now 
to  be  added  together,  and  their  fumtotal  compared  with 
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the  weight  of  the  matter  fubmitted  to  analyfis.  If  the  Analjfi-  of 
two  are  equal,  or  if  they  differ  only  by  .03  or  .04  parts,  ■^■'"era's. 
we  may  conclude  tlsat   the  analyfis  has  been  properly  " 

performed  :  but  if  the  lofs  of  weiglit  be  confiderable, 
fomething  or  other  has  been  loll.  The  analyfis  mud 
therefore  be  repeated  with  all  poffible  care.  If  there  is 
fliU  the  fame  lofs  of  weight,  we  may  conclude  that  the 
(lone  contains  fome  fubilance,  which  has  either  evapo- 
rated by  the  heat,  or  is  folulile  in  water.  , 

A  frelh  portion  of  the  ftone  mufl  therefore  be  bro- Method  of 
ken  into   fmall  pieces,  and  expofed  in  a  porcelain  cru-'l'^'siitng 
cible  to   a  ftrong  heat.      If  it  contains  water,  or  any  ^!'.     ''' "'*' 
other  volatile  fubflance,  they  will  come  over  into  the  1  c- 
ceiver  ;  and  their  nature  and  weight  may  be  afcertained. 

If  nothing  comes  over  into  the  receiver,  or  if  v/hat 
comes  over  is  not  equal  to  the  weight  wanting,  we  may 
conclude  that  the  flone  contains  fome  ingredient  which 
is  foluble  in  water. 

To  difcover  whether  it  contains  ^o/a/>,  let  the  Hone,  ^^fti",^;;  ^f 
reduced  to  an  impalpable   powder,   be  boiled  five  or  fix ifcei tain- 
times  in  fucccffion,  with  very  ilrong  fulphuric  acid,  ap- '"g '*'f>e- 
plying  a  pretty  flrong  heat  towards  the  end  of  the  ope- '''^'"  "'""^' 
ration,  in  order  to  expel  the  excefs  of  acid  ;  but  taking pm^fj 
care  that  it  be  not  (Irong  enough  to  decompofc  the  falts 
which  have  been  formed. 

Water  is  now  to  be  poured  on,  and  the  refiduum, 
which  does  not  diffolve,  is  to  be  waihed  with  water  till 
it  becomes  taftelefs.  The  watery  folution  is  to  be  fil- 
tered, and  evaporated  to  drynefs,  in  order  to  drive  off 
any  excefs  of  acid  which  may  be  prefent.  The  falts  are 
to  be  again  diffolved  in  water  ;  and  the  folution,  after 
being  boiled  for  a  few  moments,  is  to  be  filtered  and 
evaporated  to  a  confiflence  proper  for  cryflallizing.  If 
the  flone  contains  a  fufficient  quantity  of  alumina,  and 
if  potafs  be  prefent,  cryflals  ot  alum  will  be  formed  ; 
and  the  quantity  of  potafs  may  be  difcovered  by  weigh- 
ing them,  it  being  nearly  f'^th  of  their  weight.  If  the 
flone  does  not  contain  alumina,  or  not  in  fufficient  quan- 
tity, a  folution  of  pure  alumina  in  fulphuric  acid  mufl 
be  added.  Sometimes  the  alum,  even  when  potafs  is 
prefent,  does  not  appear  for  feveral  days,  or  even  weeks; 
and  fometimes,  when  a  great  quantity  of  alumina  is  pre- 
fent, if  the  folution  has  been  too  much  concentrated  by 
evaporation,  the  fulphat  of  alumina  prevents  the  alum 
from  cryflallizing  at  all.  Care,  therefore,  mull  be  ta- 
ken to  prevent  this  lad  fource  of  error.  The  alum  ob- 
tained may  be  diffolved  in  water,  and  barytic  water 
poured  into  It  as  long  as  any  precipitate  forms.  The 
liquor  is  to  be  filtered,  and  evaporated  to  drynefs.  The 
refiduum  will  confill  of  potafs  and  a  little  carbonat  ot 
potafs.  Tiie  potafs  may  be  diflblved  in  3  little  water. 
This  folution,  evaporated  to  drynefs,  gives  us  the  pot- 
afs pure  ;  which  may  be  examined  and  weighed.  jj, 

If  no  cryflals  of  alum  can  be  obtained,  iwe  mud  look  Or  fuda. 
for  fjme  other  fubdance  than  potafs.  The  done,  for 
indance,  may  contain  foda.  The  prefence  of  this  al- 
kali may  be  difcovered  by  decompofing  the  folution  in 
fulphuric  acid,  already  defcribed,  by  means  of  ammo- 
nia. The  liquid  which  remains  is  to  be  evaporated  to 
drynefs,  and  the  refiduum  is  to  be  calcined  in  a  cru- 
cible. By  this  method,  the  fulphat  of  ammonia  will  be 
volatilized,  and  the  foda  will  remain.  It  may  be  redif- 
folved  in  water,  crydalllzed,  and  examined. 

If  fulphuric  acid  does  not  attack  the  done,  as  is  of- 
ten the  cafe,  it  mud  be  dccompofed  by  fufion  with  fo- 
da, 
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A-ial^fisof  da,  in  the  fjme  manner  as  foimerly  diredled  with  pot- 
Miutrol!.   3Cj_      'j'fjg   matter,  after  fulion,   is  to  be   diluted   with 
''  water,  and  tlien  faturated   with   fulphiirrc  acid.      The 

folution  is  U>  be  evaporated  to  drynel's,  the  reruKuim 
arrain  diiFoKcd  in  water,  and  evaporated.  Siilphat  of 
fuda  will  cryllallize  firll  ;  and  by  a  fecoud  evaporalicn, 
if  the  (lone  contains  potafs  and  alumina,  cry  llali  of  alum 
will  be  depofited. 

The  prclence  of  potafs  may  be  difcuvtred,  by  mix- 
ing with  a  fomewhat  concentrated  folution  of  nuiriat 
of  platinum,  the  fait  obtained,  either  by  decompofing 
the  ftone  immediately  by  an  acid,  or  by  faturating  with 
an  acid  the  matter  obtained  by  fufing  the  ftone  witli 
foda.  If  any  potafs  be  prefent,  a  very  red  precipitate 
will  be  formed.  This  precipitate  is  a  triple  fait,  com- 
pofed  of  potafs,  muriatic  acid,  and  oxide  of  platinum. 
Ammonia,  indeed,  produces  the  fame  precipitate  ;  but 
ammonia  has  not  hitherto  been  difcovered  in  llones. 
Analyfis  of  I"  th'S  manner  may  fmiple  ftoncs  and  aggregates  be 
filine  analyfed.      As  to  faline  ilones,  their  analyfis  muft  vary 

ftoDcs,  according  to  the  acid  which  they  contain.  But  almoil 
all  of  them  miy  be  decompofed  by  one  or  other  of  two 
methods  ;  of  each  of  which  we  fhall  give  an  example. 

I.   Analyfis  of  Carbonat  of  Strontites. 
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Klaproth  analyfed  this  mineral  by  diffolving  lOO 
parts  of  it  in  diluted  muriatic  acid  :  during  the  folution, 
30  parts  of  carbonic  acid  efcaped.  The  folution  cry- 
ftallized  in  needles,  and  when  diflblved  in  alcohol,  burnt 
with  a  purple  flame.  Therefore  it  contained  ftrontites. 
He  diflblved  a  grain  of  fulphat  of  potafs  in  fix  ounces 
of  water,  and  let  fall  into  it  three  drops  of  the  muriatic 
folution.  No  precipitate  appeared  till  next  day.  There- 
fore the  folution  contained  no  barytes  ;^or  if  it  had,  a 
precipitate  would  have  appeared  immediately. 

He  then  decompofed  the  muriatic  acid  folution,  by 
mixing  it  with  carbonat  of  potafs.  Carbonat  of  ftron- 
tites precipitated.  By  the  application  of  a  ftrong  heat, 
the  carbonic  acid  was  driven  off.  The  whole  of  the 
earth  which  remained  was  diflblved  in  water.  It  cry- 
•  iir/j/ro/i'i  ftallized  ;  and  when  dried,  weighed  6y[*. 

"  ''  ''"' ''  II.   Analyfis  of  Sulphat  of  Strontites. 

Mr  Vauquelin  analyfed  an  impure  fpecimen  of  this 
mineral  as  follows  : 

On  200  parts  of  the  mineral,  diluted  nitric  acid  was 
poured.  A  violent  effervefcence  took  place,  and  part 
of  the  mineral  was  diflolved.  The  undiflolved  porcion, 
after  being  heated  red  hot,  weighed  167.  Therefore 
33  parts  were  diflolved. 

The  nitric  folution  was  evaporated  to  drynefs  :  A 
reddiiit  fubftance  remained,  which  indicated  the  prefence 
of  oxide  of  iron.  Tin's  fubftance  was  redifliilved  in  wa- 
ter, and  fome  ammonia  mixed  with  it  ;  a  reddilh  pre- 
cipitate appeared,  which,  when  dried,  weighed  i,  and 
was  oxide  of  iron.  The  remainder  of  the  folution  was 
precipitated  by  carbonat  of  potafs.  The  precipitate 
weighed,  when  dried,  20,  and  poflefled  the  properties 
of  carbonat  of  lime.  Therefore  200  parts  of  this  mi- 
neral contain  20  of  carbonat  of  lime,  i  of  oxide  of  iron, 
and  the  remainder  of  the  -^^  parts  he  concluded  to  be 
water. 

The  167  parts,  which  were  infoluble  in  nitric  acid, 
were  mixed  with  500  parts  of  carbonat  of  potafs,  and 
7000  parts  of  water,  and  boiled  for  a  confiderablc  time. 
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The  folution  was  then  filtered,   and  the  refiduum  wafli- Ana'yf.sof 
ed   and    dried.      The    liquid    fcarctly    effervcfccd    with    ^I'neralf. 
acids  ;   but  with  barytes  it  produced  a  copious  precipi-  "^"^        ' 
tale,  totally  indifloluble  in  muriatic  acid.     Therefore  it 
contained  fulphuric  acid. 

The  iindifl"olvcd  rcllduuin,  when  dried,  weighed  129 
parts.  It  diflolved  completely  in  muriatic  acM.  The 
folution  cryftaliized  in  needles;  when  diflfolved  in  alco- 
hol, it  burnt  with  a  purple  (lame  ;  and,  in  fliort,  had  all 
the  properties  of  muriat  of  ftrontites.  Therefore  thefe 
129  paits  were  carbonat  of  ftrontites.  Now,  I03  parts 
of  this  carbonat  contain  30  of  carbonic  acid  ;  therefore 
129  contain  38.7.  Iherefore  the  mineral  muft  con- 
tain in  200  parts  90.3  of  ftrontites. 

Now,  the  infoluble  reliJuum  of  167  parts  was  pure 
fulpliat  of  ftrontites;  and  we  have  fcen  that  it  contain- 
ed  90.3  of  ftrontites.  Therefore  the  fulphuric  acid  muft 
amount  to  76.7  parts  *.  «  y„„,..  j, 

Neaily  in  the  lame  manner  as  in  the  tirft  of  thefe  ex--^-'^"'  N" 
amples.  may  the  analyfis  of  carbonat  of  lime  and  barytes """•  P" '* 
be  performed;   and  nearly  in  llie  fame  manner  with  the 
fecond,  we  may  analyfe  the  fulphats  of  lime  and  barytes.         ,,, 

Pliofphat  of  lime  may  be  difllilved  in  muriatic  acid,  Phofphits, 
and  the  lime  precipi;ated  by  fulpliuric  acid,  and  its 
quantity  afcertained  by  decompofing  the  fulphat  of  lime 
obtained.  The  liquid  folution  may  be  evaporated  to 
the  confiftence  of  honey,  mixed  with  charcoal  powder, 
and  diftilled  in  a  ftrong  heat.  By  this  means  phofpho- 
rus  will  be  obtained.  The  impurities  with  which  the 
phofphat  may  be  contaminated  will  partly  remain  undif- 
folved,  and  be  partly  diSTolved,  in  muriatic  acid.  They 
may  be  detefted  and  afcertained  by  the  ruks  laid  down 
in  the  fecond  fcclion  of  this  chapter. 

The  fluat  of  lime  may  be  mixed  with  fulphuric  acid' 
and  diftilled.  The  fluoric  acid  will  come  over  in  the 
form  of  gas,  and  its  weight  may  be  afcertained.  'What 
remains  in  the  retort,  which  will  confift  chiefly  of  ful- 
phat of  lime,  may  be  analyfed  by  the  rules  already  laid 
Uowii. 

The  borat  of  lime  may  be  diflijlvcd  in  nitric  or  ful-And'L- 
phuric  acid.  The  folution  may  be  evaporated  to  dry- rats, 
nefs,  and  the  boracic  acid  feparated  from  the  refiduum 
by  means  of  alcohol,  which  will  dlfl'olve  it  without  aft- 
ing  on  any  of  the  other  ingredients.  Tiie  remainder 
of  the  dry  mafs  may  be  analyfed  by  the  rules  laid  down 
in  bed.  II.  of  this  Chapter. 

S  E  c  T.  1 1 1.      Of  lie  'Anahjls  nf  ComhujTdAes. 

The  only  combuftibles  of  whufe  analyfis  it  will  be 
necefl"ary  to  fpeak.  are  coals  and  fulphur  ;  for  the  me- 
thod of  analyfiog  the  diamond  and  oil  has  already  been 
given  in  the  article  Chemistry,  SuppL  -jg 

Coal  is  compofed  of  carbon,  bitumen,  and  fome  per- Earths  of 
tion  of  earth.     'I'he  earths  may  be  detetled  by  burning™*'  ''ow 
completely  a  portion  of  the  coal  to  be  analyfed.      i'(,g examined, 
aflies   which    remain   after   incineration   confift    of   the 
earthy  part.     Their  nature  may  be  afcertained  by  the 
rules  laid  down  in  Se£t.  II.  of  this  Chapter. 

For  the  method  of  afcertaining  the  proportion  of 
carbon  and  bitumen  in  coal,  we  are  indebted  to  Mr  Kir- 
wan.  .3'9 

■When  nitre  is  heated  red  hot,  and  charcoal  is  thrown  dc'ea'ing 
on  it,  a  Violent  detonation  takes  place;  and  if  the  quan-thc  .clitive 
tity  of  charcoal  be  fufficient,  the  nitre  is  completely  de-P''''P°'''°"' 
compofed.    Now,  it  requires  a  certain  quantity  of  pure^^j'^^Yj^""* 

carbon  men. 
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AnalyC-irf  carbon  to    deconipofc  a  giv(.n  weight  of  nitre.      From 
IVimerals.  j],^  experiments  of  Lavoilier,   it  follows  ihat,  when  the 
■'"        detonation   is  performed  in   clofe    vefitls   under  water, 
I  ^21  parts  of  charcoal  are  capable  of  decoirpoling  100 
*  Mtm.       parts  of  nitre  *.      Bnt  wlien  the  detonation  is  pertorm- 
if-ii'.  E-     cd  in  an  open  crucible,  a  fmaller  proportion  of  charcoal 
""•'!■  "'•     is  neccffary,  becaufe  part  of  the  nitre  is  decompofed  by 
"*"■  the  action  of  the  furrounding  air.,   Scheele  found  that 

imder  thtfe  circumftanccs  10  parts  of  pl,umbago  were 
fiitiicient  to  decompofc  96  parts  of  nitre,  and  Mr  Kir- 
wan  found  that  nearly  the  fame  quantity  of  charcoal 
was  fufficient  for  producing  the  fame  cffed. 

Macquer   long   ago   obferved,   that   no  volatile  oily 
matter  will  detonate  with  nitre,   unlefs  it  be  previoufly 
reduced  to  a  charcoal ;  and  that  then  its  efFeft  upon  nitre 
is  precifely  proportional   to  the  charcoal  wliich   it  con- 
+  TlfeyufAtains  f-      Mr  Kirwan,  upon  trying  the  experiment  with 
Didhnary,  vegetable  pilch  and  vuiltha,  found  that  thefe  fubllances 
ad  edit.       jjjj  ^m  detonate  with  nitre,  but   merely  burn  upon  its 
P-  ^^^-        Furfacc  with    a  white   or   yellow  flame  ;  and  that   after 
they  were  confumed,   nearly  the  fame  quantity  of  char- 
coal was  neceflary  to  decompofe  the  nitre  which  would 
J  SfVntra-    l,ave  been  required  if  no  bitumen  had  been  ufed  at  all  %. 
I'gy-"-         Now  coals   are  chiefly  compofed  of  charcoal  and  bitu- 
^"'  men.      It  occurred  therefore  to  Mr  Kirwan,  that  the 

quantity  of  charcoal  which  any  coal  contains  may  be 
ascertained  by  detonating  it  with  nitre  :  For  fince  the 
bitumen  of  the  coal  has  no  efi"edl  in  decompofirg  nitre, 
it  is  evident  that  the  detonation  and  decompolition 
mull  be  owing  to  the  charcoal  of  the  coal;  and  that 
therefore  the  quantity  of  coal  neceffary  to  decompofe  a 
given  portion  of  nitre  will  indicate  the  quantity  of  car- 
bon which  it  contains  :  and  the  proportion  ot  charcoal 
and  earth  which  any  coal  contains  being  afcertained,  its 
'bituminous  part  may  be/afily  had  from  calculation. 

The  crucible  which  he  ufed  in  his  experiments  was 
large  :  it  was  placed  in  a  wind  furnace  at  a  diilance 
from  the  flue,  and  the  heat  in  every  experiment  was  as 
equal  as  poiTible.  The  moment  the  nitre  was  red  hot, 
the  coal,  previoufly  reduced  to  fmall  pieces  of  the  fize 
of  a  pin  head,  was  projefted  in  portions  of  one  or  two 
grains  at  a  time,  till  the  nitre  would  no  longer  deto- 
nate ;  and  every  experiment  was  repeated  feveral  times 
to  enfure  accuracy. 

He  found  that  480  grains  of  nitre  required  50  grains 
of  Kilkenny  coal  to  decompofe  it  by  this  method. 
Tlierefore  10  grains  would  have  decompofed  96  of 
nitre  ;  precifely  the  quantity  of  charcoal  which  would 
have  produced  the  fame  effedl.  Therefore  Kilkenny 
coal  is  compofed  almofl;  entirely  of  charcoal. 

Cannel  coal,    when  incinerated,    left  a  refiduum  of 
3.12  in  the   100  parts  of  earthy  aflies.     66.5  grains  of 
it  were  required  to  decompofe  480  grains  of  nitre  ;  but 
50  parts  of  charcoal  would  have  been  fufficient  :  there- 
fore  66.5  grains   of  cannel  coal  contain   50  grains   of 
charcoal,  and  2.08  of  earth  ;  the  remaining  14.42  grains 
mud  be  bitumen.      In  this  manner  may  the  compofition 
"'^         of  any  otlier  coal  be  afcertained. 
Method  of       ^    J-      fujpln,,-    ;,i  order  to  afcertain   any  accidental 
fululuir.       impurities  witli  which  it  may  be  contaminated,  it  ought 
to  be  boiled  in  thirty  times  its  weight  of  water,  after- 
wards in  diluted  muriatic  acid,   and  laftly  in  diluted  ni- 
tro  muriatic  acid.      Thefe  fubftances  will  deprive  it  of 
all  its  impurities  without  afting  on  the  fulphur  itfelf, 
at  leall  if  tLe  proper  cautions  be  attended  to.     The 
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fulphur  may   then  be  dried  and  weighed.     The  defi-  Analyfis  of 
ciency  in  weight  will  mark  the  quantity  of  the  fubflan-  '^erals. 
ces  which  cuntaininatc  the  iulphur.     Tlic  iolutions  may  ' 

be  evajji.iated  and  examined,  according  to  the  rules  laid 
down  in  the  fecond  and  fourth  fetlions  of  this  chapter. 

Sect.  IV.      Of  the  ylnal^J'is  of  Ores. 

The  method  of  analyfmg  ores  mull  vary  confider-     5" 
ably,  according  to  the  metals  which   they  are  fufpe(iledj,^",^''j'^J^£ 
to  contain.     A  general  method,  therefore,  of  analyfing  .nalylmg 
would  be  of  no  ufe,  even  if  it  could  be  given,  becaufe  oree. 
it  would  be  too  complicated  ever  to  he  praftifed.      We 
(hall  content  ourfelves  with  exhibiting  a  fufficient  num- 
ber of  the  analyfis  ot  ores,   to  take  in  molt  of  the  cafes 
which  can  occur.     He  who  wiflies  for  more  information 
on  the  iubjctl,  may  confnlt  the  treatife  of  Beigman  on 
the  Analyfcs  of  Ores  ;  Mr  Kirwan's  treatife  on  the  fame 
fnbje<ft  ;  and,  above  all,   he   ought  to  iludy  the  nume- 
rous analyles  of  ores  which  have  been   publiflicd  by  Mr 
Klaproth. 

I.  Analyfis  of  Red  Silver  Ore. 

Mr  Vauquelin  analyfed  this  ore  as  follows  :  iit^.J*j    c 

Tj         J        J  r   •  /•  1  1  Method  of 

rle  reduced  100  parts  01  it  to  hne  powder,  poured  anaiyfino- 

over  it  500  parts  of  nitric  acid  previoully  diluted  withrcd  filver 

water,  and  applied  a  gentle  heat  to  the  mixture.      The'"'^' 

colour  of  the  powder,  which  before  the  mixture  with 

nitric  acid  was  a  deep  purple,  became  gradually  lighter,  • 

till  at  lall  it  was  pure  white.      During  this  charige  no 

nitrous  gas  was  extricated  ;   hence  he  concluded,  that 

the  metals  in  the  ore  were  in  the  ilate  of  oxides. 

When  the  nitric  acid,  even  though  boiled  gentiv, 
did  not  appear  to  be  capable  of  diflblving  any  more  of 
the  powder,  it  was  decanted  off,  and  the  refiduum,  af- 
ter being  carefully  walhed,  weighed  42.06. 

Upon  thefe  42.00  parts  concentrated  muriatic  acid 
was  poured  ;  and  by  the  application  of  heat,  a  coiiii- 
derable  portion  was  diffolved.  The  refiduum  was  re- 
peatedly waflied  with  muriatic  acid,  and  then  dried. 
Its  weight  was  14.6666.  One  portion  of  thefe  14  66t6 
parts,  when  thrown  upon  burning  coals,  burnt  with  a 
blue  flame  and  fulphuieous  Imell.  Another  portion 
fublimed  in  a  clofe  veflel  without  leaving  any  refiduum. 
In  fhort,  they  had  all  the  properties  of  fulphur.  There- 
fore 100  parts  of  red  iilver  ore  contain  14.6666  of  ful- 
phur. 

The  muriatic  acid  folution  was  now  diluted  with  a 
great  quantity  of  water;  it  became  milky,  and  depofitcd 
a  white  flaky  powder,  which  when  walhed  and  dried 
weighed  21.25.  This  powder,  when  heated  with  tar- 
tar in  a  crucible,  was  converted  into  a  bluifh  white  brittle 
metal,  of  a  foliated  texture,  and  poflfcffing  all  the  other 
properties  of  antimony.  Red  iilver  ore,  therefore  con- 
tains 21.25  of  oxide  of  antimony. 

The  folution  in  nitric  acid  remained  now  to  be  exa- 
mined. When  muriatic  acid  was  poured  into  it,  a  co- 
pious white  precipitate  appeared,  which,  when  wafli- 
ed and  dried,  weighed  72.66.  It  had  all  the  properties 
of  muriat  of  filver.  According  to  Mr  Kirwan's  tables, 
72.66  of  muriat  of  filver  contain  60.57  of  oxide  of  Iil- 
ver. Therefore  red  filver  ore,  according  to  this  analyfis, 
is  compufed  of      60.57  oxide  of  Iilver, 

21.25  oxide  of  antimony, 
14.66  fulphur. 
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AniUfis  of  The  Icfii,  whicli   amounts  to  g.ji  parts,  io  to  be  afcri. 
_  •'>''"'^' 'l^-  bed  to  unavoidabk  errors    which  attend  ("uch  experi- 
'  ments. 

II.   Antimoniated  Silver  Ore, 

AnalyCs  nf  Klaproth  analyfed  this  ore  as  follows  : 
antinionia-  Qn  lOO  parts  of  the  ore,  reduced  to  a  fine  powder, 
he  poured  diluted  nitric  acid,  raifed  the  mixture  to  a 
boiling'  heat,  and  after  pouring  oil  the  acid,  added  new 
quantities  repeatedly,  till  it  would  diffolve  nothing  more. 
I'he  refiduum  was  of  a  greyifli  yellow  colour,  and 
weighed,  when  dry,  26. 

Thefe  26  parts  he  digelled  in  a  mixture  of  nitric  and 
muriatic  acid  ;  part  was  dilFolvcd,  and  pnrt  ftill  remain, 
ed  in  the  form  of  a  powder.  This  refiduum,  when 
waflied  and  dried,  weighed  i^  parts.  It  had  tlie  pro- 
perties of  fulphur  ;  and  when  burnt,  left  a  refiduum  of 
one  part,  which  had  tlie  properties  of  filica.  Antimo- 
niated filver  ore,  therefore,  contains,  in  the  100  parts, 
12  part*  of  fulphur  and  i  of  filica. 

When  the  nitro-muriatic  folution  was  diluted  with 
about  20  times  its  weight  of  water,  a  white  precipitate 
appea»-ed  ;  which,  when  heated  to  rednefs,  became  yel- 
low. Its  weight  was  13.  No  part  evaporated  at  a  red 
heat :  therefore  it  contained  no  arfenic.  On  burning 
coals,  efpecially  when  foda  was  added,  part  was  reduced 
to  a  metal,  having  the  properties  of  antimony;  and  in 
a  pretty  high  heat,  the  whole  evaporated  in  a  grey 
fmoke.  Tlii-fe  13  parts  were  therefore  oxide  of  antimo- 
ny :  They  contain  about  10  parts  of  metallic  antimo- 
ny ;  and  as  the  ftate  of  oxide  was  produced  by  the  ac- 
tion of  the  nitric  acid,  we  may  conclude  that  antimo- 
niated filver  ore  contains  10  parts  of  antimony. 

The  nitric  acid  folution  remained  Hill  to  be  exami- 
ned. It  was  of  a  green  colour.  When  a  folution  of 
common  fait  was  poured  in,  a  white  precipitate  was  ob- 
tained, which  polfeffed  the  properties  of  muriat  of  fil- 
ver.  When  dried,  it  weighed  B7.75  parts  ;  and  when 
reduced,  65.81  parts  of  pure  filver  were  obtained  from 
it.  Antimoniated  fjver  ore,  therefore,  contains  65.8  £ 
of  filver. 

Into  the  nitric  acid  folution,  thus  deprived  of  the 
filver,  he  dropped  a  little  of  the  folution  of  fulphat  of 
foda  ;  but  no  precipitate  appeared.  Therefore  it  con- 
tained  no  lead. 

He  fuperfaturated  it  with  pure  ammonia,  on  which  a 
grey  precipitate  appeared.  When  dried,  it  weighed  5 
parts.  This,  on  burning  coals,  gave  out  an  arfenical 
Tinell.  It  was  redilfolved  in  nitric  acid  ;  fulphurated 
alkali  occafioncd  a  fmutty  brown  precipitate  ;  and  pruf- 
fic  alkali  a  pruffian  blue,  Which,  after  torrefaftion,  was 
magnetic.  Hence  he  concluded,  that  thefe  five  parts 
Were  a  combination  of  iron  and  arlenic  acid. 

The  nitric  folution,  which  had  been  fuperfaturated 
with  ammonia,  was  blue  ;  he  tlierefore  fufpcdtd  that 
II  contained  copper.  To  diteovcr  tin's,  he  faturiited  it 
with  fulphuric  acid,  and  put  into  it  a  polidied  plate  of 
iron.  The  quantity  of  copper  was  lo  Imall,  that  none 
couid  be  coUcfted  on  the  iron. 

III.     Grey  Copper  Ore. 

Klaproth  analyfed  this  ore  as  follows : 
Three  hundred  grains  of  it,  not  completely  freed  froni 
its  matrix,   were  reduced  to  a  fine  powder  ;  four  times 
their  weight  of  nitric  acid  was  poured  on  them,  and  the 
SuFPL,  Vol.  II.  Part  I. 
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whole  was  digefted.     The  acid  was  then  poured  off,  Analyfis  of 
and  an  equal  quantity  again   digelled  on  the   refiduum.   M""^'^''- 
The  two  acid  lolutions  were  mixed  together.     The  re-         ""* 
fiduum  was  of  a  yellowiih   grey   colour,   and  weighed 
188  grains. 

On  this  refiduum  fix  times  its  weight  of  niurlatic  acid 
was  boiled.  The  refiduum  was  walhed,  firll  with  mu- 
riatic acid,  and  afterwards  with  alcoiiol,  and  the  walk- 
ings added  to  the  muriatic  acid  folution.  The  refidu- 
um, when  dried,  weighed  105.5  gr'»i"5.  Part  of  it 
burned  with  a  blue  tiame  ;  and  was  therefore  fulphur. 
The  refiduum  amounted  to  80.25  gfaii'S,  and  had  the 
properties  of  fihca.  When  melted  with  black  flux, 
about  ;|ths  of  a  grain  of  filver  were  obtained  from  it. 
Tims  300  parts  of  grey  copper  ore  contain  25.25  gr. 
of  fulphur,  and  79.5  of  filica. 

The  muriatic  acid  folution,  which  was  of  a  light  yel- 
low colour,  was  concentrated  by  diilillatioii,  3  few  cry- 
italls  of  muriat  of  filver  appeared  in  it,  which  contained 
about  5th  grain  of  filver.  The  folution,  thus  concen- 
trated, was  diluted  with  a  great  quantity  of  water  ;  a 
white  precipitate  was  depofited,  which,  when  dried, 
weighed  97.25  grains.  It  poffelfed  the  properties  of 
oxide  of  antimony,  and  contained  75  grains  of  antimo- 
ny. Therefore  300  grains  of  grey  copper  ore  contain 
70  of  antimony. 

The  nitric  acid  folution  was  of  a  clear  green  colour. 
A  folution  of  common  fait  occafioned  a  white  precipi- 
tate, which  was  muriat  of  filver,  and  from  which  31.5 
grains  of  filver  were  obtained. 

A  little  fulphat  of  potafs,  and  afterwards  fulphuric 
acid,  were  added,  to  ice  whether  the  folution  contained 
lead  ;  but  no  precipitate  appeared. 

The  folution  was  then  fuperfaturated  with  ammonia  ; 
a  loofe  fleaky  brownifh  red  precipitate  appeared,  which, 
when  heated  to  rednefs,  became  brownifli  black,  and 
weighed  9^th  grains.  This  precipitate  was  diffolved 
in  muriatic  acid  ;  half  a  grain  of  matter  remained  un- 
diffolved,  which  was  filica.  The  muriatic  acid  folution, 
when  prufllc  alkali  was  added,  afforded  a  blue  precipi- 
tate ;  and  foda  afterwards  precipitated  1.5  grains  of  alu- 
mina. Therefore  300  grains  of  grey  copper  ore  con- 
tain 7.25  grains  of  iron,  and  1.5  of  alumina. 

Into  the  nitric  folution  fuperfaturated  with  ammo, 
nia,  and  which  was  of  an  azure  blue  colour,  a  polifliej 
plate  of  iron  was  put  :  By  this  method  C9  grains  of 
copper  were  obtained. 

IV.   Sulpluiret  of  Tin. 

Klaproth  analvfed  this  ore  as  follows  *  :  «  mr 

/-v  ri  ,,  ,,.  Obfcrva. 

Un    120   grains   of   the   ore   reduced   to  powder,  fix //on,  on  Me 

times  their  weight  of  nitro-muriatic  acid,  cuinpofed  of '""#''' 2/" 
2  parts  of  muriatic,   iuid  i  of  nitric  acid,  were  poured. '"'""■"''» 
There  remained   undiffolvcd  43  grains,  which   had  the^"*  ' 
appearance  of  fulpliur  ;  but  containing  green  fpots,  was  Analylis  of 
fufpeded  not  to  be  pure.      After  a   gentle  combuftion,  lulphurct 
13  grains  remained  ;  8  of  which  were  diffolved  in  nitro- ''^ '""• 
muriatic  acid,  and  added  to  the  firft  folution.     The  re- 
maining  5    were  feparated    by  the  filtie,  and    heated 
along  with  wax.    By  this  method  about  a  grain  of  mat- 
ter was  obtained,  which  was  altradlcd  by  the  magnet; 
and  which  therefore  was  iron.      The  refiduum  weighed 
3  grains,  and  was  a  mixture  of  alumina  and  filica.   Thus 
120  grains  of  fulphuret  ot  tin  contain  30  grains  of  ful- 
piiur,  I  of  iron,  and  3  of  alumina  and  filica. 

Kk  The 
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AnalyGsof      The  nitro  m\ir!atic  foliitlon  was  compkttly  prtcipi- 
^MineraU.  jated  by  potafs.     The  precipitate  was  of  a  greyifh  green 
'         colour.      It  was  wafheJ  ami  dried,  and  again  diflblved 
in   diluted  muriatic  acid.      Into  the  foliition  a  cylinder 
of  pure  tin  was  put,  which  weighed  exadly  217  grains. 
The  folution  became  gradually  colourlefs,   and  a  (quan- 
tity of  copper  precipitated  on  the  cylinder  of  tin,  which 
,  weighed   44  grains.     To  fee  whetiier   it  was   pure,   a 

ijuantity  of  nitric  acid  was  digclled  on  it;  the  whole 
was  diliolved,  except  one  grain  of  tin.  Therefore  120 
grains  of  fulpliuret  of  tiii  contains  4^  grains  of  copper. 
The  cylinder  of  tin  now  weighed  only  1  2S  grains  ; 
fo  that  89  grains  had  been  ditrolved.  Into  the  folution 
a  cylinder  of  zinc  was  put  ;  upon  which  a  quantity  of 
tin  precipitated.  When  vvafhed  and  dried,  it  weighed 
130  grains.  The  tin  he  melted  with  tallow  and  pow- 
dered charcoal ;  and  when  cold,  he  waflied  off  the  char- 
coal. Among  the  tin  globules  were  found  fome  black 
flocculi  of  iror,  which  weighed  one  grain.  Dedudling 
this  grain,  and  the  89  grains  of  the  tin  cylinder  which 
had  been  diflblved,  we  fee  that  the  i  2C  grains  of  ful- 
phuret  of  tin  contained  40  grains  of  tin  befides  the  grain 
which  had  been  detefted  in  the  copper. 
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poration;  and  then  adding  a  foJotion  of  fulphat  of  foda,  AnalyDs  of 


V.   Plumbiferous  Antimoniated  Silver  Ore. 
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Analyfis  cf      Klaproth  analyfed  this  ore  as  follows  : 

plumbife-         j^^  digelled  400  grains  of  it,  reduced  to  a  fine  pow- 

_     ■  .  j"    der,  firft  in  five  times  its  weiijht  of  nitric  acid,  and  then 

filver  ore.    '"  twice  its  weight  or  the  lame  acid.      He  then  diluted 

this  laft  portion  of  acid  with  eight  times  its  weight  of 

water,  and  continued  the  digeftlon.     The  undilTolved  re- 

fiduum,  when  wafhed  and  dried,  weighed  326  grains. 

On  this  refiduum  he  boiled  muriatic  acid  repeatedly. 
The  folution,  on  cooling,  depofited  acjcular  cryflals. 
Thefe  he  carefully  feparated,  and  put  by.  The  undif- 
folved  refiduum  weighed  51  grains.  It  had  the  pro- 
perties of  fulphur.  When  burned,  it  left  one  grain  of 
filica. 

The  muriatic  acid  folution  was  concentrated  to  half 
its  former  bulk  by  dillillation  :  this  made  it  depofite 
more  acicular  cryftals.  He  continued  the  diftillation 
as  long  as  any  cryftals  continued  to  appear.  He  then 
collefted  the  whole  of  thefe  cryllals  together.  They 
had  the  properties  of  muriat  of  lead.  When  mixed 
with  twice  their  weight  of  black  flux,  and  heated  in  a 
crucible  lined  with  charcoal,  they  yielded  l6c-j  grains 
of  lead. 

Sulphuret  of  ammonia  was  now  added  to  the  muria- 
tic  acid  folution  ;  an  orange-coloured  precipitate  ap- 
peared, which  (hewed  that  the  folution  contained  anti- 
mony. It  was  precipitated  by  a  copious  effufion  of 
water,  and  by  foda.  The  oxide  of  antimony  being  re- 
duced to  a  mafs  with  Spanilh  foap,  mixed  with  black 
flux,  and  lieated  in  a  lined  crucible,  yielded  z8.^  grains 
of  antimony. 

Into  the  nitric  acid  folution,  obtained  by  the  firft  part 
of  the  procefs,  a  folution  of  muriat  of  foda  was  drop- 
ped ;  ;,  white  precipitate  was  depofited,  and  over  it  aci- 
cular cryftals.  Thefe  cryftals  he  diffolved,  by  pouring 
boiling  water  on  the  precipitate.  The  water  was  add- 
ed to  the  nitric  acid  folution.  The  white  precipitate 
was  muriat  of  filver  :  when  heated  with  twice  its  weight 
of  foda,  it  yielded  81.C  grains  of  filver. 

He  now  concentrated  the  nitric  acid  folution  by  eva- 


a  white  precipitate  was   obtained,    which  had   the  pro-  Mineral.-. 
perties  of  fulphat  of  lead,  and  weighed  43  grains.     It         * 
contained  32  grains  of  pure  lead. 

He  now  poured  ammonia  into  the  folution  ;  a  pale 
brown  precipitate  was  obtained,  which  weighed  40 
grains,  and  which  appeared  to  confift  of  oxide  of  iron 
and  alumina.  He  rediffolved  It  in  nitric  acid,  precipi- 
tated the  iron  by  pruflic  alkali,  and  the  alumina  by  fo- 
da. The  alumina,  alter  being  heated  to  rednefs,  weigh- 
ed 28  grains;  confequently  the  oxide  of  iron  was  12 
grains,  which  is  equivalent  to  9  grains  ot  iron. 

VI.   Molybdat  of  Lead. 

Mr  Hatchett  analyfed  this  ore  as  follows*  :  ,5  „... 

On  250  grains  of  the  ore,  reduced  to  a  fine  powder,  •jranf' 
he  poured  an  ounce  of  ftrong  fulphurlc  acid,  and  dlgeil-Uxxvi. .^20. 
ed  the  mixture  in  a  ftrong   heat  for   an  hour.     When      .3^7 
the  folution   was  cool,  and  had  fe.'led,  he  decanted  it '^^f'^ j'' *^* 
off,  and  wafhed  the   undlffolved   powder  with  pure  wa-^f  lead* 
ter,  till  it  came  away  taftelefs.     This  operation  was  re- 
peated twice   more  ;  fo  that   three  ounces  ot  fulphurlc 
acid  were  ufed.     All  thefe  folutions  were  mixed  toge- 
ther, and  filtered. 

Four  ounces  of  a  folution  of  carbonat  of  foda  were 
poured  upon  the  powder  which  remained  undlffolved, 
and  which  confifted  of  fulphat  of  lead.  The  mixture 
was  boiled  for  an  hour,  and  then  poured  off.  The 
powder  was  then  wafhed,  and  diluted  nitric  acid  poured 
on  it  :  The  whole  was  diflblved,  except  a  little  white 
powder,  which,  when  waflied,  and  dried  on  a  filter  by 
the  heat  of  boiling  water,  weighed  feven-tenths  of  a 
grain.      It  poffefled  the  properties  of  fillca. 

The  nitric  acid  folution  was  faturated  with  pure  fo- 
da ;  a  white  precipitate  was  obtained,  which,  when 
waflied,  and  dried  for  an  hour  in  a  heat  rather  below 
rednefs,  weighed  146  grains.  It  poffeied  the  proper- 
ties of  oxide  of  lead. 

To  fee  whether  this  oxideof  lead  contained  any  iron,. 
It  was  diflblved  in  diluted  nitric  acid,  and  the  lead  pre- 
cipitated by  fulphurlc  acid.  The  folution  was  then  fa- 
turated with  ammonia  <  a  brown  powder  precipitated, 
which,  when  dried,  weighed  one  grain,  and  had  the 
properties  of  oxide  cf  Iron. 

The  fulphurlc  acid  folution  was  of  a  pale  blue  colour: 
It  was  diluted  with  16  times  its  weight  of  pure  water, 
and  then  faturated  with  ammonia.  It  became  of  a  deep 
blue  colour,  and  appeared  tuibld.  In  24  hours  a  pale 
yellow  precipitate  fubfided,  which,  when  colletled  on  a 
filter,  and  dried  by  a  boiling  water  heat,  weighed  4.2 
grains.  Its  colour  was  ycllowifli  brown.  Muriatic  acid 
diflblved  it,  and  prufliat  of  potafs  precipitated  it  from 
Its  folution  in  the  ftate  of  pruffian  blue.  It  was  there- 
lore  oxide  of  iron. 

The  fulphurlc  acid  folution,  faturated  with  ammonia, 
was  gradually  evaporated  to  a  dry  ialt.  This  fait  was 
a  mixture  of  molybdat  of  ammonia  and  fulphat  of  am- 
monia. A  ftrong  heat  was  applied,  and  the  diftillation 
continued  till  the  whole  of  the  fulphat  of  ammonia  wa» 
driven  off ;  and  to  be  certain  that  this  was  the  cafe, 
the  fire  was  raifed  till  the  retort  became  red  hot.  The 
refiduum  in  the  retort  was  a  black  bliftered  mafs;  three 
ounces  of  nitric  acid,  diluted  with  water,  were  poured 
upon  it,  and  diftllled  off.  The  operation  was  again  re- 
peated. 
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Aralyfis  of  peated.  By  this  metlioil  the  oxide  of  molybdi-num  was 
MincrjU.  converted  into  a  yellmv  powder,  which  was  yellow  acid 
'"""^         of  molybdenum.      It  weighed  95  grains. 

VII.  Grey  Ore  of  Manganefe; 

Mr  Vauquelin  anaiyfed  this  ore  as  follows  *. 

When  20D  grains  of  it  were  expofed  to  a  itrong  heat 
in  a  retort,  there  came  over  10  grains  of  water,  and  18 
cubic  inches  of  oxygen  gas,  mixed  with  a  little  carbo- 
ore  ij  "■'^  ^'^''^  >3^*-  '^^'^  mineral  now  weighed  only  i  76  grains, 
miiiginefe.  Therefore  the  weight  of  the  gas  was  14  grains. 

On  203  grains  of  the  fame  mineral  muriatic  acid  was 
poured,  and  heat  applied.  75;  cubic  inches  of  oxy  mu- 
riatic acid  gas  cune  over,  which,  though  mixed  with 
fome  carbonic  acid  gas,  enflamed  metals  when  reduced 
to  powder.  When  no  mi)re  gas  came  over,  the  refidu- 
um  was  boiled.  The  whole  was  diifolved  except  a  white 
powder,  which  weighed  12  grains,  and  which  pofleiTcd 
the  properties  of  filica. 

Carbonat  of  potafs  was  poured  into  the  fohition  ;  a 
white  precipitate  was  obtained,  which  became  blacic  by 
expofure  to  the  air,  and  weighed  2S8  grains  Strong 
nitric  acid  was  boiled  on  it  repeatedly  to  drynefs.  It 
became  of  a  deep  black  colour,  and,  when  well  waflied 
with  water  and  dried,  weighed  164  grains.  This  pow- 
der was  black  oxide  of  manganefe. 

To  fee  whether  it  contained  iron,  nitric  aeid,  with  a 
little  fugar,  was  poured  upon  it,  and  digefted  on  it.  The 
acid  diifolved  it  completely.  Therefore  no  oxide  of  iron 
was  prefent. 

Into  the  water  with  which  the  black  oxide  of  man- 
ganefe had  been  wafhed,  carbonat  of  potafs  was  pour- 
ed ;  a  white  powder  precipitated,  which,  when  dried, 
weighed  149  grains,  and  which  poflefTed  the  properties 
of  carbonat  of  lime. 

VIII.   Wolfram. 

319  MefTrs  Vauquelin  and  Hecht  anaiyfed  this  mineral  as 

Analyfis  of  follows  : 

r«m.  Q^  ^^^  parts  of  Wolfram  in  powder,  three  times  its 

weight  of  muriatic  acid  were  poured,  and  the  mixture 
boiled  for  a  quarter  of  an  hour  :  a  yellow  powder  ap- 
peared, and  the  folution  was  of  a  brown  colour.  The 
acid  was  allowed  to  cool,  and  then  carefully  decanted 
off,  and  the  refiduum  wafhed.  The  refiduum  was  then 
digefted  for  fome  hours  with  ammonia,  which  diflolved 
a  part  of  it.  The  refiduum  was  wafhed,  and  new  mu- 
riatic acid  again  poured  over  it ;  then  the  refiduum  was 
digefted  with  ammonia,  as  before  :  and  the  operation 
was  continued  till  the  whole  wolfram  was  difTolved. 

All  the  ammoniacal  folutions  being  joined  together, 
were  evaporated  to  drynefs,  and  the  fait  which  remain- 
ed was  calcined  :  a  yellow  powder  was  obtained  ;  it 
weighed  134  grains,  and  was  yellow  acid  of  tungften. 

Into  the  muriatic  acid  folutions,  which  were  all  mix- 
ed together,  a  fufficient  quantity  of  fulphuric  acid  was 
poured  to  decompofe  all  the  fahs.  The  folution  was 
then  evaporated  to  drynefs ;  and  the  falts  which  were 
obtained  by  this  evaporation  were  rediffolved  in  water. 
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A  white  powder  remained,  which  weighed  tiiree  grains,  An»l;.fi'  "f 
and  which  polfcfled  the  properties  of  filica.    ^  ^'" '■''"'''•. 

The  excefs  of  acid  of  the  folution  was  faturated  with  * 
carbonat  of  potafs  ;  the  liquor  became  brown,  but  no- 
thing precipitated.  When  boiled,  a  red  powder  preci- 
piiated,  and  the  brown  colour  difappeaied.  The  ad- 
dition of  more  carbonat  of  potafs  caufed  a  farther  pre- 
cipitation oi  a  yellowilh  powder.  This  precipitate  con- 
filled  of  the  oxiilcs  of  Iron  and  mangane^fe  combined. 
Nitric  acid  was  diilillcd  oft'  it  repeatedly;  It  was  then 
boiled  in  acetous  acid.  The  acetous  folution  was  pre- 
cipitated by  potafs.  Nitric  acid  was  again  diftilled  off 
it,  audit  was  ag?in  boiled  in  acetous  acid.  This  pro- 
cefs  was  repeated  till  nitric  acid  jiroduced  no  further 
change.  The  different  powders  which  could  not  be 
difTolved  in-  the  acetous  aiid  were  culleded,  mixed  with 
a  little  oil,  and  heated  red  hot.  The  powder  became 
black,  and  was  attraded  by  the  magnet.  It  was  there- 
fore oxide  of  iron.      It  weighed  36  grains. 

The  acetous  folution  contained  the  oxide  of  manga- 
nefe :  It  was  precipitated  by  an  alkali,  and,  wlitu  dried, 
weighed  12.5  grains. 

IX.    Oxide  of  Titanium  and  Iron. 

Vauquelin  anaiyfed  this  ore  as  follows  :  ,^3° 

A  hundred  parts  of  the  ore,  reduced  to  a  line  pow-"^"?  ^  .    . 

J  J        •        1        •   1  r  r  .cjiAc  oi  tl- 

der,   and  mixed  wiili  403  paits  ot  potafs,  were  melted  r^„,u^4n^ 
In  a  filver  crucible  for  an  hour  and  a  half.     WIku  cool,  uun. 
the  mixture  was  diluted  with  water  ;  a  powder  remain- 
ed of  a  brick  red  colour,  which  ,vhen  waftied  and  dried 
weighed  124  parts. 

The  watery  folution  had  a  fine  green  colour  ;  when 
an  excefs  of  muriatic  acid  was  added,  it  became  red. 
By  evaporation  the  luiiior  loft  its  colour.  When  eva- 
porated to  drynefs,  a  fait  remained,  which  was  totally 
diffolved  by  water.  From  tliis  folution  carbonat  of  pot- 
afs precipitated  two  parts,  which  had  the  properties  of 
oxide  of  manganefe. 

The  1  24  parts  of  refiduum  were  boiled  in  a  folution 
of  pure  potafs  for  an  hour.  The  folution  was  faturated 
with  an  acid,  filtered,  and  carbonat  of  potafs  added, 
which  precipitated  three  parts.  Thcfe  had  the  proper- 
ties of  oxide  of  titanium. 

The  remainder  of  the  i  74  parts  of  refiduum,  which 
ftill  was  undiffolved,  was  boiled  with  diluteil  muriatic 
acid.  The  liquor  became  yellow,  and  depolittd46  parts 
of  a  white  powder,  with  a  tint  of  red.  This  powder 
was  foluble  in  fulphuric  and  muriatic  acids:  from  thefe 
folutions,  it  was  precipitated  of  a  brick  red  colour  by 
the  infufion  of  nut-galls  ;  of  a  green  colour  by  fulphu- 
ret  of  ammonia  and  prufliat  of  potafs  ;  and  of  a  white 
colour  by  carbonat  of  potafs  and  pure  ammonia.  A 
tod  of  tin  made  thefe  folutions  red ;  a  rod  of  zinc  made 
them  violet.  Thefe  46  parts  therefore  are  oxide  of  ti- 
tanium. 

The  muriatic  folution,  from  which  thefe  46  parts 
were  depofited,  formed,  with  prufTiat  of  potafs,  a  pruf- 
fian  blue  ;  and  ammonia  precipitated  from  it  50  parts, 
which  had  the  properties  of  yellow  oxide  of  iron. 
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ydClNOSE  iron  ore,  n°  225. 
jidino/ile,  fhorlaceous,  89. 

■  lanuUer,  99. 

gkfTy,  91. 

jla'mote,  52. 

uiJamanline  fpar,  26. 

JEdelite,  65. 

JEtiUs,  225. 

Jlgaric  mineral,  96. 

jigate,  Iceland,  55. 

Aigve  marine,  36, 

jilummu,  native,  27. 

Amalgam,  native,  197. 

Amber,  17S. 

Amiantus,  85. 

Amphlbole,  53. 

Amygdalu'id,  137. 

ulnakime,  68. 

Andreolite,  62. 

Anthracite,  165. 

Aathracoltte,  165. 

Antimoniated    filver    ore,      1 86. 

188. 
Antimony,  native,  248. 

— grey  ore  of,  249. 

Apatite,  98. 

y/ywfl  marina,  36.  and  61. 

Argillaceous  iron  ore,  225. 

ArgiUite,  79. 

Arjhiiat  of  lead,  241. 

Arfemc,  native,  257. 

Arfenw-phojphat  of  lead,  242. 

AJbeJlimie,  86. 

AJheJloid,  88. 

Jijhejhs,  85. 

Ajphalt,  171. 

Auriferous  native  filver,  181. 

Auripigmentum,  258. 

Axinite,  7 1 . 

Azure  de  cuivre,  2I0. 

B. 
£alafs  ruby,  28. 
JBarofelenite,  104. 
Barytes,  carbonat  of,  103. 

fiilphat  of,  104. 

Bajanite,  93. 

Bafah'ine,  52. 

jSi-ry/,  61. 

Bitumen,  1 66. 

»  elaftic,  172. 

Bifmuth,  native,  254. 

— — —      ochre,  256. 

.B/<7fyf  chalk,  1  23. 

Blach'ijh  oftohedral  iron   ftone, 

220. 
Blende,  245. 

JS/i/f  calx  of  copper,  210. 
jBo/f,  118. 
Boracite,  100. 
Breccia,  138. 
^nV/f  red  copper  ore,  208. 


Br'tttknefs,  n°  I2.      . 
Brown  iron  ore,  223. 

c. 

Calamine,  246. 
Calciform  filver  ore,  190. 
Cannel  coal,  171.  176. 
Carbon,  1 62. 
Carbonat  of  lead,  239. 
Cat's  eye,  33. 
Cele/line,  107. 
Ceylanite,  29. 
CAa/i,  96. 
Cl'flcidony,  42. 
Chert,  41. 
Chlorite,  77. 
Chryfoberil,  63. 
ChryfoHte,  83.  98. 
.  oriental,  63. 

Chryjoprajium,  33. 
Cinnabar,  native,  198. 
C/oy,  1 14.  127. 

-  '       porcelain,  1 15. 

-  common,  116. 

potters,  1 16. 

Coa/,  173. 

cannel,  171. 

Kilkenny,  164. 

■^—  parrot,  171.  176. 

■  fpurions,  177. 
Cobalt  ore,  black,  263. 

— — brown,  264. 

— ^—  dull  grey,  261. 

red,  266. 

. white,  262. 

yellow,  265. 

Colour,  8. 

Columnar  iron  ore,  225. 

Copper,  pyrites,  205. 

— —  malm,  208. 

ochre,  208. 

Cortvindum,  26. 
Cork,  mountain,  8j. 
Cornelian,  42. 
Corneous  mercury,  200. 

■  filver  ore,  192. 
Corundum,  26. 

Culm,  Wales,  164. 

Cupriferous    fidphurated    filver 

ore,  189. 
Cyanite,  63. 
Cymophane,  74. 
D. 
Del/^hinite,  73. 
Diamond,  J  63. 
DuSility,  12. 

E. 
Eagle  ftone,  225. 
Emerald,  61. 


nery. 


218. 


/"ff/,  17. 


Felfpar,  u"  j;S. 

■  argentine,  49. 
/"cr  oligillc,  221. 

—  pyrocete,  222. 
Flint,  32. 

Florid  red  copper  ore,  20S. 
Fluor,  99. 
Erasure,  13. 
Fragments  16. 
Fuller's  earth,  119, 

G. 
Galena,  233. 
Gangue,  page  244,  note. 
Garnet,  n°  70. 

• white,  60. 

Clacies  marias,  50. 
Gneifs,  14?. 
Gu/(/,  native,  182. 
Granalir.e,  142. 
Cranatite,  47. 
GraniUte,  1 44. 
Granite,  138. 
Cranitell,  143. 
Granular  iron  ore,  225. 
Graphite,  2  I  7 . 
Green  earth,  1  23. 
— —  fand  of  Peru,  209. 
Grcji  copper  ore,  207. 
Cypfum,  97. 

H. 

Httmatites,  223.  224. 
Hardiiefs,    I  1 . 

Hepatic  mercurial  ore,  199. 
JHornblende,   ^3. 

1 balaltic,  52. 

— — refplendent,  54. 

Flornjlate,  40. 
Hornflone,  41. 

(hiftofe,  92. 

Hyacinth,  93. 

— — blanche    cruciforme, 

62. 
Hyalite,  64. 
Hydrofalphuret    of    antimony, 

251. 

I. 

_7l7fl'^,   84. 

Jargon,  93. 
;/o/5Sfr,  43. 

>'.  •74- 
Aon  ore,  214. 

K. 
^i^i;7,  81. 
Kraggflone,  1 50. 
Kupfcr  lazur,  210. 
■■  nickel,  267. 

L. 
Lapis  nephriticus,  84. 

■  lazuli,  69. 
La'va,  I J  2. 
LaxuUte,  69. 
Z.M1/  ochre,  238. 


Lep'idohte,  W"  59. 
Leucite,  60. 
l.ilalite,  59. 
Lime,  borat  of,  100. 

carbonat  of,  96. 

fluat  of,  99. 

phofphat  of,  98. 

fulphat  of,  97. 

Limeflone,  96. 
Lithomarga,  \  17. 
Loam,  128. 

Lowland  iron  ore,  226. 
Lujire,  10. 

Lydian  ftone,  92. 

M. 
Magnetic  iron  ftone,  220. 

fand,  220. 

Malachite,  21 1. 
Maltha,  170. 

Manganefe,  black  or  brown  ore 
of,  273. 

— — grey  ore  of,  272. 

red  ore  of,  275. 

•         white  ore  of,  274. 

Marl,  1 24. 

Meadonu  lowland  ore,  226. 

Menachanite,  284. 

Menalites,  34. 

Mercury,  195. 

Mica,  ^o. 

Micaceous  iron  ore,  22 1. 

Micarell,  45. 

iWmtTfl/ caoutchouc,  1 72. 

■  pitch,  170. 

— ^—  tar,  1^9. 

Molybdena,  279. 

Molybdat  of  lead,  243. 

Morajjy  iron  ore,  227. 

Mould,  125. 

Mountain  blue,  210. 

green,  21 i. 

Mountains,    different,   p.  240, 

note. 
Mullen,  149. 

Muriat  of  antimony,  2  j2< 
Mufcwy  glafs,  50. 
Myrfen,  81. 

N. 
Naphtha,  167. 
Nickel  ochre,  268. 

O. 
Ohjidian,  55. 
O/ii'f  copper  ore,  213. 
Olivine,  83. 
0/fl/,  33. 
Orpiment,  258. 
Oviform,  96. 
Oxygenated  carbonat  of  copper, 

211. 


Pechblende,  280. 
Peridot,  83. 


Pelrilite, 


Index. 

PetrUlte,  n"  56. 
petroleum,  1 68. 
Petrofiles,  4 1. 

Phofphal  of  lead,  240. 

Fhofphorlte,  98. 

Pierre  a  fufil,  32. 

. de  croix,  47. 

P'ljiform,  225. 

PitchJIone,  34. 

Platinum,  native,  193. 

Plumbago,  217. 

Plutnhiferous  antimoniatcd  filver 
ore,  234. 

Plumofe  antimonial  ore,  250. 

Porphyry,  1 5 1. 

. (hiftofe,  40. 

Potjlone,  76. 

Prehnlle,  7  2 . 

Puddlng-Jlone,  136. 

Pumice,  IJ7. 

Puzzolano,  156. 

Pyrites,  2 16. 

Pyromachus,  32. 

Pyroxen,  87. 

CL 

^artz,  30. 

»  elaftic,  31. 

R. 
Realgar,  259. 
jRfJ  antimonial  ore,  251. 

.chalk,  121. 
.  copper  glafs,  208. 

I  iron  ore,  224. 

•i—  lead  ore  of  Siberia,  289. 
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Red  filver  ore,  n°  191. 
Reddle,  I  21. 
/?of,{  cryftal,  30. 
Rule  I  lite,  39. 
/JaijF,  28. 

balafs,  28, 

— —  Bohemian,  30. 
— —  occidental,  ^6. 
——  oftohcdral,  28. 

■  oriental,  25. 

-  fpinell,  28. 

s. 

Sagenite,  283. 
Sand,  127. 
Sand/lone,  131. 
Sappare,  74. 
Sapphyr,  oriental,  25. 

■  occidental,  ^6, 
Scapiform  iron  ore,  225. 
Seafroth,  81. 

Selenlle^  97. 
Serpentine,  75. 
"  Shiller  fpar,  54. 
Shiflus,  argillaceous,  79. 
Shorl,  46. 

green,  73. 

.^-^  prifmatic  hexagon,  J2. 

red,  39.  283. 

Shorlite,  38. 
Sienite,  142. 

•S'/Vf.v,  32. 
Siliceous  fpar,  78. 
Silver,  native,  1 84. 
Sltiople,  30. 


5W,  n"  79. 

Smaragdite,  80. 

Sommite,  37. 

Sound,  18. 

Sparry  iron  ore,  227. 

Specular  iron  ore,  221. 

laminated,  222. 

5>/W/,  28. 

StauroUte,  62. 

Staurolithe,  47. 

Staurollde,  47. 

Steatites,  82. 

Stilllte,  67. 

Streak,  9. 

Strontites,  carbonat  of,  106. 

fulphat  of,  107. 

Strudure,  1 5 . 
Sulphat  of  lead,  244. 

zinc,  247. 

Sulphur,  161. 
Surface,  6. 

Swampy  iron  ore,  226. 
Swine/lone,  96. 

T. 

Tfl/f,  51. 
Talcite,  51. 
Tf/f/ffl,  25. 
Texture  14. 
Thallite,  73. 
Thumerjlone,  7 1 . 
•r/7/,  129. 
T/n  pyrites,  231. 
Tinjlone,  232. 


Tilanite,  no  285. 
Topaxe,  ancient,  83. 
-^— —  falfe,  30. 

occidental,  36. 

oriental,  25. 

•  Saxon,  36. 

tourmaline,  48. 
Tranfparency,  7. 
TVa/i,  146. 
Tripoli,  44. 
Tk/(/,  teftaceous,  96. 
Tungsten,  277. 

V. 
Vefuvian,  60. 
Vitreous  filver  ore,  187. 

copper  ore,  204. 

Volcanic  afhes,  158. 
Uranitic  ochre^  281. 

W. 
Wachen,  148, 
/r;6i/f  copper  ore,  203. 
—  lead  fpar,  239. 
Witherite,  102. 
Wolfram,  276. 
Woodtln,  232. 

Y. 
Tanolile,  71. 
Yellow  chalk,  122. 
— —  copper  ore,  2c8. 
Z. 

Zeolite,  66. 
Zellerllte,  52. 
Zircon,  93. 
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Mirabeau.  MIRABEAU  (Honnore  Gabriel,  Compte  de),  well 
'  V  known  both  by  his  writings  and  the  aftive  part  which 
he  took  in  bringing  about  the  French  revolution,  was 
born  in  1749  of  a  noble  family.  Throughout  life  he 
difplayed  a  fpirit  averfe  from  every  rellraint,  and  was 
one  of  thofe  unhappy  geniufes  in  whom  the  moll  bril- 
liant talents  ferve  only  as  a  fcourge  to  themfclves  and 
all  around  them.  It  is  told  by  his  demucratical  pane- 
gyrifts,  as  a  wonderful  proof  of  family  tyranny  under 
the  old  government,  that  not  lefs  than  67  Litres  de  ca- 
chet had  been  obtained  by  Mirabcau  the  father  againll 
this  fon  and  others  of  his  relatives.  This  llory,  if  true, 
proves,  with  at  leaft  equal  force,  what  many  anecdotes 
confirm,  that,  for  his  (hare  of  them,  the  fon  was  not 
lefs  indebted  to  his  own  ungovernable  difpofition  than 
to  the  feverity  of  his  parent.  He  was  indeed  a  moniter 
of  wickednefs.  Debauchery,  gaming,  impiety,  and  eve- 
ry kind  of  fenfuality,  were  not  enough  for  him.  He 
■was  deftitute  of  decency  in  his  vices  ;  and  to  fupply  his 
expences,  fcrupled  not  to  perform  tricks  which  would 
•  difgrace  a  thief-catcher.  His  father  and  mother  difa- 
grccing,  commenced  a  procefs  of  leparation  ;  when  Mi- 
Tabeau,  juft  liberated  from  prifon  for  a  grofs  mifde- 
meanor,  was  in  want  of  money.  He  went  to  his  father, 
fided  with  him  againft  his  mother,  on  whom  he  poured 
a  torrent  of  inveftives  j  and,  for  100  guineas,  wrote  his 
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father's  memorial  for  the  court.     He  then  went  to  his   Mirabeau. 
mother ;  and  by  a   fimilar   conduft  got  the  fame  fum  '       v       '' 
from  her  ;  and  both  memorials  were   prefented.     That 
the   father  of  fuch   a  man  fhould   frequently  get  him 
(hut  up   in  prifon,  can  excite  no  furprife  ;    for  con(ine- 
ment  only  could  withhold  him  from  the  perpetration  of 
crimes. 

The  talents  of  Mirabeau  led  him  frcquentJy  to  em- 
ploy  his  pen  ;  and  his  publications  form  the  chief  epo- 
clias  ot  his  life.  His  lird  publication  was,  1.  E/fai  fur 
le  Dcfpotifme,  "  An  EiTay  on  Dcfpotifm,"  in  8vo. 
Next,  in  one  of  his  confinements,  he  wrote,  2.  a  work 
in  two  vols  Svo,  On  Lettres  de  Cachet.  3.  Conjiderations 
fur  rOrdre  de  Cincinn.itus,  Svo.  A  remonftrance  againll 
the  order  of  Cincinnatus,  propofed  at  one  time  to  be 
eilabli(hcd  in  America.  The  public  opinion  in  Ame- 
rica favoured  this  remonftrance,  and  it  proved  effeftual. 
4.  His  next  work  was  in  favour  of  the  Dutch,  when 
Jofeph  n.  demanded  the  opening  of  the  Sheldt,  in  be- 
half of  the  Braban9ons.  It  is  entitled,  Doutes  fur  la 
Liberie  de  I'Efcant,  Svo.  5.  hctire  a^l'Empcreur  Jo- 
frph  II.  fur  fon  Reglement  comernant  I' Emigration  ;  a 
pamphlet  of  forty  pages,  in  Svo.  6.  De  la  Cuiffi 
d'Efcompte  ;  a  volume  in  Svo,  written  againft  that  efta- 
blidiment.  7.  De  la  Bcinque  d'Ffpngne,  Svo;  a  remon- 
ftrance againft  eftablilhing  a  Frt:;ch  bank  in  Spain.     A 

coatruverfy 
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■Miral-e-M    controverfy  arifiiig  upon   this  fiil«jtft,  lie  wrote  again 
''—v—^  „pun  it.     8.  Two  paiiiphkts  on  the  monopoly  of  the 
water  company  in  Pans. 

Soon  after  the  publication  of  thcfe  works,  he  was 
fent  in  a  piibh\-  oJiarader  to  the  court  ot  Berlin;  wliere 
he  condiictL-d  the  king's  aflairs  jufl  as  lie  hud  formerly 
done  thole  of  his  father  and  inother,  fully  ready  to  fa- 
crifice  all  parties,  and  to  fell  himfelf  to  the  highcll  bid- 
der. Witii  fucli  a  difpofition,  he  could  not  long  avoid 
the  notice  of  the  Prulllaii  illuminees;  and  Nicolai  Bief- 
ter,  Gedicke,  and  Leuchfenring,  foon  became  his  con- 
ftant  companions.  At  Brunl'wick  he  met  with  Mlu- 
villon,  t!ie  worthy  difciplc  of  Plillo  Knigg,  and  at  that 
time  a  profeflTor  in  the  Caroline  college.  This  was  the 
man  who  initiated  the  profligate  Marquis  in  the  laft 
myfteries  of  illuminifm. 

Mirabeau  was  flill  at  Berlin  when  Frederick  II.  died. 
That  tfionarch,  as  is  well  known,  was  a  naturalill,  who, 
holding  this  life  for  his  all,  encouraged  the  propagation 
of  infidelity  in  his  dominions,  from  which  refulted  the 
very  word  confequences  to  the  peace  of  focicty.  Of 
this  truth  his  fucceffor  Frederick  William  was  duly  fen- 
fible ;  and  determined  to  fupport  the  chiirch  eftablifli- 
ment  in  the  moft  peremptory  manner,  confident  with 
the  principles  of  religious  toleration.  He  publidud, 
therefore,  foon  after  his  acceflion,  an  edift  on  religion, 
which  is  a  model  worthy  of  imitation  in  every  country  ; 
but  it  was  attacked  with  the  greateft  virulence  in  num- 
berlcfs  publications.  It  was  called  an  unjuftifiable  ty- 
ranny over  the  confciences  of  men  ;  the  dogmas  fnp- 
ported  by  it  were  termed  abfurd  fuperftitions ;  the 
kincr's  private  charafter  and  his  religious  opinions  were 
ridiculed  and  fcandaloufly  abufed.  The  moft  daring  of 
thefe  attacks  was  a  collection  of  anonymous  letters  on 
the  conllitution  of  the  Pruffian  ftates,  univerfally  be- 
lieved to  be  the  compoiltion  of  Mirabeau,  who  certainly 
wrote  a  French  tranflation,  with  a  preface  and  notes 
more  impudent  than  the  work  itfelf.  The  monarch  is 
declared  to  be  a  tyrant  ;  the  people  of  the  Pruffian  do- 
minions are  addrelfed  as  a  parcel  of  tame  wretches, 
crouching  under  oppreiTion  ;  and  the  inhabitants  of  Si- 
lefia,  reprefented  as  ftill  in  a  worfe  condition,  are  re- 
peatedly called  upon  to  roule  themfclves,  and  affert  their 
rights. 

About  this  time  he  publilhed,  9.  An  Efai  fur  k 
SeUe  dfs  Illumines  ;  one  of  the  llrangeft  and  moil  impu- 
■dent  books  that  ever  appeared.  In  it  he  dcCcribes  a 
feft  exilling  in  Germany,  called  tlte  Ilhiminated ;  and 
fays,  that  they  are  the  moft  abfurd  and  grofs  fanatics 
imaginable,  waging  war  with  every  appearance  of  rea- 
fon,  and  maintaining  the  moft  ridiculous  fuperjliiions. 
He  gives  fome  account  of  thefe,  and  of  their  rituals 
and  ceremonies,  as  if  he  had  feen  them  all  ;  yet  no 
fuch  fociety  as  he  defcribes  ever  exifted  :  and  Mirabeau 
employed  his  powers  of  deception,  merely  to  fcreen 
from  obfervation  the  real  illuminali,  by  holding  out  to 
the  rulers  of  ftates  this  ignis  fatuus  of  his  own  brain. 
For  a  while  the  effay  certainly  contributed  to  blind  the 
eyes  of  the  German  princes ;  and  Nicolai,  with  others 
of  the  junto,  adopting  the  whim,  called  Mirabeau's  fa- 
natics Obfcuranten,  and  joined  with  him  in  placing  on 
the  lift  of  Obfcurantm  feveral  perfons  whom  they  wiflied 
to  make  ridiculous. 

Long  before  his  initiation  in  the  myfteries  of  illu- 
minifm, Mirabeau  had  been  acquainted  with  all  the  re- 
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vulutionary  powers  of  the  mafonic  lodges  ;  nor  did  he,  MirabcBu, 
when  initiated,  undervalue  thofe  whicii  flowed,  or  might  ~~v— — 
fluw,   from  VVeiihaupt's   inventive  genius.      On   liis  re- 
turn to  I'ranec,   he  began  to  introduce  the  niw  myfte- 
ries among  fome  of  his  mafonic  brethren.      His  firil  af- 
fociate  was  the  Abbe  Talleyrand  dc  Perigord,  who  had 
already  begun  to  adl  the  part  of  Judas  in  the  firft  order 
of  the  church.      But  to  have  only   introduced  the  my- 
fteries   was  not  fuificient   for  the   Marquis  ;   he  would 
have  teachers  come  from   Germany,  who   were  better 
verfed  than  he    was  in  the  ilkimini/ing  arts.      Well  ac- 
quainted with  the  reafons  that   had  induaed  the  chiefs 
of  the  order  to    defer    the    converlion   of    France,  ht;, 
found   means  to  convince  them,  that  the  time  was  now 
come  for  the  acconiplifliment  of  their  views  ;  and  at  his  - 
requeft  a  deputation  was  fent   by   Spartacu.s  to  illumi- 
nize  that    great  kingdom.      See  Illuminati,   n°  40, 
41,  Suppl. 

When  the  affembly  of  Notables  was  convened  at  Pa- 
ris, Mirabeau  foretold  that  it  would  foon  be  followed 
by  a  meeting  ot  the  States  ;  and  at  that  period  he  pub- 
liflied  a  volume  againft  the  ftockjobbing,  then  carried  to 
a  great  height,  intitled,  10.  Dtnunciatian  de  f agiotage 
au  Roi,  et  a  l  AJfcmhUe  de  Notables,  8vo.  A  Irtire  de 
cachet  was  iffued  againft  him  in  confequence  of  this  pub- 
lication ;  but  he  eluded  purfnit,  and  publifhed  a  pam- 
phlet as  a  fequel  to  the  book.  His  next  work  was 
againft  M.  Necker,  1  i.  Lettre  a  M.  de  Cretelle,  fur 
I'  Admitiijlration  de  M.  Necker,  a  pamphlet  in  8vo.  I  2. 
A  volume  in  8vo,  againft  the  Stadtholderftiip:  jlux 
Bataves,  fur  le  Stadthouderat.  13.  Obfervations  fur  la 
maifon  de  force  appelle  Biceire,  an  8vo  pamphlet.  14. 
Another  trail,  intitled,  Confeils  a  un  jeune  Prince  qui 
fent  la  nkefjite  de  rcfaire  fon  education.  15.  He  now 
proceeded  to  a  larger  and  more  arduous  work  than  any 
he  had  yet  publifhed,  on  the  Pruffian  monarchy  under 
Frederick  the  Great  :  De  la  Monarchic  Prujfienne  fous 
Frederic  le  Grand,  4  vols,  4to,  or  eight  in  8vo.  In 
this  work  he  undertakes  to  define  prceifcly  how  a  mo- 
narchy ftiould  be  conftituted.  When  the  orders  were 
id'ued  for  convening  the  States-general,  Mirabeau  re- 
turned into  Prove[ice;  and  at  the  fame  time  publidied, 
'  16.  Hijloire  Secrette  de  la  Coiir  de  Berlin,  two  volumes 
of  letters  on  the  Secret  Hillory  of  the  Court  of  Berlin. 
This  work  was  condemned  by  the  parliament  of  Paris, 
for  the  unreferved  manner  in  which  it  delivered  the  cha- 
radlers  of  many  foreign  princes.  As  the  cleftions  pro- 
ceeded, he  offered  himfelt  a  candidate  in  his  own  order 
at  Aix  ;  but  he  was  fo  abhorred  by  the  nobleffe,  that 
they  not  only  rejefted  him,  but  even  drove  him  from 
their  prefence.  this  affront  fettled  his  meafures,  and 
he  determined  on  their  ruin.  He  went  to  the  commons, 
difclaimed  his  being  a  gentleman,  fet  up  a  little  (hop  in 
the  market-place  of  Aix,  where  he  fold  trifles  ;  and  now 
fully  refolved  what  line  he  fliould  purfue,  he  courted 
the  commons,  by  joining  in  all  their  exceffes  againft  the 
noblefle,  and  was  at  laft  returned  a  member  of  the  af- 
fembly. 

In  confequence  of  this,  he  went  to  Paris  ;  where  the 
part  he  took  was  a&ive,  and  fuch  as  tended,  in  general, 
to  accelerate  all  the  violences  of  the  revolution.  He 
now  publifhed,  periodically,  17.  his  Lettres  afes  Com- 
tnettans, L.elters  to  his  Conftltuents,  which  form,  when 
coUefted,  5  vols  8vo.  It  is  fuppofed,  that  the  fatal 
meafure  of  the  junAion  of  the  three  orders  into  one  na- 
tional 
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Ilraheau,  tional  afTemhly,  was  greatly  promoted  by  tliefe  letters 
Miflral.    yi^^.  p^^J[|^.  events  of  thefe  linics,  and  the  part  taken  in 
*'  them  by  Miiabeau,  are   the   I'ubject  of  general  hiftory. 

He  lived  to  fee  the  conftitutiDn  of  1789  cltablilhed,  but 
not  to  fee  its  confeqiicnces — the  dellrnttion  of  the  mo- 
narchy, the  death  of  the  king,  and  the  ruin  of  all  pro- 
perty !  He  was  accufed,  as  well  as  the  duke  of  Or- 
kans,  of  hiring  the  mob  which  attacked  VerfaiUes  on  the 
5th  and  6th  of  October  17S9;  but  with  him  was  alfo 
acquitted  by  the  tribunal  of  the  Chatelet.  The  domi- 
nion of  his  eloquence  in  the  National  Afi'embly  had 
long  been  abfolute,  and,  on  the  29th  of  January  1791, 
he  was  eledied  prelident.     At  the  latter  end  of  March, 
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Gulf,  or  even  much  beyond  it,  arc  obliged  to  take  this 
route,  after  having  undi 'triune  the  r.  perennion  of  thefe 
mountains  ;  and  the  middle  of  the  Gulf,  inftead  of  the  ^ 
calm  whioh  it  might  have  enjoyed,  u  cxpofed  to  the 
united  eftorts  of  two  ftreams  of  wind,  deicenaint  in  dif- 
fcrent  directions.  Hence  arife  thofe  wliirjwmds  which 
feem  to  charactcrife  the  niillral,  a:id  appear  to  have  in- 
duced  the  ancients  to  call  it  Circius,  a  turbine  (jus  ac 
vertigire.      See  Aul.  Gelivjs,  1.  ii.  cap.  22. 

"  The  fccond  caufe  is,  the  general  flope  of  the 
grounds,  defceuding  from  all  fides  towards  the  Gulf; 
which  becoming  all  at  once  lower  and  more  fouthcly 
than  the  lands  extending  behind  it,  is,   from  thefe  joint 
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in  the  fame  year,  he  was  fcized  by  a  fever,  and  died  on    circuniilances,   rendered  the  hotteft  point  of  all  the  ad- 


the  2d  of  April. 

The  talents  of  Mirabeau  will  not  be  doubted,  though 
they  were  certainly  rather  brilliant  than  profound.  To 
be  noticed,  and  to  lead,  were  the  fole  objetts  of  his  am- 
bition; and  for  the  attainment  of  them,  he  took  the 
fide  of  the  dllcontcntcd,  as  the  bcil  field  for  his  match- 
Ids  eloquence.  Yet  there  was  no  man  more  devoted  to 
the  principles  of  a  court  than  this  Marquis,  provided  he 
could  have  a  Ihare  in  the  adminillration  ;  and  a  Ihare  he 
woidd  have  obtained,  if  any  thing  moderate  would  have 
fatisfied  him  :  But  he  thought  nothing  worthy  of  him 
but  a  place  of  aftive  trull,  and  a  high  department  ;  fta- 
tions  which  all  knew  him  not  qualified  to  fill.  Want- 
ing knowledge  of  great  things,  he  was  learned  only  in 
the  bullling  detail  of  intrigue,  and  would,  at  any  time, 
have  facrificed  his  dcaieft  friend,  and  the  interefts  of  his 
country,  for  an  opportunity  of  exerciting  his  brilliant 
eloquence,  and  indulging  his  propenfity  to  fatire  and 
lampoon.  But  the  greatell  obllacle  to  his  advancement 
under  the  old  government  was  the  abjeCt  worthltffhefs 
(if  his  charafter.  Drinking  was  the  only  vice  in  which 
he  did  not  indulge  ;  and  from  this  he  was  reftrained  by 
his  exhaufted  conlh'tution.  To  his  brother,  the  Vif- 
count,  who  was  frequently  intoxicated,  the  Marquis 
one  day  faid,  "  How  can  you,  brother,  io  expofe  your- 
felf?  "  What  (replied  the  Vifcount)  !  how  infatiable 
are  you?  Nature  has  given  you  every  vice;  and  having 
left  me  only  this  one,  you  grudge  it  me! 

MISTRAL,  the  name  of  a  wind,  which  is  men- 
tioned in  almoil  every  account  that  we  have  of  Pro- 
vence, and  which  is  remarkable  for  blowing  almcft  the 
whole  year  from  north-v.t ft  or  weft-north- weif,  in  a  cli- 
mate where  the  wind  flionld  be  variable.  It  is  faid  to 
contribute  to  the  falubrity  of  the  air,  by  dlfperling  the 
exhalations  of  the  marfiies  and  ftagnant  waters,  fo  com- 
mon in  the  fouth  of  Languedoc  and  Provence  ;  but  at 
times  it  is  alfo  very  injurious,  or  at  leaft  very  trouble- 
fome.  It  is  not,  however,  on  either  of  thefe  accounts 
that  it  is  introduced  into  this  Work,  but  for  the  fake 
of  the  caufes  afligntd  by  SaufTure  for  its  conftancv, 
which  may  be  applied  to  other  winds  that  nearly  re- 
femble  it ;  and  which  he  found  might  be  reduced  to 
three. 

"  The  firft  and  moft  effeftual  caufe  (he  fays)  is  the 
fituation  of  the  Gulf  of  Lyons,  the  banks  of  which  are 
the  principal  theatre  of  its  ravages.  This  Gulf,  in 
faft,  is  fituated  at  the  bottom  of  a  funnel,  formed  by 
the  Alps  and  Pyrenees.  All  the  winds  blowing  from 
any  point  between  weft  and  north,  are  forced  by  thefe 
mountains  to  unite  in  the  Gulf.  Thus,  winds  which 
•would  not  have  prevailed  but  at  one  extremity  of  the 


jacent  country  :  and,  as  the  air  on  the  furface  of  the 
earth  always  tends  from  the  colder  to  the  warmer  re- 
gions, the  Gulf  of  Lyons  is  aftually  the  centre  towards 
which  the  air  from  all  colder  points  bctwee(i  caft  and 
weft  muft  prefs.  This  caufe,  then,  alone  would  he  pro- 
duiAive  of  winds  dirtdfed  to  the  Gulf,  even  if  the  re- 
percuffion  of  the  mountains  did  not  exert  its  influence. 

"  Finally,  it  is  well  known,  that  in  all  gulfs  the  land- 
winds  blow  more  forcibly  than  oppofite  to  plains  and 
promontories,  whatever  be  the  iitiiation  of  thole  gulfs. 
I  apprehend,  indeed,  on  ftritl  examination  (faysourau- 
thor),  that  this  caufe  is  blended  with  the  preceding  ; 
but  as  the  faft  is  generally  admitted,  and  in  fomc  cafes 
can  be  explained  only  by  realons  drawn  from  thceffefts 
of  heat,  it  may  not  improperly,  perhaps,  be  diftindtly 
mentioned.  It  is,  at  leaft,  necefldry  to  fuppofe,  that 
feveral  caufes  produce  the  millral,  in  order  to  under- 
ftand  why,  notwithftanding  the  variablenefs  of  the  fea- 
fons  and  temperatures,  that  wind  is  fo  fingularly  coii- 
ftant  in  Lower  Languedoc  and  Lower  Provence.  A 
very  remarkable  inftance  of  this  conftancy  is  recorded 
by  the  Abbe  Papon,  in  his  Voyage  de  Provence,  tom. 
ii.  p.  81.  He  aflerts,  that  during  the  years  1769  and 
1770,  the  miftral  continued  for  fourteen  months  fuccef- 
fively.  But  the  three  caufes  which  1  have  ftated,  taken 
ftparately,  will  explain  its  frequency,  and,  united,  will 
account  for  its  force." 

MIX  1'  Angle,  or  Figure,  is  one  contained  by  both 
right  and  curved  lines. 

MixT  Number,  is  one  that  is  partly  an  integer  and 
partly  a  fraftion;  as  34. 

M1XI  Ratio,  or  Proportion,  is   when  the  fum  of  the 
antecedent  and  confcquent  is  compared  with  the  differ- 
ence of  the  antecedent  and  confequent  ; 
1       4  :  3  :  :  12  :  9 
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MOCA.SSIMAH,  in  Bengal,  revenue  fettled  by  a 
divifion  of  the  produce. 

MOCKULKAH,  bond  or  obligation. 

MOiRI.S,  a  lake  in  Egypt,  occafionally  mentioned 
in  that  article  {Encycl.),  and  generally  fuppofed  the 
produAion  of  human  art.  Of  this,  however,  Mr  Brown 
fays  it  bears  no  mark.  "  The  fhape,  as  far  as  was  diftin- 
guifhable,  feems  not  inaccurately  laid  down  in  D'An- 
ville's  map,  unlefs  it  be,  that  the  end  neareft  the  Nile 
fhould  run  more  in  a  north-weft  and  fouth-eaft  direc- 
tion. The  length  may  probably  be  between  :p  and  40 
miles  ;  the  breadth,  at  the  wideft  part  he  could  gain, 
was  jooo  toifes,  as  taken  with  a  fextant ;  that  is,  near- 
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ly  fix  miles.  The  utmoft  poflihle  -extfnt  of  ciicult 
mull  of  courfe  be  ;o  leagues.  On  the  iiortheaft  and 
fouth  is  a  rocky  ridge,  in  every  appearance  piimeval. 
In  (hort,  nothing  can  prcfcnt  an  appearance  more  un- 
like the  works  of  men.  Several  filhermen,  in  mifevable 
boats,  are  conftantly  employed  on  the  lake.  The  wa- 
ter is  brackifh,  like  moft  bodies  of  water  under  the  fame 
circumftances.  It  is,  in  the  language  of  the  country, 
Blrlet-el-ierun,  probably  from  its  exti-emities  bearing 
fome  refembbnce  to  horns. 

MOFUSSEL,  a  relative  term,  fignifying  the  fub- 
ordinate  lands  or  diftrifts,  oppofed  to  Sudder,  which 
is  the  head. 

MOHACZ,  MoHATZ,  or  Mo/yoz,  a  town  in  the 
Lower  Hungary,  upon  the  Danube,  between  the  river 
Sarwizu  to  the  north,  and  the  Drave  to  the  fouth  ;  four 
German  miles  from  either,  fix  from  EITeck  to  the  north, 
and  nine  from  Colocoa  to  the  fouth.  This  otherwife 
fmall  place  is  memorable  for  two  great  battles  here 
fought  ;  the  firft  between  Lewis  king  of  Hungary  and 
Solyman  the  Magnificent,  in  1526:  in  which  that  un- 
fortunate Prince  Lewis  (being  about  20  years  old), 
with  25,000  men,  fought  300,000  Turks  ;  when,  be- 
ing overpowered  by  numbers,  22,oco  of  the  Chrillian 
army  were  flain  upon  the  place  ;  jooo  waggons,  eighty 
great  cannop,  600  fmall  ones,  with  all  their  tents  and 
baggage,  were  taken  by  the  vidlors  ;  and  the  King,  in 
his  flight  over  the  brook  Curafs,  fell  into  a  quagmire, 
and  was  fwallowed  up.  After  wlilch,  Solyman  took 
and  flew  200,000  Hungarians,  and  got  fuch  a  footing 
in  that  kingdom,  that  he  could  never  be  expelled.  This 
fatal  battle  was  fought  OAober  29.  The  fecond,  in 
fome  part,  retrieves  the  lufs  and  infamy  of  the  former. 
The  Duke  of  Loraine  being  fent  by  the  Emperor,  with 
exprefs  orders  to  pafs  the  Drave  and  take  Effeck,  his 
highnefs,  July  lo,  1687,  with  great  difficulty  paffed 
that  river,  then  extremely  fwelled  with  rains  ;  but  find- 
ing the  Prime  Vifier  encamped  at  EfTeck,  with  an  army 
of  100,000  men,  .fo  (Irongly,  that  it  was  not  poifible 
to  attack  him  in  that  pod  without  the  ruin  of  the  Chri- 
Itian  army,  he  retreated,  and  repaflfed  it  the  23d  of  the 
fame  month  ;  where,  upon  the  29th,  the  Prime  Vifier 
pafled  that  river  at  Effeck;  and  upon  Auguft  12th, 
there  followed  a  bloody  fight,  in  which  the  Turks  loft 
100  pieces  of  cannon,  12  mortars,  all  their  ammunition, 
provifion,  tents,  baggage,  and  trealure,  and  about  8000 
men  upon  the  place  of  battle,  befides  what  were  drown- 
ed in  paffmg  the  river,  which  could  never  be  known. 
After  which  viftory,  General  Dunewalt,  September 
30th,  found  Effeck  totally  defertcd  by  the  Turks,  and 
took  poffeffion  of  it. 

MOHER,  in  Bengal,  a  gold  coin,  worth  about  33 
Ihillings. 

MOHERIR,  a  writer  of  accounts. 

MOINE.\U,  a  flat  baftion  raifed  before  a  curtin 
when  it  is  too  long,  and  the  batfions  of  the  angles  too 
remote  to  be  able  to  defend  one  another.  Sometimes 
the  raoineau  is  joined  to  the  curtin,  and  fometimes  it  is 
divided  from  it  by  a  moat.  Here  mufquetwy  are  placed 
to  fire  each  wa/. 

MOLE  (See  Talpa,  EncycL),  is  an  animal  exceed* 
ingly  troublcfome,  both  to  gardeners  and  farmers  ;  and 
there  are  perfons  who  contrive  to  make  a  livelihood  by  the 
trade  of  mole-catching.  Thefe  nen,  it  is  well  known, 
Hre  generally  quacks  and  cheats  ;  and  the  fecrets  which 
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they  fell  for  cxtirpatinj{  thofc  dellruAive  antraaU  arc  of  M^>. 
very  little  avail.  Even  p  )ifon  feldom  produces  any  con-  -— -v- 
fiderable  eiTcCl  ;  becaufe  the  mule,  while  it  does  not 
drink,  lives  only  on  roots  and  worms.  Under  tiie  word 
Mole  (Encycl  ),  fome  directions  will  be  found  for  clear- 
ing fields  of  this  deltruttive  animal  ;  but  the  followin.j 
are  perhaps  preferable,  as  they  feem  to  have  been  the 
refult  of  much  experience  : 

Immediately  at  day-break,  it  will  be  neceffary  to 
make  a  tour  round  the  garden  or  meadow,  from  which 
it  is  wifhed  to  extirpate  the  moles  ;  for  at  that  time 
they  will  be  all  found  at  work,  as  may  be  feen  by  the 
hills  newly  thrown  up.  If  the  perfon  is  then  clofe  to 
the  hill,  he  muft  proceed  as  the  gardeners  do,  and  turn 
up  with  a  ftroke  of  the  fpade  the  hill  together  with  the 
digger.  The  paffage  is  then  cut  through  before  the 
animal  is  aware  of  the  attack  ;  and  therefore  It  has  not 
power  to  efcape.  If  the  mole-hill  be  frefh,  even  though 
the  animal  may  not  be  throwing  up  earth,  the  perfor> 
ought  not  to  lofe  his  time  in  waiting,  but  ifiould  imme- 
diately proceed  to  the  operation  above-mentioned. 

If  you  find  a  frefh  hill  Handing  b\  itfelf,  which  feems 
to  fliew  by  its  fituation  that  it  has  no  communicatiott 
with  any  other,  which  is  always  the  cafe  when  the  mole 
has  wr)rked  from  the  furface  downwards  in  endeavour- 
ing to  procure  a  more  convenient  habitation,  after  the 
hill  hrs  been  turned  up  with  the  fpade,  a  bucket  of 
water  fliould  be  poured  over  the  mouth  of  the  paffage. 
By  thefe  means  the  animal,  which  is  at  no  great  dif- 
ftanc,  will  be  obliged  to  come  forth,  and  may  be  eafily 
caught  with  the  hand. 

You  may  difcover  alfo  whether  a  hill  has  any  com- 
munication with  another,  if  you  apply  your  ear  to  it, 
and  then  cough  or  make  a  loud  noife.  If  It  has  no 
communication  with  the  neighbouring  hills,  you  will 
hear  the  terrified  animal  make  a  nolfe  by  its  motion.  It 
will  then  be  impofiible  for  it  to  efcape  ;  and  you  may 
either  pour  water  Into  the  hole,  or  turn  up  the  hill  with 
a  fpade,  until  the  mole  is  found  ;  for,  in  general,  it  ne- 
ver goes  deeper  into  the  earth  than  from  fifteen  to  eigh- 
teen inches. 

When  any  of  the  beds  in  a  garden  have  been  newly 
watered,  the  mole,  attracted  by  the  cnolnefs  and  moi- 
fture,  readily  repairs  thither,  and  takes  up  its  refidence 
in  them,  making  a  paffage  at  tl-;  depth  of  fcarcely  an 
inch  below  the  furface.  In  that  cafe  it  may  eafily  be 
caught.  When  you  fee  it  at  work,  you  need  only 
tread  behind  the  animal  with  your  feet  on  the  paffage 
to  prevent  its  retreat,  and  then  turn  up  the  hill  with  a 
ipade  ;  by  which  means  you  will  be'fnre  to  catch  it. 

When  you  dig  after  it  with  a  fpade,  the  animal  forces 
its  way  downwards  into  the  earth  in  a  perpendicular  di- 
rettlon,  in  order  that  it  may  the  better  efcape  the  threa- 
tened danger.  In  that  cafe  it  will  not  be  neceffary  to 
dig  long,  but  to  pour  water  over  the  place,  which  will 
foon  make  the  animal  return  upwards. 

People,  in  general,  are  not  aware  of  the  great  mif- 
chlef  occafioned  in  fields  and  gardens  by  thefe  animals. 
We  are,  however,  informed  by  BuflFon,  that  in  the  year 
1743  he  planted  fifteen  or  fixteen  acres  of  land  with 
acorns,  and  that  the  greater  part  of  them  were  in  a 
little  time  carried  away  by  the  moles  to  their  fubterra- 
nean  retreats.  In  many  of  thefe  there  were  found  half 
a  bulhel,  and  in  others  a  bufliel.  Buffon,  after  this  cir- 
cumftauce,    caufed  a  great  number  of  iron  traps  to  be 

contlrufted  j 
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Moraenii,  conilnifted  ;  by  which,  in  lefs  than  three  wetks,  he 
MoDgeans.gjught  noo.  To  this  iiillancc  of  the  devaltatioii  oc- 
'f~~~'  calioned  bv  thefe  animals,  we  may  add  the  following  : 
111  the  year  1742  they  were  fo  numerous  in  fome  parts 
of  Holland,  that  one  farmer  alone  caught  between  five 
and  fix  thoufand  of  them.  The  deflruftion  occafioned 
by  thefe  animals  is,  however,  no  new  phenomenon.  We 
are  informed  by  hillory,  that  the  inhabitants  of  the 
ifland  of  Tenedos,  the  Trojans,  and  the  ^olians,  were 
infefted  by  them  in  the  earlieft  ages.  For  this  reafon 
a  temple  was  erefted  to  Apollo  Smynthius,  the  deftroyer 
of  mole^  See  Economifche  Hefle,  Vol.  VII.  Part  5.  and 
Vol.  IX.  Part  4.  ;  or  Phil.  Magazine,  N"  J. 

MOMENTS,  in  the  new  dodlrine  of  infinites,  de- 
note the  indefinitely  fmall  parts  of  quantity  ;  or  they  are 
the  fame  with  what  are  otherwife  called  infinitefimals 
and  differences,  or  increments  and  decrements ;  being 
the  momentary  increments  or  decrements  of  quantity 
confidered  as  in  a  continual  flux. 

Moments  are  the  generative  principles  of  magnitude  ; 
they  have  no  determined  magnitude  of  their  own,  but 
are  only  inceptive  of  magnitude. 

Hence,  as  it  ia  the  fame  thing  if,  inllead  of  thefe  mo- 
ments, the  velocities  of  their  increafes  and  decreafes 
be  made  ufe  of,  or  the  finite  quantities  that  are  propor- 
tional to  fuch  velocities ;  the  method  of  proceeding 
which  conCders  the  motions,  changes  or  fluxions  ot 
quantities,  is  denominated  by  Sir  Ifaac  Newton,  the 
method  ofjluxions. 

Leibnitz,  and  raoft  foreigners,  confidering  thefe  infi- 
nitely fmall  parts,  or  infinitefimals,  as  the  differences  of 
two  quantities,  and  thence  endeavouring  to  find  the 
differences  of  quantities,  i.  e.  fome  moments,  or  quanti- 
ties  indefinitely  fmall,  which  taken  an  infinite  number 
of  times  (hall  equal  given  quantities,  call  thefe  moments 
differences  ;  and  the  method  of  procedure,  the  differen- 
tial calculus. 

MONGEARTS,  one  of  the  tribes  of  wandering 
Arabs  which  inhabit  the  Sahara,  or  Great  Defert  of 
Africa.  Their  time  is  wlioUy  occupied  by  tending  their 
cattle  ;  and  becaufe  they  are  little  fliilled  in  the  ufe  of 
arms,  Mengeart  is  a  term  of  contempt  among  the  peo- 
ple by  whom  they  are  furrounded.  The  country,  with 
its  produce,  will  be  defcribed  under  the  title  Sahara  in 
this  Suppknunt  ;  it  is  tiie  bufinefs  of  this  article  merely 
to  exhibit  the  manners  of  the  people. 

They  are  all  Mahometans,  and  offer  up  prayers  three 
times  a-day,  fometimes  oftener  ;  but  having  no  mofques, 
thefe  prayers  are  never  pronounced  in  public,  except 
when  the  horde  is  vifited  by  a  prieft,  who  feldom  comes 
but  upon  account  of  the  childrens  education.  Then  all 
the  Arabs  affemble  at  the  hour  of  prayer,  place  them- 
felves  in  a  line,  turn  to  the  eait,  and,  wanting  water  in 
the  defert,  rub  their  face  and  hands  with  fand  ;  while 
the  prieft  recites  aloud  the  general  prayer.  It  is  the 
fame  as  that  which  is  rehearfed  by  the  public  crier  in 
the  mofques  in  civilized  countries. 

The  priefts  are  employed  in  travelling  about  the 
country  to  inftruft  the  children.  There  is  nothing  like 
force  in  their  education.  The  little  boys  meet  in  the 
morning  of  their  own  accord,  at  the  place  of  inftruc- 
tinn,  which  is  to  them  a  place  of  recreation.  They  go 
there  with  a  fmall  board  infcribed  witli  the  Arabic  cha- 
faders,  and  a  few  maxims  of  the  Koran.  The  oldeft, 
«nd  the  beft  informed,  receive  their  kflb|is  dircitly  from 
SuppL.  Vol.  II.  Part  I. 
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th.:  priefts,  and  afterwards  communicate  them  to  their  ^'^'"'gg'^t*. 
fellows.  They  arc  never  corrected  ;  becaufe  it  Wi;ul>l  * 
be  3  crime  to  beat  a  cliild,  who,  according  to  the  re- 
ceived notions,  has  not  fuflicient  reafon  to  diiliiiguilh 
good  from  evil.  This  lenity  extends  even  to  the  chiU 
dren  of  Chriftians,  though  in  a  ftate  of  flavery.  They 
are  treated  in  all  refpetts  like  the  children  of  Arabs  ; 
and  the  man  who  fiiould  be  rafh  enough  to  ftriue  one 
of  them  would  endanger  his  life.  Very  different  is  theiv 
treatment  of  Negro  children  ;  who  may  indeed  join  in 
all  the  amufements  of  the  young  \rabs,  and  even  attend 
the  public  fchools  ;  but  if  they  be  guilty  of  a  fault, 
they  are  feverely  puniOied. 

When  the  child  of  a  Mongcart  becomes  tired  of  the 
places  of  public  inllruiStion,  he  quits  tiiem  at  pleafure, 
and,  without  feeling  conftraint,  or  hearing  reproach,  goei 
and  employs  himfelf  in  tending  his  father's  flocks  :  an4 
accordingly  there  are  very  few  among  them  who  can 
read.  Thofe  who  perfevere  in  the  ftudy  of  the  Koran 
arc  made  priefts,  after  having  paft  an  examination  before 
the  learned  elders,  and  enjoy  the  greateft  public  confi- 
deratlon.  They  have  no  need  of  cattle  ;  for  thofe  of 
the  nation  being  theirs,  they  find  their  fubfirtcnce  every- 
where. 

It  is  generally  at  feven  or  eight  years  of  age  that 
children  undergo  the  painful  operation  of  clrcumcilion. 
Their  head  is  alfo  fliaved,  nothing  being  left  but  four 
locks  of  hair  ;  one  of  which  is  cut  oft  ia  a  meeting  of 
the  family,  at  each  remarkable  adlion  performed  by  the 
child.  If,  at  the  age  of  12  or  1  ?,  he  kill  a  wild  boar, 
or  other  beaft  of  prey,  that  (hould  fall  upon  his  flock, 
he  lofes  one  of  his  locks.  If,  in  the  paffage  of  a  river, 
a  camel  be  carried  away  by  the  ftream,  and  he  fave  it 
by  fwimming  to  its  affiftance,  another  is  cut  off.  If  he 
kill  a  lion,  a  tyger,  or  a  warrior  of  an  hoftile  nation,  in 
a  furprife  or  an  attack,  he  is  confidered  as  a  man,  aa4 
his  head  is  entirely  ftiaved. 

Different  from  the  other  Arabs  their  neighbours,  and 
indeed  from  the  Mahometans  in  general,  the  Mongearts 
trouble  no  man  on  account  of  his  religion.  The  only 
one  which  they  do  not  tolerate  is  the  Jewilh  ;  and  were 
a  Jew  to  enter  their  territory,  and  have  the  misfortune 
to  be  taken,  he  would  certainly  be  burnt  alive. 

Ascordlng  to  M.  Saugnler,  the  women  are  much 
more  refpefted  among  tlie  Mongearts  than  among  the 
neighbouring  nations  ;  but  the  evidences  which  he  gives 
of  that  refpeC^  are  very  extraordinary. 

When  a  Mongeart  is  defirous  of  undertaking  the 
care  of  a  family,  lie  pitches  upon  the  girl  that  pleafes 
him  the  molt,  and  afl<3  lier  of  her  father  without  further 
formality  ;  nor  can  the  latter  rcfufe  her,  unlefs  the  man 
who  pretends  to  iier  hand  have  done  fometliing  contra- 
i"y  to  the  laws  of  the  nation.  The  gill  is  condut^efl 
by  her  parents  to  the  tent  of  her  future  hufband,  where 
there  is  always  au  abundant  repaft  prepared  for  the  ce- 
remony. Prefents  are  made  to  the  father  ;  but  if  the 
fon-in-law  be  poor,  his  wife's  family  affift  him,  and  fur- 
nllh  him  with  the  means  of  increafing  his  flocks  ;  if,  on 
the  cojitrary,  he  be  rich,  and  the  father  poor,  he  fup- 
ports  the  whole  family  in  his  own  tent.  The  employ, 
nient  of  the  wife,  thus  married,  is  to  prepare  the  food  ; 
to  fpin  the  goats  and  camels  hair,  of  which  the  tents  are 
made  ;  to  milk  the  cattle  ;  to  pick  up  the  neceffary 
fupply  of  wood  for  the  night  ;  and  when  the  hour  of 
refjaftis  come,  to  wait  upon  her  hulbaud.  She  then  eats 
LI  by 
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Mongearts-by  herfelf  what  has  been  left  by  him  and  his  male  flaves. 
'       \        '  She  is,    indeed,    in   no  great   danger  of  h:iviiig   a  rival 
'  brought  into  the  family  ;  for  though  polygamy  be  al- 

lowed by  his  religion,  the  poverty  of  the  Mongeart  ge- 
nerally prevents  him  from  taking  a  plurality  of  wives. 
She  is,  however,  liable  to  be  divorced  at  will  when  flie 
does  t,,ot  bear  boys  ;  but  if  (he  have  the  good  fortune 
to  have  one  or  more  male  children,  her  hufband'R  regard 
for  her  is  inconceivable.  She  has  no  longer  a  divorce 
to  fear,  has  an  abfolute  authority  in  the  tent,  audpafTes 
her  whole  time  in  converfatlon,  fleep,  or  dancing,  as  (he 
thinks  fit.  The  captive  negrcffes  do  all  her  work,  and 
are  no  longer  afiifted  in  their  labour  by  the  Arab's  wife, 
who  treats  them,  on  the  contrary,  with  the  greatell 
harflinefs  and  arrogance. 

When  a  woman  is  not  agreeable  to  her  hulband,  or 
when  he  is  difagreeable  to  her,  they  have  it  in  their 
power  to  part.  The  formality  in  this  cafe  coniifts  in 
the  wife's  retiring  to  her  parents.  If  the  hufband  be 
attached  to  her,  he  goes  thither  in  queft  of  her  ;  but  if 
fhe  perfill  in  refudng  to  return,  (he  is  free,  and  at  liber- 
ty to  marry  another.  If,  however,  (lie  have  had  a  child, 
efpecially  a  boy,  fhe  has  not  the  fame  privilege  ;  in  that 
cafe,  if  her  retreat  (hould  laft  more  than  eight  days,  it 
might  be  puni(hed  with  death. 

When  a  man  beats  his  v/ife,  it  is  a  fure  fign  that  he 
is  fincerely  attached  to  her,  and  that  he  does  not  mean 
to  part  with  her  ;  if  he  content  himfelf  with  reproaches, 
the  wife  thinks  herfelf  defpifed,  and  infallibly  retires  to 
her  parents.  Hence  it  is,  that  in  the  mod  trifling  dif- 
putes  the  women  are  cruelly  beaten  :  they  prefer  it  to 
the  complaints  that  the  hufband  might  make  to  their 
parents  ;  this  proof  being  the  moft  certain  one  of  a 
man's  fondnefs  for  his  wife.  When  a  girl  marries,  (he 
makes  up  her  mind  to  fuch  treatment,  deeming  it  much 
more  fupportable  than  the  humiliations  fhe  would  other- 
wife  experience  from  her  family,  in  confequence  of  her 
hufband's  complaints. 

The  conjugal  fidelity  of  the  Mongeart  women  is  in- 
corruptible. 'Differing  in  their  opinions  from  many 
other  Mahometans,  they  believe  themfelves  immortal 
like  the  men  ;  but  they  do  not  flatter  themfelves  with 
the  polTibility  of  happinefs  in  the  other  world,  unlefs 
they  fliall  have  been  faithful  to  their  hufbands  in  this. 
Women,  who  have  been  falfe  to  their  hulband's  bed, 
will  be  doomed,  they  think,  to  eternal  flavery  to  the 
more  virtuous  part  of  their  fex,  without  ever  partaking, 
in  the  fmallefl  degree,  of  their  blifs. 

Mongeart  v/onien  often  vitit  one  another;  and  on 
thofe  occafions,  the  honour  confifts  in  letting  the  fe- 
male who  comes  to  fee  her  friend  or  relation  do  all  the 
\,^  work  of  the  tent.  The  vifitor  alfumes  the  management 
of  every  thing,  drelTcs  the  vitluals,  churns  the  butter, 
and  keeps  herfelf  continually  employed  ;  while  her 
friend  entertains  her  with  an  account  of  the  diflcrent  af- 
fairs of  the  family  or  nation.  The  heartlnefs  of  the 
welcome  is  meafured  by  the  extent  of  the  work  fubmit- 
ted  to  the  guell,  who  generally  prepares  double  the 
ufual  quantity  of  food  ;  fo  that  the  Arab  is  obliged  to 
invite  his  neighbours  to  partake  of  the  repaft.  The 
flaves  are  always  pleafed  wlih  thefe  entertainments,  a 
larger  portion  then  coming  to  their  lot.  It  is  the  bufi- 
nefs  of  the  vlfitor  to  do  the  honours  :  nor  will  flie  fufifer 
any  body  about  her  to  remain  dlflatisfied. 

The  laws  of  hofpitality  are  obferved  among  the  Mon- 
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gearts  as  among  all  the  wandering  Arabs.  Indeed  they  Wongearts. 
are  carried  to  fuch  a  length,  that  were  a  man  to  enter  ~~~v  '  ■■' 
the  tent  of  him  whom  he  had  wounded,  or  even  killed, 
he  would  there  meet  with  a  facred  and  inviolable  afy- 
lum,  although  furrounded  by  thole  who  muft  naturally 
dcfire  his  ruin.  The  tent  of  the  chief  is  always  that 
to  which  llrangers,  upon  their  arrival  in  the  horde,  are 
direftcd.  But  the  chief  could  not  entertain,  at  his  own 
expence,  all  the  ftrangcrs  that  happen  to  pafs  ;  and 
therefore  every  tent  in  the  horde  is  obliged  to  furnllh 
him  with  two  pounds  of  ground  barley  fier  week,  to 
enable  him  to  maintain  the  ancient  hofpitality. 

The  chiefs  of  hordes  are  always  the  eldeft  of  their 
families.  The  diff^crence  of  wealth  is  not  confidered  : 
the  chief  often  having  feveral  individuals  at  his  honfe 
richer  than  himfelf,  who  neverthelefs  obey  him  in  every 
particular.  He  is,  properly  fpeaking,  their  king;  ex- 
amines their  difference  with  the  old  men,  and  judges 
without  appeal.  As  to  himfelf,  he  cannot  be  tried  but 
by  the  chiefs  of  feveral  hordes  affembled.  It  is  his  bu- 
finefs  to  determine  the  fpots  where  the  tents  are  to  be. 
pitched,  the  moment  of  departure,  and  the  place  where 
the  caravan  is  to  flop.  If  the  palturage  do  not  fuflice 
for  the  herds  of  all  the  horde,  it  divides,  and  the  chief 
afiigns  the  ground  for  the  difl^erent  encampments.  They 
are  very  often  compofed  ot  no  more  ihanleven  or  eight 
tents,  according  to  the  quality  of  the  ground  they  meet 
with.  The  tent  of  the  chief  is  always  the  largeil  and 
moft  lofty,  and  is  placed  in  the  centre  of  the  divifions. 
When  it  is  determined  upon  to  quit  an  encampment, 
which  neverhappens  till  the  paftureis  exhaufted,  the  chief 
fets  off  to  choofe  another  fpot.  In  thefe  removals  the 
women  alone  do  all  the  work.  Early  in  the  morning 
they  fold  up  the  tent,  and  load  every  thing  upon  the  ca- 
mels backs ;  they  then  move  flowly  on,  that  the  cattle 
may  have  time  to  feed  upon  the  way.  * 

Great  refpeft  is  paid  by  the  Mongearts  to  all  old 
men,  who  enjoy  the  fame  prerogatives  as  the  priefts, 
and  fuch  Arabs  as  have  vifited  the  tomb  of  Mahomet  at 
Mecca.  Together  with  the  chief  they  are  the  judges 
of  the  horde,  and  take  cognizance  of  all  offences,  the 
pain  of  death  being  the  only  punifhment  which  they 
cannot  decree.  An  affcmbly  of  feveral  chiefs  is  the 
only  tribunal  which  can  Inflift  capital  punifliment  ;  but 
as  the  accufed  has  generally  a  number  of  friends,  it  feU- 
dom  happens  that  he  is  capitally  convicted. 

A  war  between  two  Mongeart  tribes  feldom  happens, . 
and  is  never  bloody  ;  but  the  different  families  dcftroy 
one  another  faft.  enough  in  their  inteftine  broils.  They 
are  all  thieves  ;  and  indeed  theft  is  a  crime  only  in  the 
day-time,  being  authorifed  by  law  during  the  night,  in 
order  to  compel  them  to  take  care  of  their  cattle. 
Could  they  find  redrefs  when  robbed  by  night,  they 
would  be  lefs  vigilant  ;  and  their  herds  and  flocks  would 
be  more  expofed  to  the  wild  beafts  that  over-run  their 
country  ;  but  being  obliged  to  be  on  their  guard  even 
againft  their  neareft  neighbours,  they  are  always  ready 
to  repel  both  the  lion  and  the  tiger.  Theft,  even  in  the 
day-time,  is  fo  far  from  being  punifhed,  unlefs  detefted 
at  the  inflant  of  commifEon,  that  when  any  thing  is  fto- 
len  unperceived,  it  becomes  the  lawful  property  of  th* 
thief.  In  vain  would  the  rightful  owner  recognize  it 
in  his  neighbour's  tent  ;  he  cannot  reclaim  it  ;  it  ceafes 
to  be  his  from  the  moment  he  has  been  negligent  in  its 
care.     Hence  arifes  this  peoples  inclination  for  rapine  ^ 

they 
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MongcurtJ.  t'hcy  do  not  think  they  commit  a  crime,  and  only  fol- 
'~~V^~'  low,  in  this  regard,  a  cnftom  allowed  by  their  laws. 

When  an  Arab  is  going  to  market,  or  on  his  return 
from  thence,  if  he  do  not  take  the  greatell  care  to  keep 
tiis  journey  a  fecret,  he  is  often  attacked.  Neighbour- 
ing Arabs  are  defirous  of  profiting  by  liis  induftry  ;  and 
as  there  are  no  perfons  in  the  country  appointed_to  ap- 
prehend robbers,  the  hope  of  booty  fpnrs  them  on  to 
the  attack.  That  they  may  have  nothing  to  fear,  they 
lie  in  wait,  when  the  nlgiit  is  coming  on,  for  him  whom 
they  mean  to  pillage.  Their  intention  is  never  to  kill  ; 
they  only  endeavour  to  furprife,  to  difarm,  and  to  make 
tiiemfelvcs  n\a!lers  of  every  thing  that  comes  in  their 
way.  But  it  fometimes  happens,  that  the  man  they 
intend  to  plunder,  being  acquainted  with  the  cuftoms 
of  his  country,  keeps  an  attentive  ear,  Hands  on  his 
guard,  fires  upon  his  affailants  at  the  firil  motion  he  ob- 
ferves,  and  then  fights  defperattly  with  his  dagger.  The 
report  of  the  muflcet  almoll  always  brings  out  the  neigh- 
bouring Arabs,  who,  in  virtue  of  the  laws  of  hofpitali- 
ty,  take  the  defence  of  the  weaker  fide.      They  run  up 
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lock,  covering  the  priming,  to  prevent  the  piece  from  Mongeartj. 
going  off,  contrary  to  tiie  intention  of  him  who  carries  '"""^  ' 
it.  The  poor,  who  do  not  polTcfs  muikcts,  wear  dag- 
gers, made  like  the  Flemi(h  knives,  with  leathern  (heaths. 
'I'hey  arm  themfclves  alfo  with  a  thick  iHck,  to  the  end 
of  which  tl\ey  fix  a  kind  of  iron  wedge.  This  weapon 
is  exceedingly  dangerous  at  clofe  quarters.  Others 
carry  zu^ays,  or  flender  javelins.  In  a  word,  the  prin- 
cipal riches  of  an  Arab,  and  his  higheft  gratifications, 
are  a  handfome  mufl<et  and  a  good  dagger.  He  prefers 
them  to  neatnefs  of  apparel  ;  for  as  to  drefs,  it  is  indif- 
ferent  to  him  whether  he  be  clothed  in  Guinea  blues, 
waollen  (luffs,  or  goats  (Ivins.  Their  arms  being  their 
principal  ornament,  tliey  take  particular  care  to  put  the 
mn(l<ets  in  leathern  bags,  by  way  of  keeping  them  in 
good  order,  ami  prelerving  them  from  the  rn(l. 

All  the  riches  of  the  Mongearts  coiifill  in  thiir  herds  ; 
and  accordingly  they  take  the  greated  care  to  preferve 
them.  If  a  bead  be  fick,  every  thing  is  done  to  cure 
it  ;  no  care  Is  fpared  j  it  is  even  treated  with  more  at- 
tention than  a  man  :  but  when  it  evidently  appears  that 


■well  armed  ;  and  then  woe  to  the  aggrelTors,  if  they  do  there  is  no  hope  of  faving  its  life,   they  kill  and  eat  it, 

not  fave  themfelves  by  a  fpeedy  flight.  If  it  be  a  camel,  the  neighbours  are  called  in  to  partake 

The  flocks  and  herds  of  the  Mongearts  are  compofed  of  the  repall  ;   if  a  goat,  the  inhabitants  of  the  tent  fuf- 

of  nothing  but   (heep,  goats,   and  camels  ;  all  animals  fice  for  its  confumption.      An  animal  that  dies  without 

patient  of  third.      Horfes  are  very  fcarce  in  thefe  can-  (bedding  blood  is  unclean.      Its  throat  mud  be  cut  ;  the 

tons,  none  but  the  polTefTors  of  numerous  herds  being  perfon  who  kills  it  turning  to  theeaft,  and  pronouncing 

able  to  keep  them  ;  becaufe,   for  want  of  water,   it  is  beforehand  the  firft  words  of  the  general  praver.      An 


necelTary  to  have  milk  in  fufflcient  abundance  to  give  it 
them  to  drink.  Great  care  is  taken  to  preferve  the  ca- 
mel's urine,  both  to  mix  with  milk,  and  to  wa(h  the 
diflFerent  velFels  in  which  they  put  their  food.  Deted- 
able  as  is  this  mixture  of  milk  and  urine,  they  are  often 
reduced  to  the  ufe  of  it  ;  hunger  and  third  give  a  relilh 
to  every  thing. 

The  only  workmen  ufeful  to  this  nation  are  black- 
fmiths  or  goldfmiths,  as  they  may  be  called  indifferent- 
ly. The  Mongearts  not  being  fufiiciently  laborious  to 
apply  themfelves  to  fuch  occupations,  thefe  workmen 
come  from  Bilidulgerid,  and  difperfe  themfelves  all  over 
the  different  parts  of  the  defert.  Wherever  there  are 
tents  they  are  fure  to  find  work.  They  are  fed  for  no- 
thing,  and  receive  befides  the  hire  for  their  labour. 
They  make  trinkets  for  the  women,  fuch  as  ear-rings 
and  bracelets,  &c.  mend  the  broken  velTels,  by  rivetting 
them,  and  clean  the  arms.  They  are  generally  paid  in 
Ikins,  goats  and  camels  hair,  or  ollrich  feathers,  accord- 
ing to  their  agreement.  Thofe  who  have  filver  pay 
them  a  tenth  part  of  its  weight  for  any  thing  wrouglit 
out  of  that  metah  On  their  return  they  fell  what  they 
have  earned  ;  four  or  five  excuriions  at  mod  enabling 
them  to  live  afterwards  at  their  eafe  in  their  own  coun- 
try. 

The  Mongearts  always  carry  a  leathern  bag,  fufpend- 
ed  from  their  neck,  in  which  they  put  their  tinder,  their 
pipe,  and  their  tobacco.  Their  daggers  are  elegant  ; 
the  hilt  is  always  black,  and  inlaid  with  ivory  ;  the 
blade  is  crooked,  and  (harp  on  either  fide  ;  the  (heath 
is  of  brafs  on  one  fide,  and  of  filver  on  the  other,  and  of 
very  tolerable  workmanfhip.  They  wear  fabres  when 
they  can  get  them,  and  prefer  thofe  of  Spanidi  make. 
Their  mulkets  are  always  highly  ornamented  ;  the  dock 
is  very  fmall,  and  inlaid  on  every  fide  with  ivory,  and 
the  barrel  embofled  with  brafs  or  filver,  according  to 
the  opulence  of  the  owner.     There  is  a  fpring  to  the 


animal  killed  by  a  wild  boar  is  unclean  ;  nor  is  it  eaten 
although  its  blood  has  been  (hed,  becaufe  the  wild  boar 
is  itfelf  an  unclean  bead.  That  fpecies  is  fo  numerous 
in  the  defart,  that  chey  do  more  mifchief  than  all  the 
other  wild  beads  together.  The  Arabs  kill  as  many  as 
they  can,  but  never  tade  their  flefh. 

Whatever  loffes  an  Arab  may  meet  with,  he  is  never 
heard  to  complain  ;  he  rifes  fuperior  to  poverty,  fup- 
ports  hunger,  third,  and  fatigue,  with  patience,  and  his 
courage  is  proof  againd  every  event.  God  will  have  it 
fo,  fays  he  :  he  employs,  however,  every  means  in  his 
power  to  avert  misfortune  ;  and  often  expofes  himfelf 
to  the  greated  dangers  to  procure  matters  of  no  real 
utility. 

When  a  father  of  a  family  dies,  all  the  cffeRs  in  his 
tent  are  feized  upon  by  the  elded  (on  prefeiit  at  his  de- 
ceafe.  Gold,  filver,  trinkets,  every  thing  difappears; 
and  the  abfent  children  have  only  an  equal  (hare  in  the 
divifion  of  the  cattle  and  the  flaves.  The  girls  are  en- 
tirely excluded  from  all  participitation,  and  take  up  their 
refidence  with  their  elder  brother.  If  the  deceafed 
leave  children  in  helplefs  infancy,  the  mother  takes 
them  with  her  to  her  fider's,  if  (he  have  a  Cder  married  ; 
if  not,  to  her  own  maternal  roof  The  dead  man's  pof- 
fcfiions,  however,  are  not  lod  ;  the  chief  of  the  horde 
takes  care  of  them,  and  delivers  them  in  equal  portions 
to  the  heirs,  as  foon  as  they  are  old  enough  to  manage 
their  own  property.  If  an  Arab  die  without  male  chil- 
dren, his  wife  returns  to  her  relations,  and  his  brother 
inherits  his  elfcfts. 

The  Mongearts  have  a  rooted  abhorrence  of  the  Spa- 
niards, and  never  fail  to  maffacre  every  rran  of  that  na- 
tion who  is  fo  unfortunate  as  to  be  diipwreckcd  on  their 
coads,  while  they  referve  the  women  for  falc  at  Mo. 
rocco.  The  reafon  of  this  hatred  is,  that  the  inhabi- 
tants of  the  Canaries  make  frequent  defcents  on  the 
Moiigeart  coaftg,  and  carry  off  men,  women,  cattle,  and 
Liz  every 
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Monnier.  every  thing  that  they  meet  with  ;  and  thefe  people,  be- 

^  -     •         ing  ignorant  of  the  fate  of  their  countrymen,  retahate 

by   dtalh  on  all   Spaniards  that  fall  into  their  hands, 

whiUl  they  treat  tlie  Biitilh  and  French  as  well  as  they 

can. 

MONNIER  (Peter  Charles  Le),  was  horn  at  Paris 
on  the  20th  of  November  1715.  The  profefhon  of  his 
jFather,  or  the  rank  which  he  held  in  fociety,  we  have 
hot  learned,  and  we  are  equally  ignorant  of  the  mode 
in  which  he  educated  his  fon.  All  that  we  know  is, 
that  young  Monnier,  from  his  earlieft  years,  devoted 
hinifeif  to  the  ftudy  of  agronomy  ;  and  that,  when  only 
Sixteen  years  of  age,  he  made  his  firft  obfervation,  viz. 
of  the  oppofition  of  Saturn.  At  the  age  of  twenty  he 
•was  nominated  a  member  of  the  Royal  Academy  of 
Sciences  at  Paris.  In  the  year  17^5  he  accompanied 
Maupcrtuis  in  the  celebrated  expedition  to  Lapland,  to 
ineafure  a  degree  of  latitude.  In  1748  he  went  to 
Scotland  with  Lord  Macclesfield,  to  obfcrve  the  annu- 
lar eclipfe  of  the  fun,  which  was  mod  vifible  in  that 
country  ;  and  he  was  the  firft  allrononier  who  had  the 
pleafure  to  meafure  the  diameter  of  the  moon  on  the 
ii!\i  of  the  fun. 

Louis  XV.  it  is  well  known,  was  extremely  fond  of 
aftronomy,  and  greatly  honoured  its  profelTors  :  he  lo- 
ved and  efteemed  Le  Monnier.  I  have  fecn  the  king 
himfelf  (lays  Lalnnde)  come  out  of  his  cabinet,  and 
look  around  for  Le  Monnier ;  and  when  his  younger 
brether  was  prcfented  to  him  on  his  appointment  to  the 
office  of  firft  phyfician,  his  Majefty  was  pleafed  to  wi(h 
him  the  merit  and  reputation  of  his  brother  the  aftro- 
nomer.  All  the  remarkable  celeftial  phenomena  were 
always  obferved  by  the  king,  in  company  with  Le 
Monnier.  Thus  he  obferved  with  him,  at  his  chateau 
of  St  Hubert,  the  two  celebrated  tranfits  of  Venus  thro' 
the  difk  of  the  fun  in  the  years  1761  and  1769  ;  as  ap- 
pears from  the  Memcirs  of  the  Royal  Parifian  Academy 
of  Sciences.  It  well  deferves  to  be  here  recorded  in 
what  manner  the  king  behaved  during  thefe  important 
obfervations,  and  how  little  he  difturbed  his  aftronomers 
(the  celebrated  La  Condamine  being  likewlfe  permitted 
to  obferve  the  tranfit  in  his  prefence )  in  this  occupation  ; 
the  proper  time  for  which,  if  permitted  to  pafs  by, 
could  not  be  recalled.  Le  Monnier  relates  in  his  Dif- 
fertation,  that  "  his  Majefty  perceiving  that  we  judged 
the  laft  contacts  to  be  of  the  great  eft  importance,  a 
profound  filence  at  that  moment  reigned  around  us."  At 
the  tranfit  of  Venus  in  1 769,  the  king  allowed  the 
Marquis  de  Chabert,  an  intelligent  and  expert  naval 
officer,  who  was  juft  returned  from  a  literary  voyage  to 
the  Levant,  to  afljft  at  the  obfervation.  In  a  court 
like  that  of  Louis  XV.  fo  fcrupuloufly  obfervant  of 
etiquette,  thefe  will  be  allowed  to  have  been  moft  dif- 
tinguiftied  marks  of  honour,  and  of  royal  favour  and 
condefcenfion. 

In  the  year  1750,  La  Monnier  was  ordered  to  draw 
a  meridian  at  the  royal  Chateau  of  Bellevue,  where  the 
king  frequently  made  obfervations.  The  monarch  on 
this  occafion  rewarded  him  with  a  prefent  of  15,000  li- 
vres  ;  but  Le  Monnier  applied  this  fum  of  money  like- 
wife  in  a  manner  that  redounded  to  the  honour  of  his 
munificent  fovereign  and  of  his  country,  by  procuring 
new  and  accurate  inftruments,  with  which  he  afterwards 
made  his  beft  and  moft  remarkable  obfervations.  In 
174Z,    the  king  gave  him  in   Paris  Rue  de  la  Pofte, 
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a  beautiful  free  dwelling,  where,  till  the  breaking  out  Monnier. 
of  tlie  revolution,  he  refided,  and  purfued  his  aftro-  '~'"\'  ■•' 
iiomical  labours,  and  where  his  inftruments  in  part  yet 
remain.  Some  of  them  the  prefent  French  govern- 
ment has,  at  the  inftance  of  Lalande,  purohafed  for  the 
National  Ohfervatory.  In  1751,  the  king  prefented 
him  with  a  block  of  marble,  eight  feet  111  height,  fix 
feet  in  breadth,  and  fifteen  inches  in  thicknefs,  to  be 
ufed  for  fixing  his  mural  quadrant  of  five  feet.  This 
marble  wall,  together  with  the  inftruments  appended  to 
it,  turns  on  a  large  brais  ball  and  focket,  by  which  the 
quadrant  may  be  direfted  from  fouth  to  north  ;  thus 
ferving  to  reftify  the  large  mural  quadrant  of  eight  feet, 
which  is  immoveably  made  faft  to  a  wall  towards  the 
fouth. 

With  thefe  quadrants  Le  Monnier  obferved,  for  the 
long  period  of  forty  years,  the  moon  with  unwearied 
perfeverance  at  all  hours  of  the  night.  It  is  requifite, 
to  be  a  diligent  aftronomer,  to  be  able  to  conceive  to 
what  numberlefs  inconveniences  the  phllofopher  is  ex- 
pofed  during  an  uninterrupted  ferles  of  lunar  obferva- 
tions. As  the  moon  during  a  revolution  may  pafs 
through  the  meridian  at  all  hours  of  the  day  or  night  ; 
the  aftronomer  who,  day  after  day,  profecutes  fuch  ob- 
fervations, mnft  be  prepared  at  all,  even  the  moft  incon- 
venient, hours,  and  facrifice  to  them  his  deep  and  all  his 
enjoyments.  How  fecluded  from  all  the  pleafures  of 
focial  intercourfe,  and  how  fatiguing  fuch  a  mode  of 
life  is,  thofe  aftronomers,  indeed,  know  not  who  then 
only  fet  their  pendulum  clocks  in  motion,  when  fome 
of  the  eclipfes  of  the  fun,  moon,  or  of  the  fatellites  of 
Jupiter,  are  to  be  viewed.  At  this  time,  and  in  the 
prefent  ftate  of  the  fcience,  thefe  are  juft  the  moft  in- 
fignificant  obfervations  ;  and  an  able  aftronomer,  well 
ftipplied  with  accurate  inftruments,  mny  emery  day,  if 
he  take  into  his  view  the  whole  of  his  profeffion,  make 
more  important  and  more  neceftary  obfervations. 

Le  Monnier  was  Lalande's  preceptor,  and  worthy  of 
fuch  a  fcholar  ;  and  he  promoted  his  ftudies  by  his  ad- 
vice, and  by  every  other  means  in  his  power.  Le  Mon- 
nier's  penetrating  mind,  indeed,  prefaged  in  young  La- 
lande, then  only  fixteen  years  old,  what  in  the  fequel 
has  been  fo  fplendidly  confirmed.  In  his  twentieth 
year,  he  became,  on  the  recommendation  of  his  precep- 
tor, a  member  of  the  Royal  Academy  :  and  in  1752  he 
was  propofed  by  him  as  the  fitteft  perfon  to  be  fent  to 
Berlin,  to  make  with  La  Caille's,  who  had  been  fent  to 
the  Cape  of  Good  Hope,  correfpondent  obfervations, 
for  the  purpofe  of  determining  the  parallaxes  of  the 
moon,  then  but  imperfedlly  known.  Le  Monnier  lent 
his  pupil  for  this  expedition  his  mural  quadrant  of  five 
feet.  His  zeal  for  aftronomy  knew  no  bounds.  For 
this  reafon  Lalande,  in  his  Notice  des  Tra-uaux  du  C. 
Le  Monnier,  fays  of  himfelf:  "  Je  fuis  moi-meme  le  prin- 
ci^al  nfultat  de  fon  zele  pour  I'aflronomie" 

La  Monnier  was  naturally  of  a  very  irritable  temper : 
as  ardently  as  he  loved  his  friends,  as  eafily  could  he  be 
offended  ;  and  his  hatred  was  then  implacable.  La- 
lande, as  he  himfelf  expreffes  it,  had  the  misfortune  to 
incur  the  difpleafure  of  his  beloved  preceptor  ;  and  he 
never  after  could  regain  his  favour.  But  Lalande's  gra- 
titude and  refpe£l  for  him  always  continued  undiminifli- 
ed,  and  were  on  every  occafion  with  unremitting  con- 
ftancy  publicly  declared  :  patiently  he  endured  from 
him  undefcrved  ill  treatment ;  fo  much  did  he  love  and 

efteeta 
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Monn'er.  cfteem  his  I'nflruftor  and  maftcr  to  the  day  of  his  death,  tion  concerning  them.     Le  Monnier  left  behind  him  noMonimiir, 

*•'     V"--  ><  I  have  not  ceafed  to  exclaim  (writes  Lalandc,  as  Die-  fon.  II 

genes  exclaimed  to  his  mafltr  Antillhenes,  "  You  can-         MONOMIAL,  in  algebra,  is  a  fimple  or  fingle  no-  ^ 'T**^  '" 

not  find  a  (lick  ilroiig  enougli  to  drive  me  away  from  niial,  coiifilling  of  only  one  term  ;  as  a  or  ax,  or  a^  li  . 

you!"  .V',  &c. 

What  a  noble  trait  in  the  charafter  of  Lalande,  who         MONOTRIGLYPH,  a  term  in  arcliitefture,  deno- 

I'n    1797  wrote  likcwife  an  eulogium  on  Le  Monnier  in  ting  the  fpace  of  one  triglyph  between  two  pilailres,  or 

the  ftyle  of  a  grateful  pupil,  penetrated  with  fentiments  two  colnmns. 

of  profound  veneration  and  efteem  for  his  beloved   ma-  MONSELEMINES,    are   a  people   which   inhabit 
.  fter  ;  but  Le  Monuier  would  not  read  it.     This  is  not  that  part  of  Biledulgerid  (fee  Encycl.)  that  borders 
the  place  to  give  a  circumllantial  account  of  this  intri-  on  the  territories  of  the  Emperor  of  Morocco.      They 
cate  quarrel  :   we  fhall  only  further  remark,   that   La-  are  a  mixed  race,  being  defcended  from  the  ancient  A- 
lande  was  the  warm  friend  and  admirer  of  the  no  lefs  rabs  and  fugitive  Moors  ;  and  they   occupy  a  fpace  of 
eminent  aftronomer  La  Caille,  whoirtLe  Monnier  mor-  lajid,  of  which  the  limits  are  indicated  by  lofty  columns 
tally  hated.     An   intimate  friendfhip  likewife  fubfifted  placed  at  intervals  towards  the  defart.     Their  territory 
between  Le  Monnier  and  D'Alembert  ;  but  Lalande  extends  from  about  30  leagues  beyond  Cape  Non,  to 
had  no  friendly  intercourfe  with  the  latter.  the  diftance  of  20  leagues  from  St  Croix   or  Aeader, 
Among  the  fcholars  of  Le  Monnier  may  likewife  be  Tliough  of  different  qualities,   it  is,   for  the  mod  part, 
reckoned  Henwart,  the  celebrated  geometrician  and  pro-  very  fertile,    and  produces  the  neceffaries  of  life  with 
feflbr  of  mathematics  at  Utrecht  ;  who,   in  a  letter  to  little  cultivation.     The  plains  are  watered  by  an  infi. 
Von  Zach,  aftronomer  to  the  Duke  of  Saxe  Gotha,  da-  nite  number  of  ftreams,   and  abound  with  palm,   date, 
ted  the  26th  of  May  1797,  fays,  "  Le  Monnier  is  ape-  fig,  and  almond  trees.     The  gardens  produce  excellent 
netrating  and  philofophical  aftronomer  :  I  learned  much  grapes,   which  are  dried  by  the  Arabs,   and  converted 
from  him  in  Paris;  though  I  lodged  with  the  late  De  into  brandy  by  the  Jews.      Great  quantities  of  oil,  wax, 
rifle,  where  I  frequently  made  obfervationsiu  company  and  tobacco,  appear  in  the  public  markets. 
with  Meflier.      Le  Monnier  was  the  friend  of  D' Alcm-         More  induftrious  and  more  laborious  than  their  neigh- 
bert  ;  and  confequently  an  oppofer  of  Lalande."  hours,   the    Monfclemine   nation    cultivates    the    earth. 
This  great  man,  who  had,  for  fome  years,  ceafed  to  The  chiefs  of  families  choofe  the  ground  rooft  fit  for  cuU 
cxift  either  for  the  foience  of  aftronomy,  or  for  the  com-  tivation.      Its  furface  is  turned  (lightly  over  with  a  kind 
fort  of  his  friends,  died  at  Lizeaux,  in  the  province  of  of  hoe,  and  then  the  feed  is  fown  upon  it  :   the  field  is 
Normandy,   in  1799,  aged  84  years.      He  left   behind  furrounded  with  bufhes,  to  mark  the  fpot,  and  to  pre- 
him  fome  valuable  manufcripts,  and  a  number  of  good  ferve  it  from  the  cattle  of  the  wandering  Arabs,  When 
obfervations  ;  with  refpeft  to  which  he  had  always  been  the  crop  is  ripe,    which  is  generally  at  the  end  of  Au- 
very  whimfical,  and  of  which  in  his  latter  years  he  never  guft,  three  months  after  the   lowing  of  the  fied,   it  is 
would  publiih  any  thing.     He  had  by  him  a  feries  of  cut  about  fix  inches  from  the  ear,  and  formed  into  little 
lunar  obfervations,  and  a  multitude  of  obfervations  of  bundles  ;  during  which  time  every  one  labours  without 
the  ftars,  for  a  catalogue  of  the  flars,  which  he  had  an-  iutermiflion   from    morning    to    night.       The    corn    is 
.iiounced  fo  early  as  the  year  1741  ;  among  which  was  brought  before  the  tent,  thralhed,  winnowed,  and  pla- 
twice  to  be  found  the  new  planet   Uranus  :   (See  La-  ced  in  the  magazines.      When  the  harvelt  is  over,  they 
lande's  AJironomic,    Tables,  p.  188,  (a).      The  more  he  fet  fire  to  the  long  Hubble,  and   abandon  the  field  for 
■was  requtfted  to  communicate  his  obfervations,  the  more  two  or  three  years.      Their  magazines  are  large  holes  in 
obflinate   he  became  ;  lie  even  threatened  to    deftroy  the  earth,  formed  hke  the  fruftum  of  a  cone,  the  infides 
them.      At  the  breaking  out  of  the  revolution,  Lalande  of  which  are  hardened  by  burning  wood   in  them,   be- 
was    greatly  alarmed   for  the  fafety  of  thcfe  papers  ;  fore   the  half-winnowed  corn  be  dcpofiteJ.     When  fit- 
he  wiCied  to  prcferve  them  from  deftrutfion,  and  made  led  with  corn,   they  are   covered   with   planks   placed 
an   attempt   to   get  tliem  into  his    pofltffion  ;  but   all  clofe  to  each  other;   over  which  a  layer  of  earth  is  laid 
his  endeavours   were   in   vain.      He   was   only   able  to  level  with  the  foil,  to  prevent   it  from  being  difcovered 
learn,   tliat   Le   Monnier   had  hidden   them  under  the  by  enemies.      In   thefe  magazines  every  one   Ihares  in 
roof  of  his  houfe.      Le  Monnier  having  been  firft  feized  proportion  to  the  number  of  men  he  employed  in  the 
with  a  fit  of  the  apoplexy  fo  early  as  the  loth  of  No-     common  labour. 

vember  1791,  Lalande  apprehended,  left,  if  no  one  ex-         The  inhabitants  of  the  plains  remain  by  the  cukiva- 

cept  himfelf  fliould  know  where  he  had  hidden  his  pa-  ted  fields  in  feed  time,  and  return  at  the  lime  of  harveft. 
pers,  the  infirm  old  man  might  perhaps  iiave  himfelf  During  the  intervals  they  wander  in  all  direftions  with 
forgot  it.      He  hopes,  however,  that  La  Grange,  who    their  cattle,   taking  only  neccftaries  along  with  them, 

married  his  fecund  daughter,   may  have  fome  informs-  and  having  recourfe  to  the  magazines  when  they  re- 

quire 

(a)  Such  is  the  French  and  German  account  of  his  difcovery  of  this  planet  ;  but  our  readers  have  been  very 
inattentive,  if  they  have  not  perceived,  in  various  articles  of  this  Work,  complete  proofs  of  the  plao-iarifm  of  our 
neighbours  on  the  Continent,  from  the  celebrated  philofophers  and  divines  of  England.  As  it  is  extremely  pro- 
bable that,  half  a  century  hence,  a  claim  may  be  put  in  for  Le  Monnier's  difcovery  of  the  Geort^ium  Sidus 
{Uranus),  fimilar  to  that  which  in  1757  the  Editor  of  Abbe  St  Real's  works  put  in  for  that  Abbe  being  the 
author  of  Leflie's  Short  Method  ivkh  the  De'tjls  (fee  Leslie  in  this  Suppl.),  we  think  it  our  duty  to  declaim, 
that  in  1800  there  was  no  evidence  whatever  on  which  to  found  that  claim,  and  that  the  difcovery  was  tliea 
univerfally  allowed  to  have  been  made  by  Herfchel. 
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Monffle-  quire  a  fupply.     The  more  opulent  people,  and  the  ar- 
">'"•>     ti/.ans  who  are  engaged  in  fedentary  occupations,  dwell 
^"'"*'~~'in   towns,  whicii  are  all  fituatcd   upon   the  declivity  of 
hills.     Their   houfes  are  built  of  ftone  and  earth,  ac- 
cording to  the  Moorifh  conftruftion,   low  and   covered 
with  (loping  terraces  ;   yet  they  are  fo  much  injured  by 
the  heavy  rains  which  prevail  for  three  months  of  the 
year,  as  to  be  rendered  uninhabitable  in  15  or  20  years. 
Thofe  who  refide  in  towns  are  generally  weavers,  flioe- 
makers,    goldfmiths,  potters,  &c.  and  have  no  cattle  ; 
but  the  more  opulent   perfons  have  flocks  and  herds  of 
cows,    hovfes,    camels,    fheep,    goats,    befides    poultry, 
which  are   kept  by   their  flaves  at  a  dillance  from   the 
towns.      In  the  towns  they  take  two  meals  aday  ;    one 
at  ten  o'clock,   and  the  other  at  the  fetting  of  the  fun, 
though  the  inhabitants  of  the  country  only  eat   in  the 
evening.      In   the  towns  they  fleep  in   mats   upon   the 
floors  of  their  apartments,  and  make  ufe  of  linen  j   but 
the  inhabitants  of  the  country  fleep  upon  terraces  in  the 
open  air.      The  paftoral  families  of  the  country  praftife 
hofpitalitv  like  thofe  of  the  defart,  and  make   the  tra- 
veller pay  nothing  for  his  entertainment.      In  the  towns 
this  praSice  is  impoffible,  as  the  concourfe  of  llrangers, 
efpecially  on  market-days,    would  foon  impoverifh  the 
inhabitants.      In   this  manner  holpitality  is  always  ex- 
tinguilhed  among  a  trading  and  commercial  people.    It 
is  only  where  the   fuperfluity  of  commodities  runs  ne- 
ceflarily  to  wafte,  that  it  is  ever  pradifed  iu  a  great  ex- 
tent ;  but  where  every  commodity  can   find  a  market, 
every  kind  of  property  acquires  a  definite  value,   and 
will  be  preferved  with  the  fame  care  as  money. 

By  M.  Saugnier  the  government  of  the  Monfclemines 
is  faid  to  be  republican  ;  but  he  writes  incorifiilcntly  a- 
bout  it.  In  one  place,  he  fays  that  they  clioofe  their 
chiefs  annually  ;  in  another,  that  in  the  time  of  war  they 
choofe  from  the  natives  or  fugitive  Moors  indilcri- 
niinatelr,  chiefs,  whofe  authority  lafts  no  longer  than 
the  campaign,  during  which  it  is  abfolute  ;  and  he  af- 
terwards reprcfents  their  government  as  a  kind  of  theo- 
cracy, during  war  as  well  as  peace.  But  we  muft  fol- 
low him  in  his  detail,  as  it  has  been  well  arranged  in  a 
late  anonymous  publication,  entitled,  ^n  Hiflorical 
Sketch  of  Difcoveriii  in  Africa. 

At  the  end  of  each  campaign,  he  fays  the  chief  gives 
an  account  of  his  actions  to  the  affemblcd  aged  men, 
and  is  rewarded  or  punilhed  according  to  his  conduft  ; 
after  which  his  lucccffor  is  appointed,  and  he  ferves  in 
the  army  he  commanded  as  an  undiftinguiflied  indivi- 
dual. The  country  Is  populous,  and  would  be  flill 
more  fo,  were  it  not  for  tlie  continual  wars  which  its 
inhabitants  are  obliged  to  fupport  againft  the  Emperor 
of  Morroco.  The  liberty  they  enjoy  imparts  energy 
and  courage  to  their  charasfter,  and  renders  their  arms 
invincible  to  the  Moors.  They  coniider  it  as  the  molt 
invaluable  potTcflion,  and  defend  it  to  the  laft  extremity. 
The  nature  of  the  country,  furrounded  on  every  fide  by 
fteep  and  arid  mountains,  contributes  to  fruftrate  the 
efforts  of  their  enemies.  The  Monfelemine,  richer  than 
the  fubjeft  of  Morocco,  is  always  well  clothed  and  arm- 
ed. He  pays  no  tribute,  enjoys  the  fruit  of  his  labour 
and  commerce,  and,  as  no  contributions  are  requifite 
for  the  charges  of  the  ftate,  whatever  he  acquires  is 
his  own.  The  fugitive  Moors  are  never  armed,  ex- 
cept when  they  go  to  battle  ;  but  the  natives  go  conti- 
nually armed,  whether  they  refide  in  the  country,  refort 


to  the  markets,  attend  the  aflemblles  of  the  nation,  or 
pay  vifits. 

As  the  Monfelemine  territory  is  the  retreat  of  the 
rich  Moors,  who  wlfii  to  fly  from  tlie  tyranny  of  the 
Emperor  of  Morocco,  they  arc  too  well  acquainted  with 
the  Moorifh  culloms  to  be  lurprlfed  by  that  prince.  No 
fooner  does  a  Moorifh  army  take  the  field,  than  the  in- 
habitants of  the  country  cantons  mount  their  horfes, 
and  occupy  the  pafl'es  of  the  mountains  ;  while  the  wo- 
men and  flaves,  efcorted  by  a  InfHcient  number  of  war- 
riors,  retire  to  the  anterior  parts  of  the  country,  or,  if 
they  be  hard  prcfTed,  to  the  defart.  Among  the  palto- 
ral  tribes  there  are  many  that  addlft  themfelves  entire- 
ly to  arms,  and  ferve  as  cavalry  in  the  time  of  war. 
During  peace  they  cfcort  caravans,  or  exercifc  them- 
felves In  military  evolutions,  and  the  management  of 
their  horfes.  Being  almoil  always  on  horfeback,  and 
wearing  no  boots,  they  have  a  callous  lump  on  that 
part  of  the  leg  that  comes  in  contait  with  the  iron  of 
the  flirrup.  Their  horfes,  which  they  break  In  an  ad- 
mirable manner,  are  the  belt  in  the  world  :  as  they  are 
treated  with  great  care  by  their  mailers,  they  know 
them,  and  are  obedient  to  their  voice,  and  will  admit  no 
ftranger  to  mount  them. 

The  Monfelemines  derive  their  origin  and  name  from 
Mofeilama,  a  contemporary  of  Mahomet  ;  and,  in  their 
love  of  liberty,  as  well  as  in  many  of  their  culloms,  re- 
femble  the  Arabs  of  remoter  times.  They  refpedt  the 
prophet  like  other  Mahometans  ;  but  neither  believe 
that  he  was  infallible,  nor  that  his  defcendants  are  all 
infpired  by  God,  nor  that  their  will  fhould  be  a  law, 
nor  that  fuch  faith  is  necelTary  in  order  to  be  a  good 
Mahometan.  Their  pricfls  are  refpetted,  and  In  old 
age  generally  become  the  civil  judges  of  the  nation  ;  but 
the  influence  of  the  high  priell  is  almolt  defpotic. 
Though  he  has  no  troops,  he  may  command  the  nation  ; 
and  war  and  peace  depend  upon  his  will.  Though  he 
has  no  property,  every  thing  is  at  his  difpofal :  he  re- 
quires nothing  from  any  one,  and  yet  all  are  inclined  10 
give.  He  admlnHlers  jullice  according  to  the  opinion 
of  his  counfel,  without  pretending  to  be  Infpired  by  the  ■ 
prophet. 

On  Friday  the  Monfelemines  alTemble  in  their 
mofques  to  pray  :  this  is  llkewife  the  dav  of  their  prin- 
cipal market,  when  their  merchandize  is  expofed  to  fale 
in  the  public  fquares,  where  the  old  men  judge  without 
appeal,  when  difputes  arifc.  Different  from  their 
neighbours  of  Morocco  and  Sahara,  the  Monfelemines 
never  attempt  to  make  profelytes.  Their  Chrilllan 
flaves  are  treated  with  humanity  ;  but  they  owe  this  to 
the  avarice  of  their  matters.  Thtfe  deleft  Chritlians, 
but  they  love  money,  and  are  afraid  left  flcknefs  or 
death  fliould  deprive  tliem  of  the  ranfom  of  the  flave, 
or  of  the  advantage  of  his  labour.  Among  the  inha- 
bitants of  the  defart,  a  Chriftian,  that  adopts  the  reli- 
gion of  Mahomet,  is  admitted  as  a  citizen  and  member 
of  the  family,  and  is  prcfented  with  cattle  to  form  an 
eftabillhment.  The  Monfelemines  pay  more  attention 
to  the  value  of  their  property  than  the  fituation  of  the 
infidel.  A  Chriftian  who  enters  a  mofque  at  Morocco 
is  put  to  death,  or  forced  to  afTume  the  turban.  The 
Monfelemines  would  turn  him  civilly  out,  and  content 
themfelves  with  impofing  the  higheil  poffible  fine. 
Among  the  Moors,  a  Chriftian  difcovered  in  an  intrigue 
with  a  woman  of  that  nation  fu£fers  death,  or  fubmlts  to 

coa. 
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MoiWe-    converfion  ;  but  the  Monfi-'lemiiies  prefer  money  to  re- 

mine',     Hgion.      From  them  the  Chrilli'aa  lias  nothing  to  fear  : 

Monterey-  ^j^^  woman  alone  is  puni(hed,  being  put  into  a  fack  and 

'  thrown  into  the  lea,      If  a  Chrillian   flave  among  the 

neighbouring  nations  defends  himfelf  againlt  his  mailer, 

he  Is  punilhed  with  death  ;  but  money  faves  him  among 

the   Monlelemines  ;  he  would  at  moll   receive  a  flight 

correction. 

The  Jews  are  allowed  the  free  exerclfe  of  their  reli- 
gion among  the  Monfelemines,  but  are  treated  with  the 
fame  indignity  as  among  other  Mahometan  tribes.  A 
Jew  is  not  permitted  to  carry  arms  ;  and  if  he  (hould 
make  ufe  ot  them  agjainll  an  Arab,  he  w>nild  be  pu- 
nlfiied  with  death,  and  probably  involve  his  family  in 
his  fate.  The  Jews  inhibits  the  towns  only,  where 
they  follow  trade  and  various  arts,  but  are  not  allowed 
to  cultivate  tjie  earth. 

Polygamy  is  permitted,  as  in  other  Mahometan  coun- 
tries ;  but  the  fituation  of  the  women  is  more  refpeCla- 
ble,  and  they  are  not  fo  much  fecluded  as  among  the 
Moors.  They  mingle  more  in  fociety,  walk  at  large, 
and  vifit  their  friends  ;  neither  are  their  apartments  to 
inviolable.  Among  the  Monfelemines,  that  degrading 
picture  of  humanity  is  never  fecn  which  fonietimes  oc- 
curs in  Morocco,  a  woman  drawing  the  plough  with  an 
afs,  a  mule,  or  iome  other  beall  of  burden.  More  hap- 
pier than  the  women  of  the  Sahara,  and  treated  with 
greater  attention  by  their  hufbands,  they  are  more  hu- 
mane In  their  difpofuions.  Like  other  Arab  women, 
'  they  ilain  the  edges  of  their  eyelids  black  with  henna, 

and  paint  their  faces  red  and  yellow.  Their  children 
are  brought  up  with  great  care,  and  are  not  obliged  to 
exhibit  proofs  of  their  courage  before  they  can  be  con- 
iidered  as  men,  as  is  the  cullom  In  the  dcfait.  Avarice 
is  the  principal  defetl  in  the  charafter  of  the  Monlele- 
mines. They  hoard  their  money  with  the  utmoll  care, 
bury  it  in  the  earth,  and  in  many  cafes  die  without  dlf- 
covering  their  fecret  even  to  their  children.  Mifers, 
fays  M.  Saugnier,  (hould  go  to  that  country,  where 
they  would  learn  means  of  economy  ;  which  would  Ihew 
them,  that,  in  comparifon  with  the  Monfelemines,  they 
are  themfelves  perteft  prodigals. 

The  medicinal  applications  of  the  Monfelemines, 
which  differ  not  from  thofe  of  the  Mongearts  and 
other  inhabitants  of  the  defsrt,  are  extremely  fimple, 
but  appear  fufficiently  complex  from  the  mummery  of 
the  pricils,  who  are  the  depofitories  of  their  medical 
fclence.  Flefii  wou[ids  are  cauterifed  with  a  hot  iron, 
and  then  covered  with  herbs  dipped  in  turtles  oil  and 
tar.  In  headachs,  a  comprefs  is  applied  with  fuch  vio- 
lence that  the  blood  ftarts  from  the  forehead.  In  in- 
ternal difeafes,  the  general  remedies  are  regimen,  rell, 
and  a  few  maxims  of  the  Koran  myllerioufly  applied  to 
the  alTedted  parts. 

MONTEREY  Bay,  in  North  California,  was  vifit. 
ed  in  1786  by  La  Peroufe,  who  places  it  in  36°  58'  43" 
N.  Lat.  and  1 24"  40'  W.  Long,  from  Paris.  It  is 
formed  by  New-year  point  to  the  north,  and  by  that  of 
Cyprus  to  the  fouth  ;  has  an  opening  of  eight  leagues 
in  this  direftlon,  and  nearly  fix  of  depth  to  the  eallward 
where  the  land  is  fandy  and  low.  Tbe  fea  breaks  there 
is  far  as  the  foot  of  the  fandy   downs  with  which  the 
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coaft  is  furroundcd,  with  a  roaring  which  may  be  heard  SUn'rrey.^ 
more  than  a  league  off.  The  lands  north  and  fouth  -  » 
of  this  bay  are  high,  and  covered  with  trees.  Thole 
(hips  which  are  delirous  of  touching  there  ought  to 
follow  the  fouth  coaft,  and  after  having  doubled  the 
Point  of  Pines,  which  (Irctches  to  the  northward,  get 
light  of  the  prefidency,  and  may  come  to  an  anchor  in 
ten  fathoms  within  it,  aiul  a  little  within  the  land  of 
this  point,  which  (belters  from  the  winds  (rum  the 
offing.  The  Spanilli  (liips,  which  propofe  to  make  a 
lonfT  (lay  at  Monterey,  are  accullomed  to  bring  up 
within  one  or  two  cables  lengths  of  the  land.  In  fix  fa- 
thoms,  and  make  fall  to  an  anchor,  which  they  bury  in 
the  fand  of  the  beach  ;  they  have  then  nothing  to  fear 
from  the  foutherly  winds,  which  are  fometimes  very 
ftrong  ;  but,  as  they  blow  from  the  coall,  do  not  ex- 
pofe  them  to  any  danger.  The  two  French  frigates, 
which  our  author  commanded,  found  bottom  over  the 
whole  bay,  and  anchored  four  leagues  from  the  land,  in 
60  fathoms,  foft  muddy  ground  ;  but  there  is  a  very 
heavy  fea,  and  it  is  only  an  anchorage  fit  for  a  few  hours, 
in  waiting  for  day,  or  the  clearing  up  of  the  fog.  At 
full  and  change  of  the  moon  It  Is  high  water  at  half 
paft  one  o'clock  :  the  tide  rifes  feven  feet  ;  and  as  this 
bay  is  very  open,  the  current  In  It  Is  nearly  Impercepti- 
ble. It  abounds  with  whales  ;  a  genus  of  filhes,  of 
which  our  fcifnfific  voyngers  knew  fo  little,  that  they 
were  fnrprlfed  at  their  fpoutlng  water  ! 

The  coafts  of  Monterey  Bey  are  almoft  continually 
enveloped  in  fogs,  which  caul'e  great  difficulty  in  the 
approach  to  them.  But,  for  this  circumftance,  there 
would  be  few  more  eafy  to  land  upon  ;  there  Is  not  any 
rock  concealed  under  water  that  extends  a  cable's  length 
from  the  fliore  ;  and  if  the  fog  be  too  thick,  there  is 
the  refource  of  coming  to  an  anchor,  and  there  waiting 
for  a  clear,  which  will  enable  you  to  get  a  good  fight 
of  the  Spanilli  fettlement,  fituated  in  the  angle  formed 
by  the  fouth  and  eaft  coaft.  The  fea  was  covered  with 
pelicans.  Thefe  birds,  It  feems,  never  go  farther  than 
five  or  fix  leagues  from  the  land  ;  and  navigators,  who 
(hall  hereafter  meet  with  them  during  a  fog,  may  reft 
alTured  that  they  are  within  that  diftance  of  It. 

A  lieutenant-colonel,  whofe  refidence  is  at  Monterey, 
is  governor  of  the  Callfornias  :  the  extent  of  his  govern- 
ment is  more  than  800  leagues  In  circumference,  but 
his  real  fubjedts  confift  only  of  282  cavalry,  whofe  duty 
it  is  to  garrilon  five  fmall  forts,  and  to  furnilh  detach- 
ments of  four  or  five  men  to  eaeh  of  the  25  milTions,  or 
parifhes,  eftabhflied  in  old  and  new  California.  So 
fmall  are  the  means  which  are  adequate  to  the  reftrain- 
Ing  about  50,000  wandering  Indians  in  this  vail-  part 
of  America,  among  whom,  nearly  io,OCO  have  embra- 
ced Chrilllanity.  Thefe  Indians  are,  in  general,  fmall 
and  weak  (a),  and  difcover  none  of  that  love  of  liberty 
and  independence  which  charatfterifes  the  northern  na- 
tions, of  whofe  arts  and  induftry  they  are  alfo  delhtate. 
Their  colour  very  nearly  approaches  that  of  the  ne- 
groes whofe  hair  i«  not  woolly  ;,the  hair  of  thefe  people 
is  (Irong,  and  of  great  length  ;  they  cut  it  four  or  five 
inches  from  the  roots.  Several  among  them  hav<:  a 
beard  ;  others,  according  to  the  miffionary  fathers,  have 
never  had  any  ;  and  this  is  a  quellion  which  is  even  un- 
decided 


(a)  The  chief  furgeon  of  the  expedition  fays  they  vttjlrong^  but  ftupid. 
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M.irrffrty.  decided  in  the  country.  Tlie  governor,  who  had  tra- 
>'~~~'  veiled  a  great  way  iiUo  the  interior  of  thefe  lands,  and 
who  had  paffed  15  years  of  his  life  among  the  favages, 
aifiired  o'jr  author,  that  thofe  who  had  no  beards  had 
plucked  them  up  with  bivalve  rticlls,  that  ferved  them 
as  pincers  :  the  prefident  of  the  miflions,  who  had  re- 
fided  an  equal  length  of  time  in  California,  maintained 
the  contrary  ; — it  was  difficult,  thSretore,  for  travel- 
lers to  decide  between  them."  The  difficulty,  furely, 
was  not  great.  By  their  own  account,  the  governor  had 
tmvelled  much  farther  into  the  country  than  the  mif- 
fionary  ;  and  his  report  being  confirmed  by  the  evi- 
dence of  their  own  fenfes,  was  intitled  to  unlimited  cre- 
dit. 

Thefe  Indians  are  extremely  fldlful  in  drawing  the 
bow  ;  they  killed,  in  the  prefence  of  the  Freneh,  the 
fmallelt  birds  :  it  is  true,  they  difplay  an  inexpreffible 
patience  in  approaching  them  ;  they  conceal  themfelves, 
and,  as  it  were,  glide  along  near  to  the  game,  feldom 
(hooting  till  within  15  paces.  Their  induftry  in  hunt- 
ing the  larger  animals  is  ilill  more  admirable.  Peroufe 
faw  an  Indian,  with  a  (lag's  head  fixed  upon  his  own, 
walk  on  all  fours,  as  if  he  were  broufing  the  grafs  ;  and 
he  played  this  pantomime  to  fuch  perfeftion,  that  all  the 
Fiench  hunters  would  have  fired  at  him  at  30  paces, 
had  they  not  been  prevented.  In  this  manner  they  ap- 
pro-!ch  herds  of  (lags  within  a  very  fmall  dillance,  and 
kill  them  with  a  flight  of  arrows. 

Before  the  Spanifh  fettlements,  the  Indians  of  Cali- 
fornia cultivated  nothing  but  maize,  and  almoft  entirely 
lived  by  fiihing  and  hunting.  There  is  not  any  coun- 
try in  the  world  which  more  abounds  in  fi(h  and  game 
of  every  defcription  ;  hares,  rabbits,  and  (lags  are  very 
common  there  ;  feals  and  otters  are  alfo  found  there  in 
prodigious  numbers  ;  but  to  the  northward,  and  during 
the  winter,  they  kill  a  very  great  number  of  bears, 
foxes,  wolves,  and  wild  cats.  The  thickets  and  plains 
■abound  with  fmall  grey  tufted  partridges,  which,  like 
thofe  in  Europe,  live  in  fociety,  but  in  large  compa- 
nies of  three  or  four  hundred  ;  they  are  fat,  and  ex- 
tremely well  flavoured.  The  trees  ferve  as  habitations 
to  the  mod  delightful  birds  ;  and  the  ornithologifts  of 
the  voyage  fluffed  a  great  variety  of  fparrows,  titmice, 
fpeckled  wood-peckers,  and  tropic  kirds.  Among  the 
birds  of  prey  are  found  the  white-headed  eagle,  the  great 
and  fmall  falcon,  the  gofshawk,  the  fparrow-hawk,  tlie 
black  vulture,  the  large  owl,  and  the  raven.  On  the  ponds 
and  fea-(hore  ai-e  feen  the  wild  duck,  the  grey  and 
•white  pelican  with  yellow  tufts,  different  fpecies  of 
gulls,  cormorants,  curlews,  ring-plovers,  fmall  fea  water 
■henSj  and  herons  ;  together  with  the  bee-eater,  which, 
according  to  moft  ornithologifts,  is  peculiar  to  the  old 
continent. 

The  country  about  Monterey  Bay  is  inexprelTibly 
fertile.  The  crops  of  maize,  barley,  corn,  and  peafe, 
•cannot  be  equalled  but  by  thofe  of  Chili  ;  our  Europe- 
an cultivators  can  have  no  conception  of  a  fimilar  ferti- 
lity ;  the  medium  produce  of  corn-  is  from  feveuty  to 
eighty  for  one ;  the  extremes  fixty  and  a  hundred. 
Fruit  trees  are  ftill  very  rare  there,  but  the  climate  is 
-extremely  fiiitable  to  them  :  It  differs  a  little  from  that 
of  the  fouthern  French  provinces.  The  forell  trees  are, 
■the  Itoue-piiie,  Cyprus,  evergreen  oak,  and  occidental 
plane-tree.  There  is  no  underwood;  and  a  verdant 
carpet,  over  which  it  is  very  agreeable  to  walk,  covers 


the  ground.     There  are  alfo  vaft  favannahs,  abounding  Monterey 
with  all  Ibrts  of  game.  y 

Peroufe  writes  with  great  refpccl  of  the  wife  and  pi- 
ous conduiil  of  the  Spaiiiih  miffionarles  at  Monterey, 
who  fo  faithfully  fulfil  the  purpofeof  their  inftltution. 
Totally  unlike  the  monks  at  Conception  in  Chili  (fee 
that  article  in  this  Si/fpf.},  they  have  left  the  lazy  life 
of  a  cloifter,  to  give  themfelves  up  to  cares,  fatigues, 
and  folicltudcs  of  every  kind.  They  invited  the  officers 
of  the  frigates  to  dine  with  them  at  their  monallery, 
contiguous  to  which  (lands  the  Indian  village,  confift- 
ing  of  about  50  cabins,  which  ferve  as  dwelling-place* 
to  740  perfons  of  both  ("exes,  comprHii^g  their  children, 
which  compofe  the  mifTion  of  Saint  Charles,  or  of  Mon- 
terey. Thefe  cabins  are  the  moft  miferable  that  are  to 
be  met  with  among  any  people  ;  they  are  round,  fix 
feet  in  diameter,  by  four  in  height  ;  fome  flakes,  of  the 
fize  of  an  arm,  fixed  In  the  earth,  and  which  approach 
each  other  in  an  arch  at  the  top,  compofe  the  timber 
work  of  it  ;  eight  or  ten  bundles  of  ftraw,  very  ill  ar- 
ranged over  thefe  flakes,  defend  the  inhabitants,  well 
or  ill,  from  the  rain  and  wind  ;  and  more  than  half  of 
this  cabin  remains  open  when  the  weather  is  fine  ;  their 
only  precaution  is  to  have  each  of  them  two  or  three 
bundles  of  draw  at  hand  by  way  of  referve. 

All  the  exhortations  of  the  mifTionaries  have  never 
been  able  to  pocnre  a  change  of  this  general  architec- 
ture of  the  two  Californias.  The  Indians  fay,  that  they 
like  plenty  of  air  ;  that  it  is  convenient  to  fct  fire  to 
their  houfes  when  they  are  devoured  in  them  by  two 
great  a  quantity  of  fleas  ;  and  that  they  can  build  ano- 
ther  in  lefs  than  two  hours.  The  independent  Indians, 
who  as  hunters  fo  frequently  change  their  places  of  a- 
bode,  have  a  llronger  motive. 

The  monks  gave  the  moft  complete  information  re- 
fptiillng  the  government  of  this  fpecies  of  religious  com- 
munity ;  for  no  other  name  can  be  given  to  the  legifla- 
tion  they  have  eflablllhed.  They  are  fuperiors  both  in 
fpiritual  and  temporal  affairs  :  the  produfts  of  the  land 
are  entirely  entrufled  to  their  adminiftration.  There 
are  feven  hours  allotted  to  labour  in  the  day,  two  hours 
to  prayers,  and  four  or  five  on  Sundays  and  feftivals, 
which  are  altogether  dedicated  to  reft  and  divine  wor- 
(hlp.  Corporal  punifhments  are  inflidled  on  the  Indians 
of  both  fexes  who  negleft  pious  exercifes  ;  and  feveral 
fins,  the  punifhment  of  which  in  Europe  is  referved  on- 
ly to  Divine  Juftlce,  are  punifhed  with  chains  or  the 
ftocks. 

The  Indians,  as  well  as  the  mifTionaries,  rife  with  the 
fun,  and  go  to  prayers  and  mafs,  which  lall  an  hour  ; 
and  during  this  time  there  is  cooked  In  the  middle  of 
the  fquare,  in  three  large  kettles,  barley  meal,  the  grain 
of  which  has  been  roafted  previous  to  being  ground  ; 
this  fpecies  of  boiled  food,  which  the  Indians  call  alok, 
and  of  which  they  are  very  fond,  is  feafoned  neither 
with  fait  nor  butter,  and  to  us  would  prove  a  very  infi- 
pid  mefs.  Every  cabin  fends  to  take  the  portion  for 
all  Its  inhabitants  in  a  vefFel  made  of  bark  :  there  is  not 
the  leaft  confufion  or  dilorder  ;  and  when  the  coppers  are 
empty,  they  diftribute  that  which  (licks  to  the  bottom 
to  the  children  who  have  beft  retained  their  leffons  of 
catechifm.  This  meal  continues  three  quarters  of  an 
hour,  sftcr  i.hich  they  all  return  to  their  labours ; 
fome  go  to  plout^h  the  earth  with  oxen,  others  to  dig 
the  garden  ;  iii  a  word,  every  one  is  employed  in  difFe- 
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M'lnferey.  rent  domcHi'c  occupations,  and  always  ur.der  the  fuper- 
<r'~~  intendance  of  one  or  two  of  the  religious. 

The  women  are  charged  with  little  elfe  but  the  care 
of  their  houfewifery,  their  children,  and  roafting  and 
grinding  the  fcveral  grains  :  this  lall  operation  is  very 
long  and  laborious,  becaule  they  have  no  other  means 
of  doing  it  but  by  crufhing  the  grain  in  pieces  with  a 
cylinder  upon  a  ilone.  M.  de  Langle,  being  a  witnefs 
of  this  operation,  made  the  miffionaries  a  prclent  of  his 
mill  ;  and  a  greater  fervice  could  not  have  been  render- 
ed them,  as  by  thefe  means  four  women  would  in  a  day 
perform  the  work  of  a  hundred,  and  time  enough 
will  remain  to  fpin  the  wool  of  their  (heep,  and  to  raa- 
nufafture  coarfe  llufFs. 

At  noon  the  dinner  was  announced  by  the  bell  ;  the 
Indians  quitted  their  work,  and  fent  to  fetch  their  ra- 
tions in  the  fame  veffels  as  at  breakfaft  :  but  this  fecond 
mefs  was  thicker  than  the  firll  ;  there  was  mixed  in  it 
corn  and  maize,  and  peafe  and  beans  ;  the  Indians  name 
it  poujjoh.  They  return  again  to  their  labour  from  two 
o'clock  till  four  or  five  ;  afterwards  they  attend  evening 
prayers,  which  continue  near  an  hour,  and  are  follow- 
ed by  a  new  ration  of  atolc  like  that  at  breakfaft. 
Thefe  three  diftributions  are  fufiicient  for  the  fubiiil- 
ence  of  the  far  greater  number  of  Indians  ;  and  this 
very  economical  foup  might  perhaps  be  very  profita- 
bly adopted  in  our  years  of  fcarcity  ;  fome  feafoning 
would  certainly  be  neceffary  to  be  added  to  it,  their 
whole  knowledge  of  cookery  confiding  in  being  able  to 
roaft  the  grain  before  it  is  reduced  into  meal.  As  the 
Indian  women  have  no  veffelsof  earth  or  metal  for  this 
operation,  they  perform  it  in  large  baflcets  made  of  bark, 
over  a  little  lighted  charcoal  :  they  turn  thefe  veflels 
with  fo  much  rapidity  and  addrefs,  that  they  effeft 
the  fwelling  and  burfting  of  the  grain  without  burning 
the  baflcet,  though  it  is  made  of  very  combuftible  ma- 
terials. 

The  corn  is  diftributed  to  them  every  morning  ;  and 
the  fmalleft  difhonefty,  when  they  give  it  out,  is  pu- 
riftied  by  whipping  :  but  it  is  very  fcldom,  indeed,  they 
are  expofed  to  it.  Thefe  punifhments  are  adjudged  by 
Indian  magiftrates,  called  caciques  ;  there  are  in  every 
miflion  three  of  them,  chofcn  by  the  people  from  a- 
mongft  thofe  whom  the  miflionaries  have  not  excluded  : 
but  thefe  caciques  are  like  the  governors  of  a  planta- 
tion, paffive  beings,  blind  executors  of  the  will  of  their 
fuperiors  ;  and  their  principal  funftions  confift  in  ferving 
as  beadles  in  the  church,  and  their  maintaining  order 
and  an  air  of  contemplation.  The  women  are  never 
whipped  in  public,  but  in  an  enclofed  and  fomewhat 
diftant  place,  left  perhaps  their  cries  might  infpirc  too 
lively  a  compalTion,  which  might  ftimulate  the  men  to 
revolt  ;  thefe  laft,  on  the  contrary,  are  expofed  to  the 
view  of  all  their  fellow-citizens,  that  their  punifhment 
may  ferve  as  an  example.  In  general  they  allt  pardon  ; 
in  which  cafe  the  executioner  leffens  the  force  of  his 
lafties,  but  the  number  of  them  is  never  receded  from. 

The  rewards  are  particular  fmall  diftributions  of  grain, 
of  which  they  make  little  thin  cakes,  baked  on  burning 
coals  :  and  on  the  great  feftivals  the  ration  is  in  beef; 
many  of  them  eat  it  raw,  efpecially  the  fat,  which  they 
efteeni  equal  to  the  beft  butter  or  cheefe.  They  llvin 
all  animals  with  the  greateft  addrefs  ;  and  when  they 
are  fat,  they  make,  like  the  ravens,  a  croaking  of  plea- 
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fure,  devouring,    at  the  fame  time,   the  moft  delicate  Wnnteref. 
parts  with  their  eyes.  '  ■     • 

They  are  frequently  permitted  to  hunt  and  fifli  on 
their  own  account  ;  and  on  their  return  they  generally 
make  the  nu'lHonaries  fome  prefent  in  game  and  fifli  ; 
but  they  always  proportion  the  quantity  to  what  is 
abfolutely  necelfary  for  them,  always  taking  care  ti> 
increafe  it  if  they  hear  of  any  new  guefts  who  are  on  a 
vifit  to  their  fuperiors.  The  women  rear  fowls  about 
their  cabins,  the  eggs  of  which  they  give  their  children. 
Thefe  fowls  are  the  property  of  the  Indians,  as  well  as 
their  clothes,  and  other  little  articles  of  houfehold  furni- 
ture, and  thofe  neceftary  for  the  chace.  There  is  no 
inftance  of  their  having  robbed  each  other,  though  their 
fallenings  to  the  doors  confift  only  of  a  fimple  bundle 
of  ftraw,  which  they  place  acrofs  the  entrance  when  all 
the  inhabitants  are  abfent. 

The  men  in  the  mifTions  have  facrificed  much  more 
to  Chriftianity  than  the  women  ;  bccaufe  they  were  ac- 
cuilomed  to  polygamy,  and  were  even  in  the  cuftom  of 
efpoufing  all  the  fitters  of  a  family.  The  women,  on 
the  other  hand,  have  acquired  the  advantage  of  exclu- 
fively  receiving  the  careftes  of  one  man  only.  With 
this,  however,  it  would  appear  that  they  are  not  fatisfied; 
for  the  religious  have  found  it  neceftary  to  conftltute 
themfelves  the  guardians  of  female  virtue.  At  an  hour 
after  fupper,  they  have  the  care  of  ftiutting  up,  under 
lock  and  key,  all  thofe  whofe  huft)ands  are  abfent,  .as 
well  as  the  young  girls  above  nine  years  of  age  ;  and 
during  the  day  they  are  eutrulled  to  the  fuperinten- 
dance  of  the  matrons.  So  many  precautions  are  ftill 
infufScicnt ;  for  our  voyagers  faw  men  in  the  flocks, 
and  women  in  irons,  for  having  deceived  the  vigilance 
of  thefe  female  argnffes,  who  had  not  been  fufBciently 
fharp-fighted. 

The  converted  Indians  have  preferved  all  the  ancient 
ufages  which  their  new  religion  does  not  prohibit  ;  the 
fame  cabins,  the  fame  games,  the  feme  dreftes  :  that  of 
the  licheft  confifts  of  an  otter's  flcin  cloak,  which  co- 
vers their  loins,  and  defcends  below  their  groin  ;  the 
moft  lazy  have  only  a  fimple  piece  of  linen  cloth,  with 
which  they  are  furniftied  by  the  mUHon,  for  the  pur- 
pofe  of  hiding  their  nakednefs  ;  and  a  fmall  cloak  of  ■ 
rabbit's  ikin  covers  their  ftioulders,  which  is  fattened 
with  a  pack-thread  under  the  chin  ;  the  head  and  the 
reft  of  the  body  is  abfolutely  naked  ,-  fome  of  them, 
however,  have  hats  of  ftraw,  very  neatly  matted.  The 
womens  drefs  is  a  cloak  of  deer  ftcln,  ill  tanned  ;  thofe 
of  the  miflions  have  a  cuftom  of  making  a  fmall  boddice 
with  fleeves,  of  them  :  it  Is  their  only  apparel,  with  a 
fmall  apron  of  ruihes,  and  a  petticoat  of  ftag's  fkin, 
which  covers  their  loins,  and  defcends  to  the  middle  of 
the  leg.  The  young  girls,  under  nine  years  of  age, 
have  merely  a  fimple  girdle  ;  and  the  children  of  the 
other  fex  are  quite  naked. 

The  independent  favages  are  very  frequently  at  war  ; 
but  the  fear  of  the  Spaniards  makes  them  refpeft  their 
miflions  ;  and  this,  perhaps,  is  not  one  of  the  leaft 
caufes  of  the  augmentation  of  the  Chriftian  villages. 
Their  arms  are  the  bow,  and  arrow  pointed  with  a  flint 
very  fljIlfuUy  worked  :  thefe  bows  are  made  of  wood, 
and  ftrung  with  the  finews  of  an  ox.  Our  author  was 
affured,  that  they  neither  eat  their  prifoners,  nor  their 
enemies  killed  in  battle  ;  that,  neverthelefs,  when  they 
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Moor«.  had  vanquidicd,  and  put  to  death  on  the  field  of  battle, 
■"^v—^  chiefs,  or  very  courageous  men,  tliey  have  eaten  fome 
pieces  of  them,  kfs  as  a  iign  of  hatred  or  revenge,  than 
as  a  homage  which  they  paid  to  their  valour,  and  in 
the  full  p;;rfu3fion  that  this  food  would  be  likely  to  in- 
creafe  th;ir  own  courage.  They  fcalp  the  vanquiihed 
as  in  Canada,  and  pluck  out  their  eyes  ;  which  they 
have  the  art  of  preferving  free  from  corruption,  and 
whicji  tliey  carefully  keep  as  prcc-ious  ligns  of  their  vic- 
tory. Their  cuftom  is  to  burn  tiicir  dead,  and  to  depo- 
iit  their  afhes  in  morais. 

MOORS,  in  common  language,  are  the  natives  of 
Morocco,  of  whom  an  account  is  given  under  that 
title  in  the  Encyclo^ad'm  ;  but  tlierc  is  another  people, 
a  mixed  race,  called  alfo  Moors,  who  lead  a  wandering 
and  pailoral  life  in  the  habitable  parts  of  the  Great 
Defert,  and  in  the  countries  adjacent  to  it.  Of  the  ori- 
gin of  thefe  Moorifh  tribes,  as  dillinguifhed  from  the 
inhabitants  of  Barbary,  nothing  farther  feems  to  be 
known  than  what  is  related  by  John  Leo  the  African  ; 
whofe  account  may  be  abridgedas  follows  : 

Before  the  Arabian  conqueft,  about  the  middle  of 
the  feventh  century,  all  the  inhabitants  of  Africa,  whe- 
ther they  were  defcended  from  Numidians,  Plujenicians, 
Carthaginians,  Romans,  Vandals,  or  Goths,  were  com- 
prehended  under  the  general  name  of  Mauri,  or  Moors. 
All  thefe  nations  were  converted  to  the  religion  of 
Mahomet,  during  the  Arabian  empire,  under  the  Ka- 
liphs.  About  this  time  many  of  the  Numidian  tribes, 
who  led  a  wandering  life  in  the  defert,  and  fupported 
themfelves  upon  theproduce  of  theircattle,  retired  fouth- 
ward  acrofs  the  Great  Defert,  to  avoid  the  fury  of  the 
Arabians  ;  and  by  one  of  thofe  tribes,  fays  Leo  (that 
of  Zanhaga),  were  difcovered,  and  conquered,  the  Ne- 
gro nations  on  the  Niger.  By  the  Niger,  is  here  un- 
doubtedly meant  the  river  of  Senegal,  which  in  the  Man- 
dingo  language  is  called  Bafing,  or  the  Black  River. 

To  what  extent  thefe  people  are  now  fpread  over 
the  African  continent,  it  is  difficult  to  afcertain.  There 
is  reafon  to  believe,  that  their  dominion  (Iretches  from 
weft  to  eaft,  in  a  narrow  line  or  belt,  from  the  mouth 
of  the  Senegal  (on  the  northern  fide  of  that  river)  to 
the  confines  of  Abyfiinia.  Mr  Park  defcribes  them  as 
reftmbling,  in  complexion,  the  Mulattocs  of  the  Weil 
Indies,  and  as  having  cruelty  and  low  cunning  pictured 
in  their  counten?.nces.  "  From  the  flaring  wlldnefs  in 
their  eve-i  (fays  he),  a  ftrangtr  would  immediately  fet 
them  down  as  a  nation  of  lunatics.  The  treachery  and 
malevolence  of  their  charafter  are  manifelled  in  their 
plundering  excurfions  againft  the  Negro  villages.  Of- 
tentimes, without  the  fmalleft  provocation,  and  fome- 
times  under  the  faireft  profeffions  of  friendfhip,  they  will 
fuddenly  fei/.e  upon  the  Ngroes  cattle,  and  even  on  the 
inhabitants  themfelves.  Ths  Negroes  very  feldom  re- 
taliate. The  enterprifing  boldncfs  of  the  Moors,  their 
knowledge  of  the  country,  and,  above  all,  the  fuperior 
flcctnefs  of  their  horfes,  make  them  fuch  formidable  ene- 
mies, that  the  petty  Negro  Hates,  which  border  upon 
the  defert,  are  in  continual  alarm  while  the  Mooridi 
tribes  are  in  the  vicinity,  and  are  too  much  awed  to 
think  of  refiftance. 

"  Like  the  roving  Arabs,  the  Moors  frequently  re- 
move from  one  place  to  another,  according  to  the  fea- 
fon  of  the  year,  or  the  convenience  of  paflurage,  In 
the  month  of  February,  when  theheat  of  the  fun  fcorches 
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up  every  fort  of  vegetation  in  the  defert,  they  ftrike  Woor». 
their  tents,  and  approach  the  Negro  country  to  the 
fouth  ;  where  they  refide  until  the  rains  commence,  in 
the  month  of  July.  At  this  time,  having  purchafed 
corn,  and  other  necelFaries  from  the  negrces,  in  ex- 
change for  fait,  they  again  depart  to  the  northward, 
and  continue  in  the  defert  until  the  rains  are  over,  and 
that  part  of  the  country' becomes  burnt  up  and  barren. 

"  This  wandering  and  relllefs  way  of  life,  while  it 
inures  them  to  hardlhips,  (Irengthens,  at  the  fame  time, 
the  bonds  of  tlielr  little  fociety,  and  creates  in  them  an 
averfion  towards  llrangers,  which  is  almoil  infurmount- 
able.  Cut  off  trom  all  intercourfe  with  civilized  na- 
tions, and  bo'alling  an  advantage  over  the  Negroes,  by 
poflefring,  though  in  a  very  limited  degree,  the  know- 
ledge of  letters,  they  are  at  once  the  vaincll  and  proud- 
eft,  and  perhaps  the  moft  bigotted,  ferocious,  and  into- 
lerant, of  all  the  nations  on  the  earth  ;  combining  in 
their  charatler  tlie  blind  fuperftition  of  the  Negro  with 
the  favage  cruelty  and  treachery  of  the  Arab."  But 
for  them  Mr  Park  would  have  accomplilhed  the  utmolt 
(bjeft  of  his  miffion,  and  have  reached  Tombufloo,  and 
even  Houffa,  with  no  other  danger  than  what  arifes  ne- 
ceffarily  from  the  climate,  from  wild  beads,  and  from, 
the  poor  accommodation  afforded  in  the  luits  of  the 
hofpitable  Negroes.  The  wandering  Moors,  however, 
have  aU  been  taught  to  regard  the  Chriilian  name  with 
inconceivable  abhorrence  ;  and  to  confider  it  nearly  as 
lawful  to  murder  a  European  as  it  would  be  to  kill  a 
dog.  It  is,  therefore,  much  lefs  furprifing  tliat  our 
traveller  did  not  proceed  farther  along  the  banks  of  the 
Nigre,  than  that  he  efcaped  tlie  fnares  of  io  relcntlefs  a 
people. 

MORINDA,  is  a  plant,  of  which  a  very  meagre  de- 
fcrlption  has  been  given  in  the  Encyclopedia,  though  it 
is  of  much  importance  in  oriental  commerce.  It  is  cul- 
tivated  to  a  great  extent  in  the  province  of  Maleva,  in 
the  Eaft  Indias,  where  it  furnilhes  a  valuable  dye-ftuff  j 
and  is  thus  defcribed  by  William  Hunter,  Efq  ;  in  the 
fourth  volume  of  tlie  Afiatic  rcfearches  : 

"  It  is  a  tree  of  a  middling  fize  ;  the  root  branchy  ; 
the  trunk  columnar,  ereft,  covered  with  a  fcabrous  bark. 
Branches,  from  the  upper  part  of  the  trunk,  Icattered  ; 
of  the  ilrufture  of  the  trunk.  Leaves  (feminal)  oval, 
obtute,  entire  (mature),  oppofite,  decuffated,  ovate, 
pointed  at  both  ends,  fmooth,  with  very  fiiort  petioles. 
Stipules,  lanced,  very  fmall,  withering.  Peduncles,  from 
the  axils  of  the  leaves,  folitary,  bearing  an  aggregate 
flower.  Calyx,  common  receptable  roundifh,  colletiing 
the  feffile  flowers  into  an  irregular  head.  Perianth, 
moft  entire,  fcarce  obfervable  above.  Coral,  one  petal- 
led,  funnel-form.  Tube,  cylindric  ;  Border,  five  cleft  ; 
the  divifwns  lanced.  Stamen  :  Filaments,  five,  thread- 
form,  arifing  from  the  tube,  and  adhering  to  it  through 
two  thirds  of  their  length,  a  little  (horter  than  the  tube. 
Anthers,  linear,  ereft.  PiJlH-  Germ,  beneath,  four-cel- 
led, containing  the  rudiments  of  four  feeds.  Style, 
thread  form,  longer  than  the  ftamens.  Stigma,  two  cleft, 
thickifh.  Pericarp,  common,  irregular,  divided  on  the 
furface  into  irregular  angular  fpaces  ;  compofed  of  ber- 
ries, pyramidal,  icompreffed  on  all  fides  by  the  adjacent 
ones,  and  concreted  with  them ;  lopped ;  containing 
towards  the  bafe  a  flefhy  pulp.  Seeds,  in  each  berry 
four  ;  towards  the  point  oblong,  externally  convex,  in- 
ternally angular." 

The 
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The  fpecics  here  deftrilted  is  the  mnr'inJa  arlorea  pe- 
duixculis  jil'ttarih  of  Linnsus.  It  grows  bell  I'li  a  lilack 
rich  foil,  free  from  ftone s,  in  fitiiations  moderately  nioill, 
not  too  hij;h,  y<  t  fulTuieiitly  elevated  to  prevent  the 
rain  water  from  llagnatiiig,  and  where  a  fiipply  of  wa- 
ter can  be  had  for  the  dry  months.  As  the  colouring 
matter,  for  which  alone  it  is  valuable,  refides  chiefly  in 
the  bark  of  the  root,  the  fmall  twi;;s,  which  contain 
little  wood,  bear  a  higher  price  tlian  tiir  larger  pieces. 
The  natives  employ  it  in  dyeing  a  pale  red,  or  cluy  co- 
lour ;  which  Mr  Hunter  fays  is  more  valuable  for  its 
durability  than  for  its  beauty.  They  likewife  ufe  it  in 
dyeing  a  dark  purple  or  chocolate  colour  ;  but  for  the 
procefs,  in  both  CT.es,  we  muft  refer  to  the  original  me- 
moir. 

MORION,  in  botany,  a  name  given  by  the  ancients 
tea  kind  of  nightfhade.      See  iSolanum,  Encycl. 

Morion,  in  ancient  mineralogy,  3  name  given  to  one 
of  the  femipellucid  gtms,  more  commonly  called  pram- 
tiion.  It  is  a  ftone  appearing  externally  of  a  tine  deep 
black  ;  but  when  held  up  againft  a  candle,  or  agaiiiil 
the  fun-beams,  it  gives  a  very  beautiful  red  in  different 
degrees. 

MOSHAIRA,  or  MosHAHEREH,  penfion  or  allow- 
ance in  Bengal. 

MOSS,  the  name  given  In  Scotland,  and  we  believe 
alfo  in  fome  parts  of  England,  to  what  is  more  proper. 
ly  called  a  morafs,  a  fen,  or  a  bog.  On  the  formation 
of  thefe  moflTes  fome  conjeclures  have  been  hazarded  in 
the  Encyclopedia,  where  the  reader  will  likewife  find  a 
copious  account  of  the  method  which  has  for  many 
years  been  fuccefsfully  employed  to  convert  the  Moss 
of  Kincardine  into  an  arable  foil,  or  rather  to  remove 
the  fiibftance  called  mofs  or  pent  from  the  rich  foil  which 
is  found  below  it.  A  method,  however,  has  been  in- 
vented by  Mr  John  Smith  of  Swindrig-muir,  in  the 
fhire  of  Ayr,  for  iiHually  converting  the  lubftauce  called 
mofs  into  a  vegetable  mould,  which  has  been  found  by 
experience  to  carry  rich  crops  of  corn,  hay,  potatoes, 
&c.  Of  this  gentleman's  prailice  we  have  the  follow, 
ing  account  in  a  fmall  pamphlet  publifhed  in  Edinburgh, 
1798,  by  Fairbairn  and  Dickfon. 

"  The  firft  thing  to  be  done  is  to  mark  off,  and  cut 
out,  proper  main  or  mailer  drains,  in  order  to  carry  off 
the  fuperfluous  water,  taking  care  to  preferve  the  great- 
ell  pofUble  level  ;  which  drains  are  fo  conftrudled  as  to 
divide  the  field  into  iuclofures  from  fix  to>  ten  Scotch 
acres.  If  the  mofs  hangs  or  declines,  the  inclofures 
may  be  of  any  dimenfion  whatever.  The  dimenilons  of 
thefe  drains  when  firft  made  are  eight  feet  wide,  by 
four  and  a  half  feet  deep,  declining  to  two  and  a  half 
feet  at  bottom,  and  cofl  at  the  rate  of  one  fhilling  per  fall 
of  eighteen  and  a  half  feet,  running  meafurc.  The  ridges 
are  then  to  be  maiked  off  regularly,  fix  or  feven  yards 
broad,  formed  with  the  fpade  in  the  manner  following  : 

"  In  the  centre  of  each  ridge,  a  fpace  of  about  20 
inches  is  allowed  to  remain  untouched,  on  each  fide  of 
which  a  furrow  is  opened,  and  turned  upon  the  un- 
touched fpace,  fo  as  completely  to  cover  it  (like  what 
is  called  the  feering  of  a  gathered  ridge).  Thus  be- 
gun, the  work  is  continued,  by  cutting  with  the  fpade, 
in  width  about  12  inches,  and  turning  it  over  to  ap- 
pearance as  if  done  with  a  plough,  until  you  come  to 
the  divifion  furrow,  which  (hould  be  two  feet  wide,  cut 
out  and  thrown  upon  the   fides  of  the  ridges.     The 
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depth  of  the  divifion  furrow  is  to  be  regulated  by  cir-  ^^ 

cumllances,  according  as  the  mofs  is  wet  or  dry,  but 
fo  as  to  anfwi-r  the  purpofc  of  as  it  were  bleeding  the 
mofs,  and  conducting  the  water  to  the  main  drains. 

"  It  may  be  here  obfcrvid,  that  the  fuccefs  of  the 
aftercrops  depends  very  much  upon  a  proper  formation 
of  the  ridges.  They  mnfl  not  be  made  too  high  in  the 
middle,  for  there  they  will  be  too  dry  like  a  peat,  up. 
on  which  the  lime  cannot  aft,  and  near  the  furrows  they 
will  be  too  wet,  which  is  equally  prejudicial  ;  they 
fliould  therefore  be  conllrufted  with  a  gentle  declivity 
to  tlie  furrows,  fo  as  the  rain  which  falls  may  rather 
filtrate  through  the  ridge  to  the  furrows  than  run 
quickly  off  the  furf;    e. 

"  The  next  operation  is  to  top  drefs  the  ri;lges  with 
lirrte,  at  the  rate  of  from  four  to  eight  chrilders  per  acre. 
Five  Winchellcr  bulliels  make  a  bc^U,  and  eight  bolls  a 
ehalJer  of  fliell  lime,  producing  fixteen  bolls  powdered 
lime.  The  quicker  the  lime  is  put  on  after  being  flack- 
ed the  better. 

"  The  projjcr  feafon  to  prepare  the  mofs  for  a  firft 
crop  is  earlv  the  preceding  fummer  ;  in  that  caie  the 
lime,  aided  by  the  heat,  the  after  rains,  and  the  winter 
frofls,  makes  confiderable  progrefs  in  the  procefs  of  pu- 
trefaclion,  confeqnently  totms  a  mould  to  receive  the 
feed. 

"  Though  oats  have  fometimes  fucceeded  as  a  firft 
crop,  potatoes  have  been  found  greatly  preferable.  The 
method  of  planting  them  is  fimple,  and  attended  with  - 
little  expence.  The  mofs,  prepared  by  ridges,  and 
limed  as  before  defcribed,  beds  for  the  potatoes  are,  in 
the  fpring,  marked  off,  acrofs  the  ridges,  five,  or  fix  feet 
broad,  with  intermediate  fpaces  of  about  two  feet,  as 
furrows  or  trenches.  The  beds  are  covered  over  with 
a  thin  ftratum  of  dung,  about  eighteen  fingle-horfe  carts 
to  an  acre,  the  cuttings  of  the  potatoes  are  laid  or  pla- 
ced upon  the  beds,  about  ten  or  twelve  inches  afun- 
der,  and  the  whole  covered  over  with  a  thin  ftra- 
tum of  mofs  from  the  intermediate  trenches,  which  is 
followed  by  another  covering  from  the  trenches  when 
the  potatoe  plants  make  their  firft  appearance  ;  the  co- 
vering in  whole  four  or  five  inches.  In  this  ftate  they 
remain  without  any  hoeing  till  the  crop  is  taken  up. 
The  produce  on  Mr  Smith's  mofs  has  never  been  lefs 
than  from  forty  to  fifty  bolls  of  excellent  potatocr,  eight 
Winchcller  buiheh  to  the  boll,  and  the  buflitl  a  little 
heaped. 

"  When  the  potatoe  crop  is  removed,  the  rijges  are 
again  formed  as  betore  delcrlbed,  and  the  divifion  fur- 
row cleared  out.  In  performing  this  part  of  the  work, 
it  will  naturally  occur,  that  a  great  part  cf  the  manured 
furface  will  be  buried  In  filling  up  the  trenches  between 
the  potatoe  beds  :  but  that  is  not  the  cafe  ;  the  work- 
man makes  two  cuts  with  the  fpade,  at  eighteen  inches 
diflance,  upon  the  fide  of  the  trench  ;  another,  one  foot 
from  the  edge  of  It,  as  deep  as  the  trench  ;  which,  in. 
ftead  of  turning  over,  he  preffes  a  foot  forward  into  the 
trench,  which  is  continued  the  length  of  it  ;  and  when 
he  comes  to  the  other  fide  he  does  the  fame,  making 
both  meet,  and  fo  proceeds  ;  fo  that  no  part  of  the  ina-  , 
nured  furface  is  thrown  down,  and  the  ridce  is  left  in     ,     "c."  * 

ir  r  ,r  iiii«  ,  vulgurbcot- 

the  fame  form  as  betore  tlie  lazy-beds*  were  made.         ,;,-),  phrafe 

"  When  the  potatoe  crop  is  taken  off,  and  the  ridgesfor  bed*  of 

formed  as  before  defcribed,  they  remain  in  that  ftate  ^.P*''"^'''*'' 

till  fpring,  when  oats  are  fown  (a  wet  or  dry  feafon  has   '"    °  P"" 
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Moft.  from  experience  been  found  a  matter  of  indifference), 
■"^  '  and  harrowed  in  with  a  finall  harrow  drawn  by  two 
men.  Four  men  with  cafe  harrow  at  lead  one  acre  one 
rood  per  day,  two  and  two  by  turns  with  tlie  harrow, 
and  the  other  two  in  the  interim  with  fpades,  fmooth- 
iug  the  inequahties,  breaking  and  dividing  the  mould, 
and  clearing  out  the  diviiion  furrows  ;  which  hft  in  all 
operations  upon  mofs  are  effentially  neceflary.  The 
early  or  hot  feed  oats  are  always  preferred  for  feed. 
The  late  or  cold  feed  runs  too  much  to  draw,  falls 
down,  and  becomes  floomy,  confequently  the  grain  is  of 
mean  quality,  and  unproduftive  in  meal. 

"  The  produce  of  the  tiril  crop  of  oats  after  potatoes 
is  feldom  lefs  than  ten  bolls  per  acre,  the  Linlithgow 
boll  of  fix  Winchefter  bufliels,  and  confiderably  more 
has  been  known  ;  as  good  grain  in  quality,  and  meals 
as  well  as  any  in  the  country.  It  has  been  fold  when 
growing,  what  is  called  upon  the  foot,  including  the 
Itraw,  from  eight  to  ten  pounds  per  acre.  To  prepare 
for  a  fecond  crop  of  oats,  the  ridges  muft  be  dug  acrofs, 
and  turned  over  in  the  maniier  before  defcribed,  and  the 
divifion  furrows  cleared  out  as  foon  as  convenient  after 
the  firll  crop  is  removed. 

"  Such  is  the  efteA  of  lime  in  confolidating  mofs,  aid- 
ed by  the  draining,  that  often  after  the  fecond,  and  al- 
ways after  the  third  year,  it  can  be  ploughed  by  hories 
vithin  two  bouts  or  Hitches  of  the  divifion  furrow  ;  and 
alfo  harrowed  by  horfes,  and  the  crops  taken  off  by 
carts. 

"  Five  and  often  fix  confecutive  crops  of  oats  are  ta- 
ken, without  any  other  manure  than  what  it  received 
the  firft  year  for  potatoes,  without  any  apparent  figns 
of  it  being  exhaufted.  The  produce  of  the  firft  two 
crops  of  oats  has  been  mentioned  to  be  ten  bolls,  and 
the  third,  fourth,  fifth,  and  fixth,  produce  from  fix  to 
ten  bolls  per  acre.  The  mofs  is  now  turned  into  a 
feeming  rich  dark  brown  mould ;  and  what  renders  it 
lefs  produftive  of  corn  crops  the  fourth,  fifth,  and  fixth 
years  is,  its  naturally  running  into  fweet  and  luxuriant 
graffes.  The  foft  meadow  grafs,  the  daify,  fome  plain- 
tain,  but  principally  the  white  clover,  are  the  moil  pre- 
valent gratTcs  ;  or  more  probably  it  may  be  afcribed  to 
thefe  crops  being  ploughed,  in  place  of  being  dug  with 
the  fpade,  as  the  former  years  were.  Along  with  the 
fifth  or  fixth  crop  of  oats,  rye  grals  is  fown,  which,  with 
the  natural  graffes  in  general,  produce  an  abundant  crop 
of  hay. 

"  If  the  mofs  in  the  original  ftate  has  been  wet  and 
fpongy,  it  will  be  found  to  have  fubfided  fome  feet  af- 
ter the  third  or  fourth  year's  operation  has  been  per- 
formed ;  but  care  muft  always  be  taken  to  deepen,  clear 
out,  and  keep  clear  the  main  drains  and  the  divifion  fur- 
rows, to  prevent  a  fuperabundance  of  moifture,  which 
would  infallibly  be  the  cafe  were  they  neglefted  in  con- 
fequence  of  the  fubfidence  of  the  mofs.  Indeed  mofs 
of  all  forts  will  fubfide  lefs  or  more,  in  proportion  as  it 
has  been  dry  or  wet  in  its  original  ftate  ;  at  the  fame 
time,  as  ftated  before,  care  muft  be  taken  not  to  lay  it 
too  dry,  but  to  keep  in  a  proper  degree  of  temperature 
between  thefe  two  extremes." 

By  having  recourfe  to  the  pamphlet  from  which  this 
extraft  has  been  made,  the  reader  may  fatisfy  himfelf  of 
the  real  advantages  of  this  fpecies  of  agriculture.  The 
author  calculates,  with  much  apparent  fairnefs,  the  ex- 
pence  of  improvement,  and  the  value  of  each  crop,  and 


concludes  that  no  wafte  can  be  improved  with  equal  ad-  Motion, 
vantage  as  mofs.  It  muft  not,  however,  be  concealed,  '~"V~~' 
that  we  have  heard  pradlical  farmers,  who  feemed  to  be 
acquainted  with  the  fuhjeiS,  give  it  as  their  opinion 
that  this  mode  of  cultivation  aniwers  only  in  moffes  of 
no  great  depth  ;  though  our  author  affirms  that  it  has 
with  great  fuccefs  been  praftifed  by  Mr  Smith  in  moifes 
of  the  depth  of  14  feet. 

MOTION  IN  FLUIDS.  When  in  the  publication  of 
this  Supplement  we  had  arrived  at  the  title  Fluids,  we 
were  ftruck  with  the  importance  given,  in  fome  of  the 
journals,  to  The  Experimental  Refearches  0/"  Venturi  con- 
cerning the  Principle  of  the  lateral  comrnunicalion  of  Mo- 
tion in  Fluids.,  applied  to  the  Explanation  of  •various  Hy- 
draulic Phenomena.  Of  thefe  refearches  we  intended  to 
lay  an  abridged  account  before  our  readers  under  the 
prefent  title  ;  but  having  esiamined  the  work  with  fome 
attention,  we  find  in  it  hardly  any  thing  of  confequence 
which  the  mechanical  philofopher  may  not  learn  from 
our  articles  Resistance  of  Fluids  and  River,  in  the 
Encyclopedia.  That  our  readers,  however,  may  find 
fomething  under  a  title  to  which  we  ralhly  referred 
them,  we  (liall,  in  the  words  of  Nicholfoii's  Journal  of 
Natural  Pliilofophy,  &c.  inform  them  what  Ventu;i's 
work  contains. 

"  This  author,  who  is  profcffor  of  experimental  phi- 
lofophy  at  Modena,  has  introduced  an  horizontal  cur- 
rent of  water  into  a  veffel  filled  with  the  fame  fluid  at 
reft.  This  ftream  entering  the  vefiel  with  a  certain  ve- 
locity, paffes  through  a  portion  of  the  fluid,  and  is  then 
received  in  an  inclined  channel,  the  bottom  of  which 
gradually  rifes  until  it  paffes  over  the  border  or  rim  of 
the  veffel  itfelf.  The  effe£l  is  found  to  be,  not  only 
that  the  ftream  itfelf  paffes  out  of  the  veffel  through 
the  channel,  but  carries  along  with  it  the  fluid  contain- 
ed in  the  veffel  ;  fo  that  after  a  fhort  time  no  more  of 
the  fluid  remains  than  was  originally  below  the  aperture 
at  which  the  ftream  enters.  This  fa£k  is  adopted  as  a 
principle  or  primitive  phenomenon  by  the  author,  un- 
der the  denomination  of  the  lateral  communication  of 
motion  in  fluids,  and  to  this  he  refers  many  Important 
hydraulic  fadts.  He  does  not  undertake  to  give  an  ex- 
planation of  this  principle,  but  fhews  tliat  the  mutual 
attraftion  of  the  particles  of  water  is  far  from  being  a 
fuflicient  caufe  to  account  for  it. 

The  firft  phenomenon  which  the  author  propofes  to 
explain  by  this  eftablifhcd  principle,  is  the  emiifion  of  a 
fluid  through  different  adjutages  applied  to  the  refervoir 
which  contains  it.  It  is  known  that  the  vein  of  fluid 
which  iffues  from  an  orifice  or  perforation  through  a 
thin  plate,  becomes  contracted,  fo  as  to  exhibit  a  fec- 
tion  equal  to  about  0,64  of  the  orifice  itfelf,  fuppofed 
to  be  circular  ;  and  that  the  place  of  the  greateft  con- 
traftion  is  ufually  at  the  diftance  of  one  feml-diamcter 
of  the  orifice  itfelf.  If  a  fmall  adjutage  be  adapted  to 
the  orifice,  having  its  internal  cavity  of  the  fame  conoi- 
dal  form  as  the  fluid  itfelf  affeils  in  that  interval,  the 
expenditure  is  the  fame  as  by  the  fimple  orifice.  But 
if  at  the  extremity  of  this  adjutage  a  cyllndric  tube  be 
affixed,  of  a  greater  diameter  than  that  of  the  contraft- 
ed  vein,  or  a  divergent  conical  tube,  the  expence  of  fluid 
increafes,  and  may  exceed  the  double  of  that  which 
paffes  through  the  aperture  in  the  thin  plate,  though 
the  adjutage  poffefs  an  horizontal  or  even  afcending  di- 
rcftion. 
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By  the  I'nterpofition  of  a  fmall  adjutage,  adapted  to 
the  form  of  the  contrafted  vein,  Venturi  afcertained,  in 
the  firil  place,  that  there  is  an  increafe  of  velocity  in 
the  tubes  he  employed,  though  the  vel  city  of  emifTion 
itfelf  be  lefs  than  that  of  the  ilream  which  ilTues  from  a 
hole  in  a  thin  plate.  He  afterwards  proves,  by  the  fadt, 
that  the  interior  velocity  and  expenditure  of  fluid, 
which  is  incrcafed  through  tubes,  even  in  the  horizon- 
tal or  afcendinjf  diredlion,  is  owing  to  the  prefTure  of  the 
atmofphcre.  If  the  fmallell  hole  be  made  in  the  fide 
of  the  tube  near  the  place  of  contraftion  of  the  vein, 
the  increafcd  expenditure  does  not  take  place  ;  and 
when  a  verticle  tube  is  inferted  in  fuch  a  hole,  the  low- 
er end  of  which  tube  is  immerfed  in  water  or  mercury, 
it  is  found  that  afpiration  takes  place,  and  the  water  or 
mercury  rifes  ;  and  this  afpiration  in  conical  tubes  is 
lefs  in  proportion,  as  the  place  of  infertion  of  the  up- 
right tube  is  more  remote  from  the  feftion  where  the 
greatcfl  contraction  would  tiave  taken  place.  And, 
hillly,  the  difitrcnce  between  the  expenditure  of  fluid, 
through  an  oriiice  made  in  a  thin  plate,  and  that  which 
is  obfcrved  through  an  additional  tube,  does  not  take 
place  in  vacuo' 

The  influence  of  the  weight  of  the  atmofphere  on 
the  horizontal  or  afcending  flux  being  thus  cftablirtied, 
the  author  confiders  it  as  a  fecondary  caufe,  referable 
to,  and  explicable  by,  his  principle  of  the  lateral  com- 
munication of  motion  in  fluids.  In  conical  divergent 
tubes,  for  example,  the  efteft  of  this  lateral  communica- 
tion is,  that  the  central  cylindrical  jet,  having  for  its  ba- 
fis  the  feftion  of  the  contrafted  vein,  carries  with  it  the 
lateral  fluid  which  would  have  remained  ftagnant  in  the 
enlarged  part  of  the  cone.  Hence  a  vacuum  tends  to 
be  produced  in  this  enlarged  part  which  furrounds  the 
central  cylindric  ftream  ;  the  prcflure  of  the  atmofphere 
becomes  aAive  to  fupply  the  void,  and  is  exerted  on  the 
iurface  of  the  refervoir,  fo  as  to  increafe  the  velocity  of 
the  fluid  at  the  interior  extremity  of  the  tube. 

Tiie  author  proves,  that  the  velocity  or  total  expen- 
diture of  fluid  through  an  aperture  of  given  dimenfions, 
may  be  increafed  by  a  proper  adjutage  in  the  propor- 
tion  of  24.  to  10  ;  he  applies  this  refult  to  the  cunftruc- 
tion  of  the  funnels  of  chimneys-.  He  determines  the 
lofs  of  emitted  fluid,  which  may  be  fuitained  by  finuofi- 
ty  in  pipes.  He  fliews  by  experiment,  that  a  pipe 
which  is  enlarged  in  any  part  aftords  a  much  lefs  quan- 
tity of  fluid  than  if  it  were  throughout  of  a  diameter 
equal  to  that  of  its  fmallell  ftdion.  This,  as  he  re- 
marks, is  a  circumitance  to  which  fnfficient  attention 
has  not  been  jiaid  in  the  conitru<3ion  of  hydraulic  ma- 
chines. It  is  not  enough  to  avoid  elbows  and  contrac- 
tions ;  for  it  fometimcs  happens  that,  by  an  interme- 
diate enlargement,  the  whole  of  the  advantage  arifmT 
from  other  judicious  difpofitions  of  the  parts  of  the  ma- 
chine is  loft. 

There  are  two  cafes  of  the  increafe  of  expenditure 
through  defcending  pipes.  The  firft  is  owing  to  the 
lateral  communication  of  motion  which  takes  place  in 
defcending  pipes,  in  the  faint  manner  as  in  thofe  which 
polTefs  an  horizontal  fituation  ;  the  fecond  arifes  from 
the  acceleration  by  gravity  which  takes  place  in 
the  fluid  while  it  falls  through  the  defcending  tube. 
This  fecond  kind  of  augmentation  was  known  to  the 
ancients,  though  they  poffefl'cd  no  good  theory  nor  de- 
cilive  expenments  relpecting  it.  The  autKor  endeavours 


77     ]  MOT 

to  eftablifli  a  theory  on  the  principle  of  virtual  afcenfion    Motion, 
combined   with  the   prefl'ure  of  the  atmofphere.     Hi3'~'*"V~~' 
deduAions   are  confirmed  by  experiment,  in  which  he 
has  fucceeded  fo  far  as  to  feparate  the  two  caufcs  of 
augmentation,  and  afligned  to  each  their  rcfpeftive  de- 
gree of  influence. 

Profeflbr  Venturi  then  proceeds  to  different  objefts 
of  enquiry,  to  which  his  principle  feeme<l  applicable. 
He  gives  the  theory  of  the  water-blowing  machine  (fee 
Water  Bloiv'mg  Machine  in  this  Suppl.),  and  he  deter- 
mines by  calculation  the  quantity  of  air  which  one  of 
thefe  machines  can  afford  in  a  given  time.  He  obfervcs, 
that  the  natural  falls  of  water  in  the  mountains  always 
produce  a  local  wind  ;  and  he  even  thinks,  that  the 
falling  ftreams  in  the  internal  parts  of  mountains  are 
in  fome  inftances  the  caufe  of  the  winds  which  iffue 
from  caves.  He  proves,  by  the  fafts,  that  it  is  poflible, 
in  certain  inftances,  to  carry  off,  without  any  machi. 
nery,  the  waters  from  a  fpot  of  ground,  though  it  may 
be  fituatcd  on  a  lower  level  than  that  of  the  channel 
which  is  to  receive  the  water. 

The  whirlpools,  or  circular  eddies  of  water  fo  fre- 
quent in  rivers,  are,  according  to  the  theory  of  our  au- 
thor, the  effeft  of  motion  communicated  from  the  parts 
of  the  current  which  are  moft.  rapid,  to  thofe  lateral 
parts  which  are  leaft  fo.  In  the  application  of  this 
principle,  he  points  out  the  circumftanccs  adapted  to 
produce  fuch  eddies  at  the  furface  or  at  the  bottom  of 
rivers.  He  concludes,  that  every  movement  of  this 
kind  deftroys  a  part  of  the  force  of  the  current,  and 
that  in  a  channel  through  which  water  conftantly  flows, 
the  height  of  this  fluid  will  be  greater  than  it  would 
have  been  if  the  dimenfions  of  the  channel  had  been 
uniformly  reduced  to  the  meafure  of  its  fmalleft.  fee-- 
tion. 

There  is  another  kind  of  whirling  motion  fomewhat 
different  in  its  nature  from  thefe  laft.  It  is  produced 
in  the  water  of  a  refervoir,  when  it  is  fuftered  to  flow 
through  an  horizontal  orifice.  The  author  deduces  the 
theory  of  thefe  vortices  from  the  doilrine  of  central 
forces.  The  form  of  the  hollow  funnel,  which  in  this 
cafe  opens  through  the  fluid  of  the  refervoir,  is  a  curve 
of  the  64th  fpecies  of .  the  lines  of  the  third  order,  enu- 
merated by  Newton.  Theory  and  experiment  both 
unite  here  in  proving,  that  it  is  not  only  poflTible,  but 
that  there  really  cxills  in  nature  a  vortex,  the  concavity 
o!  which  is  convex  towards  the  axis,  and  of  which  the 
revolutions  of  its  different  parts  follow  the  ratio  of  the 
fquare  of  the  diftance  from  the  centre.  Daniel  Ber- 
noulli was  in  the  wrong,  in  his  Hydrodynamics,  to  re- 
proach Newton  for  having  fuppofcd  a  vortex  to  be  mo- 
ved according  to  this  law. 

In  the  lafl  place,  the  author  confiders  that  lateral 
communication  of^  motion  which  takes  place  in  the  air 
as  well  as  in  the  water.  This  is  tlie  caufe  of  fuch  local 
and  partial  winds  as  fometimcs  blow  contrary  to  the  di- 
reftion,  of  the  general  wind.  It  is  by  virtue  of  the  fame 
principle,  that  the  refonant  vibration,  excited  lateral- 
ly in  the  extremity  of  an  organ-pipe,  is  communica- 
ted to  the  whole  column  of  air  contained  in  the  pipe 
itfelf. 

From  the  fame  principle,  the  author  deduces  the  aug- 
mentation of  force  which  found  receives  in  conical  di- 
vergent tubes,  compared  with  thofe  of  a  cylindrical 
form.     On  this  occafion,  he  points  out  the  reniiirltable 
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(^ifferctTces  which  appear  to  take  plare  l.etwfcn  the  re- 
fonant  vibrations  of  air  contained  in  a  tube,  and  the  fo- 
,  norous  pulfations  propagated  through  the  open   atmo- 
'  fpherc.     See  Sj>/-aiin^  T/trnrar,  Encycl. 

In  an  appendix.  Venturi  relates  different  experiments 
which  he  has  made  to  determine  the  convergence  and 
velocity  of  the  fluid  filaments  which  prefs  forvvanl  to  if- 
fue  out  of  a  refervoir  by  an  orifice  through  a  thin  pl.ite. 
He  proves,  by  a  very  clear  experiment,  that  the  con- 
traction of  tiie  vein  is  made  at  a  greater  diftance  from 
the  orifice  under  ftrong  than  under  weak  prelTures.  He 
explains  why,  in  a  right-lined  orifice,  the  fides  of  the 
contrafted  vein  corrcfpond  with  the  angles  of  the  ori- 
fice and  the  angles  with  the  fides.  He  examines  the 
expenditure  through  a  tube,  the  extremity  of  which  is 
thruft  into  the  refervoir  itfclf,  according  to  the  method 
of  Borda  in  tbe  Memoirs  of  the  Academy  of  Sciences 
for  the  year  1  766." 

For  a  full  account  of  the  author's  experiments,  and 
his  deduftions  from  them,  we  refer  the  reader  either  to 
the  original  work,  intitled,  Rechcrchcs  expcrimentales  fur 
le  Principe  de  la  CommunicaUon  lale'rah  du  Mowvement 
dans  les  Fluides,  applique  a  I'ExpUcatiou  de  djffsretu  Phe- 
nomenes  hydraidiques.  Par  le  Citoyen  J.  D.  Venturis 
Profejeur  de  Phyfiqve  experimentale  a  Modine,  Memhre  de 
la  Soclete  Italienne,  &c.  Isfc.  A  Paris  chez  Houel  et 
Ducrcs,  Rue  du  Bacq,  Nd.  940 — Theophile  Barrois, 
Rue  Haute  feuille,  N  .  22.  Ann.  VI.  1797-^or  to  the 
2d  and  3d  vols  of  the  valuable  Journal  from  which  this 
abftraft  is  taken. 

MOURZOUK,  the  capital  of  Fezzan  in  Africa,  is 
fituated  on  a  imall  river,  and  fupplied  with  water  from 
multitudes  of  fprings  and  wells.  Being  formerly  built 
of  ftone,  it  ftill  retains  the  ajipellation  of  a  Chrillian 
town  ;  and  the  medley  which  it  prefents  to  the  eye,  of 
the  vaft  ruins  of  ancient  buildings,  and  the  humble  cot- 
tages of  earth  and  fand  that  form  the  dwellings  of  its 
prefent  Arab  inhabitants,  is  fingularly  grottfque  and 
ftrange.  It  is  furrounded-  by  a  high  wall,  which  not 
only  affords  the  means  of  defence,  but  enables  the  go- 
vernment to  colleA,  at  its  three  gates,  a  tax  on  ail 
goods  (provifions  excepted)  that  are  brought  for  the 
fupply  of  its  people.  A  caravan  f.;tsout  annually  from 
Mefurata  to  this  place  ;  and  hence  the  Fezzaners  them- 
felves  difpatch  every  year  a  caravan  to  Caflina  and  ano- 
ther to  Bornou.  For  the  latitude  of  Mourzouk,  iee 
Fezzan  in  this  Suppl.  Dr  Brookes,  in  his  Gazetteer, 
places  it  in  15°  5'  E.  Long. 

MOWAZZEF,  in  Bengal,  fixed  revenue. 

MOZART,  the  celebrated  German  mufician,  was 
born  at  Salzburg  in  the  year  1756.  His  father  was 
alfo  a  mufician. of  fome  eminence,  but  not  to  be  com- 
pared with  the  fon  ;  of  whom  we  have  the  following  ac- 
count in  one  of  the  monthly  mifceli-inies,  taken  by  Mr 
Bufhby  from  fome  biographical  iketches  by  two  eminent 
German  profefTors, 

At  the  age  of  three  years,  young  Mozart,  attendmg 
to  the  leffons  which  his'fiiler,  then  feven  years  old,  was 
receiving  at  the  herpfichurd,  he  became  captivated  with 
harmony  ;  and  when  flie  had  left  the  inllrument,  he 
would  inftantly  place  himfclf  at  it,  find  the  thirds,  found 
them  with  the  livelieft  joy,  and  employ  whole  hours  at 
the  exercife.  His  father,  urged  by  fuch  early  and  ftri- 
king  indications  of  genius,  immediately  began  to  teach 
him  fome  little  airs  ;  and  foon  perceived  that  his  pupil 


improved  even  beyond  the  hopes  he  had  formed  of  bin;.   M.jji. 
Half  an  hour  was  generally  fufficient  for  his  acquiring  '"•--y" 
a  minuet  or  a  little  fong,  which,  when  once  learned,  he 
would  of  himfclf  perform  with  taile  and  expreffion. 

At  the  age  of  fix  years  he  had  made  fuch  a  pro^refs 
as  to  be  able  to  compofe  (liort  pieces  for  the  harpfi- 
chord,  whxh  his  father  was  obliged  to  commit  to  pa- 
per for  him.  From  that  time  nothing  made  any  ini- 
prefTion  upon  him  but  harmony;  and  infantine  amufe- 
ments  loft  all  their  attraAions  unlefs  mufic  had  a  Ihare 
in  them.  He  advanced  from  day  to  day,  not  by  ordi- 
nary and  infenfible  degrees,  but  with  a  rapidity  which 
hourly  excited  new  iurpvife  in  his  parents — the  happy 
witnelTes  of  his  progrefs. 

His  father  returning  home  one  day  with  a  ftranger, 
found  little  Mozart  with  a  pen  in  his  hand.  "  What 
are  you  writing,"  fald  he  ?  "  A  concerto  for  the  harp- 
fichord,"  replied  the  child.  "  Let  us  fee  it  (rejoined 
the  father)  ;  it  is  a  marvellous  concerto  without  doubt." 
He  then  took  the  paper,  and  faw  nothing  at  firft  but  a 
mafs  of  notes  mingled  with  blots  of  ink  by  the  mal-ad- 
drefs  of  the  voung  compofer,  who,  unfl-;illed  in  the  ma- 
nagement of  the  pen,  had  dipped  it  too  freely  in  the 
ink  ;  and  having  blotted  and  Imeared  his  paper,  had 
endeavoured  to  make  out  his  ideas  with  his  fingers  ;  but 
on  a  clofer  examination  his  father  was  loft  in  wonder  ; 
and  his  eyes  delighted  and  flowing  with  tears,  became 
rivetted  to  the  notes.  "  See  (exclaimed  he  to  the 
i^ranger)  how  juft  and  regular  it  all  is  !  but  it  is  im- 
poffible  to  play  it  ;  it  is  too  difficult."  "  It  is  a  con- 
certo (faid  the  child),  and  muft  be  praAifed  till  one 
can  play  it.  Hear  how  this  part  goes."  He  then  fat 
down  to  perform  it  ;  but  was  not  able  to  execute  the 
paffages  with  fufficient  fluency  to  do  jullice  to  his  own 
ideas.  Extraordir:ai-y  as  his  manual  facility  was  univer- 
fally  allowed  to  be  fur  "his  age,  it  did  not  keep  pace 
with  the  progrefs  of  liis  knowledge  and  invention  •  Such 
an  in  (lance  of  intellectual  advancement,  in  a  child  only 
fix  years  (,f  age,  is  fo  far  out  of  the  common  road  i-f 
nature,  that  we  can  only  contemplate  the  faCt  with  allo- 
nilhmcnt,  and  acknowledge,  that  the  poffible  rapidity 
of  mental  maturation  is  not  to  be  calculated. 

In  the  year  1762,  his  father  took  him  and  his  fifter 
to  Munich,  where  he  performed  a  concerto  before  the 
elector,  wlu'ch  excited  the  admiration  of  the  whole  court  ; 
nor  was  he  lefs  applauded  at  Vienna,  where  the  empe- 
ror called  him  the  little forcerer. 

His  father  gave  him  lcfll>ns  only  on  the  harpfichord  ; 
but  he  privately  taught  himfelf  the  violin  ;  and  his  com- 
mand of  the  inllrument  afl'orded  the  elder  Mozart  the 
utmoft  furprife,  when  he  one  day  at  a  concert  took  a 
fecond  violin,  and  acquitted  himfelf  with  more  than 
paifable  addrefs.  True  genius  fees  no  obftacles.  It 
will  not  therefore  excite  our  wonder,  if  his  conftant 
fucccfs  in  whatever  he  attempted  begot  an  unbounded 
confidence  in  bis  own  powers  ;  he  had  even  the  laudall: 
hardihood  to  undertake  to  qualify  himfelf  for  the  f.rjl 
violin,  and  did  not  long  remain  fhort  of  the  necefliuy 
oroficlency. 

He  had  an  ear  fo  corred,  that  he  felt  the  moft  mi- 
nute difcordancy  ;  and  fuch  a  fondnefs  for  ftudy,  that 
it  was  frequently  neceflary  to  take  him  by  force  from 
the  inftrument.  This  love  of  application  never  dimi- 
nilhed.  He  every  day  pafled  a  confiderable  time  at  his 
harpfichord,   and  generally  praftifed  till  a  late  hour  at 
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night.     Another  charaderitlical  trait  of  real  genius  ; 
''always  full  of  its  objeft,  an  J  loll  as  it  \vt;re  in  itfelf. 

In  the  year  1763  he  made,  with  his  father  and  lifter, 
his  firll  grand  mnfical  journey.  He  vifited  Paris  ;  and 
was  heard  by  the  French  court  in  the  chapel-royal  at 
Vcrfaillcs,  where  his  talent  on  the  organ  was  admired 
even  more  than  on  the  harplichord.  .'it  Paris  the  mu- 
fical  travellers  gave  two  concerts,  which  procured  them 
the  hight'ft  reputation,  and  the  diftinction  of  public  por- 
traits. It  w.is  here  th  it  a  fet  of  fonatas  for  the  harp- 
fu'hord,  fome  of  his  earlicft.  compofitioiis,  were  engraved 
and  publilhtd. 

From  Paris  they  went  to  London,  where  they  alfo 
gave  two  concerts,  confifting  of  fymphonies  compofed 
by  young  Mozart,  wlio  even  at  that  early  age  fang  al- 
io with  much  expreffion,  and  prac^ited  publicly  with 
his  fifter.  Mozart  played  already  at  light,  and  in  a  con- 
cert, at  which  the  king  was  one  of  his  auditors,  a  bafs 
being  placed  before  hiin  as  a  groiin/l,  immediately  ap- 
plied to  it  a  moft  beautiful  melody.  Thofe  who  are 
bell  acquainted  with  the  extent  of  fuch  a  talk,  will  be 
the  molt  allonilhed  at  fuch  mature  familiarity  wi-th  the 
intricacies  of  the  fcience,  and  fuch  prompt  and  ready 
invention  in  fo  juvenile  a  mind. 

From  London,  where  Mozart  alfo  publilhed  fix  fo- 
natas for  the  harpfichord,  the  mufical  family  went  to 
Holland,  thence  again  to  France,  and  in  1766  returned 
to  Salzburg.  There  this  extraordinary  youth  remained 
more  tlian  a  year  in  perfeA  repofe  ;  devoting  the  whole 
-of  his  time  to  the  fludy  of  compofition,  the  principles 
of  which  he  fcrutinized  with  the  depth  and  penetration 
of  conlirmcd  manhood.  Emmanuel  Bach,  Hafle,  and 
Handel,  were  his  chief  guides  and  models  ;  though  he 
by  no  means  negleCled  the  old  Italian  matters. 

In  1768  he  again  vilited  Vienna,  where  Jofeph  II. 
engaged  him  to  fet  to  mufic  a  comic  opera,  entitled. 
La  Finta  SempUce,  which  obtained  the  approbation  of 
Halle  and  Metatallo.  At  the  houfe  of  the  prince  of 
Kaunitz,  it  often  happened  that  the  lirll  Italian  air 
which  came  to  hand  would  be  given  him,  that  in  the 
prefence  of  the  company  he  might  add  to  it  accom.pani- 
ments  for  numerous  inttruments  ;  which  he  would  write 
in  the  firll  ilylc  of  excellence,  and  without  theleail  pre- 
meditation. This  is  at  unce  a  proof  with  what  acuienefs 
of  obfervatiou  he  had  litlened  to  the  mufic  of  the  bell 
mailers  ;  how  intimate  he  had  already  rendered  himfelf 
with  the  charadlers,  capacities,  and  effedls  of  the  dilfc- 
rent  iiillruments  ;  and  what  IkiU  he  had  acquired  in 
that  abllrufe  art  of  mixed  combination  which,  while  it 
calculates  the  conjoint  effeifl  of  founds,  as  they  regard 
the  eftablilhed  laws  of  harmony,  accommodates  the  dif- 
ferent parts  to  the  fcales,  tones,  and  powers  of  the  re- 
fpeftive  inftruments  by  which  they  are  to  be  executed. 
It  was  at  this  time  alfo  that,  although  but  twelve  years 
of  age,  he  compofed  the  muiic  for  tiie  confecration  of 
the  church  of  orphans,  at  the  performance  of  which  he 
himfelf  prefided. 

In  1769  Mozart  again  returned  to  Salzburgh,  where 
he  became  maitre  ih  concert.  Not  having  yet  feen  Italy, 
in  December  of  the  fame  year  he  fet  out  for  that  feat 
of  the  fine  arts.  Thofe  talents  which  had  already  ex- 
cited the  admiration  of  Germany,  France,  and  England, 
now  awakened  in  that  land  of  mufical  tafte  the  moft 
lively  enthufiafm. 

In  177'  ^s  had  no  fooner  given  perfonal  proofs  of 
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his  genius,  than  /a  f.riuur.i  fur  the  following  carnival  Mozirr. 
was  conferred  upon  him.  He  vilited  Bologna,  then  as  ~"~"v~~" 
famous  for  harmonic  excellence  as  Naples,  where  the 
celebrated  theorill  Martini  was  amazed  to  fee  a  German 
boy  work  and  execute  the  theme  of  a  fugue  which  he 
prefented  to  him,  in  the  extraordinary  (lyle  in  which 
Mozart  acquitted  himfelf.  He  next  went  to  Florence. 
Florence  even  enhanced  the  euljguims  which  Bologna 
had  lavilhid  upon  him. 

During  the  holy  week  he  arrived  at  Rome,  and  af- 
fiiled  at  the  M'tferere  in  the  Sixtlue  chapel  ;  which  per- 
formance  is  jullly  confidered  as  the  ne  plus  ultra  oi  vocal 
mufic.  This  circumllance  claims  particular  notice,  as 
inducing  a  proof  of  another  faculty  of  his  mind,  only 
to  be  equalled  by  thofe  wonderful  powers  which  he  had 
already  dcnidiillrated.  He  was  prohibited  from  taking 
a  copy  of  this  Miferere,  and  therefore  piqued  himfelf 
on  retaining  it  in  his  memory.  Having  heard  it  with 
attention,  he  went  home,  made  out  a  manufcript  from 
recolleelion,  returned  the  next  day  to  the  chapel,  heard 
the  piece  a  lecond  time,  corrected  the  rough  draughti 
and  ])roduccd  a  tranfcript  which  furprifed  all  Rome. 
This  iMiJerdre  formed  a  fiorer  numerous  in  its  parts, 
and  extremely  ditticult  of  execution.  His  mind  had 
embraced  aiid  retained  the  whule  ! 

He  foon  after  received  from  the  Pope  the  order  of 
the  gilt  fpur  ;  and  at  Bologna  was  complimented,  by 
an  unanimous  decifion,  with  the  title  of  lilemler  ami 
Miifier  of  the  Phil-harmomc  Academy.  As  a  proof,  pro 
forma,  of  his  qualifications  for  this  academical  honour, 
a  fugue,  for  four  voices,  in  the  church  ilyle,  was  re- 
quired of  him,  and  he  was  (hut  up  alone  in  his  chamber. 
He  completed  it  in  half  an  hour,  and  received  his  di- 
ploma. This  evinced  that  he  polTelTed  an  imagination 
conitantly  at  his  command,  and  that  his  mind  was  llo- 
red  with  all  the  riches  of  his  beloved  fcience. 

The  opera  which  he  compofed  for  Milan  was  called 
Mithrulates.  This  piece  procured  him  la  Jcrittura  for 
the  grand  opera  of  the  carnival  of  1773,  which  was  his 
Luiio  Sulla.  At  length,  altera  tour  ot  fifteen  mouths,. 
he  returned  to  Salzburgh. 

In  1771  Mozart  viiited  Paris  ;  but  not  relilhing  the 
mufic  of  that  capital,  he  foon  quitted  it,  and  returned 
to  his  domcftic  comforts.  In  1781,  at  the  requell  of 
the  cL'dor  of  Bavaria,  he  compofed  the  opera  of  Ida- 
meneo  for  the  carnival  of  that  year.  Tlie  general  merit 
of  this  opera  is  fo  great,  that  it  miglit  ferve  for  the  ba. 
fis  of  a  dillingnilhed  reputation.  At  his  twenty-fifth 
year  he  was  invited  to  Vicuna,  where  he  continued 
fpreading,  as  from  a  centre,  the  tafte  of  his  compofitious 
through  all  Germany,  and  the  lulire  of  his  name  over 
the  whole  of  Europe. 

Of  all  the  virtuofi  of  the  piano  forte  who  then  crowd- 
ed Vienna,  Mozart  was  much  the  moft  (Icilful.  His 
finger  was  extraordinarily  rapid  and  tafteful,  and  the 
execution  of  his  left  hand  exceeded  every  thing  that  had 
before  been  heard.  His  touch  was  replete  with  delica- 
cy and  expreffion  ;  and  the  profound  ftudy  he  had  be- 
llowed  on  iiis  art,  gave  his  performance  a  Ilylc  the  moil 
brilliant  and  finifhed.  His  compofitious  had  a  rapid 
circulation  ;  and  every  new  piece  the  connoiffeurs  were 
ftruck  with  the  originality  of  its  caft,  the  novelty  of  the 
paffages,  and  the  energy  of  the  effedt. 

Joieph  II.  folicitous  for  the  perfeflion  of  the  German 
opera,  engaged  Mozart  to  compofe  a  piece.     He  ac- 
cordingly 
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Mozatt.   cordingly  produced  L'.'nlevemmt  iJii  Serail ;  performed 

'— V '  lor  the  fivft  time  in   1782.     It  excited  the  jealoufy  of 

ihe  Italian  company,  who  therefore  ventured  to  cabal 
againft  it.  The  emperor,  addrefiing  himfelf  to  the 
compofer,  faid,  "  It  is  too  f  tie  for  our  ears,  my  dear 
Mozart,  and  mod  charmingly  crotuded  with  notes." 
•'  Precifely  what  it  ought  to  be,"  replied  the  fpirited 
mufician,  who  jnftly  fufpeded  that  this  remark  had 
been  fuggefted  to  Jofeph  by  the  envious  Italians. 
•'  Though  I  cannot  defcribe,  as  an  auricular  evidence, 
(fays  the  faithful  author  of  the  biography),  the  ap- 
plaufea  and  the  admiration  which  this  opera  produced 
at  Vienna,  yet  I  have  witnelTed  the  enthufiafm  it  exci- 
ted at  Prague  among  all  the  connoifl'curs,  as  well  as 
among  thofe  whole  ears  were  lefs  cultivated.  It  was 
faid,  tl'.at  all  which  had  been  heard  before  wasjiot  mu- 
fic  :  it  drew  the  mod  overflowing  audiences :  every 
body  was  amazed  at  its  new  traits  of  harmony,  and  at 
paflTages  fo  original,  and  till  then  fo  unheard  from  wind 
inftruments." 

The  cautious  reader  will  perhaps  hefitate  to  admit, 
jn  its  fulleft  extent,  this  account  by  the  author  of  the 
biography  ;  but  even  after  an  allowance  for  fome  exag- 
geration, the  mod  phlegmatic  will  grant  that  much  mull 
have  been  atchieved  by  this  great  mailer,  to  afford  a 
bafis  for  fo  glowing  a  pifture  of  the  merit  and  fuccefs 
o[  L' enlevement  du  Serad.  During  the  compofition  of 
this  opera,  he  married  Mademoifelle  Weber,  a  diftin- 
guiftied  virtuofa  ;  and  the  piece  was  fuppofed  to  owe 
to  this  felicitous  circumftance  much  of  that  endearing 
charafter,  that  tone  of  tendernefs,  and  that  expreflion 
of  the  fofter  paCions,  which  form  its  principal  attrac- 
tions. 

"  The  Marriage  of  Figaro,"  which  was  in  the 
higheft  repute  at  all  the  theatres,  was  in  the  year  1787 
transformed  into  an  Italian  opera  ;  and  Mozart,  at  the 
inilance  of  the  emperor,  fet  it  to  mufic.  This  piece 
was  highly  receis'ed  everywhere,  and  kept  pofleffion  of 
the  theatre  at  Prague  during  almoll  the  whole  of  the 
winter  in  which  it  firll  appeared  :  numerous  extrafts 
were  made  from  it,  and  the  fongs  and  dances  of  Figaro 
were  vociferated  in  the  ftreets,  the  gardens,  and  the  ta- 
verns. Mozart  came  that  very  winter  to  Prague,  and 
performed  in  public  on  the  piano  forte.  His  auditors 
at  all  times  lillened  to  him  with  admiration  ;  but  when- 
ever he  played  extempore,  and  indulged  the  fpontaneous 
and  uninterrupted  fallies  of  his  fancy,  which  he  fome- 
times  would  for  more  than  half  an  hour,  every  one  was 
feized  with  the  mod  enthufiadic  raptures,  and  acknow. 
ledged  the  unrivalled  refources  of  his  imagination.  A- 
bout  this  time  the  manager  of  the  theatre  conirafted 
with  him  for  the  compofition  of  a  new  opera,  which, 
when  produced,  was  called  //  d'l/foluto  Punito,  or  Don 
Giovaimi.  His  reputation  was  now  fo  exalted,  that  the 
Bohemians  piqued  themfelves  on  the  circumftance  that 
this  opera  was  compofed  for  their  entertainment. 

But  this  fame,  this  great  and  univerfal  applaufe,  had 
not  yet  produced  to  the  admired  artid  any  folid  advan- 
tages ;  he  had  obtained  no  place,  no  fettled  income  ; 
but  fubfifted  by  his  operas,  and  the  inftruftions  and  oc- 
cafional  concerts  which  he  gave.  The  profits  of  thefe 
proved  infufficient  for  the  dyle  which  he  was  obliged 
to  fupport  ;  and  his  finances  became  much  deranged. 
The  critical  fituation  in  which  he  now  found  himfelf, 
made  him  refolve  to  quit  Vienna,  and  feek  an  afylum  in 


0    ]  M    O    Z 

London  ;  to  which  metropolis  he  had  often  been  invi.    M«rart. 
ted  ;    but    Jofeph    nominating    him    compofitcur    de    la  ^~"v~~" 
chamhre,  though,  with  a  very  inadequate  falary,  he  was 
induced  to  accept  it  ;  and  Germany  had  the  advantage 
of  retaining  him. 

It  is  lamentable  that  premature  genius  too  rarely  en- 
joys a  long  career  :  The  acceleration  of  nature  in  the 
mental  powers  feems  to  hurry  the  progrels  of  the  ani- 
mal cecou'jmy;  and  to  anticipate  the  regular  clofe  of 
temporal  exiftence. 

In  the  year  1 791,  Mozait,  jud  after  he  had  received 
the  appointment  of  Ma'itre  de  chapilk  of  the  church  of 
St  Peter,  and  when  he  was  only  thirty  five  years  of 
age,  paid  the  lad  tribute  ;  and  left  the  world  at  once 
to  admire  the  bril!i»ncy,  and  lament  the  fliurtnefs  of  his 
earthly  fojournment. 

Indefatigable,  even  to  his  death,  he  produced,  during 
the  lad  few  months  of  his  life,  his  three  great  maftcr 
pieces  La  Flutte  Enchantee,  La  Ctemence  de  Titus,  and 
a  Requiem,  his  lad  produAion.  La  Flutte  Enchantee  was 
compofed  for  one  of  the  theatres  at  Vienna  ;  and  no 
dramatic  Olio  could  ever  boad  a  greater  fuccefs.  Every 
air  ftruck  the  audience  with  a  new  and  fwcet  furprife  ; 
and  the  tout  enfemble  was  calculated  to  afford  the  deepeft. 
and  mod  varied  impreffions.  This  piece  had,  in  fa£l, 
fo  great  a  number  of  fucceffive  reprefentations,  that  for 
a  long  time  it  was  unnecelTary  to  confult  the  opera- 
bill  ;  which  only  announced  a  permanent  novelty.  And 
the  airs  felefted  from  it,  and  repeated  throughout  the 
empire,  as  well  in  the  cottage  as  in  the  palace,  and 
which  the  echoes  have  refounded  in  the  mod  didant 
provinces,  favoured  the  idea  that  Mozart  had  aftually 
the  defign  to  enchant  all  Germany  with  his  Flutte  En- 
chantee. 

La  Clemence  de  Titus  was  requefted  by  the  dates  of 
Bohemia  for  the  coronation  of  Leopold.  The  compo- 
fer began  it  in  his  carriage  during  his  route  to  Prague, 
and  finifhed  it  in  eighteen  days. 

Some  circumdances  attending  the  compofition  of  the 
piece  which  we  have  already  mentioned  as  the  lad  ef- 
fort of  his  genius,  are  too  intereding  to  be  omitted.  A 
fhort  time  before  his  death,  a  ftranger  came  to  him  with 
the  requed  that  he  would  compofe,  as  fpeedily  as  pof- 
fible,  a  requiem  for  a  catholic  prince,  who,  perceiving 
himfelf  on  the  verge  of  the  grave,  widied,  by  the  exe- 
cution of  fuch  a  piece,  to  footh  his  mind,  and  familia- 
rife  it  to  the  idea  of  his  approaching  diffolution.  Mo- 
zart undertook  the  work  ;  and  the  dranger  depofited 
with  him  as  a  fecurity  400  ducats,  though  the  fum  de- 
manded was  only  200.  The  compofer  immediately  be- 
gan the  work,  and  during  its  progrefs  felt  his  mind  un- 
ufually  raifed  and  agitated.  He  became  at  length  fo 
infatuated  with  his  requiem,  that  he  employed  not  only 
the  day,  but  fome  hours  of  the  night  in  its  compofition. 
One  day,  while  he  was  converfing  with  Madame  Mo- 
zart on  the  fubjeft,  he  declared  to  her  that  he  could  not 
but  be  perfuaded  that  it  was  for  himfelf  he  was  writing 
this  piece.  His  wife,  didreffed  at  her  inability  to  dii- 
fipate  fo  melancholy  an  impreffion,  prevailed  on  him  to 
give  her  the /core.  He  afterwards  appearing  fomewhat 
tranquillized,  and  more  mader  of  himfelf,  die  returned 
the /tore  to  him,  and  he  foon  relapfed  into  his  former 
defpondency.  On  the  day  of  his  death  he  allced  for 
the  requiem,  which  was  accordingly  brought  to  his  bed : 
«'  Was  I  not  right  (faid  he),  when  I  declared  that  it 

was 
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Mii^^rt  vvas  for  myfelf  I  was  compofing  this  funeral  piece  ?" 
^——^r"^  And  the  tears  trickled  from  his  eyes.  This  produc- 
tion of  a  man,  impreflcd  during  its  compofition  with  a 
prefentiment  of  his  approaching  death,  is  unique  in  its 
kind,  and  contains  pad'agcs  which  have  tVequenlly  drawn 
tears  from  the  performers. 

Only  one  complaint  cfcaped  him  during  his  malady  : 
"  I  mull  quit  life  (faid  he),  precifely  at  the  moment 
when  I  could  enjoy  it,  free  from  care  and  inquietude  ; 
at  the  very  time  when,  independent  of  fordid  (pecula- 
tions, and  at  liberty  to  follow  my  own  principles  and 
inclinations,  I  fliould  only  ha.vc  to  write  from  the  im- 
pulfes  of  my  own  heart  :  and  I  am  torn  from  my  tu- 
mily  jull  when  in  a  fituation  to  ferve  it."  Mozart,  at 
the  time  of  his  death,  was  confiderably  involved  in 
debt  ;  but  Vienna  and  Prague  difputed  the  honour  of 
providing  for  his  widow  and  children. 

The  countenance  of  this  great  mafter  did  not  indi- 
cate any  thing  uncommon.  He  was  fmall  of  flature  ; 
and,  except  his  eyes,  which  were  full  ot  lire,  there  was 
nothing  to  announce  fuperioritv  of  talent.  His  air, 
unlefs  when  he  was  at  the  harpfichord,  was  that  of  an 
abfent  man.  But  when  he  was  performing,  his  whole 
phyfiognomy  became  changed  :  a  profound  ferioufnefs 
recalled  and  fixed  his  eyes;  and  his  fentiments  were  ex- 
prefTed  in  every  movement  of  his  mufcles.  Never  has  a 
muiician  more  fuccefsfuUy  embraced  the  whole  extent 
of  his  art,  and  fhone  with  greater  luftre  in  all  its  depart- 
ments. His  great  operas,  no  lefs  than  his  moll  fimple 
fongs ;  his  learned  fymphonies  as  well  as  his  airy 
dances — all  carry  the  (lamp  of  the  richeft  imagination, 
the  deepeft  fen/ibility,  and  the  purell  tafte.  All  his 
works  develope  the  originality  of  his  genius  ;  and  im- 
ply a  mind  great  and  exalted  ;  an  imagination  which 
ilrikes  out  for  itfelf  a  new  courfe.  He  therefore  me- 
rits to  be  ranked  with  that  fmall  number  of  original 
geniufes,  thofe  phienomena  fplendidci,  who  form  an  epoch 
in  their  art,  by  carrying  it  to  perfeftion,  or  giving  it 
an  unknown  career. 

It  is  in  the  employment  of  wind  inllruments  that 
Mozart  difplays  his  greateft  powers.  His  melody  is 
always  fimple,  natural,  and  full  of  force  ;  and  expreflfes 
with  precifion  the  fentiments  and  individual  fituations 
of  his  perfonages.  He  wrote  with  extraordinary  faci- 
lity. "  La  Clemence  de  Titus,"  the  reader  will  recoUeft, 
cofl.  him  the  ihidy  of  but  eighteen  days  ;  and  his  re- 
quiem, which  is  equal  in  length  to  an  opera,  was  pro- 
duced in  four  weeks.  It  is  alfo  worthy  of  remark,  that 
the  overture  to  his  Don  Giovanni  was  not  begun  till 
the  night  before  the  piece  was  to  be  performed.  At 
midnight,  after  having  devoted  the  evening  to  amufe- 
ment,  he  locked  himfelf  up  in  his  ttudy,  and  compofed 
jt-in  a  few  hours.  His  memory  was  wonderfully  reten- 
tive, as  we  may  judge  from  his  copying  by  recoUeftion 
the  miferere  at  Rome.  But  a  faft  equally  aftonirtiing 
is,  that,  foon  difcovering  the  eagernefs  of  people  to  pro- 
cure his  works,  and  fearful  that  they  might  be  pirated, 
it  was  his  conllant  cuilom  to  tranfcribe  from  the  /cores 
of  his  fi.natas  only  a  part  for  one  hand,  and  at  the  pub- 
lic performance  to  fupply  the  other  by  memory. 

He  very  early  began  to  difplay  that  true  dignity  of 
an  artift  which  renders  him  indifferent  to  the  praifes  of 
thofe  who  are  unqualified  to  judge.  The  commenda- 
tions of  the  ignorant  great  he  never  confidered  as  fame. 
His  hearers,  whether  the  wealthy  or  the  titled,  mud 
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have  acquired  fome  credit  for  their  judgment  before  h?    Mozart., 
could  be   ambitious  of  their  applaufe.      Indeed  he  en-    -■'"">''"• 
tertained  fo  juil  a  fenfe  of  fcientific  elevation  and  im-         "     ' 
portance,   that  he  would  infift  upon  refpetl.     And  the 
lead  noife  or   idle   babble,  while  he  was  at  the  inlliu- 
meiit,  excited  a  difpleafiire  whicii  he  was  too  indignant 
to  conceal.     Once,  to  the  honour  of  his   feelings,  he 
fuddenly  rofe  from  his   feat,  and  left  his  inattentive  au- 
ditory to  experience  the  keen  tliough  lilent  reproach  of 
infulted  genius. 

His  mind  was  by  no  means  unlettered  ;  not  was  it 
embellillied  with  one  fcience  alone.  He  was  mafter  of 
feveral  languages,  and  had  made  conliderable  progrefs  in 
the  mathematics.  He  was  honell,  mild,  generous,  full 
of  franknets  ;  and  with  his  friends  had  an  air  at  once 
amiable,  gay,  and  free  from  tlie  lead  tinfture  of  pe- 
dantry. 

Far  from  viewing  with  envy  the  fuccefs  of  others,  a 
weaknefs  too  clofely  interwoven  in  the  general  nature  of 
man,  he  was  always  juft  to  the  talents  of  his  fellow  pro- 
feflbrs  ;  and  valued  and  rcfpeiled  merit  wherever  he 
found  it  ;  a  clearer  proof  of  which  cannot  be  adduced 
than  the  following  circumftance  :  At  a  concert,  where 
a  new  piece  compofed  by  the  celebrated  Jofeph  Haydn 
was  perform? d,  a  certain  mufician,  who  never  difcovered 
any  thing  worthy  of  pralfe  except  in  his  own  produc- 
tions, did  not  fail  to  criticife  the  mufic  ;  exclaiming  to 
Mozart,  "  There  now  !  there  again  !  why,  that  is  not 
what  /  fhould  have  done:"  "  No;  neither  fhould  I 
(replied  Mozart);  but  do  you  know  why?  Becaufe 
neither  you  nor  I  ihould  have  been  able  to  conceive 
it." 

MUMBO-JuMBO,  a  ftrange  bugbear  employed  by 
the  Pagan  Mandingoes  (fee  Manding,  Suppl.)  for  the 
purpofe  of  keeping  their  women  in  fubjedtion.  Poly- 
gamy being  allowed  among  thefe  people,  every  man 
marries  as  many  wives  as  he  can  conveniently  maintain  ; 
and  the  confequence  is,  that  family  quarrels  fometimes 
rife  to  fuch  a  height,  that  the  hufband's  authority  is 
not  fufficient  to  rellore  peace  among  the  ladies.  On 
thefe  occafions,  the  interpofition  of  Mumbo-'Jumho  is 
called  in  ;  and  it  is  always  decilive.  This  ftrange  mi- 
nifter  of  jnftice,  who  is  either  the  huftjand  himfelf,  or 
fome  perion  inftrufted  by  him,  difguifed  in  a  fort  of 
mafquerade  habit,  made  of  the  bark  of  trees,  and  arm- 
ed with  the  rod  of  public  authority,  announces  his 
coming  by  loud  and  difmal  fcreams  in  the  woods  near 
the  town.  He  begins  the  pantomime  at  the  approach 
of  night ;  and  as  foon  as  it  is  dark,  he  enters  the  town, 
and  proceeds  to  the  Bentang  or  market  place,  at  which 
all  the  inhabitants  immediately  affemble. 

It  may  eafily  be  fuppofed  that  this  exhibition  is  not 
much  reliftied  by  the  women  ;  for  as  the  perfon  in  dif- 
guife  is  entirely  unknown  to  them,  every  married  fe- 
male fufpefls  that  the  vifit  may  pofiibly  be  intended 
for  herfelf ;  but  they  dare  not  refufe  to  appear  when  they 
are  fummoned ;  and  the  ceremony  commences  with  fongs 
and  dances,  which  continue  till  midnight,  about  which 
time  Mumbo  fixes  on  the  offender.  This  unfortunate 
viftim  being  thereupon  immediately  feized,  is  Itripped 
naked,  tied  to  a  poft,  and  feverely  fcourged  with  Mum- 
bo's  rod,  amidll  the  ftiouts  and  derilion  of  the  whole 
affenibly  ;  and  it  is  remakable,  that  the  reft  of  the  wo- 
men are  the  loudeft  in  their  exclamations  on  this  occafion 
againft  their  unhappy  fifter.  Daylight  puts  an  end  to  this 
N  n  indecent 
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ndecent  and  unmanly  revel.   It  is  trul)-  adoniflu'iig  ttiat         The  graces  of  liis  elocution,  however,  produced  their    Mu-ray. 
the   women    (liould    be   deluded  by  fo  elumfy    an   im-     ufnal   etlVcl   with  a  certaii\  clafs  of  peojjle,  who  would  "^"V— ^ 
pollure,    and  that  the  men   (hould   fo  faithfully  keep     n<a  believe  that  fuch  bright  talents  could  aflfociate  with 
their  own  fecret.     That   the  women  are  deluded  fecms     the  more  folid  attainments  of  the  law,  or  that  a  man  of 

genius  and  vivacity  could  be  a  profound  lawyer.     As   ' 

Pt'pe  obferved  at  that  time, 


evident ;  for  Mr  Park  alTures  us,  tiiat  the  drefs  of  Miun- 
bo  is  fuffercd  to  hang  on  a  tree  at  the  entrance  of  each 
town ;  which  could  hardly  be  the  cafe,  if  the  women  were 
not  perfuaded  that  it  is  the  drefs  of  fome  fupeniatiiral 
being. 

MUNSHY,  a  Perfian  fecretary  or  writer. 

MUNSUB,  in  the  language  of  Bengal,  a  dignity  or 
command  conierrrd  by  the  emperor. 

MUNSTJBDAR,  a  dignitary  or  commander. 

MURRAY  (William),  afterwards  Earl  of  Mans- 
field and  l^oid  Chief  Juftice  of  England,  was  the  fourth 
fon  of  David   Vllcount   Stormont.      He  was  born   on 


The  Temple  late  two  brother  ferjeants  faw. 

Who  dctm'd  each  other  oracles  of  law  ; 

With  equal  talents  thefe  congenial  fouls. 

One  hiH'd  the  exchequer,  and  one  ftunn'd  the  rolls  ; 

Each  had  a  gravity  would  make  you  fplit, 

And  fliook  his  head  at  Murray  as  a  wit. 

It    is   remarkable  that  this  ridiculous  prejudice  ac- 
companied  Lord  Mansfield    to    the  end  of  his   judicial 

the  2d  day  of  March  1705  at   Perth,   in  the   kingdom  life,  in  fpite  of  dally  proofs   exhibited   in  the  court  of 

of  Scotland,   of  which  kingdom  his  father  was  a  peer.  King's  Bench  and  in  the  Houfe  of  Lords,  of  very  pro- 

His  rcfidence  in  Scotland,  however,  was  of  fhort  dur^-  found   knowledge  of  the  abllrufed   points  of  jurifpru- 

tion  ;  for  he  was  carried  up  to  London  at  the  early  age  dence.     Lord  Chefterfield  has  given  his  fanftion  to  this 

of  three  years.      Hence   his  total  exemption   from  the  unfounded  opinion.      In  a  letter  to  his  fon, .dated  Feb. 

peculiarities  of  the  dialeft  of  his  native  country.  n.   1754,   he   fays,  "  The   prefent    Solicitor  General 

At  the  age  of  fourteen  he  was  admitted  as  a  king's  Murray  has  lefs  law  than  many  lawyers,  but  he  has 
fcholarof  Weftminfter  fchool  ;  and  during  his  rcfidence  more  prafticethan  any,  merely  upon  account  of  his  elo- 
in  that  feminary,  fays  his  contemporary  BilTiop  New-  quence,  of  which  he  has  a  never-failing  ftream." 
ton,  he  gave  early  proofs  of  his  uncommon  abilities.  In  the  outlet  of  Lord  Mansfield's  life,  it  will  be  the 
not  fo  much  in  his  poetry,  as  in  his  other  exerclfes;  and  lefs  furprifing,  that  a  notion  fliould  have  been  entertain- 
particularly  in  his  declamations,  which  were  lure  tokens  ed  of  his  addifting  himfelf  to  the  purfuits  of  Belles 
and  prognoftics  of  that  Eloquence  whicli  grew  up  to  Lettres  too  much,  when  the  regard  fliewn  to  him  by 
fuch  a  maturity  and  perfection  at  the  bar,  and  in  both  Mr  Pope,  who  defpotically  ruled  tlje  regions  of  liter- 
lioufes  of  parliament.  At  the  eleftion  in  May  1723,  ature  at  that  period,  is  confidered.  That  gieat  Poet 
he  ftood  firil  on  the  lift  of  thofe  gentlemen  who  were  feemed  to  entertain  a  particular  affeftlon  for  our  young 
fcnt  to  Oxford,  and  was  entered  of  Chrift  Church,  June  lawyer,  and  was  eager  to  fliew  him  marks  of  his  regard, 
the  I  8th,  in  that  year.  In  the  year  1727  he  had  taken  He  addreffed  to  him  his  imitation  of  the  6th  Epillle  of 
the  degree  of  B.  A.  and  on  the  death  of  King  George  the  Firil  Book  of  Horace  ;  and  even  condelceiided  to 
the  Firft,  was  amongft  thofe  of  the  univerfity  who  com-  become  his  mailer  in  the  art  of  elocution.  "  Mr  Mur- 
pofed  verfes  on  that  event.  ray  (fays  his   biographer)   was   one   day  furprifed  by  a 

In  April  1724   he   was  admitted  a  ftudent  of  Lin-  gentleman  of  Lincoln's  Iim,  who  could  take  the  liberty 

colin's  Inn,  though  he  ftill  continued  to  refide  much  in  of  tncerlng  his   rooms  without    the   ceremonious  intro- 

the  univerfity  ;  where, on  the  26th  of  June  1730, he  took  duftiou  of  a   fervant,   in   the    fingular   a£t  of  pra£llfing 

the  degree  of  M.  A.  and  foon  afterwards  left  Oxford,  the  graces  of  a  fpeaker  at  a  glafs,  while  Pope  fat  by  in 

determined  to  make  the  tour  of  Europe  before  he  fliould  the  chara£ler  of  a  friendly  preceptor.      Mr  Murray,  on 

devote  himfelf  ferioufiy  to  bufinefs.      About  this  period  this  occafion,  paid  that  poet  the  handfome  compliment 

he  wrote  two  letters  to  a  young  noblcm.an  on  the  lludy  of  Tu  es  tnihi  Mxcenas  (a)." 

ci{  ancient  and  modern   hiilory,  which  are  publiflied  by  Whatever   propenfities   this  fprightly  lawyer   might 

his  biographer  Mr  Holllday,   and  fliew  how  amply  his  have  towards  polite  literature,  he  did  not  permit  them 

own  mind  was  then  ftored  with  general  literature.  to  divert    his   attention   from  his  profeffion.     He  foon 

On  his  return   to    England   he  commenced  his  legal  dillinguifned    himfelf   in  an  extraordinary  manner,   as 

flndles  ;  but    proceeded  not  in  the   way   then   ufually  may  be  fceu  by  thofe  whoare  converfant  vvith,  or  chufe 

adopted,  of   labuuilng  in   the  chambers    of    a   fpecial  to  refer  to  the   Books  of  Reports.      In  the  year   1736, 

pleader,  or  copying  (to  ufe  the  words  of  Llackllone)  the  murder  of   Captain  Porteous  by   a   mob  in    Edin- 

the  tradi  of  an   attorney's    office.      Being  bleffed   with  burgh,  after  he    had  been  reprieved,   occafioned  a  cen- 

fhe  powers  of  oratory  In   their  hlghell   perfeftion,  and  fure  to  fall  on   that  city,  and  a  bill  of  pains   and  pe- 

bavlng  foon  an  opportunity  of  difplaying  them,  he  very  nalties  was  brought   into  parliament   agalnll  the  Lord 

early    acquired    the    notice  of  the  chancellor  and  the  Provoft  and  the  corporation  ;  which,  after  various  modlfi- 

judges,    as  well  as  the  confidence  of  the   inferior  prac-  cations,  and  a  firm  and  unabated  oppofition  in  every  flage 

tifcrs.      How    much   he    was  regarded  in  the  houfe  of  of  its  progrefs,  paffed  into  a  law.     In  both  Houfes  Mr 

lords.  Pope's  well-known  couplet  will  prove  :  Murray  was  employed  as  an  advocate,  and  fo   much  to 

the  fatisfaftion  of  his  clients,  that  afterwards,  in   Sep- 

Grac'd  as  thou  art  with  all  the  power  of  words,  tember  174:5,   he  was   prefented   with  the   freedom  of 

So  known,  fo  honour'd  at  the  houfe  of  lords.  Edinburgh  in  a  gold  box,  profefledly,  as  it  was  decla- 
red. 


(a)  It  is  thus  that  eminence  is  attained  even  by  genius,  and  Mr  Murray  was  properly  employed  ;  thoiigh  we 
do  not  clearly  perceive  the  uie  of  the  glafs,  when  his  mailer  was  watching  all  his  geftures. 


M     U     R  [2 

M'lr-ay.  reJ,  for  liis  ficjnal  fcrvicts  by  fpeechcs  to  both  Houfes 
•— — V  of  Parliament  in  the  condud  of  that  bnlinefs. 

On  the  24th  ofNovembLT  1738,  he  h.id  married  Lady- 
Elizabeth  Finch,  danghter  of  the  Earl  of  Winclielfea, 
and  ill  the  month  of  November  1742,  was  appointed 
Solicitor  Genernl  in  the  place  of  Sir  John  Strange 
who  refigned  (b).  He  likevvlfe  was  cholen  to  repre- 
fent  the  town  of  Borougiibridge  in  Parliament,  for 
which  place  he  was  alfo  returned  in  1747  and  17  54. 

In  the  month  of  March  1746-7  he  was  appointed 
one  of  the  managers  for  the  impeachment  of  Lord 
Lovat  by  the  Houfe  of  Commons,  and  it  fell  to  his  lot 
to  obferve  on  the  evidence  previous  to  the  Lords  giving 
their  judgment.  Tiiis  taflc  he  executed  with  fo  much 
cindour,  moderation,  and  gentleman-like  propriety,  that 
Lord  Talbot,  at  the  conclution  of  his  fpeecli,  paid  him 
the  following  compliment  :  "  The  abilities  of  the  learn- 
ed manager  who  jull  now  fpoke,  never  appeared  with 
greater  fplendour  than  at  this  very  hour,  when  his  can- 
dour and  humanity  has  been  joined  to  tliofe  great  abi- 
lities which  have  already  made  him  fo  confpicuous,  that 
I  hope  one  day  to  fee  him  add  luflre  to  the  dignity  of 
the  firlt  civil  employment  in  this  nation."  Lord  Lovat 
iiimfelf  alfo  bore  teltimony  to  the  abilities  of  his  adver- 
fary  :  "  I  thought  myfelt  (fays  his  lordfhip)  very  much 
loaded  by  one  Murray  (c),  who  your  lordfhips  know 
was  the  bittereft  evidence  there  was  againft  me.  I  have 
fmce  fuffered  by  another  Mr  Murray,  who,  I  muil  fay 
with  pleafure,  is  an  honour  to  his  country,  and  whofe 
eloquence  and  learning  is  much  beyond  what  is  to  be 
expred  by  an  ignorant  man  like  me.  I  h<jard  bim 
with  pleafure,  though  it  was  againlt  me.  I  have  the 
honour  to  be  his  relation,  though  peHiaps  he  neither 
knows  it  nor  values  it.  I  wilh  tliat  his  being  born  in 
tlie  North  may  not  hinder  him  from  the  preferment  that 
his  merit  and  learning  deferve." 

During  the  time  that  Mr  Murray  continued  in  office, 
he  fupported,  with  great  ability,  the  adminiitratioti 
with  which  he  was  cunoefted;  and,  of  courfe,  rendered 
hinifelf  obnoxious  to  thofe  who  were  in  oppofition. 
Nothing,  however,  could  be  urged  either  againll  his 
public  conduit  or  his  private  life  ;  but  he  was  involved 
in  fume  trouble  by  an  ill-devifed  tale,  concurring  with 
the  known  principles  of  the  family  of  Stormont,  tg 
make  him  fufpefted  of  Jacobitifm.  Of  this  aff^air,  a  full 
and  particular  account  is  given  by  the^ate  Lord  Mel- 
combe  in  the  following  words  : 

"  Meffrs  Murray,  Fawcett,  and  Stone,  were  much 
acquainted,  if  not  fchool  fellows,  in  earlier  life.  Their 
fortune  led  them  diflereut  ways  ;  Favvcett's  was  to  be  a 
country  lawyer  and  recorder  of  Newcaltle.  Johnfon, 
iiow  Bifliop  of  Glouceller,  was  one  of  their  aifociates. 
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On  the  day  the  King's  birth  day  was  kept,  they  dined    Mnrrajr. 
at  the  Dean  of  Durham's  at   Durham  ;  this  Fawcett,  " 

Lord  Ravenfworth,  Major  Davidfon,  and  one  or  two 
more,  who  retired  after  dinner  into  another  room.  The 
converfation  turning  upon  the  late  Biflicp  of  Gluu- 
cefter's  preferments,  it  was  aiked  who  was  to  have  his 
prebend  of  Durham  ?  The  Dean  faid,  that  the  lad  newa 
from  London  was,  that  Dr  Johnfon  was  to  have  it  : 
J"awcett  faid,  he  was  glad  that  Johnfon  got  off  fo  well, 
for  he  remembered  him  a  Jacobite  feveral  years  ago, 
and  that  he  ufed  to  be  with  a  relation  of  his  who  wa»  - 
very  difaffefted,  one  Vernon,  a  mercer,  where  the  Pre- 
tender's health  was  frequently  drunk.  This  pafling 
among  a  few  familiar  acquaintance,  was  thought  iiu 
more  of  at  the  time  :  it  fpread,  however,  fo  much  in  the 
North  (how  I  never  heard  accounted  for),aud  reached 
town  in  fuch  manner,  that  Mr  Pelham  thought  it  ne- 
ceffary  to  defire  Mr  Vane,  who  w:is  a  friend  to  Faw- 
cett, and  who  employed  him  in  his  bulinefs,  to  write  to 
Fawcett,  to  know  if  he  had  faid  this  of  Johnfon,  and  if 
he  had,  if  it  was  true. 

"  This  letter  was  written  on  the  9th  of  January  ;  it 
came  to  Newcuftle  the  Friday  following.  Fawcett 
was  much  furpriled  ;  but  the  pod  going  out  in  a  fewr 
hours  after  its  arrival,  he  immediately  acknowledged 
the  letter  by  a  long,  but  not  very  explicit,  anfwer. 
This  Friday  happened  to  be  the  club-day  of  the  neigh- 
bouring gentlemen  at  Newcaftle.  As  foon  as  Lord 
Ravenfworth,  who  was  a  patron  and  employer  of  Faw- 
cett, came  into  the  town,  Fawcett  acquainted  him  with 
the  extraordinary  letter  he  had  received  ;  he  told  him 
that  he  had  already  anfwered  it  ;  and  being  aflccd  to 
fhew  the  copy,  faid  he  kept  none  ;  but  defired  Lord 
Ravenfworth  to  recoiled  if  he  held  fuch  a  converfation 
at  the  Deanry  of  Durham  the  day  appointed  for  the 
birth-day.  Ravenfworth  recollefted  nothing  at  all  of 
it  :  they  went  to  the  club  together,  and  Ravenfworth 
went  the  next  moreing  to  fee  his  mother  in  the  neigh- 
bourhood, with  whom  he  (laid  till  Monday  ;  but  this  ' 
thing  of  luch  confequence  lying  upon  his  thoughts,  he 
returned  by  Newcaille.  He  and  Fawcett  had  ;inother 
converfation ;  and  in  endeavouring  to  retrefh  each  other's 
memory  about  this  dreadful  delinquency  of  Johnfon, 
Fawcett  faid  he  could  not  lecolleft  politively  at  fuch 
a  diltance  of  time,  whether  Johnlon  drank  thefe  healths, 
or  had  been  prefent  a^the  drinking  of  them,  but  that 
Murray  and  Stone  had  done  both  feveral  times.  Ra- 
venfworth was  excefiively  alarmed  at  this  with  relation 
to  Stone,  on  account  of  his  office  about  the  prince  ; 
and  thus  the  affair  of  Johnfon  was  quite  forgotten,  and 
the  epifode  became  the  principal  part.  There  were 
many  more  conferences  between  Ravenfworth  and  Faw- 
N  n   3  cett 


(b)  On  this  occafion  a  doggrel  poem  was  publiflicd  bv  one  Morgan,  a  perfon  then  at  the  bar,  entitled,  ' 
Caulidicade,"  in  which  all  the  principal  lawyers  were  fuppofed  to  urge  their  refpeftive  claims  to  the  poll, 
the  conclufion  it  is  faid. 

Then  Murray,  prepar'd  with  a  fine  panegyric 

In  praife  of  himfelf,  would  have  fpoke  it  like  Garrick  ; 

But  the  Preiident  flopping  him  faid,   "  As  in  truth 

"  Your  worth  and  your  praife  is  in  every  one's  mouth, 

"  'Tis  needlefs  to  urp-e  what's  notorioufly  known, 

"  The  office,  by  merit,  is  your's  all  m.ufl  own  ; 

"  The  voice  of  the  public  approves  of  the  thing, 

"  Concurring  wlih  that  of  the  Court,  and  the  King." 

(c)  One  of  the  evidences  agaiiUl  hiui. 


The 
At 


M    U     R  [     284    ]  M     U    R 

Murray,    cett  upon  this  fubjedl,  in  which  the  latter  always  per-     a  letter  nJdrefTtd  to  the  Lord  Bifhop  of  Glouccfter,    Murray. 
''■"""V"' filled  that  Stone  and -Murray  were  prefent  at  the  drink-     acknowledging,   in    the    moll  explicit  terms,  that  his  ^— ^r— 
ing,  and  did  drink  tliofe  healths.     It  may  be  obferved     Lordlhip  was  innocent  of  the  charge  which  he  had  been 
here,  that  when  he  was  examined  upon  oath,   he  fwore     the  inilrument  of  bringing  againll  him. 
to  the  year  1731   or    1732,  at  lateft.     Fawcett  comes  On  the  advancement  of  Sir  Dudley  Ryder  to  tlie 

lip  as  uiual  about  hi?  law  bufinel's,  and  is  examined  by  chief  jufticefhip  of  the  King's  Bench  in  17^4,  Mr 
Mefl'rs  Pelham  and  Vane,  who  never  had  heard  of  Mur-  Murray  fucceeded  him  as  attorney  general ;  -and  on  his 
ray  or  Stone  being  named:  he  is  afted,  and  anfwcrs  death,  Novemb^-r  1756,  again  became  his  fuccefFor  as 
only  with  relation  to  Johnfon,  never  mentioning  either  chief  jullice,  when  he  was  created  Baron  of  Maiibficld. 
of  the  others  ;  but  the  love  of  his  cduntiy,  his  kmg,  in  the  county  of  Nottingham,  with  remainder  to  the 
and  pofterity,  burned  fo  ilroiigly  in  Ravenlworth's  heirs  male  of  his  body  lawfully  begotten, 
bofom,  that  he  conld  have  no  rell  till  he  had  difcovered  As  foon   as   Lord  Mansfitld   was   cftablifhed   in   the 

this  enormity.  Accordingly,  when  he  came  to  town,  King's  Bench,  he  began  to  make  improvements  in  the 
he  acquainted  the  minillry  and  almoft  all  his  great  praftice  of  that  court.  On  the  12th  of  November, 
friends  with  it,  and  inlifted  upon  the  removal  of  Stone,  tour  days  after  he  had  taken  his  feat,  he  made  a  very 
The  minidry  would  have  flighted  it  as  it  defei-v-ed  ;  but     neceffary  regulation,  obfer 

as  he  perfifted,  and  had  told  fo  many  of  it,  they  could 

not    help  laying  it  before  the  king,  who,   though   he 

him  felf -lighted  it,  was  advifed  to  examine  it;   which 

examination  produced  the  mod  injudicious  proceeding 
*  Lord  Mel- in  parliament*." 

coatc's  Di.t-     This  is  Lord  Mclcombe's  account  ;  and   the  fame 
rj,y.  aio.  author  informs  us,   that  Mr  Murray,  when  he  heard  of 

the  committee  being  appointed  to  examine  this  idle  af- 
fair, fent  a  mefTage  to  the   king,  humbly  to  acquaint 

him,  that  if  he  (liould  be  called  before  fuch  a  tribunal 

on  fo  fcandalous  and  injurious  an  account,  he  would  re- 

fign  his  ofiice,  and  would  refufe  to  anfwer.     It  came, 

however,  before  the  Houfe  of  Lords,  22d  January  1753, 

on  the  motion  of  the  Duke  of  Bedford. 

The   debate   was  long  and   heavy,   fays  Lord  Mel- 
combe  ;  the  Duke  of  Bedford's  performance  moderate 

enough  ;  he  divided  the  Hnufe,  but  it  was  not  told,  for 

there  went  below  the  bar  with  him  the  Earl.Harcourt, 

Lord  Townlhend,  the  Bifhop  of  Worceiler,  and  Lord 


ion,  oblervHig,  "  Where  we  have  no 
doubt,  we  ought  not  to  put  the  parties  to  the  delay 
and  expence  of  a  farther  argument ;  nor  leave  other  per- 
fons,  who  may  be  interefted  in  the  determination  of  a. 
point  fo  general,  unnecelTarily  under  the  anxiety  uf  fuf- 
pence." 

The  anxiety  of  fufpence,  from  this  period,  was  no 
longer  to  be  complained  of  in  the  court  of  King's 
Bench.  The  regularity,  punftuality,  and  difpatch  of 
the  new  chief  jullice,  afforded  fnch  general  fatisfaftion, 
that  they,  in  proceis  of  time,  drew  into  that  court  moft 
of  the  caufes  which  could  be  brought  there  for  deter- 
mination. 

Sir  James  Burrows  fays,  "  I  am  informed,  that  at 
the  fittings  for  London  and  Middlcfex  only,  there  are 
not  fo  few  as  800  caufes  fet  down  in  a  year,  and  all  dil- 
pofed  of.  And  though  many  of  them,  clpecially  in 
London,  are  of  confiderable  value,  there  are  not  more, 
upon  an  average,  than  between  20  and  30  ever  heard  of 
afterwards  in  the  fliape  of  fpecial  verdifts,  ipecial  cafes, 


tion 


The   King,   his  late  Majefty,  viewed  it  in  its  true 
light  ;  and  is  reported  to  have  laid,  "  Whatever  they 
were  when  Weltniinfler  boys,   they  are  now  my  very 
good  friends."      He  was  likewife,  as  we  have  been  in-     nefs). 
formed  by   a  gentleman  connetted  with  the  family  of     which. 


Talbot  only.  The  Bifliop  of  Norwich  and  Lord  Har-  motions  for  new  trials,  or  in  arrefl  of  judgment.  Of  a 
court  both  fpcke,  not  to  much  purpofe  ;  but  neither  of  bill  of  exceptions  there  has  been  no  inllance  (I  do  not 
them  in  the  leall  fupported  the  Duke's  queftion.  include  judgments  upon  criminal  profecutions;  they  are 

Upon  the  whole,  Lord  Melcombe  concludes,  "It  neceffary  confequences  of  the  convldions).  My  reports 
was  the  worll  judged,  the  worft  executed,  and  the  worft  give  but  a  very  faint  idea  of  the  extent  of  the  whole  buii- 
fupported  point  that  I  ever  faw  of  fo  much  expefta-     nefs  which  comes  before  the  court  :   I  only  report  what 

I  think  may  be  of  ufe  as  a  determination  or  illultration 
of  fonie  matter  of  law.  I  take  no  notice  of  the  nume- 
rous queftions  of  faCi  which  are  heard  upon  affidavits 
(the  moft  tedious  and  irkfome  part  of  the  whole  bufi- 
I  take  no  notice  of  a  variety  of  contellations, 
by  a  gentleman  connetted  with  the  family  ot  which,  after  having  been  fully  difcuffed,  are  decided 
Stormont,  fo  delighted  with  Mr  Murray's  fpeech  in  his  without  difficulty  or  doubt.  I  t<-(ke  no  notice  of  many 
own  vindication,  that  he  defired  to  have  a  copy  of  it,  cafes  which  turn  upon  a  conftruAion  fo  peculiar  and 
as  a  model  of  dignified  and  candid  eloquence.  Faw-  particular,  as  not  to  be  hkely  to  form  a  precedent  for 
cett,  the  original  author  of  the  ftory,  feems  indeed  to  any  other  cafe.  And  yet,  notvvithftanding  this  iromen- 
have  been  a  very  fncaking  knave,  totally  unworthy  of  fity  of  bufinefs,  it  is  notorious,  that,  in  confequence  of 
credit.  Bilhop  Johnfon,  who  was  overlooked  in  the  method,  and  a  few  rules  which  have  been  laid  down  to 
turmoil,  excited  by  the  fuppofed  guilt  of  Murray  and  prevent  delay  (even  where  the  parties  themfelves  would 
Stone  (fee  Stone,  in  this  Suppl.)  went  to  Fawcett's  willingly  confent  to  it),  nothing  now  hangs  in  court, 
chambers  in  the  Temple,  and  defired  an  interview.  Be-  Upon  the  laft  day  of  the  very  laft  term,  if  we  exclude 
ing  told  by  the  fervant  that  his  matter  was  not  at  home,  fuch  motions  of  the  term  as  by  defire  of  the  parties  went 
he  renewed  his  vifit  very  early  next  morning,  and  de-  over  of  courfe  as  peremptories,  there  was  not  a  fingle 
clared  his  refolution  to  wait  till  Mr  Fawcett  fhould  matter  of  any  kind  that  remained  undetermined,  except- 
rife,  the  laundrefs  having  inadvertently  confeffed  that  ing  one  cafe  relating  to  the  proprietary  Lordlhip  of  Ma- 
he  was  ftill  in  bed.  Fawcett,  upon  this,  left  his  thorny  ryland,  which  was  profeffedly  poftponed  on  account  of 
pillow  with  reluftance  ;  for  fomething  fharper  than  the  prefent  fituation  of  America.  One  might  fpeak  to 
thorns  (fays  Mr  Holliday)  awaited  him,  which  he  could  the  fame  effeft  concerning  the  laft  day  of  any  former 
not  now  poffibly  avoid.     The  refult  of  the  interview     term  for  fome  years  backward." 

produced  expreflions  of  deep  contrition,  together  with         The  fame  author  alfo  informs  us  that,  excepting  two 

cafes. 
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cafea,  there  had  not  bten,  from  the  6th  of  November         ,,  j  ,   r  .  f,-  f  r  1  Murray. 

'  17  c6  to  the  time  of  his  then  prefent  publication,   26th  .,  „         pj'iji  i-iipta  ja  us                 t,     .,.      ,    v ,,,        *-~nr~-- 

,>-'           ,        r     1   i-ir               r      ■   ■       •     .1             .  •  *^  oervare,  pror  us  non  potell,  banc  l'amiiiani[i>\i 

May  1776,  a  final  dilicience  ot  opmiori  m  tlie  court  in  ^t      J            r    j  '                           \   f 

any  cafe,  or  upon  any  point  whatfoever.  "It  is  re-  A  change  of  adminiftration  again  took  place  in  1765, 
markablc,  too  (he  addo),  that,  excepting-  thefe  two  which  introduced  the  Marquis  of  Rockingham  and  his 
caits,  no  judgment  given  during  the  fame  peiiod  has  friends  to  govern  the  country  ;  and  the  meafures  then 
been  reverfed,  either  in  the  exchequer  chamber  or  in  adopted  not  agreeing  with  Lord  Mansfield's  fentiments, 
j>arliament  ;  and  even  thefe  reverfals  were  with  great  he,  for  the  fiift  time,  became  an  opponent  of  govern- 
diverfity  of  opinion  among  the  judges."  Of  the  two  ment.  On  the  bill  for  repealing  the  (lamp  aft,  he  fpoke, 
cafes  here  mentioned,  one  was  the  famous  queftion  con-  and  divided  agaiull  it  ;  and  is  fuppofed  to  have  had 
eerning  literary  property,  which  the  majority  of  tlie  fome  fliare  in  the  compofition  of  the  protefts  on  that 
judges  of  the  court  of  King's  Bench  held  to  be  perrna-  occalion,  though  he  did  not  fign  them.  In  the  fame 
nent;  and  in  fupport  of  which  opinion,  fuch  arguments  year,  he  is  faid  to  have  animadverted,  with  no  fmall  de- 
were  urged  by  the  chief  juftice,  as  have  not  yet  perhaps  gree  of  feverity,  on  the  incautious  expreffions  of  Lord 
been  completely  anfwered.                                     »  Camden,  on  the  affair  of  prohibiting  the  exportation  of 

The  ill  fucqefs  of  the  war,  which  had  lately  been  be-  corn,  that  it  was  but  a  40  days  tyranny  at  the  outfide. 

gun,  occafioned  a  change  in  the  adminiftration;  and  the  (s). 

eonfllfts  of  contending  parties  rendered  it  impradlicable  In  I  767  theDIffenters  caufe  was  determined,  In  whicll 

for  the  crown,  at  that  junfture,  to  fettle  a  new  minillry.  Lord  Mrmsfield  delivered  a  fpeech,  which  has  hnce  been 

In  order  therefore  to  give  paufe  to  tlie  violence  of  both  printed,   and  Ihews  ills  Lordfliip  to  have  been   a  ileadv 

fides,  I>ord  Manslield  was  induced  to  accept  the  poil  of  friend  to  religious  toleration,  as  well  as  to  the  rights  of 

chancellor  of  the  exchequer  on  tlie  9th  of  April  17  j7;  the  cftablifhed   church.     The   confclentious  Diffenters 

whicii  he  held  until  the   2d  of  July  in   the   fame  year,  themfelves  lavifiied  upon  that  fpeech  the  highell  praife; 

Curing  this  interval,  he  employed  himlelf,  with   great  vvhilll  others  of  them,  in   the  fuccecdlng  year,  deluged 

fuccefs,  to  bring  about  a  coalition;,  wliich  being  effett-  the  public  prints  with   torrents  of  abufe  on    the  Chief 

ed,  produced  a  ferics  of  events,  which  railed  the  glory  Juftice.      In   that  year  was  the  general  eleftion.     Mr 

of  Great  Britain  to  the  highell  point  at  which  it   has  Wilkes  returned  from  abroad,  became  a  candidate  for 

ever  been   feen.      In  the  fame  year  he  was  offered,   but  the  city  of  London,  and  afterwards  was  chofen    repre- 

refufed,   the  office  of  Lord  High  Chancellor  ;  and   in  fentatlve  for  the   county  of  Middlefex.      Having    been 

November  1758,  he  was  elefted  a  governor  of  the  char,  outlawed  fome  years  before,   he   now  applied  for  a  re- 

ter  houfe,   in   the  room  of  the  Duke  of  Marlborough)  verfal  of  tiiat   proceeding.      On   the  8th   of  June,   the 

then  lately  deceafed.  coniideration   ■  *    It  came   before   the   court   of  King's 

For  feveral  years  after  this  period,  the  tenor  of  Lord  Bench  ;   when  llie  judges  delivered  their  opinions  very 

Mansfield's  life  was  marked  only  with  a  moft  fedulous  fully,  and  \\'ere  unanimous   that  the  outlawry  was  ille- 

difcharge  of  the  duties  of  his  office.    In  1760  Geo.  II.  gal,  and  muft  be  reverfed.   On  this  occalion  Lord  Mans- 

died,  and  the  new  reign  commenced  with  alteratloiis  field  took  the  opportunity  of  entering  into  a  full  ftate- 

in  the  adminiftration  ;  which  gave  rife  to  a  virulent  fpl-  ment  of  the  caie,  and  a  juftlfication  of  his  own  conduft. 

rit  of  oppolition,   conducled  with  a  degree  oi   violence  The   reader  will  find   the   cafe   reported   by  Sir  James 

and  alperlty  never  known   at  any  former   time.     As  a.  Burrow  ;  from  whom  we  fhall  extraft   the   following, 

friend  to  the  thea  adminiftration,   Lord  Manslield  was  which  appears  to  have  been  the  moft  important  part  of 

marked  out  for  a  more  than  ordinary  fliare  of  malicious  his  Lordfhip's  fpeech. 

inveftive.  It  is  in  allufion  to  this,  that  Warburton,  af-  "  It  is  fit  to  take  fome  notice  of  the  various  terrors 
ter  tracing  the  rife  and  progrefs  of  the  irreligion  and  11-  hung  out  ;  the  numerous  crowds  which  have  attended, 
centioufnefs  which  then  prevailed,  and  jobferving  that,  and  now  attend,  in  and  about  the  hall,  out  of  all  reach 
amid  fuch  general  corruption,  the  pure  adminlilration  of  hearing  what  pafles  in  court;  and  the  tumults  which 
of  public  juftice  ftill  afforded  a  cheerful  confolation  to  in  other  places  have  fliamefuUy  infulted  all  order  and  go- 
thinking  men,  proceeds  thus  :  vernment.     Audacious  addrcffes  in  print  diftate  to  us, 

f'  But  the  evil  genius  of  England  would  not  fuiTer  us  from  thofe  they  call  the  people,  the  judgment  to  be  gi- 

to  enjoy  it  long  ;  for,   as  if  envious  of  this  laft  fupport  vcn  now,  and  afterwards  upoa  the  conviftion.    Realons 

of   government,    he  hath    now  inftlgated  his  blackeft  of  policy  are  urged,  from  danger  to  the  kingdom,  by 

agents  to  every  extent  of  their  malignity  ;  who,  after  commotions  and  general  confufion. 

the  moft  villanous  infults  on  all  other  orders  and  ranks  "  Give  me  leave  to  take  the  opportunity  of  this  great 

in  foclety,  have  at  length  proceeded  to  calumniate  even  and  refpeftable  audience,  to  let  the  whole  world  know 

the  king's  fupreme  court  of  juftice,  under  Its  ableft  and  all  fuch  attempts  are  vain.     Unlefs  we   have  been  able 

moft  unblemilhed  adminiftration.     After  this,  who  will  to  find  an  error  which  will   bear   us   out  to  reverfe  the 

not  be  tempted  to  defpair  of  his  country,  and  fay  with  outlawry,   it  muft  be  affirmed.     I'he  conftitution  does 

the  good  old  man  in  tlie  fcene,  not  allow  reafons  of  ftate  to   influence  our  judgment : 

God 


(d)  See  the  dedication  of  the  5th  edition  of  the  Divine  Legation  of  Mofes,  which  deferves  to  be  read  at  pre- 
fent  with  pecuhar  attention,  as  the  work  of  a  man  of  gigantic  talents,  deeply  read  in  law  as  well  as  in  theology. 

(e)  The  fpeeches  in  the  debate  were  never  printed;  but  the  fubftance  of  them  all  was  confolidated  in  a  pamph- 
let publifhed  at  the  time,  intitled,  "  A  Speech  againft  the  fufpending  and  difpenfing  prerogative,"  8vo,  Since, 
reprinted  in  Debrett's  Debates,  Vol.  IV.  p.  3:84. 
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M^.rray.  G.hI  forbid  it  (honld  !     We  mull  not  regard  politic:il 
""""^  coiilequenccs,  how  formidable  focver  they  may  be  ;  we 

are  bound  to  fay,  Fial  yujlitia,  mat  Cdlum.  The  con- 
ftitution  trulls  the  king  with  reafons  of  ftate  and  poli- 
cy :  He  may  pardon  offences  ;  it  is  his  to  judge  whe- 
ther the  law  or  the  criminal  lliould  yield.  We  have  no 
eleclion.  None  of  us  encouraged  or  approved  the  com- 
miffion  of  either  of  the  crimes  of  which  the  defender  is 
convifted  :  none  of  us  had  any  hand  in  his  being  profe- 
cuted.  As  to  myfelf,  I  took  no  part  (in  another  place) 
in  the  addrelfcs  for  that  profecution.  We  did  not  ad- 
vife  or  aifill  the  defender  to  fly  from  juftice  ;  it  was  his 
own  aft,  and  he  muft  take  the  confequences.  None  of 
us  have  been  confulted,  or  had  any  thing  to  do  with  the 
prefent  profecution.  It  is  not  in  cur  power  to  (lop  it  ; 
it  was  not  in  our  pov^er  to  bring  it  on.  We  cannot 
pardon.  We  are  to  fay  what  we  take  the  law  to  be. 
If  we  do  not  fpeak  our  real  opinions,  we  prevaricate 
with  God  and  our  own  conlciences. 

"  I  pafs  over  many  anonymous  letters  I  have  recei- 
ved :  thofe  in  print  are  public  ;  and  fome  of  them  have 
been  brought  judicially  before  the  court.  AVhoevcr  the 
writers  are,  they  take  the  wrong  way.  I  will  do  my 
duty  unawed.  What  am  I  to  fear  ?  That  menJax  in- 
famla  from  the  prefs,  which  daily  coins  falfe  fafts  and 
falfe  motives  I  The  lies  of  calumny  carry  no  terror  to 
ne.  I  trull  that  my  temper  of  mind,  and  the  colour 
and  conduft  of  my  life,  have  given  me  a  fuit  of  armour 
Kgainft  thefe  errors  If,  during  this  king's  reign,  I 
have  ever  fupporteJ  his  government,  and  affifted  his 
meafures,  I  liave  done  it  v.ithout  any  other  reward  than 
the  confcioufnefs  of  doing  what  I  thought  right.  If  I 
have  ever  oppofed,  I  have  done  it  upon  the  points  them- 
felves,  without  any  collateral  views.'  I  honour  the  king, 
find  refpeft  the  people.  But  many  things  acquired  by 
the  favour  of  either  are,  in  my  account,  objects  not 
worth  ambition.  I  wifli  popularity  ;  but  it  is  that  po- 
jjularity  which  follows,  not  that  which  is  run  after. — 
it  is  that  popularity  which,  fooner  or  later,  never  fails 
to  do  juftice  to  the  purfuft  of  noble  ends  by  noble 
means,  I  will  not  do  that  which  my  confcience  tells  me 
is  wrong  upon  this  occafion,  to  gain  the  huzzas  of  thou- 
fands,  or  the  daily  praife  of  all  the  papers  which  come 
from  the  prefs.  I  will  not  avoid  doing  what  I  think  is 
rio-ht,  though  it  (hould  draw  on  me  the  whole  artillery  of 
libels,  all  that  falfehood  and  malice  can  invent,  or  the 
credulity  of  a  deluded  populace  can  fwallow.  I  can  fay 
with  a  great  magillrate,  upon  an  occafion,  and  undei- 
circumllances  not  unlike,  ''Ego  hoc  on'imo femper  fiii,  ut 
invidiam  virlute  pariam,  glorium,  iioti  inviititim  putcirem.' 

"  The  threats  go  furthur  than  abule  :  Perfonal  vio- 
lence is  denounced.  I  do  not  believe  it  :  it  is  not  the 
s^enius  of  the  worft  men  of  this  country  in  the  vvorll  of 
times.  But  I  have  fet  my  mind  at  relt.  The  laft  end 
that  can  happen  to  any  man  never  comes  too  foon,  if 
he  falls  in  f\ipport  of  the  law  and  liberty  of  his  country 
(for  liberty  is  fynonymous  to  law  and  government). 
Such  a  Ihock,  too,  mull  be  produftive  of  public  good  : 
It  might  awake  the  better  part  of  the  kingdom  out  of 
that  lethargy  which  feems  to  have  benumbed  them  ; 
and  bring  the  mad  part  back  to  their  fenfes,  as  men  in- 
toxicated are  Tometimes  ftunned  into  fobriety. 

"  Ovice  for  all,  let  it  be  undeiHood,  that  no  endea- 
vours of  this  kind  will  influence  any  man  who  at  prefent 
Jits  here.     If  they  had  any  effeft,  it  would  be  contrary 
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to  their  intent  :  Leaning  againft  their  imprefiion  might  Murray, 
give  !i  bias  the  otiier  way.  But  I  hope,  and  I  know,  »  " 
that  I  have  fortitude  enough  to  refift  even  that  weak- 
nefs.  No  libels,  no  threats,  nothing  that  has  happen- 
ed, nothing  that  can  happen,  will  weigh  a  leather  a- 
gainft  allowing  the  defendant,  upon  this  and  every  other 
queftion,  not  only  the  whole  advantage  he  is  intitled  to 
from  fubftantial  law  and  jullice,  but  every  benefit  from 
the  moll  critical  nicety  ot  form,  which  any  other  defen- 
der could  claim  under  the  like  objeftion.  The  only  et- 
feft  I  feel  is  an  anxiety  to  be  able  to  explain  the  grounds 
upon  which  we  proceed  ;  fo  as  to  fatisfy  all  mankind, 
that  a  flaw  of  form  given  way  to  in  this  cafe,  could  not 
have  been  got  over  in  any  other." 

In  January  1770,  Lord  Mansfield  again  was  oft'ereJ 
the  Great  Seal,  which  was  given  to  Mr  Charles  York  : 
and  in  Hilary  Term  1771,  he  a  third  time  declined  the 
fame  offer,  and  the  Heal  was  entrulled  to  Lord  Bathurfl. 
The  year  17  ;o  was  alio  memorable  for  various  at- 
tacks made  on  his  Lordlhip's  judicial  charafter,  in  both 
the  Honfes  of  Lords  and  Commons.  In  one  of  thefe, 
the  propriety  of  a  direftion  given  to  the  jury  in  the  cafe 
of  the  king  and  V.'^oodfal  was  called  in  quellion  ;  which 
occafiontd  his  Lordfhip  to  produce  to  the  Houfe  a  co- 
py of  the  unanimous  opinion  of  _the  court  ot  King's 
Bench  in  that  caufe  ;  which,  after  being  much  canvaf- 
fed  and  oppofed,  was  fuffered  to  Hand  its  ground  with- 
out being  over-ruled. 

On  the  19th  of  Oftober  1776,  his  Lordfliip  was  ad- 
vanced to  the  dignity  of  an  liarl  of  Great  Britain,  by 
the  title  of  the  Earl  of  Mansfield,  and  to  his  male  iflue; 
and  for  want  of  fuch  iflue,  to  Louifa  Vifcountels  Stor- 
mont,  and  to  her  hcirsmale  by  David  Vifcount  Stormont 
her  hufband.  The  fame  title,  in  1792,  was  limited  to 
Lord  Ktormont  himfelf ;  who  afterwards  fucceeded  to  it. 
We  come  now  to  a  period  of  his  Lordlhip's  life, 
which  funiiflies  an  event  dilgraceful  to  the  age  and 
country  in  which  the  faft  was  committed.  An  union 
of  folly,  enthufiafm,  and  knavery,  had  excited  alarms  in 
the  minds  of  fome  weak  people,  that  encouragements 
were  given  to  the  favourers  and  profefTors  of  the  Ro- 
msn  Catholic  faith  inconfiftent  with  religion  and  true 
policy.  The  aft  of  Parliament,  which  excited  the  cla- 
mour, had  paffed  with  little  oppofition,  and  had  not 
received  any  extraordinary  fupport  from  Lord  Mans- 
field. The  minds  of  the  public  were  inflamed  by  art- 
ful mifrcprcfentations  ;  the  rage  of  a  popular  mob  was 
foon  direfted  towards  the  moft  eminent  jierfons.  Ac- 
cordingly, in  the  night  between  Tuefday  the  6th  and 
Wednefday  the  7th  of  June  1  780,  his  Lordfhip's  houfe 
in  Bloomlbury  Square  was  attacked  by  a  party  of  rioters, 
who,  on  the  Friday  and  Tuefday  preceding,  had,  to  the 
amount  of  many  thoufands,  furrounded  the  avenues  of 
both  Houfes  of  Parliament,  under  pretence  of  attending 
Lord  George  Gordon  when  he  prefenled  the  petition 
from  the  Proteilant  Aifociation.  On  Tuefday  evening 
the  prifon  of  Newgate  had  been  thrown  open,  all  the 
combuftible  part  reduced  to  allies,  and  the  felons  let 
loofe  upon  the  public.  It  was  after  this  attempt  to  de- 
llroy  the  means  of  fecuving  the  viftims  of  criminal  ju- 
ftice that  the  rioters  aflaulted  the  refidence  of  the  chief 
magillrate  of  the  firll  criminal  court  in  the  kingdom  ; 
nor  were  they  difpeiled  till  they  had  burnt  all  the  fur- 
niture, piftures,  books,  manufcripts,  deeds,  and,  in 
(hort,  eveiv  thing  which  fiie  could  confume  in  his  Lord- 
lhip's 
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Murray,  fhip's  houfe  ;  fo  that  nothing  remained  but  the  walls, 
— "V"  -'  which  were  feen  next  morning  almoft  red-hot  from  the 
violence  of  the  flames,  prefenting  a  mclanclioly  and  aw- 
ful ruin  to  the  eyes  of  the  pafTengers.  For  a  fuller  ac- 
count of  tliofe  dreadful  riots,  fee  Britain,  n"^  644.  En- 
cyclop.edia. 

So  unexpeifled  was  this  daring  outrage  on  order  and 
government,   that   it  buril  on   Lord  Mansfield  without 
his  being   prepared  in  the  flighteft  manner  to  rehft  it. 
He  efcaped  with  his  life  only,  and  retired  to  a  place  of 
fafety,  where   he  remained  until  the  14th  of  June,  the 
laft  day  of  term,   when   he  again  took   his  feat  in  the 
court  of  King's  Bench.    "  The  reverential  filence  (fays 
Mr  Douglas)   which  was  obferved   when   his  Lordfhip 
refumed  his  place  on  the  Bench,  was  expreffive  of  fenti- 
ments  of  condolence  and  refpett,  more  affecting  than  tin* 
moft  eloquent  addrefs  the  occafion  could  1,  ive  iuggefted. 
"  The  amount  of  that  part  of  Lord  Mansfield's  lofs 
which  might  have  been  eftimated,  and  was  capable  of  a 
compenfation   in   money,   is  known   to  have  been   very 
great.      This  he  had  a  right  to  recover  againil  the  hmi- 
dred.   Many  others  had  taken  that  courfe  ;  but  his  Lord- 
fhip  thought  it  more  conhftent  with  the  dignity  of  his 
character  not  to  refort  to  the  indemnification  provided 
by  the  legiflature.      His  fentiments,  on  the  fubjeft  of  a 
reparation   from  the  ilate,  were  communicated  to  the 
Board  of  Works  in  a  letter,  dat-ed   1 8th  July   1780, 
vrittcn   in  confequence  of  an  application   which  they 
had  made  to  him  (as  one  of  the  principal  fufferers),  pur- 
fuant  to  directions  from  the  treafury,  founded  on  a  vote 
of  the  Houfe  of  Commons,   requefting  him  to  Itate  the 
nature  and  amount  of  his   lofs.      In   that  letter,  after 
fome  introductory  exprcflions  of  civility  to  the  furveyor 
general,   to  whom  it  was  addreffed,  his  Lordlhip  fays, 
'  Befides  what  is  irreparable,  my  pecuniary  lofs  is  great. 
I  apprehended  no  danger,  and  therefore  took  no  precau- 
tion.    -But  how  great  foever  that  lofs  may  be,  I  think 
it  does  not  become  me   to  claim  or  expeft  reparation 
from  the  ftate.     I  have   made  up   my  mind  to  my  mis- 
fortune, as  I  ought,  v.'ith  this  confolation,  that  it  came 
irom  thofe  whofe  objeft  manifeftly  was  general  confu- 
fion  and  deftruflion  at  home,  in  addition  to  a  dnngerous 
and  complicated  war  abroad.     If  I   fhould  lay   before 
you  any  account  or  computation   of  the  pecuniary  da- 
mage I  have  fultained,  it  might  ftem  a  claim  or  expec- 
tation of  being  indemnified.      Therefore  you  will  have 
no  further  trouble  upon  this  from,  ikc. —  MaiisjuUl." 

From  this  time  the  lullre  of  Lord  Mansfield  conti- 
nued to  lliine  with  unclouded  brightnefs  until  the  end 
of  his  political  life,  unleis  his  oppofition  to  the  mea- 
iSoo.  fures  of  the  prcfent  adminiftration,  at  the  early  period 
of  their  appointment,  fhall  be  thought  to  detract,  in 
fome  fmf.ll  degree,  from  his  merit.  It  is  certain  many 
of  his  admirers  faw,  with  concern,  a  connexion  with  the 
opponents  of  government  at  that  jundlure,  fcarce  com- 
patible with  the  dignity  of  the  chief  jullice  of  Great 
Britain.  At  length  infirmities  prefled  upon  him,  and 
he  became  unable  to  attend  his  duty  with  the  fame 
punctuality  and  affiduity  with  which  he  had  been  ac- 
cuftomed.  It  has  been  fnppofed  that  he  held  his  of- 
fice after  he  was  difabled  from  executing  the  duties  of 
it,  from  a  vvifh  to  fecure  the  fuccefiion  of  it  to  a  very 
particular  friend.  Be  this  as  it  may,  the  chief  jullice 
continued  in  his  office  until  the  mouth  of  June  1788, 
when  lit  fent  in  his  lefignation. 
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From  this  period  the  bodily  powers  of  h's  LordiTiip  Murray, 
continued  to  decline  ;  his  mental  faculties,  however,  re-  *~~^  '  ' 
malned  without  decay  almoll  to  the  laft.  During  this 
time  he  was  particuhirly  inquilitive  and  anxious  about 
the  proceedings  in  France,  and  felt  his  fenfibility,  in 
common  with  every  good  man,  wounded  by  the  hor- 
rible Inllance  of  democratic  infatuation  in  the  murder 
of  the  innocent  Louis  XVI.  He  lived  jull  long  enough 
to  exprefs  his  fatlsfadfion  at  the  check  given  to  tlie 
French  by  the  Prince  of  Cobourg  in  March  1793  ;  on 
the  20th  of  which  month,  after  continuing  fome  days  in 
a  ftate  of  infenfibility,  he  departed  this  life,  at  the  age 
of  88  years. 

"  In  his  political  oratory  (fays  a  writer  of  the  pre- 
fent  times),  he  was  not  without  a  rival ;  no  one  had  the 
honour  of  furpajfing  him  ;  and  let  it  be  remembered, 
that  his  competitor  was  Pitt. 

"  The  rhetorician  that  addrefted  himfclf  to  Tully  in 
thefe  memorable  words — Demonjihems  fiii  praripiiit  v.- 
primus  ejfcs  Orator.,  iu  ill'i  ne  folus — anticipated  their  ap. 
plication  to  Mansfield  and  Pitt.  If  the  one  poffeflcd 
Demofthenean  fire  and  energy,  the  other  was  at  leaft  a 
Cicero.  Their  oratory  differed  in  fpecles,  but  was  equal 
in  merit.  There  was,  at  leaft,  no  fuperiorlty  on  the 
fide  of  Pitt.  Mansfield's  eloquence  was  not,  indeed,  of 
that  daring,  bold,  declamatory  kind,  fo  Irrefiftibly  power- 
ful in  the  momentary  buftle  of  popular  afiemblits  ;  but 
it  was  poffefTed  of  that  pure  and  Attic  fpirit,  and  fe- 
duClive  power  of  periuafion,  that  delights,  inllrufts,  and 
eventually  triumphs.  It  has  been  very  beautifully  and 
juftly  compared  to  a  river,  that  meanders  through  ver- 
dant meads  and  flowery  gardens,  reflefling  In  its  cryftal 
bolom  the  varied  objefts  that  adorn  Its  ba,nks,  and  re- 
frefhlng  the  country  through  which  it  flows. 

"  I'o  illuftvate  his  oratory  by  example,  would  require 
voluminous  tranfcripts  from  the  records  of  Parliament  ; 
and  it  is  unnecelfary,  as  we  can  appeal  to  living  recol- 
ledllon. 

"  Having  added  weight  and  dignity  to  the  offices  of 
attorney  and  folicltor  general,  his  reputation  as  a  fpeaU- 
er,  a  lawyer,  and  a  politician,  elevated  him  to  the  peer- 
age, and  the  exalted  poft  of  chief  jullice  of  England. - 
He  alcended  to  tlie  dignities  of  (late  by  rapid  ftrides  : 
they  were  not  beftoweU  by  the  caprice  of  party  favcnir 
or  affei^Ion.  'I'hcy  were  (as  was  fald  of  Pliny)  liberal 
difpenfatlons  of  power  upon  an  objcdl  that  knew  how 
to  add  new  luftre  to  that  pov.'er,  by  the  rational  exer- 
tion of  his  own. 

"  Here  we  can  fpeak  of  this  great  man  within  our 
own  recolleflion  ;  and  however  party  prejudices  may 
adopt  their  different  favourites,  and  each  contend  In  de- 
trattlng  from  the  merit  of  the  other,  it  is,  we  believe,, 
generally  underitood  that  precedence  is  allowed  the 
Earl  of  Mansfield,  as  the  firft  magiftrate  that  ever  fo 
pre-eminently  graced  that  Important  ilation.  The  wil'- 
dom  of  his  dccilions,  and  unbiafied  tenor  of  his  public 
conducA,  will  be  held  In  veneration  by  the  fagcs  of  the 
law,  as  long  as  the  fpirit  of  the  conititutlon,  and  jull 
notions  of  equity,  continue  to  have  exiftence.  No  njan 
has  ever,  in  an  equal  degree,  pofleffcd  that  wonderful 
fagacity  in  difcovering  chicanery  and  artifice,  and  lepa. 
rating  fallacy  from  truth,  and  luphlllry  from  argument, 
fo  as  to  hit  the  exadt  equity  of  the  cafe.  He  fuffered 
not  jullice  to  be  ilrangled  In  the  nets  of  form. 

"  His  memory  was  aftonifl;ing — he  never  totk notes, 

or. 
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Murray,    or,  if  he  did,  feUlom  or  ever  confultcd  them."    His  re-    h'ance  upon  his  mercy  through  Jefus  Chrift,  I  defire  Muft-um, 
^■~"^'~~~' ferences  to  exprcffioiis  which  fell  from  him  in  the  courfe     tliat  my  body  may  be  interred  as  privately  as  may  be  ;  '       .     - 
of  the  debate,  or  h  s   quotations  from   books,   were  fo     and  out  of  rcfpeft  for  the  place  of  my  early  education, 
faithful  that  they    might  have  been  faid  to  have  been     I  Ihould  wilh  it  to  be  in  Weilminfter  Abbey."     It  was 
repeated  ■verbafhr..     The  purpofes  to  which  he  employ-     ii.tcrred  in  Weftminller  Abbey,  in  the  fame  vault  with 
ed  thefe  amazin>j  talents  were  dill  more  extraordinary  :      tiie  Countef-i  (wlio  had  died  April  ic,  1784,  between 
if  it  was  the  weak  part  of  his   opponent's  arguments     the  late  Earl  of  Chatham  and  Loi-d  Robert  Manners. 
that  he  referred  to,  he  was  fure  to   cxpofe   its  fallacy,  MUSEUM,  in  the  language  of  the  prefent  day,  is 

wcaknefs,  or  abfurdity,  in  the  moll  poignant  fatire,  or  a  building  in  which  are  depolited  fpecimens  of  every 
hold  it  up  in  the  moll  ridiculous  point  of  view.  If,  on  objeft  that  is  in  any  degree  curious,  whether  fuch  ob- 
tlie  contrary,  it  were  a  point  on  which  his  adverfaries  jeds  be  natural  or  artiiitial.  What  the  word  mufeiim 
laid  their  chief  llrefs,  he  Hated  the  words  correftly  ;  expr^ll'ed  originally,  has  been  told  under  that  title  in 
collefted  their  obvious  meaning,  conlidered  the  force  of     the  Encyclopedia. 

the  feveral  arguments  that  had  or  might  have  been  ral-  A  complete  mufeum  contains  coUeftions  of  prefer- 
fed  upon  them,  with  a  prccilion  that  would  induce  an  ved  bealts,  birds,  filhes,  reptiles,  Sec.  ;  models  of  ma- 
auditor  almoil  to  fuppofe  that  he  had  previoufly  conli-  chines;  rare  manuicnpts  ;  and  indeed  fpecimens  of  every 
dered  the  whole,  and  that  his  fpecch  was  the  rcfult  of  thing  neceffacy  to  illullrate  phylical  fcience,  to  in)- 
much  previous  iludy.  prove  art,  to  aid  the  antiquarian   in  his  refearches,  and 

"  It  mav  be  faid  of  Mansfield  as  of  Virgil,  that  if  he     to  exhibit  the  manners  and  culloms  of  men  in  diftant 
bad  any  faults,  they  might  be   confidered  in  the  fame     ages    and  nations.     As  natural  objedls  of  uncommon 
manner  with  thole  of  fome  eminent  fixed  ftar,  which,     fize  or  beauty,  and  other  rare  produAions,  were,  in  the 
if  they  exill  at  all,  are  above  the  reach  of  human  obfer-     earlieft  periods,  confecrated  to  the  gods,  the  temples 
vation.     The  luminous  sther  of  his  life  v/as  not  obfcu-    were,  of  courfe,  the  firll  repolitories  of  fuch  colleftions, 
red  by  any  fhade  dark  enough  to  be  denominated  a  de-    or,  in  other  words,  the  firll  Mufeums.     This,  we  think, 
feft.     On  account  of  his  defcent,  local  prejudices  and    has  been  completely  proved  by  Frofeflbr  Beckniann  *.  »/«.«/;«« 
propenfities  were  imputed  to  him,  and  his  condudl,  on         "  When  Hanno  {fays  he)  retui-ned  from  his  diftant  vol.  ii. 
that  account,  examined  with  a  microfcopic   eye;  but    voyages,  he  brought  with  him  to  Carthage  two  flcins of P-4'»> 
the  optic  through  which  it  is  viewed  poflefl'ed  a  party    the  hairy  women    whom  he    found  on  the  Gorgades 
tinge,  equally  odious  and  deceptive.  iflands,  and  depofited  them  as  a  memorial  in  the  temple 

"   His  political  principles  were  ever  confiftent;  and    of  Juno,  where  they  continued  till  the  dellruftion  of 
to  preferve  confillency  in  fuch  llations  and  in  fuch  times    the  city.     The  horns  of  a  Scythian  animal,  in   which 
as  occupied  the  life  of  Mansfield,  conftitutes  an  ordeal    the    Stygian  water  that    deftroyed    every  other  veffel 
ftrongly  impreffjve  of  virtue.     It  has  been  faid  that  he     could  be  contained,  were  fent  by  Alexander  as  a  curio- 
wanted  fpirit.     Is  the  uniform  oppofition  of  popular    fity  to  the  temple  of  Delphi,  where  they  were  fufpend- 
opinion,  and  apparently  the  contempt  of  it,  any  proof    ed    with  an  infcription,  which  has  been  preferved  by 
of  the  alfertion  ?  His  fpeech  and  coaduft  in  the  affair    ^lian.     The  monllrous  horns  of  the  wild  bulls  which 
of  Wilkes's    outlawry,  when  popular  prejudice  ran  in     had  occafionedfo  much  devaftation  in  Macedonia,  were, 
torrents,  illuftrate  each  other.    He  defpifed  (to  borrow     by  order  of  King  Philip,  hung  up  in  the  temple  of  Her- 
an   expreflion  of  his  own)   that  mufhrcKjm  popularity     cules.  The  unnaturally  formed  fhoulder  bones  of  Pelops 
that  is  railed  without  merit,  and  loft  without  a  crime,     were  depofited  in  the  temple  of  Elis.  The  horns  of  the 
He  difdained  being  the  flave  of  popular  impulfe,  or  to     fo  called  Indian  ants  were  (hewn  in  the  temple  of  Her- 
acknowledge  the  ftiouts  of  a  mob  for  the  trumpet  of    cules  at  Erythrs  ;  and  the  crocodile  found  in  attempt- 
fame."  ing  to  difcover  the  fources  of  the  Nile  was  preferved  in 
He  had  a  mind  too  great  to  be  aftiamed  of  revering     the  temple  of  Ifis  at  Caefarea.     A  large  piece  of  the 
the  ordinances  of  religion  ;  and  as,  after  the  moft  im-     root  of  the  cinnamon  tree  was  kept  in  a  golden  veffel  in 
partial  inquiry,  he  was  a  firm  believer  of  the  truth  and     one  of  the  temples  at  Rome,  where  it  was  examined  by 
importance  of  Chriftianity,  he  frequented  the  church     Pliny.     The   Ikin  of  that  monfter  which  the   Roman 
regularly,  and  received  the  holy  facrament  on  the  higher    army  in  Africa  attacked  and  deftroyed,  and  which  pro- 
feflivals.     Mr  HoUiday  has  publifhed  a  lermon,  which    bably  was  a  crocodile,  an  animal  common  in  that  coun- 
he  fays  was  dittated  by   Lord   Mansfield   to  his  friend     try,   but  never  feen  by  the   Romans  before  the  Punic 
bifliop  Johnfon,  and  preached  by  that  prelate  before  the     war,  was,  by  Regulus,  fent  to   Rome,  and  hung  up  in 
Houfe  of  Lords.     It  is  a  very  ferious  and  appropriate     one  of  the  temples,  where  it  remained  till  the  time  of 
difcourfe  ;  but  judging  upon  internal  evidence,  we  (hould     the  Numantine  war  (a).     In  the  temple  of  Juno,  in  the 
not  have  fuppofed  it  the  compofition  of  the  eloquent    ifland  of  Melita,  there  were  a  pair  of  elephants  teeth  of 
and  argumentative  chief  juftice  of  England.   HisLord-     extraordinary  fize,  which  were  carried  away  by  Mafi- 
fhip's  will,  which  was  written  with  his  own  handj  upon     niffa's  admiral,  and  tranfmitted  to  that  prince,  who, 
little  more  than  half  a  fheet  of  paper,  begins  vi-ith  the     though  he  fet  a  high  value  upon  them,  fent  them  again 
following  elegant  and  pious  paragraph,  with  which  we     back,  becauie  he  heard  they  had  been  taken  from  a  tem- 
fhall  conclude  this  flcetch  of  his  charafter  :  pie.      The  head  of  a  bafililk  was  exhibited  in  one  of  the 
"  When  it  (hall  pleafe  Almighty  God  to  call  me  to     temples  of  Diana  ;  and  the  bones  of  that  fea  monfter, 
that  ftate,  to  which,  of  all  I  now  enjoy,  I  can  carry  on-     probably  a  whale,  to  which  Andromeda  was  expofed, 
ly  the  fatisfaftion  of  my  own  confcience,  and  a  full  re-     were   preferved  at  Joppa,  and  afterwards   brought  to 

Rome. 


(a)  We  think,  with  the  tranflator  of  Beckmann's  Hiftory,  that  this  animal  was  not  the  crocodile,  but  the  Baa 
conjiriaor.     See  BoA  and  S£RP£NT,  Encycl. 
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Rome.  In  tlie  time  of  Paufanias,  the  head  of  tlic  cele- 
'  brated  Calydonian  boar  was  fhewii  in  one  of  tlie  temples 
of  Greece  ;  but  it  was  then  dellltute  of  bridles,  and  liaJ 
fiilTcred  confiderably  by  the  hand  of  time.  The  mon- 
flroiic-  tuflcs  of  this  animal  were  brought  to  Rome,  after 
the  defeat  of  Anthony,  by  the  Emperor  Augnftus, 
who  caufed  them  to  be  fufpcnded  in  the  temple  of  Bac- 
chus. AppoUonius  tells  us,  that  he  faw  in  India  fume 
of  thofe  nuts  which  in  Greece  were  preferved  in  the 
temples  as  curiofities." 

Though  thefe  curiofities  were  preferved  in  the  temples 
for  purpofes  very  different  from  thofe  for  which  our 
collections  are  made,  there  can  be  no  doubt  but  that 
they  contributed  to  promote  the  knowledge  of  natural 
hillory.  If  it  be  true,  as  Pliny  and  .Strabo  inform  us, 
that  Hippocrates  availed  himfclf  of  the  accounts  wdiich 
were  hung  up  in  the  temple  of  ^fculapius  of  different 
difeafes,  and  of  the  medicines  and  mode  of  treatment 
by  which  they  were  cured  ;  it  will  eafdy  be  believed, 
that  the  naturalhiftoriaiis  availed  themftlves,  in  a  fimilar 
manner,  of  the  various  rare  objefts  which  were  prefer- 
ved in  the  temples  of  the  other  gods.  This,  we  fee, 
Pliny  actually  did. 

Suetonius  informs  us,  that  Auguftus  had,  in  his  pa- 
lace, a  colledion  ot  natural  curiofities;  and  it  is  well 
known  that  Alexander  gave  orders  to  all  huntfmen, 
bird-catchers,  fifhermen,  and  others,  to  fend  to  Ariftotle 
whatever  rare  animals  they  could  procure.  M.  Beckmann 
feems  to  be  of  opinion,  that  the  firll  private  mufeum 
was  formed  by  Apuleius,  who,  next  to  Ariftotle  and 
his  fcholar  Theophraftus,  certainly  examined  natural 
objefts  with  the  greateil  ardour  and  judgment  ;  who 
caufed  animals  of  every  kind,  and  particularly  fidi,  to 
be  brought  to  him  either  dead  or  alive,  in  order  to  de- 
fcribe  their  external  and  internal  parts,  their  number 
and  fituation,  and  to  deteimine  their  charafterifing 
marks,  and  ellablidi  their  real  names  ;  who  undertook 
dillant  journeys  to  become  acquainted  with  the  fecrets 
of  nature  ;  and  who,  on  the  Getulian  mountains,  col- 
lected petrefadlioiis,  which  he  confidered  as  the  effefts 
of  Deucalion's  flood. 

The  principal  caule  why  colieflions  of  natural  curio, 
fities  were  fcarce  in  ancient  times,  mull  have  been  the 
ignorance  of  naturaliils  in  regard  to  the  proper  means 
of  preferving  fuch  bodies  as  foon  fpoil  or  corrupt.  Some 
methods  were  indeed  known  and  pradtifed,  but  they 
were  all  defedlive  and  inferior  to  that  by  fpirit  of  wine, 
which  prevents  putrefaftion,  and  which,  by  its  perfefl 
tranfparency,  permits  the  objefts  which  are  covered  by 
it  to  be  at  all  times  viewed  and  examined.  Thefe  me- 
thods were  the  fame  as  thofe  employed  to  preferve  pro- 
vifions,  or  the  bodies  of  great  men  deceafed.  They 
were  put  into  fait  brine  or  honey,  or  were  covered  over 
with  wax.  Thus  the  hippopotamus,  defcribed  by  Co- 
lumna,  was  fent  to  him  from  Egypt  preferved  in  fait. 
The  body  of  Agefipolis  King  of  Sparta,  who  died  in 
Macedonia,  was  ftiit  home  in  honey  ;  the  celebrated 
purple  dye  of  the  ancients  was  preferved  frelh  for  many 
years  by  the  fame  means  ;  and  at  this  day,  when  the 
Orientals  are  defirous  of  tranfporting  filh  to  any  diftance, 
they  cover  them  over  with  wax. 

In  thofe  centuries  which  are  ufually  called  the  middle 

ages,  the  Profeffbr  finds  no  traces  of  what  can  be  called 

a  mufeum,  except  in  the  trealuries  of  emperors,  kings, 

and  princes,  where,  behdes  articles  of  great  value,  cu- 
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riofities  of  art,  antiquities,  and  relics,  one  fometimes 
found  fcarce  and  fnigular  foreign  animals,  which  were 
dried  and  preferved.  Such  objefts  were  to  be  lecii  ih 
the  old  trcafury  at  Vienna  ;  ai:d  in  that  of  St  Denis  was 
exhibited  the  claw  of  a  giljfTin,  fent  by  a  king  of  Per- 
fla  to  Charlemagne  ;  the  leetlj  of  the  hippojxitamu;;, 
and  other  thh.gs  of  the  like  kind.  In  thefe  collections, 
the  number  ni  tiie  rarities  always  increafcd  in  propor. 
tion  as  a  tafte  for  natural  hillury  became  more  preva- 
lent, and  as  the  extenfion  of  commerce  afforded  better 
opportunities  for  procuring  the  productions  of  remote 
countries.  Menageries  were  ellaljlKhcd  to  add  to  ihc 
magnificence  of  courts,  and  the  Huffed  flcins  of  rare  ani- 
mals were  hung  up  as  memorials  of  their  having  exifted. 
Public  libraries  alio  were  made  receptacles  for  fuch  na- 
tural curiofities  as  were  from  time  to  time  pvefented  to 
them  ;  and  as  in  univerfities  tlie  faculty  of  medicine  had 
a  hall  appropriated  for  the  dlffcAion  of  human  bodies, 
curiofities  from  the  animal  kingdom  were  collefted 
there  alfo  by  degrees  ;  and  it  is  prubalile  that  the  pro- 
feffors  of  anatomy  firft  made  attempts  to  preftrve  dif- 
ferent  parts  of  animaU  in  fpirit  of  wine, as  they  were  obli- 
ged to  keep  them  by  them  for  the  ufe  of  their  fcholars; 
and  becaufe  in  old  times  dead  bodies  were  not  given  up 
to  them  as  at  prefent,  and  were  more  difficult  to  be 
obtained.  Private  colleclions  appear  for  the  firll  time 
in  the  i6th  century  ;  and  there  is  no  doubt  (fays  our 
author)  that  they  were  formed  by  every  learned  man 
who  at  that  period  applied  to  the  ftudy  of  natural 
hilfory. 

MUSHROOM,  a  fungous,  of  which  fome  of  the 
principal  fpecies  have  been  defcribed  in  the  Encyclo- 
pirdia  under  the  generic  name  Agericus.  There  is, 
however,  one  fpecies  not  mentioned  there — the  Boletus 
hirfutus  of  Bulliard,  which  is  certainly  worthy  of  no- 
tice, fince  one  of  the  French  Chemifb  has  lately  ex- 
tradfed  from  it  a  bright,  fhining,  and  very  durable  yellow 
dye.  This  pretty  large  mufliroom  grows  commonly 
on  walnut  and  apple-trees.  Its  colouring-matter  is 
contained  in  abundance,  not  only  in  the  tubular  part, 
but  alfo  in  the  parenchyma  of  the  body  of  the  mufli- 
room. In  order  to  extract  it,  the  mufhroom  is  pound- 
ed in  a  mortar,  and  the  liquor  thence  obtained  is  boil- 
ed for  a  quarter  of  an  hour  in  water.  An  ounce  of 
liquor  is  lufficient  to  communicate  colouring-matter  to 
fix  pounds  of  water.  When  the  liquor  has  been  Ihain- 
ed,  the  ftnff  to  be  dyed  is  put  into  it,  and  boiled  for  a 
quarter  of  an  hour.  All  kinds  of  fluff  receive  this  co- 
lour and-retain  it  ;  but  on  linen  and  cotton  it  is  lefs 
bright.  This  colour  may  be  modified,  in  a  very  agree- 
able manner,  by  the  effeft  of  mordants. 

The  procefs  fucceeded  btfl  on  lilk.  When  this  ful)- 
flance,  after  being  dyed,  is  made  to  pafs  through  a  bath 
of  foft  foap,  it  acqiiire".  a  fhining  gulden-yellow  colour, 
which  has  a  perfeft  refeiiiblance  to  the  yellow  of  that 
filk  em|)loycd  to  imitate  embroidery  in  gold,  and  wliich 
has  hitherto  been  brought  from  China  and  fold  at  a 
dear  rate,  as  the  method  of  dyeing  it  is  unknown  in 
Europe.  The  yellow  toUiur  extradUd  from  this  mufh. 
room  may  be  employed  alfo  with  advantage  for  paint- 
ing in  water  colours  as  well  as  in  oil. 

MUTSUDDIES,  in  Bengal,  writers,  accountants, 
officers  of  government. 

MUZCOQRET,  allowances  to  zemindars  in  land  or 
money.     Sec  Zemindar,  Sufipl, 

O  o  NABOB, 
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"VTABOB,  or  NoWAB,  a  title  of courtefy  given  in  In- 
-'•^  dia  to  Mahoaicdans  high  in  ftation,  particularly 
provincial  governors. 

The  Sys's  NADIR,  is  the  axis  of  the  cone  projeft- 
ed  by  the  fliadow  of  the  earth  :  fo  called,  becaufe  that 
axis  being  prolonged,  gives  a  point  in  the  ecliptic  dia- 
metrically oppoiite  to  the  fun. 

NAIB,  a  deputy. 

NAKED,  in  architefture,  as  the  naked  of  a  wall, 
&c.  Is  the  furface,  or  plane,  from  whence  the  projec- 
tures  arife  ;  or  which  fervts  as  a  ground  to  the  projec- 
tures. 

NANCOWRY,  or  Soury,  as  it  is  fometlmes  called, 
is  one  ot  the  Nicobar  ifles,  and  iituated  nearly  In  the 
centre  of  the  clufler  (See  Nicobar,  Encycl.).  Its 
length  may  be  about  tight  miles,  and  Its  breadth  nearly 
equal.  The  illand  of  Comerty,  which  Is  near  it,  is 
more  extenfive,  but  does  not  perhaps  contain  more  folid 
land,  being  excavated  by  a  very  large  bay  from  the  fea. 
The  fpace  between  thefe  two  illands  forms  a  capacious 
and  excellent  harbour,  the  ealleni  entrance  of  which  is 
fheltered  by  another  ifland,  called  Tricut,  lying  at  the 
diftance  of  about  a  league.  The  inlet  from  the  weft  Is 
narrow,  but  fufficiently  deep  to  admit  the  largell  (hips 
when  the  wind  is  fair. 

The  Danes  have  long  maintained  a  fma.ll  fettlement 
at  this  place,  which  Hands  on  the  northern-moft  point 
of  Nancowry,  within  the  harbour.  A  ferjeant  and 
three  or  four  foldiers,  a  few  black  (laves,  and  two  rnftv 
old  pieces  of  ordnance,  compofe  the  whole  of  their  efta- 
blifhment.  They  have  here  two  houfes  ;  one  of  which, 
built  entirely  of  wood,  is  their  habitation  ;  the  other, 
formerly  inhabited  by  their  miffionarles,  ferves  now  for 
a  ftorehoufe. 

Thefe  Iflands  are  In  general  woody,  but  contain  like- 
wife  forae  portions  of  clear  land.  From  the  fummlts 
of  their  hills  the  profpefta  are  often  beautiful  and  ro- 
mantic. The  loll  is  rich,  and  probably  capable  of  pro- 
ducing all  the  various  fruits  and  vegetables  common  to 
hot  climates.  The  natural  produdlions  of  this  kind, 
which  moftly  abound,  are  cocoa  nuts,  pafias,  plantains, 
limes,  tamarinds,  beetle-nuts,  and  the  melori,  a  fpecies 
of  breadfruit  ;  yams,  and  other  roots  are  cultivated  and 
thrive  ;  but  rice  Is  here  unknown.  The  mangojla'm  tree, 
whofe  fruit  is  fo  juftly  extolled,  grows  wild  ;  and  pine- 
apples of  a  delicious  flavour  are  found  in  the  woods. 

Oi  all  the  Nicobar  ifles  Nancowry  and  Comerty  are 
faid  to  be  the  bell  peopled  ;  the  population  of  both  be- 
ing fuppofed  to  amount  to  eight  hundred.  The  natives 
of  Nancowry  and  of  the  Nicv)bar  iflands  in  general,  live 
in  villages  on  the  fca-(hore,  and  never  ereft  their  habi- 
tations inland  (a).  Their  houfes  are  of  a  circular  form, 
and  are  covered  with  elliptical  domes,  thatched  with 
grafs  and  the  leaves  of  cocoa  nut.     They  are  raifed  up- 


on piles  to  the  height  of  fix  or  eight  feet  above  the  Nancowryv 
ground  ;  the  floor  and  fides  are  laid  with  planks,  and  '  ^  ■' 
the  afcent  is  by  a  ladder.  In  thofe  bays  or  inlets 
which  are  flieltered  from  the  furf,  they  ercft  them 
fometlmes  fo  near  the  margin  of  the  water  as  to  admit 
the  tide  to  flow  under,  and  wa(h  away  the  ordure  from 
below. 

In  front  of  their  villages,  and  a  little  advanced  in  the 
water,  they  plant  beacons  of  a  great  height,  which  they 
adorn  with  tufts  made  of  grafs,  or  the  bark  of  fome  tree. 
Thefe  objefts  are  difcernible  at  a  great  diftance,  and  are 
intended  probably  for  landmarks  ;  their  houfes,  which 
are  overfiiadowed  by  thick  groves  of  cocoa-nut  trees, 
feldom  being  vifible  from  afar. 

The  Nicobareans,  though  Indolent,  are  in  general 
robuft  and  well-limbed.  Their  features  are  fomewhat 
like  the  Malays,  and  their  colour  is  nearly  fimilar.  The 
women  are  much  Inferior  in  ftaturc  to  the  men,  but 
more  aftlve  in  all  domeftic  affairs.  Contrary  to  the 
cuftom  of  other  nations,  the  women  fliave  the  hair  of  their 
heads,  or  keep  it  clofe  cropt,  which  gives  them  an  un- 
couth  appearance,  in  the  eyes  of  ftrangers  at  leaft. 

The  inhabitants  of  Nancowry  perform,  every  year,  a 
very  extraordinary  ceremony  In  honour  of  the  dead.  It 
is  thus  dcfcribed  by  Lieutenant  Colebrooke  : 

"  On  the  anniverfary  of  this  feftlval,  If  it  can  be  fo 
called,  their  houfes  are  decorated  with  garlands  of 
flowers,  fruits,  and  branches  of  trees.  The  people  of 
each  village  aflemble,  dreft  in  their  beft  attire,  at  the 
principal  houfe  In  the  place,  where  they  fpend  the  day 
in  a  convivial  manner  ;  the  men,  fitting  apart  from  the 
women,  fmoke  tobacco,  and  Intoxicate  themfelves ; 
while  the  latter  are  nurfing  their  children,  and  employ- 
ed in  preparations  for  the  muurntul  bulinefs  of  the 
night.  At  a  certain  hour  of  the  afternoon,  announced 
by  ftriking  the  Goung,  the  women  fet  up  the  moft  dif- 
mal  howls  and  lamentations,  which  they  continue  with- 
out intermiffion  till  about  fun-iet  ;  when  the  whole 
party  get  up,  and  walk  in  proceffion  to  the  burylng- 
ground.  Arrived  at  the  place,  they  form  a  circle 
around  one  of  the  graves,  when  a  ftake,  planted  exafkly 
over  the  head  of  the  corpfc,  is  pulled  up.  The  woman 
who  is  neareft  of  kin  to  the  deceafed,  fteps  out  from 
the  crowd,  digs  up  the  Ikull,  and  draws  it  up  with  her 
hands.  At  fight  of  the  bones,  her  llrength  feems  to 
fail  her  ;  flie  ihrleks,  flie  fobs  ;  and  tears  of  anguilh 
abundantly  fall  on  the  mouldering  objeA  of  her  pious 
care.  She  clears  It  from  the  earth,  fcrapes  off  the 
feftering  flefh,  and  laves  it  plentifully  with  the  milk  of 
frefh  cocoa-nuts,  fupplled  by  the  byftanders ;  after 
which  Hie  rubs  it  over  with  an  infufion  of  fafFron,  and 
wraps  it  carefully  in  a  piece  of  new  cloth.  It  Is  then 
depofited  again  in  the  earth,  and  covered  up ;  the  ftake 
is  replanted,  and   hung  with  the  various  trappings  and 

imple- 


(a)  The  great  Nicobar  iflands  is  perhaps  an  exception,  where,  it  is  faid,  a  race  of  men  exifts,  who  are  totally 
different  in  their  colour  and  manners.  They  are  connfidered  as  the  yiiorigines  of  the  country.  They  live  in  the 
interior  parts  among  the  muuatains,  and  commit  frequent  depredations  on  the  peaceable  inhabitants  of  the  coalls. 
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Nancowry  implfmcnte  belonging  to  the  deceafed.  They  proceed 
I'  then  to  the  other  graves  ;  and  the  whole  night  is  fpent 
'         in  repetitions  of  thele  dilnial  and  diiguilful  rites. 

"  On  tlie  morning  fi)llowing,  the  ceremony  is  con- 
cluded by  an  ofttring  of  many  tat  iwine  ;  when  the  fa- 
crilice  made  to  the  dead  aflords  an  ample  feaft  to  the 
living  :  they  befraear  themlclvcs  with  the  bhjod  of  the 
(laiightered  hogs,  and  fome,  more  voracions  than  others, 
cat  the  flefli  raw.  They  have  various  ways,  however,  of 
dreffing  their  meat,  but  alwavs  eat  it  without  lalt.  A 
kind  of  pallc  made  of  the  me!i,ri  fervcs  them  for  bread  ; 
and  they  iinilh  their  repad  with  copious  potations  of 
tjury,  an  inebriating  liquor." 

The  Nicobareans  are  hofpitable  and  honcft,  and  are 
remarkable  for  a  ftrift  obfervance  of  truth,  and  for 
punftuality  in  adhering  to  their  engagements.  Such 
crimes  as  theft,  robbery,  and  murder,  are  unknown  in 
thefe  iflands  ;  but  they  do  not  want  fpirit  to  revenge 
their  injuries,  and  will  tiglit  refolutely;  and  Hay  their 
enemies,  if  attacked  or  unjulUy  dealt  with.  Their  only 
vice,  if  this  failing  can  be  fo  called,  is  inebriation  ;  but 
in  their  cups  they  are  generally  jovial  and  good-hu- 
moureJ.  It  fometimes,  however,  happens  at  their 
fealls,  that  the  men  of  difieient  villages  fall  out  ;  and 
the  quanel  immediately  becomes  general.  In  thefe 
cafes  they  terminate  their  diiferences  in  a  pitched  battle  ; 
where  the  only  weapons  ufed  are  long  flicks,  of  a  hard 
and  knotty  wood.  \Vith  thefe  they  drub  one  another 
moft  heartily,  till,  no  longer  able  to  endure  the  contiift , 
they  mutually  put  a  ilop  to  the  combat,  and  all  get 
drunk  again. 

NANKAR,  ancient  allowance  to  zemindars  In  land 
or  money. 

NANKEEN, or  Nan-king,  is  a  well-known  cotton 
fluff,  which  derives  its  name  from  the  ancient  capital  of 
China  (See  Nan-king,  EncycL).  It  is,  however,  ac- 
cording to  Van  Braam,  manufadtured  at  a  great  diftance 
from  that  city,  in  the  A\^r\Ao( Fong-kiang-fou,  fituated 
in  the  fouth-eaft  of  the  province  of  Kmng-nam  upon 
the  fea-Ihore.  The  colour  of  nankeen  ii  jiatural,  the 
down  of  which  it  is  made  being  of  the  fame  yellow 
tinge  with  the  cloth.  The  colour,  as  well  as  fuperior 
quality  of  this  cotton,  feems  to  be  derived  from  the  foil  ; 
for  it  is  faid  that  the  feeds  of  the  nankeen  cotton  dege- 
nerate  in  both  particulars  when  tranfplanted  to  another 
province,  however  little  different  in  its  climate  The 
common  opinion,  that  the  colour  of  the  ftuff  is  given 
by  a  dye,  occafioued  an  order  from  Europe,  iome 
years  ago,  to  dye  the  pieces  of  nankeen  of  a  deeper  co- 
lour than  they  had  at  that  period  ;  and  the  reafon  of 
their  being  then  paler  than  formerly  is  as  follows  : 

Shortly  after  the  Americans  began  to  trade  with 
China,  the  demapd  increafed  to  nearly  double  the  quan- 
tity it  was  poflible  to  furniib.  To  fupply  this  dehciency, 
the  manufadurers  mixed  common  white  cotton  with  the 
brown  ;  this  gave  it  a  pale  call,  which  was  immediately 
remarked  ;  and  for  this  lighter  kind  no  purchafer  could 
be  found,  till  the  other  was  exhaufted.  As  the  con- 
fumption  is  grown  lefs  for  thefe  fome  years  pad,  the 
mixture  of  cotton  is  no  longer  neceffary,  and  nankeen 
is  become  what  it  was  before.  By  keeping  them  two 
or  three  years,  it  even  appears  that  they  have  the  pro- 
perty of  growing  darker.  This  kind  of  (luff  muft  be 
acknowledged  to  be  the  ftrongeft  yet  known.  Many 
perfons  have  found  that  clothes  made  of  it  will  laft  three 
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or  four  years,  although  for  ever  in  the  wafh.  This  it  la     N.iplei". 
that    makes   them  the   favourite  wear  for  breeches  and  • 

waillcoats  both  in  Europe  and  America.  The  white 
nankeen  is  of  the  fame  quality,  and  is  made  of  white 
cotton  as  good  as  the  brown,  and  which  alio  grows  in 

Kiang-nam. 

NAPLES-Yellow,  called  alfo  A'ffl/ioA'.'nn  (-."vA,  in 
Italian  GiulloHno,  and  in  French  yaune  dt  Na(hs,  is  a 
beautiful  pigment,  concerning  which  we  have  much  in- 
formation from  the  indefatigable  Beckmann.  "  It  has 
(fays  he)  thr  appearance  of  an  earth,  is  of  a  pale  orange- 
yellow  colour,  ponderous,  granulated,  exceedingly  fri- 
able, does  not  efflorefcc,  nor  become  moiil  when  expo- 
fed  to  the  air,  but  when  ap])!ied  to  the  tongue  feems  to 
adhere  to  it.  When  reduced  to  a  fine  powder,  it  re- 
mains for  fome  time  fufpcnded  in  water,  but  foon  de- 
pofits  itfelf  at  the  bottom  in  the  form  of  a  llime.  When 
boiled  with  water,  the  water,  at  leall  foniclimes,  is  ob- 
ferved  to  have  a  fomewhat  falinetalle.  It  does  not  ef- 
fervefce  with  acids,  but  is  in  part  difTolved  by  aqua  regia  ^ 

(nitromuriatic  acid).  In  the  lire  it  emits  no  fulphure- 
ous  vapour,  is  difficult  to  be  fuled,  and  by  that  opeia- 
tion  undergoes  no  material  change,  only  that  its  colour 
becomes  fomewhat  redder.  Wiien  fuicd  with  colour- 
lefs  glafs,  it  gives  it  a  milk-white  colour,  a  fure  proof 
that  it  contains  no  iron  ;  and,  with  inflammable  fub- 
flances,  there  is  obtained  from  it  a  regulus  which  has 
the  appearance  of  a  mixture  of  lead  and  antimony. 

"  This  article  is  brought  from  Naples  for  the  moft  part 
in  the  form  of  an  earthy  cruft  about  three  or  four  lines 
in  thicknefs,  and  it  fometimes  retains  the  form  of  the 
vefTel  in  which  it  has  hardened.  It  can  be  procured  alfo 
as  a  fine  powder,  as  the  colourmen  keep  it  fometimes 
ready  pounded  for  ufe." 

About  the  nature  of  the  fubftance  called  Naples-yel- 
low there  has  been  much  divcrfity  of  opinion.  Moll  of 
thofe  who  have  written  about  it,  confider  it  as  origi- 
nating from  lire,  and  as  a  volcanic  produAlon  of  Mount 
Vefuvius  or  Mount  &tna.  ;  others  have  pronounced  it 
to  be  a  natural  ochre.  Gucttard  thought  it  rather  a 
kind  of  bole  ;   but  Pott   approached  nearell  the   truth, 

by  alfertinsf  it  to  be  an   artificial   preparation  *.      Fou-        '  "•f.. 
-ii  1  •■-I-  JL'     "Z'^fi't  '•  n, 

gcroux  IS    entitled  to  the  merit  01  having  proved  this,  °  ■  _ 

and  of  having  fliewn  the  poflibility  of  preparing  it.  Ac- 
cording to  his  experiments,  Naples-yellow  wi!l  be  ob- 
tained if  you  boil  tor  feven  or  eight  hours,  firfl  over  a 
flow  and  then  over  a  flrong  fire,  a  mixture  finely  pul- 
verifed  of  twelve  parts  of  pure  white  lead,  one  part  of 
alum,  one  part  of  fal  aninioniac,  and  three  parts  of 
diaphoretic  antimony  f  (white  oxide  of  antimony  hy\^^'''"-'J 
nitre).  But  before  Fougeroux,  who  may  have  obtain-'"'^'"  ' 
ed  an  account  of  the  procefs  during  his  travels  through^ 
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Italy,  a  more  certain  procels  was  publifhcd  in  the  year 

1758,  by  Giambattilla  PafTeri,   in  his  interclling  work 

on  the  painting  of  earthen  ware  ;[;.      The  articles  to  be  j  In  Ki"^' 

employed,  according   to  this  author,   are,  "  one  pound '•J"'''''',. 

of  antimony,  a  pound  and  a  half  of  lead,  one  ounce  o{'{"t"';fr! 

aiume   ai  fecaa,  and  the    fame    quantity  ot    common-'^  ^^^ 

fait."      I  am  inclined   (fays  M.    Beckmann)   to  think 

that  this  receipt  was  not   unknown  to  Fougeroux,  and 

that  he  confidered  alume  dt  fecc'ia  to  be  alum.      Pro- 

feflbr  Leonhardi,  a  man   of  very   found  learning,   has 

tranflated  this  exprefTion   by  the   word  alum.     I  will, 

however,  freely  confefs,  that  I   confider  alume  d'tfeccia 

not  to  mean  alum,  but  fait  of  tartar,  or  potafh.     Paf- 

O  o  2  feri 
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Naplc,  feri  fays,  tliat  the  proportions  may  be  varied  difierent 
'^''"^^  ways;'  and  he  gives  fix  other  receipts,  in  which  he  does 
•~'  rot  mention  a/awn-  di  feicia,  Ij^t  only /ivWa  ;  and  this 
word  certainly  nifans  liianhefi-n  or  wiiieflone  (tartar). 
J'rofcfTor  Leonhardi  himfclt  leenis  to  confirm  this  opi- 
nion, by  fayi^ig,  that  Vairo,  profeffor  of  chcmiilry  at 
Naples,  lias  tranflatid  "  the  aflies  of  wine  lees''  (clnens 
iiifitlirii  j  by  the  words  chime  tli  feccia. 

After  Fongeroux's  paper  was  printed,  De  la  I.nnde 
publillied  a  receipt  which  he  had  received  from  the 
well-known  prince  San  Scvero,  and  in  vvliich  lead  and 
antimonv  onlv  are  employed  ;  but  no  mention  is  made 
eitlier  of  alum,  tartar,  or  any  other  ialt.  This  receipt 
is  as  follows  : 

Take  lead  well  calcined  and  fifted,  with  a  third  part 
of  its  weight  of  antimony  pounded  and  fifted  aifo.  Mix 
thefe  fubftances  well  together,  and  fift  them  again 
through  a  piece  of  filk.  Then  take  large  flat  earthen 
<lifhes,  not  varnillied,  cover  them  with  white  paper,  and 
fpread  ont  the  powder  upon  them  to  the  depth  of 
about  two  Inches.  Place  thefe  dilhes  in  a  potter's  fur- 
nace, but  only  at  the  top,  that  they  may  not  be  expo- 
led  to  too  violent  a  heat.  The  reverberation  of  the 
Hanie  will  be  fufficient.  The  dillus  may  be  taken  out 
at  the  fame  time  as  the  eaithen-ware,  and  the  fubilance 
■will  then  be  found  hard,  and  ot  3  yellow  colour.  It  is 
then  pounded  on  a  piece  of  marble  with  water,  and  af- 
terwards dried  for  ufe. 

The  enamel  painters  In  Germany  prepare  a  yellow 
glazing,  not  very  different  from  the  real  Naples  yellow, 
by  a  prcfcrlption,  according  to  which,  "  one  pound  of 
antimony,  fix  ounces  of  red  lead,  and  two  ounces  of 
white  fand,  are  to  be  fufed  together.  The  pioduce, 
which  a]ipears  quite  black,  is  to  be  pounded,  and  then 
fufed  again  ;  and  this  procifs  is  to  be  repeated  till  the 
whole  mafs  becomes  thoroughly  yellow.  Half  a  pound 
of  this  mafs  is  to  be  mixed  with  two  ounces  of  red  lead, 
and  aiterwards  fufed  ;  and  by  this  tedious  procefs  an 
orange-yellow  pigment  will  be  oblalned." 

All  avtills  who  fpeak  of  the  ufe  of  Naples  yellow, 
five  cautions  againil  applying  iron  to  it,  as  the  colour 
by  thefe  means  becomes  grcenilli,  or  at  leaft  dirty.  For 
this  reafon,  it  muftbe  pounded  on  a  Hone,  and  Icraped 
together  with  an  ivory  fpatula.  It  is  employed  chiefly 
in  oil  painting,  becaufe  the  colour  is  fotttr,  brighter, 
and  richer  than  that  of  ochre,  yellow  lead,  or  orpiment, 
and  becaufe  it  far  exceeds  thefe  pigments  in  durability. 
It  is  employed  in  particular  when  the  yellow  ought  to 
have  the  appearance  of  gold,  and  In  this  refpeft  it  may 
be  prepared  with  gum  water,  and  ufed  as  a  water  co- 
lour.  A  ftill  greater  advantage  of  it  is,  that  it  Is  pro- 
per for  enamel  painting,  and  on  that  account  may  be 
employed  on  porcelain  or  earthen  ware  (a).  Profefi'or 
Beckmann,  however,  recommends  to  artills  to  examine 
whether  the  oxide  prepared  from  wolfram,  by  boiling  in 
the  muriatic  acid,  which  has  a  beautiful  yellow  colour, 
might  not  be  ufed  in  the  fame  manner  as  Naples  yellow. 
NARDUS.  Under  this  generic  term  we  have,  in 
the  Encyclopedia,  given,  from  the  Philojophical  Tranf- 
aSiotis,  a  defcriptlon  of  the  plant  or  grafs  which  Dr 
Blane  confiders  as  the  fplkenard  of  the  ancients.     It  Is 


our  duty,  in  thi'^  place,  to  inform  our  readers,  that  Sir    NirJus, 
Wjlliam  Jones,  in  the  2d  and  4th  volumes  of  the  /fjiatic     ^^rcs. 
liefciJirijcs,  leems  to  have  completely   proved  that  the  * 

Ipikenard  of  Diufcorldes  and  Galen,  or  Nnrdus  Ind'ua, 
was  a  very  different  plan  from  the  Andropogon  of  l)r 
Blanc,  and  that  it  grows  in  a  country  far  diltant  from 
Alackran.  The  ]noofs  brought  by  the  illullrious  prc- 
fident  of  the  Aiiatic  Sociity,  in  iupport  of  his  own 
opinion,  are  too  Tuimerous  and  circuinllantlal  to  be  In- 
troduced into  fuch  a  work  as  this.  We  fhall  therefore 
only  give  one  of  them  ;  which  though,  when  feparatcd 
from  tiie  reft.  It  lofes  much  of  its  force,  mull  be  allowed, 
even  fingly,  to  have  great  weight. 

The  true  Indian  fplkenard  is  confeffedly  called  by 
the  Arabs  Stimlulu'l  Hind;  for  fo  they  tranflate  the 
name  of  It  in  Ulofcorldes.  Now  (fays  Sir  William)  1 
put  a  fair  and  plain  queftlon  feverally  to  three  or  four 
Muffulman  phyiicians  :  "  What  Is  tlie  Indian  name  of 
the  plant  which  the  Arabs  call  Siindu/u'/  Hind?" 
They  all  anfwered,  but  fome  with  more  readincfs  than 
others,  yatjmansi.  After  a  pretty  long  interval,  I 
Ihewed  them  the  fpikes  (as  they  are  called)  of  'Jutii- 
mansi,  and  aflied,  what  was  the  Arabic  name  of  that 
Indian  drug  ?  They  all  anfwered  readily,  Sambulu'l 
Hind.  The  fame  evidence  may  be  obtained  In  this 
country  by  any  other  European  who  feeks  it  ;  and  if 
among  twelve  native  phyficians,  verfed  In  Arabian  and 
Indian  philology,  a  lingle  man  fliould,  after  due  conli- 
deratlon,  give  ditiVrent  anfwers,  I  will  cheerfully  fub- 
mlt  to  the  Roman  judgment  of  non  liquet.  But  the 
yiiliimcinsi  *  evidently  belongs  to  the  natural  order  »  Plata 
which  Linnaeus  calls  aggregate  ;  with  the  following  cha-  XXX. 
radcrs  : 

Calyx,  fcarce  any  ;  margin,  hardly  difcernible.  Co- 
rolla, one  petal  ;  tube  fomewhat  gibbous ;  border  five 
cleft.  Siamiiui,  three  Anthers.  Pijlula,  Germ  beneath  ; 
one  Style  erect.  Seed,  folitary,  crowned  with  a  pap- 
pus. Root,  fibrous.  Leaxes,  hearted,  fourfold  ;  radi- 
cal leaves  petioled. 

It  appeai'b  therefore  (continues  the  learned  author) 
to  be  the  Protean  plant  Valerian,  a  filter  of  the  Moun- 
tain and  Celtick  Naid,  and  of  a  fpecles  which  I  fliould 
defcribe  in  the  Linncan  ftyle,  Valeriana  y,it,iinansi 
Jloribus  triandris,  folds  cordatis  quaternis,  radicalibus  pe- 
tiolalis.  The  radical  leaves,  rifing  from  the  ground, 
and  enfolding  the  young  flem,  are  plucked  up  with  a 
part  of  the  root,  and  being  dried  in  the  fun  or  -by  an 
artificial  heat,  are  fold  as  a  drug,  which,  from  its  ap- 
pearance, has  been  called  fplkenard.  The  Jatainansi 
Is  a  native  of  the  moft  remote  and  hilly  parts  of  India, 
fnch  as  Ne'pa  l,  Marang  Butan,  near  which  Ptolemy 
fixes  the  native  foil  of  the  Nardiis  Indica.  It  grows 
erect  above  the  furface  of  the  ground  refembling  an  ear 
of  green  wheat  ;  and  when  recent.  It  has  a  faint  odour, 
which  is  greatly  increafed  by  the  fimple  proceis  ot  dry- 
ing it. 

NARES   (Tames),    doftor    of   mufic,  an    eminent  „.      -,.„ 

r  11-1  c   ■  1  1  r  Bwg.D:fi. 

compoter  and  teacher  in  that  Icience,  under  whom  lome  ^^^  ^jj; 
of  the  firll  muficians  of  the  prefent  day  received  the 
whole  or  part  of  their  education,  was  the  fon   of  Mr 
Nares,  who  was,  for  many  years,  lleward  to  Montague 

and 


(a )   In  the  Memoirs  of  the  Academy  of  Sciences  for  1 767,  Fougeroux  has  proved  that  the  glallolino  prepared 
by  him  produced  on  porcelain  a  much  more  beautiful  colour  than  the  Naples  yellow  fold  iu  the  Ihops. 
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Nares.  and  WiUoughby,  earls  of  Abingdon.  He  was  born,  as 
~"^'~~^  well  as  his  brother,  the  late  Mr  Juftice  Nares,  at  Stan- 
well  in  Middlefex  ;  the  former  in  171?,  the  latter  in 
1716.  His  mulical  education  he  commenced  under 
Mr  Gates,  then  mafter  of  the  royal  choriilers ;  and 
completed  it  under  the  celebrated  Dr  Pepulch.  Thus 
prepared,  he  officiated,  for  fome  time,  as  deputy  to  Mr 
Pigott,  organift  of  Wludfor  ;  but  on  the  refignation  of 
Mr  Salifbury,  organill  of  York,  in  17341  was  chofen 
to  fucceed  him,  being  then  only  nineteen.  It  is  related, 
on  undoubted  authority,  that  when  the  old  mufician 
firft  faw  his  intended  fuccefl'ur,  he  faid,  rather  angrily, 
"  What  !  is  that  child  to  fucceed  me  ?"  which  being 
mentioned  to  the  organift-eleft,  he  took  an  early  op- 
portunity, on  a  difficult  fervice  being  appointed,  to  play 
it  throughout  half  a  note  below  the  pitch,  which 
brought  it  into  a  key  with  fevcn  fharps  ;  and  went 
through  it  without  the  flightelt  error.  Being  aflced 
why  lie  did  fo  ?  he  faid,  that  "  he  only  wilhtd  to  (hew 
Mr  Salifbui-y  what  a  child  could  do."  His  knowledge  in 
all  branches  of  his  profeflion  was  equal  to  his  practical 
ikill  in  this  inftanct  ;  and,  during  his  relidcnce  at  York, 
where  he  was  abundantly  employed  as  a  teacher,  and 
where  he  married,  Mr  Nares,  by  his  good  conduft,  as 
well  as  profeflional  merit,  obtained  many  powerful 
friends.  Among  the  foremoft  of  thefe  was  Dr  Fon- 
tayne,  the  refpeClable  and  venerable  dean  of  York  ; 
who,  when  Dr  Green  died,  towards  the  letter  end  of 
1755,  exerted  his  interell  fo  fuccefsfully,  that  he  ob- 
tained for  him  the  united  places  of  organift  and  com- 
pofer  to  his  Majcfty.  He  removed  therefore  to  London 
in  the  beginning  of  1756  ;  and,  about  the  fame  time, 
was  created  doftor  in  mufic  at  Cambridge. 

On  the  refignation  of  Mr  Gates,  in  1757,  Dr  Nares 
obtained  alio  the  place  of  mafter  of  the  chorifters  ; 
which  having  been,  for  a  long  time,  without  increafe, 
notwithltanoing  the  increafe  of  cxpences  attending  it, 
was,  by  roya!  favour,  augmented  about  17751  hrft  with 
the  falarv  of  the  violill;  and,  oji  the  revival  of  that  place 
for  Mr  Crofdill,  in  1777,  with  that  of  lutanilt,  which 
was  annexed  to  it  for  ever.  It  was  in  this  fituation 
that  Dr  Nares  fuperintended  the  education  of  many 
pupils,  who  have  iince  become  famous  ;  particularly  Dr 
Arnold,  who.  though  with  him  only  for  a  (liort  time, 
was  highly  diilinguiflied  by  him  for  talents  and  appli- 
cation. The  anthems  and  fervices  which  Dr  Nares 
produced,  as  compofer  to  the  royal  chapel,  were  very 
numerous  ;  many  of  them  have  fince  been  printeii,  and 
many  which  exift  only  in  manufcript  ftill  continue  to 
be  performed  in  the  choirs  with  much  effcft.  Having 
been  originally  a  mufician  rather  by  accident  than 
choice,  with  very  ftrong  talents  and  propenhties  alio 
for  literature,  Dr  Nares  was  particularly  attentive  to 
exprefs  the  fcnfe  of  the  words  he  undertook  to  fet  ;  and 
was  the  (irft  who  attempted  to  compofe  the  Te  Deum 
for  the  choir  fervice,  in  fuch  a  manner  as  to  fet  off  the 
fentiments  it  contains  to  advantage.  Before  his  time, 
it  had  been  fet  rather  to  a  regular  ilrain  of  chaunt  than 
to  any  exprefTive  melodies.  The  merits  of  Dr  Nares 
were  not  overlooked  by  his  royal  patrons,  whom  he  had 
•occafionally  the  honour  to  attend  in  private,  though 
not  a  part  of  his  regidar  duty.  To  nr.anifefl  his  refpeft 
and  gratitude  for  them,  ke  compofed  his  dramatic  ode, 
entitled  The  Royal  Pjiloral ;  the  words  of  which  were 
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written  by  Mr  Bellamyiauthorof  a  book,  entitled  Ethic     Nare'. 
Amufenients.  i— y— . 

In  July  1780,  Dr  Nares  was  obli<Ted,  by  declininp- 
health,  to  relign  the  care  of  the  chorillers,  in  which 
place  he  was  fucceeded  by  Dr  Ayrton,  his  pupil  and 
valued  friend.  In  his  lixty-eighth  year,  a  conilitution, 
never  robuft,  gave  way,  and  he  died  on  February  10. 
1783.  Teftimony  has  been  borne  to  the  merits  of  Dr 
Nares  by  feveral  writers,  but  more  particularly  by  Mr 
Mafon,  in  his  preface  to  a  book  of  anthems,  printed  for 
the  ufe  of  York  Cathedral;  and  in  his  late  Eflays  on 
Church  Mufic,  page  138.  The  late  Lord  Morninglon, 
fo  well  known  for  mufical  talents,  frequently  confulted 
him  ;  and  Sir  John  Hawkins  derived  advantage  from 
his  acquaintance,  in  the  progrefs  of  his  Hillory  of  Mu- 
fic. Throughout  life,  he  was  not  lefs  refpcdfed  as  a  man 
than  admired  as  a  mufician  ;  he  had  a  vivacity  that  ren- 
dered his  fociety  always  pleafing  ;  and  a  generous  con- 
tempt for  every  thing  bafe,  that  manifcfted  itfelf  on  all 
proper  occafions,  and  very  juftly  commanded  eftecm. 

His  printed  works  are  thefe  :  1.  Eight  fets  of  Lei- 
fons  tor  the  Harpfichord  ;  dedicated  to  the  Right  Hon. 
Willoughby  Earl  of  Abingdon.  Printed  in  1748  ;  re- 
printed in  1757.  2.  Five  Lefions  for  the  Harpfichord, 
with  a  Sonata  in  fcore  for  the  Harpfichord  or  Organ  ; 
dedicated  to  the  Right  Honourable  the  Conntefs  of 
Carlifle  ;  publifiied  in  1758  or  1759.  3.  A  Set  of 
Eafy  LcfTons  for  the  Harpfichord,  three  in  number  ; 
with  a  dedication  to  the  public,  figned  J.  N.  4.  A 
Treatife  on  Singing,  fmall  fize.  5.  11  Principio  ;  or  A 
regular  Introduction  to  playing  on  the  Harpfichord  or 
Organ.  This  was  the  firft  fet  of  progrefiive  lelfims 
publifhed  on  a  regular  plan.  6.  The  Royal  Paftoral,  ;v 
Dramatic  Ode  ;  dedicated  to  his  Pvoyal  Highnefs  the 
Prince  of  Wales  ;  printed  in  fcore,  with  an  overture  and 
chorufes.  7.  Catches,  Canons,  and  Glees  ;  dedicated 
to  the  late  i^ord  Moniington.  8  Six  Fugues,  with 
Introductory  Voluntaries  for  the  Organ  or  Harpfi- 
chord. 9.  A  Concife  and  Eafy  Trealife  on  Singing, 
with  a  Set  of  Englilh  Duets  for  Beginners.  A  diffe- 
rent work  from  the  former  fmall  treatife.  10.  Twentv 
Anthems,  in  fcore,  for  one,  two,  three,  four,  and  five 
Voices.  Compofed  for  the  Ui'e  of  his  Majefty's  Ciia- 
pels  Royal,  1778.  i  i.  Six  Eafy  Anthems,  with  a  fa- 
vourite Morning  and  Evening  Service,  left  for  publica- 
tion at  his  death,  and  publilhed  in  1  788.  with  a  portrait 
and  a  concife  account  of  the  author.  Of  thefe  compo- 
fitions  the  following  (hort  charadfer  is  given  by  an  eiti- 
nent  mufician,  to  whom  they  are  all  well-known  :  "  The 
lefTons  are  compofed  in  a  mafteily  and  plcaling  ftyle  ; 
free  from  thofe  tricks  and  unmeaning  fucceffions  of 
femitones,  to  which  a  good  ear  and  found  judgment 
never  can  be  reconciled.  The  treatifes  on  finging  con- 
tain duets  compofed  for  the  ufe  of  the  children  <if 
the  royal  chapels,  fuperior  to  any  thing  yet  pubhfli- 
ed  ;  and  fuch  as  every  teacher  ought  to  perufe.  His 
catches,  canons,  and  glees,  are  natural  and  pleafing  ; 
cfpccially  the  glee  to  all  Lovers  of  Harmony,  whivh 
gained  the  prize  medal  at  the  catch-club  in  1770.  The- 
Royal  Paftoral  is  compofed  throughout  in  a  very  maf- 
terly  manner  ;  particularly  the  chorufes,  with  which 
each  part  cuncludes.  This  ode,  containing  108  liages, 
was  v.ritlii,  and  all  tlie  vocal  and  inftrumental  paits 
traiifcribed  for  performing,  within  twelve  days.     Tiie 
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Niv'gstare.  fix  fuguen,  with  introduftory  voluntaries  for  the  organ, 
^"■"V— '  contain  tlic  ftroii;^ell  jnoofs  of  ingenuity  and  judge- 
ment ;  few,  if  any,  have  ever  been  written  that  can  be 
preferred  to  them.  In  both  fets  of  the  antliems,  the 
fame  charafteriilics  appear  ;  and  the  fervice  of  the  lat- 
ter very  'iillly  acquired  the  title  of  favourite  ;  nor  can 
there  be  any  doubt  that  the  works  of  this  author  will 
be  adniired  as  long  as  a  talle  for  mufic  (liall  fubfill." 

NAVIGATORS  islands,  an  archipelago  in  the 
South  Sea,  difcovered  by  Bougainville,  who  gave  to 
them  that  name,  becaufe  the  natives  do  not  pafs  between 
the  dilFerent  villages,  which  are  all  built  in  creeks  and 
bays,  but  in  their  canoes.  The  Navigators  Iflands  are 
ten  in  number ;  namely,  Opoun,  Leone,  Funfoue,  Ma- 
OUANA,  Oyolava,  Caltnajj'e,  Pola,  Shika,  OJj'amo,  and 
Ouera. 

We  have  already  given  an  account  of  the  foil  and 
produftions  of  Maouana  ;  and  as  the  other  iflands  of 
this  clufter  are  equally  fertile,  we  need  not  go  over  the 
fame  ground  again.  It  may  be  proper,  however,  to 
obferve,  that  in  fomc  of  them  the  fugar-cane  was  found 
growing  fpontaneoudy,  though  its  juice  contained  lefs 
of  the  faccharine  fubftance  than  the  fugar  cane  of  the 
Welt  Indies,  which  our  voyagers  attributed  to  its  grow- 
ing in  a  richer  foil  and  in  the  fhade.  According  to 
Peroufe,  the  Navigators  Iflands  are  fituated  about  the 
14th  degree  of  fouth  latitude,  and  between  the  17111 
and  175th  degrees  of  longitude  weft  from  Pan's.  In 
Oyolava  the  fnioke  was  feen  hovering  over  a  village  as 
over  a  large  European  town  ;  and  the  number  of  ca- 
noes which  from  that  ifland  furrounded  the  frigates  was 
immenfe.  Thefe  are  very  tickliih  veffcls,  and  would  be 
abfolutely  ufelefs  to  any  body  but  fuch  excellent  fwim- 
mers  as  the  iflanders,  who  are  no  more  furprifed  or  un- 
eafy  at  their  overfetting  than  we  are  at  the  fall  of  a 
hat.  Taking  up  the  canoe  on  their  fhouldcrs,  they 
empty  it  of  water,  and  then  get  in  again,  with  the  cer- 
tainty of  having  the  fame  operation  to  perform  a  fecond 
time  in  half  an  hour.  Sometimes  tiiey  join  two  canoes 
together  by  means  of  a  crofs  piece  of  wood,  in  which 
they  make  a  ftep  to  receive  the  mall  ;  and  in  this  way 
they  are  lefs  liable  to  be  overfet,  fonietimes  performing 
a  long  voyage  without  any  fuch  accident.  It  is  need- 
lefs  to  add,  that  thefe  carioes  are  very  fmall,  generally 
containing  only  five  or  fix  perfons,  though  fome  few  of 
them  may  contain  as  many  as  fourteen. 

The  natives  of  the  Navigators  Klands  are  tall  and 
well  made.  Their  ufual  height  is  five  feet  nine,  ten, 
and  eleven  inches  ;  but  their  ftature  is  lefs  allonifhing 
than  the  coloflTal  proportions  of  the  different  parts  of 
their  bodies.  "  Our  curiofity  (fays  Peroufe),  which 
often  led  us  to  mcafure  them,  gave  them  an  opportu- 
nity of  making  frequent  comparilons  ot  their  bodily 
ftrength  with  ours.  Thefe  comparifoiis  were  not  to 
our  advantage  ;  and  we  perhaps  owe  our  misfortunes 
(fee  Maouana  in  this  Suppl.)  to  the  idea  of  individual 
Superiority  refulting  from  repeated  trials.  Their  coun- 
tenances often  appeared  to  exprefs  a  fentiment  of  dil- 
dain,  which  I  hoped  to  dellroy,  by  ordering  our  arms 
to  be  ufed  in  their  prefence  :  but  my  end  could  only 
have  been  gained  by  direfting  them  againll  human  vic- 
tims ;  for  otherwife  they  took  the  noife  for  fport,  and 
the  trial  for  a  diverfion. 

"  Among  thefe  Indians  a  very  fmall  number  is  be- 
low the  height  indicated  above.   I  have,  however,  mea- 
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fured  feveral  wlio  were  only  five  feet  four  inches,  but  N'«»]^ator8 
thefe  are  the  dwarfs  of  the  country  ;    and    altliough  """"v      " 
their  ftature  rcfcmhies  ours,  their  ftrong  and   nervous 
arms,  their  broad  chefts,  and  their  legs  and  thighs,  are 
of  a  very  different  proportion. 

"  The  men  have  the  body  painted  or  tatowed,  fo 
that  any  one  would  fuppofe  them  clad,  although  they 
go  almoft  naked.  They  have  only  a  girdle  of  lea- 
weeds  encircling  their  loins,  wliich  comes  down  to  their 
knees,  and  gives  lliem  the  appearance  of  the  river  gods 
of  fabulous  hillory,  whom  it  is  cuftomary  to  depift  with 
ruihes  round  their  waift.  Their  hair  is  very  long.  They 
often  twill  it  round  their  heads,  and  thus  add  to  their 
native  ferocity  of  countenance,  which  always  cxprelfes 
either  furprife  or  anger.  The  leaft  difpute  between 
them  is  followed  by  blows  of  flicks,  clubs,  or  paddles  ; 
and  often,  without  doubt,  cofts  the  combatants  their 
lives.  They  are  almoft  all  covered  with  fears,  which 
can  only  be  the  eonfcqnencc  of  their  individual  quar- 
rels. The  ftature  of  the  women  is  proportioned  to 
that  of  the  men.  They  are  tall,  flender,  and  not  with- 
out  grace;  but  they  lofe,  while  yet  in  their  prime, 
thofe  elegant  forms,  of  whicli  Nature  has  not  broken  the 
mould  among  this  barbarous  race,  but  of  which  (he  ap- 
pears to  leave  them  in  pofteffion  only  for  a  moment,  and 
with  reluflance.  Among  a  great  number  of  women 
that  I  had  an  opportunity  of  feeing,  I  only  obferved 
three  really  pretty.  The  grofs  effrontery  of  the  reft, 
the  indecency  of  their  motions,  and  the  difgufting  of- 
fers which  they  made  of  their  favours,  rendered  them 
fit  mothers  and  wives  for  the  ferocious  beings  that  fur- 
rounded  us."  Our  author  gives  the  following  inllance 
of  indecent  manners,  which  is,  perhaps,  without  a  pa- 
rallel. 

The  young  and  Jjrettieft  females  foon  attrafted  the 
attention  of  feveral  Frenchmen,  who,  in  fpite  ot  the 
Commodore's  prohibition,  endeavoured  to  form  a  con- 
neftion  with  tlsem,  and  were  fucceistul.  The  lonks  of 
the  Europeans  expreffing  defires  which  were  foon  di- 
vined, lonie  old  women  undertook  the  negociation.  The 
altar  was  prepared  in  the  handlomeft  hut  in  the  village, 
all  the  blinds  were  let  down,  and  the  inquifitive  were 
excluded.  The  viftim  was  then  laid  in  the  arms  of  an 
old  man,  who  exhorted  her,  during  the  ceremony,  to 
moderate  the  expreifion  of  her  pain;  while  the  matrons 
fang  and  howled  :  the  ceremony  being  performed  in 
their  prefence.  and  under  the  aufpices  of  the  old  man, 
who  ferved  at  once  as  prieft  and  altar.  All  the  wo- 
men and  children  in  the  village  were  round  the  houfe, 
gently  lifting  up  the  blinds,  and  fetking  to  enjoy  the 
fight  through  the  fnialleft  crevices  in  the  mats.  What- 
ever  former  navigjlors  may  have  faid,  Peroufe  was  con- 
vinced' that,  in  the  Navigators  Iflands  at  leaft,  the 
young  girls,  before  they  are  married,  are  miflreiies  of 
their  perfons,  and  that  they  are  not  diflioiioured  by 
their  complaifance.  It  is  even  more  than  probaI)le, 
that  in  marrying  they  are  called  to  no  account  con- 
cerning their  pall  condudl;  but  he  had  no  doubt  that 
they  are  obliged  to  be  more  referved  when  provided 
with  a  hulband. 

Thefe  people  cultivate  certain  arts  with  fuccefs.  Un- 
der the  article  Maouana  mention  has  been  made  of  the 
elegant  form  which  they  give  to  their  huts.  It  is  not 
with  fuch  folly  as  is  commonly  fuppofed  that  they  dif- 
dain  our  inllruments  of  iron;  for  they  finifti  their  work 

very 


N     A     V 


c 


iviijatorsi  very  neatly  with  tools  made  of  a  vei-y  fine  and  compaA 
-—^1—'  fpecics  of  bafaltes  in   the  form  of  an  adze.      For  a  few 
glafs  beads  they   fold    to    Peroufc    large   three-legged 
dllhes  of  a  liiigle  piece  of  wood,  and  fo  well    polifhed 
that  tiiey  feemed  to  have  been  laid  over  with  a  coat  of 
the  fined  varnifli.      Tt  would  take  an   Enropean  work- 
man fevtral  days  to  produce  one  of  thefe  dillies,  which, 
for  want  of  proper  inllruments,  mull  coft  an  Indian  fe- 
veral    months    labour.     They    fet,    however,    fcarcely 
any  value  upon  them,  becaufe  they  fet  little  upon  the 
time  they  employ.    The  fruit  trees  and  nutritious  roots 
that  grow  fpontaneoufly  around  them,  infure  to  them 
their  fubfiftence,  as  well   as  that  of  their  hogs,  dogs, 
and  4awls  ;   and  if  they  fometimes  ftoop  to  work,  it  is 
to    procure  enjoyments    rather   agreeable  than   ufetnl. 
They  manufatture  very  fine  mats,  and  fome  paper  ihifFs. 
Our  author  remarked  two  or  three  of  them,  whom  he 
took  for  chiefs,  with  a  piece  of  cloth  tied  round  their 
■watlt;  like  a  petticoat,  inftead  of  a  girdle  of  weeds.     It 
is   compofed  of  real  thread,  prepareil  no  doubt   from 
fome  filamentous  plant  like  the   nettle  or  flax  ;   and  is 
manufaftured  without  a  ihuttle,   the  threads  being  ab- 
folutcly   laid  over  one  another  like  thofe  of  their  mats. 
Tliis  cloth,  which  iias  all  the  fupplenela  and  folidity  of 
ours,  is   very  fit  for  the  fails  of  their  canoes  ;  and  ap- 
peared far  fuperior  to  the  paper  (luff  of  the  Society  and 
Friendly  Itlands,  which  they  manufafture  alio.     Their 
canoes  are  well  conftrufted,  and  furnifli  a  good  proof  of 
the  ildll  with  which  they  work  in  wood.     For  a  few 
glafs  Beads  they  gave  to  the   Frenchmen,  among  other 
things,  a  wooden  velTel  filled  with  cocoa  nut  oil,  exact- 
ly of  the  fliape  of  our  earthen  pots,  and  fuch  as  no  Eu- 
ropean would  undertake  to  fafhion  by  any  other  means 
than  a  turning  lathe.   Their  ropes  are  round,  and  twill- 
ed like  watch  chains  of  ribbon  :  their  mats  are  very  fine  ; 
but  their  Huffs  are  inferior  to  thofe  of  the  Eafter  and 
Sandwich  Iflands. 

Peroufe  derives  the  natives  of  thofe  iflands,  whofe 
colour,  he  fays,  nearly  refembles  that  of  the  Algerines 
and  other  nations  on  the  coafl  of  Barbary,  from  the 
Malays;  and  as  we  do  not  vouch  for  the  truth  of  his 
theory,  though  we  admit  it  to  be  ingenious,  we  fhall 
give  the  reafoning  by  which  he  fupports  it  in  his  own 
words. 

"  We  did  not  at  firll  difcover  (fays  he)  any  identity 
between  their  language  and  that  of  the  natives  of  the 
Society  and  Friendly  IfUnds,  of  which  we  had  vocabu- 
laries ;  but  a  more  mature  examination  convinced  us, 
that  they  fpcak  a  dialedl  of  the  fame  language.  A 
faft  which  tends  to  prove  it,  and  which  confirms  the 
opinion  of  the  Englilh  concerning  the  origin  of  thele 
people,  is,  that  a  young  domeilic,  a  native  of  the  pro- 
vince of  Tagayan  in  the  north  of  Manilla,  undcrflood 
and  explained  to  us  the  greater  part  of  their  words.    It 
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is  xvell  known  that  the  Tagayan,  the  Talgal,  and  the N^vlgatoi^ 
generality  of  languages  fpoken  in  the  Philippines,  are  ' 
derived  from  tiie  Malay  :  a  language  more  ditfufcd  than 
were  thofe  of  tlie  Greeks  and  Romans,  and  common  to 
the  numerous  tribes  that  inhabit  the  iflands  of  the  great 
Pacific  Ocean.  It  appears  to  me  evident,  that  all  thefe 
different  nations  are  th.'  progeny  of  Malay  colonies, 
which,  in  fome  age  cxtrenaly  remote,  conquered  the 
iflands  they  inliabit.  1  fliovild  not  even  wonder,  if  the 
Chiiiefe  and  Egyptians,  whofe  antiquity  is  fo  much 
vaunted,  were  mere  moderns  in  comparifon  ot  the  Ma- 
lays. But  however  this  may  be,  I  am  fatisfied  that  the 
aborigines  of  the  Philippine  Iflands,  Furmofa,  New 
Guinea,  New  Britain,  the  New  Hebrides,  the  Friendly 
Iflands,  &c.  in  the  fuuthern  hcmifphere,  and  thofe  of 
the  Marianna  and  Sandwich  iflands  in  the  northern, 
were  that  race  of  woolly  headed  men  ttiil  found  in  the 
interior  of  the  iflands  of  Luconia  and  Formofa.  They 
were  not  to  be  fubjugattd  in  New  Guinea,  New  Bri- 
tain, and  the  New  Hebrides  ;  but  being  overcome  in 
the  more  eaOern  iflands,  which  were  too  fmall  to  afford 
them  a  retreat  in  the  centre,  they  mixed  with  the  con- 
quering nation.  Thetice  has  refnlted  a  race  of  very- 
black  men,  whofe  colour  is  ftill  feveral  Ihades  deeper 
than  that  of  certain  families  of  the  country,  probably 
becaufe  the  latter  have  made  it  a  point  of  honour  to 
keep  their  blood  unmixed.  I  was  ftruck  with  thefe 
two  very  diflindl  races  in  the  Iflands  of  Navigators,  and 
cannot  attribute  to  them  any  other  origin. 

"  The  defcendants  of  the  Malays  have  acquired  ia 
thofe  iflands  a  degree  of  vigour  and  llrength,  a  lofty 
(tature,  and  a  Herculean  foi  m,  which  they  do  not  in- 
herit from  their  forefatheis,  but  which  they  owe,  with- 
out doubt,  to  an  abundance  of  food,  to  a  mild  climate, 
and  to  the  influence  of  different  phyfical  caufes  which 
have  been  conflantly  ailing  during  a  long  ferjcs  of  ge- 
nerations. The  arts  which  they  perhaps  brciight  with 
them  may  have  been  loft  for  want  of  materials  and  in- 
llruments to  pradlife  them  ;  but  the  identity  of  lan- 
guage, like  Ariadne's  clue,  enables  the  obferver  to  fol- 
low all  the  windings  of  this  new  labyrinth.  The  feu- 
dal government  is  alfo  prcfcrved  here  ;  that  government 
which  little  tyrants  may  regret  ;  which  was  the  difgrace 
of  Europe  for  feveral  centuries  ;  and  of  which  the  Go- 
thic remains  are  iliU  to  be  found  in  our  laws,  and  are 
the  medals  that  atteft:  our  ancient  barbarifm  :  that  go.« 
vernment,  which  is  the  m.oft  proper  to  keep  up  a  fero- 
city of' manners,  becaufe  the  linallell  dlfputes  occafion 
wars  of  village  againfl  village,  and  becaule  wars  of  this 
nature  are  condnfted  without  magnanimity,  and  with- 
out courage.  Surprifcs  and  treachery  arc  employed  by 
turns  ;  and  in  thele  unforttmate  countiies,  inftead  of  ge. 
nerous  warriors,  nothing  is  to  be  found  but  hafe  affaf- 
fins  (a).  The  Malays' are  ftill  the  nioft  perfidious  na- 
tion 


(a)  This  was  written  under  the  old  government  of  France  by  a  man  who,  like  other  declaimers  in  the  caufe 
of  liberty,  forgot  the  excellencies,  and  infifled  only  on  the  defefts  of  the  feudal  inftitutions.  Had  Peroufe,  how- 
ever,  returned  to  Europe,  and  witnefled  \\\<i philnjophic  government  of  his  country,  he  would  have  perceived,  that 
liltriy  and  equality,  and  the  rights  of  man,  are  as  well  calcula'^ed  to  generate  bafe  affafrins,  as  the  Gothic  remains 
of  that  Government  by  which  he  fuppofed  Europe  to  have  been  fo  long  difgraced.  He  might  even  have  lived  to 
regret,  that  his  lot  was  not  caft  among  the  bold  and  ferocious  inhabitants  of  Maouna  ;  for  the  treachery  and 
cruelty  of  thefe  people  bears  no  proportion,  even  in  his  affefling  narrative,  to  the  lyftematic  cruelty  of  thofe  who 
decreed,  that  the  end  fanftifies  the  means,  and  that  nothing,  however  atrocious  in  the  eftimation  of  antiquated 
moralillf,  is  to  be  omitted,  which  contributes  to  elevate  the  mean  above  the  noble. 
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tioii  of  Afia;  and  tlicir  cliildven  have  not  degenerated, 
bccaufe  the  fame  caufes  have  led  to  and  produced  the 
fame  cfFefls.  It  may  he  ohjcfted,  perhaps,  that  it 
mull  have  hcen  very  difficult  for  the  Malays  to  make 
their  way  from  well  to  call,  to  arrive  at  thefe  different 
idands  ;  but  the  wefterly  winds  blow  as  frequently  as 
the  eallerly  in  the  vicinity  of  the  equator,  along  a  zone 
of  fcven  or  eight  degrees  from   north  to  fonth,   where 


all  fides,  fo  that  no  perl'on  can  enter  or  come  out  of  it 
without  pafiing  the  mountains.  ^ 

There  are  tliree  principal  cities  in  the  plain,  each  of 
which  was  the  capital  of  an  independent  kingdom;  l)ie 
principal  city  of  the  three  is  fituated  to  the  northward 
of  the  plain,  and  is  called  Cat'hmandu  i  it  contains 
about  lH,ooo  honfes;  and  this  kingdom,  from  foutli  to 
orth,  extends  to  tiie  ilillance  of  twelve  or  thirteen  days 


the  wind  is  fo  variable,  that  it  is  hardly  more  difficult     journey  as  far  as  the  borders  of  Tibet,  and  is  almoll  as 


to  navigate  eall  than  weft.  Befides,  thefe  different  con- 
quells  may  not  have  been  effected  at  the  fame  time  : 
the  people  in  quellion  may,  on  the  contrary,  have 
fpread  themfelves  by  little  and  little,  and  gradually  have 
introduced  that  form  of  government  vehich  flill  exills  in 
the  peninfula  of  Malacca,  at  Java,  Sumatra,  and  at  Bor- 
neo, as  well  as  in  all  the  other  countries  fubjetl  to  that 
barbarous  nation." 

NAZER,  Nazr,  Nezer,  Nuzzer,  Nuzzerasa; 
a  prefent  from  an  inferior  ;  tees  of  office. 

NEBULOUS,  or  Cloudy,  a  term  applied  to  cer- 


extenfive  from  eall  to  well.  The  king  of  Cat'hmandu 
has  always  about  50,0:0  foldiers  in  his  fervicc.  The 
fecond  city  to  the  fouth-wetl  of  Cat'hmandu  is  called 
Lelit  Paltan;  it  contains  near  24,000  houfes.  The 
third  principal  city  to  the  eall  of  Lelit  Pattan  is  called 
B'/)a/Tan{  it  contains  about  12,000  families;  and  is 
the  metropolis  of  a  ditlridl  which  extends  towards 
the  eall  to  the  diflance  of  five  or  fix  days  journey  ; 
and  borders  upon  another  nation,  alfo  independent, 
called  Ciratas,  who  profefs  no  religion.  Befides  thefe 
three  principal  cities,  there  are   many  other  large  and 


tain  fixed  ftars  which  fhew  a  dim  hazy  light;  being  lefs  lefs  cqnfiderable   towns  or   fortreffes  ;  one  of  which  is 

than  thofe  of  the  fixth  magnitude,  and  therefore  fcarce-  Timi,  and  another  Cipoli,  each  of  which  contains  about 

ly  vilible  to  the  naked  eye,  to  which  at  befl  they  only  8000  houfes,  and  is  very  populous.     All  thofe  towns, 

appear  like  little   dulliy  fpecks  or  clouds.      Through  a  both  great   and   fmall,  are  well  built  ;   the   houfes   are 

moderate  telefcope,  thefe  nebulons  liars  plainly  appear  conflrufted  of  brick,  and  are  three  or  four  ftories  high; 

to  be  congeries  or  cluflers  of  feveral  little  ftars.  their  apartments  are   not  lofty;   they   have  doors  and 

NECKAR    Isle,   a  fmall  barren  ifland,  or  rather  windows  of  wood  well  worked  and  arranged  with  great 

rock,    difcovered    by    Peroufe    in    the   Pacific  Ocean,  regularity.      The  flreets  of  all   their  towns  are  paved 

Though  its  flerility  renders  it  of  no   importance   in  it-  with  brick  or  (lone,   with  a  regular   declivity  to  carry 

felf,  its  exaft  fituation  muft  be  interefting  to  navigators,  off  the   water.      In    almoft  every  ftreet  of  the  capital 

who  are  therefore  obliged  to  the  French  Commodore  towns  there  are  alfo  good  wells  made  of  Hone,  from 

for  having  afeertained  its  latitude  to  be  2^"  34'  north,  which  the  water  paffes  through  feveral  flone  canals  for 

and  its  longitude  to  be  166''  52'  weft  from  Paris.  From  the  public  benefit.     In  every  town  there  are  large  fquare 

the  foundings  the  Neckar  feemed  to  be  only  the  top  or  varandas  well  built,  for  the  accommodation  of  travellers 


nucleus  of  a  much  more  conliderable  ifland,  which,  pro- 
1)ably  from  being  compofed  of  a  foft  and  diffoluble  fub- 
flance,  the  fea  had  gradually  wafhed  away.  In  pro- 
portion  as  the  frigates  left  the  fhore,  the  depth,  which 
at  the  dillance  of  a  mile  was  very  little,  gradually  in- 
creafed,  till,  at  the  diftance  of  about  ten  miles,  no  bot- 
tom was  found  with  a  line  of  150  fathoms  ;  and  over 
the  whole  of  that  fhore  the  bottom  confifted  of  coral 
and  broken  fliells. 

NEPAL,  a  kingdom  of  India,  fituated  to  the  north- 


and  the  public  :  thefe  varandas  are  called  Poll ;  and 
there  are  alfo  many  of  them,  as  well  as  wells,  in  diffe- 
rent parts  of  the  country  for  public  ufe.  There  are 
alfo,  on  the  outfide  of  the  great  towns,  fmall  fquare  re- 
fervoirs  of  water,  faced  with  brick,  with  a  good  road  to 
walk  upon,  and  a  large  flight  of  fleps  for  tlie  convenience 
of  thofe  who  choofe  to  bathe. 

The  religion  of  Nepal  is  of  two  kinds:  the  more  an- 
cient is  profelTed  by  many  people  who  call  themfelves 
Baryefii ;  they  pluck  out  all  the  hair  from  their  heads  ; 


Ntpil. 


eaft  of  the   city   of  Patna,   at   the   diflance   of  ten    or  their  drefs  is  of  coarfe  red  woollen  cloth,  and  they  wear 

twelve  days  journey.     Within  the  diftance  of  four  days  a  cap  of  the  fame;  they  are  confidered  as  people  of  the 

journey  from  Nepal  the  road   is  good  in  the  plains  of  religious  order,   and  their  religion  prohibits  them  from 

Hindoftan,  but  in  the  mountains  it  is  bad,  narrow,  and  marrying,  as  it  is  with  the  Lamas  of  Tibet,  from  which 

dangerous.      At   the    foot  of  the   hills  the   country  is  country  their  religion  was   originally  brought  ;  but   iu 

called  Teriaii'i ;  and  there  the  air  is  very  iinwholcfome  Nepal  they  do   not  obferve  this  rule,  except  at  their 

from  the  middle  of  March  to  the  middle  of  November ;  difcretion.     They  have  large  monafterles,  in  which  eve- 

and   people   in  their  paffage  catch  a  difordcr  called  in  ry  one  has  a  feparate  apartment  or  place  of  abode.   They 

the   language  of  that   country  aul ;   which  is  a  putrid  obferve  alfo  particular  fellivals,   the  principal  of  which 

fever,  and  of  which  the  generality  of  people,  who   are  is  called  Yatra  in  their  language,  and  continues  a  month 

attacked  with  it,   die  in  a  few  days;  but  on  the  plains  or  longer  according  to  the  pleafure  of  the  king.      The 

there  is   no  apprehenfion  of  it.      Although  the  road  be  ceremony  confifts  in  drawing  an   idol,  which  at  Lelit 

very  narrow  and  inconvenient  for  three  or  four  days  at  Pattan   is  called  Ba^hiro,  in  a  large  and  richly  orna- 

the  palTcs  of  the  hills,  where  it  is  neccffary  to  crofs  and  mentcd  car,  covered  with  gilt  copper :  round  about  the 

recrofs  the  river  more  than  fifty  times,  yet,  on  reaching  idol  ftand  the  king  and  the  principal  Barycfus;  and  in 

the  interior  mountain  before  you  defcend,  you  have  an  tliis  manner  the  vehicle  is  almofl  every  day  drawn  thro* 

agreeable  profpeft  of  the  extenfive  plain  of  Nepal,  re-  fome  one  of  the  flreets  of  the  city  by  the  inhabitants, 

fembling  an  amphitheatre  covered  with  populous  towns  who  run  about  beating  and  playing  upon  every  kind  of 

and  villages  :   the  circumference  of  the  plain  is  about  inftruraent  their  country  affords,  which  make  an  incon- 

200  miles,  a  little  irregular,  and  furroundcd  by  hills  on  ceivable  nolle. 

The 
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The  other  religion,  the  more  commQU  of  the  two,  is 
that  of  the  Brahmens,  and  is  the  fame  as  is  followed  in 
Hindoftan,  with  the  dliference  that,  in  the  latter  coun- 
try, the  Hindus  being  mixed  with  the  Mahommedans, 
their  religion  alfo  abounds  witii  many  prejudices,  and  is 
not  ibidiy  obferved;  whereas  In  Nep:il,  where  there  are 
no  MiifTelmans  (except  one  Cafhmlrian  mv-rchant),  the 
Hindu  religion  is  pradifed  in  its  greatelt  purity  :  eve- 
ry day  of  the  month  they  clafs  under  its  proper  name, 
when  certain  facrifices  are  to  be  performed  and  certain 
prayers  offered  up  in  their  temples  ;  the  places  of  wur- 
fhip  are  more  in  number  in  their  towns  than  are  to  be 
found  in  the  mod  populous  and  moti  flourifhing  cities 
of  Chrillendom;  many  of  tliem  are  magnificent  accord- 
ing to  their  ideas  of  architefture,  and  conllruded  at  a 
very  confiderable  expence  ;  fome  of  them  have  four  or 
five  fquare  cupolas,  and  in  fome  of  the  temples  two  or 
three  of  the  extreme  cupolas,  as  well  as  the  doors  and 
windows  of  them,  are  decorated  with  gilt  copper. 

In  the  city  of  Ltlit  Pattan  the  temple  of  Bjghero  is 
more  valuable,  on  account  of  the  gold,  filver,  and  jewels 
it  contains,  than  even  the  houfe  of  the  king.  Befides 
the  large  temples,  there  are  alfo  many  fmall  ones,  which 
have  Hairs,  by  which  a  fingle  perfon  may  alcend,  on 
the  outfide  all  around  them  ;  and  fome  of  thofe  fmall 
temples  have  four  fides,  others  fix,  with  fmall  Hone  or 
marble  pillars  polilhtd  very  fmooth,  with  two  or  three 
pyramidal  ftories,  and  all  their  ornaments  well  gilt,  and 
neatly  worked  according  to  their  ideas  of  talfe.  On 
the  outfide  of  fome  of  tiieir  temples  there  are  great 
fquare  pillars  of  fingle  ftones  from  twenty  to  thirty  feet 
high,  upon  which  they  place  their  idols  fuperbly  gilt. 
The  greateft  number  of  their  temples  have  a  good  ilone 
ftaircafe  in  the  middle  of  the  four  fquares,  and  at  the 
end  of  each  flight  of  flairs  there  are  lines  cut  out  of 
ftone  on  both  fides  :  around  about  thtir  temples  there 
are  alfo  bells,  which  the  people  ring  on  particular  occa- 
fions  ;  and  when  they  are  at  prayers,  many  cupolas  are 
alfo  quite  filled  with  little  bells  hanging  by  cords  in  the 
infide  about  the  diflance  of  a  toot  from  each  other,  which 
make  a  great  noife  on  tliat  quarter  where  the  wind  con- 
veys the  found.  There  are  not  only  fupcrb  temples  In 
their  great  cities,  but  alfo  within  their  caiUcs. 

To  the  eaftward  of  Cat'hmandu,  at  the  dlllance  of 
about  two  or  three  miles,  there  Is  a  place  called  To/u, 
by  wiiich  there  flows  a  fmall  river,  the  water  of  which 
is  eilecmed  holy,  according  to  their  fuperftitlous  Ideas, 
and  thither  they  carry  people  of  high  rank,  wlien  they 
are  thought  to  be  at  the  point  of  death  :  at  this  place 
there  is  a  temple,  which  is  not  inferior  to  the  bell  and 
richeft  in  any  of  the  capital  cities.  They  alfo  have  It 
on  tradition,  that  at  two  or  three  places  In  Nepal  va- 
luable treafures  are  concealed  under  ground  :  one  of 
thofe  places  they  believe  is  Tolu;  but  no  one  is  permit- 
ted to  make  ufe  of  them  except  the  king,  and  that  only 
in  cafes  of  neceflTity.  Thofe  trealures,  they  fay,  have 
been  accumulated  in  this  manner  :  When  any  temple 
had  become  very  rich  from  the  oflFerings  of  the  people, 
it  was  deftroyed,  and  deep  vaults  dug  under  ground 
one  above  another,  in  which  the  gold,  filver,  gilt  cop- 
per, jewels,  and  every  thing  of  value,  were  depoGted. 
This  was  found  to  be  aftually  the  cafe  when  the  mif- 
fionary,  from  whofe  memoir  this  account  of  Nepal  is 
taken,  was  at  Cat'hmandu.  One  of  the  kings,  or  pre- 
tenders to  the  crown,  who  were  then  at  war  with  each 
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other,  being  in  the  utmoft  diftrefs  for  vpant  of  money  to     Nqial. 
pay  his  troops,  ordered  the  vaults  at  Tolu  to  be  open-  ■"*">•       '" 
ed  ;  and   found  in    the  firll  vault  more   money,    befides 
filver  and  gold  Idols,   than  he  had  immediate  occafion 
for. 

To  the  wtftward  alfo  of  the  great  city  of  Lelit  Pat- 
tan,  at  the  dilla.icc  of  oidy  three  miles,  is  a  c.iftic  called 
Banga,  In  which  there  is  a  magnificent  temple.  No  one 
oi  the  miffionarles  ever  entered  into  this  calUe;  becaufe 
the  people  who  have  the  care  of  it,  have  fuch  a  I'crupu- 
lous  veneration  for  the  temple,  that  no  perfon  is  permit- 
ted to  enter  It  with  his  (lioes  on  ;  and  the  mifTionaiies, 
unwilling  to  fhew  fuch  refpeCl  to  their  falfe  deities,  ne- 
ver  entered  it.  The  author  of  this  memoir,  however, 
who  afted  as  phyfician  to  the  commandant,  was  of  courfe 
admitted  wiiliin  the  calUe,  and  got  a  fight  of  the  cele- 
brated temple,  which  he  declares  tliat  for  magnificence 
he  believes  fuperior  to  every  thing  in  Europe. 

Bcfidr^s  the  magnificence  of  the  temples,  which  their 
cities  and  towns  contain,  there  are  m  iny  other  rarities. 
At  Cit'hmandn,  on  one  fide  of  the  roynl  garden,  there 
is  a  large  fountain,  In  which  is  one  of  their  Idols  railed 
Narayan.  This  idol  is  of  blue  ftone,  crown*:d  and 
fleepii]'^  on  a  mattrsfs  alfo  of  the  fame  kii.d  of  Ilone, 
and  the  idol  and  the  mattr-fs  appear  as  floating  upon 
the  v/ater.  This  ffone  m.xhlne  is  very  large,  being 
about  iS  or  20  fcetlo.-ig,  and  broad  in  proportion,  but 
well  worked,  and  in  good  repair. 

In  a  wall  of  the  royal  palace  of  Cat'hmandu,  which 
lb  built  upon  the  court  before  the  palace,  there  Is  a  great 
ilone  of  a  fingle  piece,  which  is  about  fifteen  feet  long, 
and  four  or  five  feet  thick  ;  on  the  .op  of  this  great 
ftone  there  are  four  fquare  holes  at  equal  diflances  from 
each  other  ;  in  the  Infide  of  the  wall  they  pour  water 
into  the  holes  ;  and  In  the  court  fide,  each  hole  having 
a  clofed  canal,  evei-y  perfon  may  draw  water  to  drink. 
At  the  foot  of  the  Hone  Is  a  large  ladder,  by  which 
people  afcend  to  drink  ;  but  the  curiolity  of  the  ilone 
confifts  in  Its  being  quite  covered  with  charafters  of  dif- 
ferent languages  cut  upon  it.  Some  lints  contain  the 
charatlers  of  the  language  of  the  country,  others  the 
charafters  of  Tibet,  others  Perfian,  otliers  Greek,  be- 
fides feveral  others  of  different  nations;  and  in  the  mid- 
dle there  is  a  line  of  Roman  charafters,  which  appears 
in  this  form,  AV  FOMNEW  iNTiiR  I.HIVERT; 
but  none  of  the  inhabitants  have  any  knowledge  how 
they  came  there,  nor  do  they  know  whether  or  not  any 
European  had  ever  been  in  Nepal  before  the  mirfiona- 
rlcs,  who  arrived  there  only  the  beginning  of  the  pre- 
fent  century.  They  are  manlfeftly  two  French  names 
of  feafons,  with  an  Englifh  word  between  them. 

There  is  alfo  to  the  northward  of  the  city  of  Cat'h- 
mandu a  hill  called  Simbi,  upon  which  are  fome  tombs 
of  the  Lamas  of  Tibet,  and  other  people  of  high  rank 
of  the  fame  nation.  The  monuments  are  conilruifled 
after  various  forms:  two  or  three  of  them  are  pyrami- 
dal, very  high,  and  well  ornamented;  fo  that  tluy  have 
a  very  good  appearance,  and  may  be  feen  at  a  confider- 
able  diftance.  Round  thefe  monuments  are  remarkable 
ftones  covered  with  charLifters,  which  probably  are  the 
infcriptions  of  fome  of  the  inhabitants  of  Tibet,  whofe 
bones  were  interred  there.  The  natives  of  K  pil  not 
only  look  upon  the  hill  as  facreJ,  but  imagine  it  Is 
protefted  by  their  idols  ;  and  from  this  erroneous  fup- 
pofition  never  think  of  ftationing  troops  there  for  the 
P  p  defence 


# 


NEW  [     298     ] 

Newton,  defence  of  it,  although  it  be  a  poll  of  great  imironance,  Rhetoric,  1671 
^  ■  V  ■  'and  only  at  a  (hort  mile's  dlftance  from  the  city.  Du- 
ring the  hoftilifies,  however,  which  prevailed  when  our 
nulhor  was  in  the  couiitiT,  this  fncred  hill  was  fortified 
by  one  of  the  armies,  who,  in  digjring  their  ditches 
among  tiie  tombs,  found  confiderable  pieces  of  gold, 
with  a  qiumtlty  of  which  metal  the  corpfes  of  the  gran- 
dees of  Tibet  are  always  interred. 

The  kingdom  of  Nepal  our  author  believes  to  be  ve- 
ry ancient,  becaufe  it  has  always  preferved  its  peculiar 
languaire  and  independence.  It  was  completely  ruined, 
however,  about  thirty  or  forty  years  ago  by  the  diflen- 
fions  of  its  nobles,  who,  on  the  death  of  their  fovereign, 
and,  as  it  would  feem,  the  extinftion  of  the  royal  line, 
could  not  agree  in  their  choice  of  a  proper  fucceffor. 
The  confequence  was,  that  different  fovereigns  were  fet 
up  by  the  nobles  of  different  dillrifts  ;  and  thefe  waged 
war  with  each  other,  with  a  degree  of  treachery  and 
favage  atrocity  that  has  hardly  a  parallel  in  the  annals 
of  the  world.  Even  the  Brahmens,  whom  we  are  ac- 
cuftomed  to  confider  as  a  mild  and  innocent  people, 
were,  in  the  civil  wars  of  Nepal,  guilty  of  the  meancft; 
and  bafelt  villanics :  they  brought  about  treaties  be- 
tween the  rival  fovereigns,  and  then  encouraged  him 
whom  they  favoured,  to  maflacrc  the  adherents  of  the 
other  in  cold  blood. 

NEWTON  (John),  an  eminent  Englifh  mathema- 
tician, was  born  at  Oundie  in  Northamptonihire,  1622. 
After  a  proper  foundation  at  fchool,  he  was  fent  to 
Oxford,  where  he  was  entered  a  commoner  of  St  Ed- 
mund's Hall  in  l6_^7.  He  took  the  degree  of  bachelor 
of  arts  in  1641  ;  and  the  year  following  was  created 
inafler,  among  fevtral  gentlemen  that  belonged  to  the 
king  and  court,  then  refiding  in  the  univeriity.  At 
which  time,  his  genius  being  inclined  to  aftronomy  and 
the  mathematics,  he  applied  himfelf  diligently  to  thofe 
fclenccs,  and  n.ade  a  great  proficiency  in  them,  which 
he  found  of  fcrvice  during  the  times  of  the  ufurpatlon. 
After  the  reiteration  of  Charles  II.  he  reaped  liie  fruits 
of  his  loyalty  ;  being  created  doflor  of  divinity  at  Ox- 
ford Sept.  1661,  he  was  made  one  of  the  king's  chap- 
lains, and  rei'tur  of  Rofs  in  Herefordfliire,  in  the  place 
of  Mr  John  Toombes,  ejetkd  for  nonconformity.  He 
held  this  living  till  his  death,  which  happened  at  Rofs 
on  Chrillmas-day  1678.  Mr  Wood  gives  him  the  cha- 
raftcr  of  a  capricious  and  luimourfome  perion  :  however 
that  may  be,  his  writings  are  fufficient  monuments  of 
his  genius  and  fklU  in  the  mathematics.  Thefe  aie, 
i.  ^Jlronum'ui  Britaimica,  &:q.  in  three  parts,  j6i;6,  in 
x)to.  2.  Help  to  Calculation  ;  with  Tables  of  Dech- 
nation,  Afceufion,  &c.  1657,  4to.  3.  Trigonometila 
BritannUa,  In  two  hooks,  i6j8,  folio;  one  compofed 
by  our  author,  and  the  other  tranflated  from  the  Latin 
of  Henry  Gelllbrand.  4.  Chiiuuhs  centum  Logar'ithmo- 
rum,  printed  with,  5.  Geometrical  Trigonometry,  1659. 

6.  Mathematical    Elements,   three    parts,    1660,    4to. 

7.  A  perpetual  Diary  or  Almanack,  1662.  8.  Defcrip- 
tioo  of  the  ufe  of  the  Carpenter's  Rule,  1667.  9.  E- 
phemerides,  fhewing  the  Intereft  and  rate  of  Money  at 
6  per  cent.  &c.  1 667.  lo.  ChUiades  centum  Logarlth- 
morum,  et  Tabula  Partium  proportionalium,  1667.  II. 
The  Rule  of  Intereft,  or  the  cafe  of  Decimal  Frac- 
tions, &c.  Part  II.  1668,  8vo.  12.  School  Paftime  for 
young  Children,  &c.  1669,  8vo.  13.  Art  of  praftical 
Gauging,  &c.  1669.      14.   Introdudtion  to  the  Art  of 
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15.  The    Art   of  Natural  Arithme- 
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tic,  in  ■whole  Numbers,  and  Fraflions  Vulgar  and  De-  » 
cimal,  1671,  Svo.  16.  The  Englifh  Academy,  1677, 
8vo.  17.  Cofmography.  18.  Introduction  to  Aftro- 
nomy. 19.  Introduftlon  to  Geography,  1678,  8vo  *.  «b/„  Dm; 
NICOLE  (Francis),  a  very  celebrated  French  ma- new  edit.  , 
thematician,  was  born  at  Paris  Dcceinber  23.  168:?. 
His  early  attachment  to  the  mathematics  induced  M. 
Montmort  to  take  the  charge  of  his  education  ;  and 
he  opened  out  to  him  the  way  to  the  higher  geometry. 
He  tirll  became  publicly  remarkable  by  detecting  the 
fallacy  of  a  pretended  quadrature  of  the  circle.  This 
quadrature  a  M.  Mathulon  fo  affuredly  thought  he  had 
dlfcovered,  that  he  depolited,  in  the  hands  of  a  public 
notary  at  Lyons,  the  fum  of  3000  livres,  to  be  paid  to 
any  perfon  who,  in  the  judgment  of  the  Academy  of 
Sciences,  Ihonld  demonftrate  the  falfity  of  his  folution. 
M.  Nicole,  piqued  at  this  challenge,  undertook  the  tafl'C, 
and  expoling  the  paralogifm,  the  Academy's  judgment 
was,  that  Nicole  had  plainly  proved  that  the  redlllineal 
figure  which  Mathulon  had  given  as  equal  to  the  circle, 
was  not  only  unequal  to  it,  but  that  it  was  even  great- 
er than  the  polygon  of  32  fides  circnmfcribed  about  the 
circle.  The  prize  of  3000  livres  Nlchole  prefented  to 
the  public  hofpital  of  Lyons. 

The  Academy  named  Nicole,  Eleve-Mechanician, 
March  12.  1707;  Adjunft  in  1 7  1  6,  Aflociate  in  1718, 
and  Penfioner  in  1724;  which  he  continued  till  his 
death,  which  happenc4  the  18th  of  January  1758,  at 
75  years  of  age. 

His  works  were  all  inferted  in  the  different  volumes 
of  the  Memoirs  of  the  Academy  of  Sciences  ;  and  are 
as  follow  :  i.  A  General  Method  for  determining  the 
Nature  of  Curves  formed  by  the  Rolling  of  other  Curves 
upon  any  Given  Curve  ;  in  the  volume  for  the  year 
1707.  2.  A  General  Method  for  Reftifying  all  Rou- 
lets  upon  Fight  and  Circular  Bafes,  170^*.  3.  General 
Method  c*  determining  the  Nature  of  thofe  Curves 
which  cut  an  Infinity  of  other  Curves  given  In  Pofition, 
cutting  ihem  always  iu  a  Conflant  Angle,  1715.  4.  So- 
lution of  a  Problem  propoftd  by  M.  de  Lagny,    17  16. 

5.  Treatlfe  of  the  Calculus  of  Finite  Differences,  1717. 

6.  Second  Part  of  the  Calculus  of  Finite  Differenccp,. 
1723.  7.  Second  Sedion  of  ditto,  1723.  8.  Addi- 
tion to  the  two  foregoing  papers,  1724.  9.  New  Pro- 
pufition  in  Elementary  Geometry,  1725.  10.  New  So- 
lutlun  of  a  Problem  propolcd  to  the  Englifh  Mathema- 
ticians, by  the  late  ^I.  Leibnitz,  1725.  I  I.  Method  of 
Summing  an  Infinity  of  New  Series,  which  are  not  fum- 
mable  by  any  other  known  method,  1727.  I  2.  Trea- 
tlfe of  the  Lines  of  the  Third  Order,  or  the  Curves  of 
the  Second  Kind,  1729.  13.  Examination  and  Rclo- 
lution  of  fome  Queftions  relating  to  Play,  173c.  14. 
Method  of  determining  the  Chances  at  Play.  15.  Ob- 
fervations  upon  the  Conic  Seftlons,  1731.  16.  Man- 
ner of  generating  in  a  Solid  Body  all  the  Lines  of  the 
Third  Order,  I  73  I.  17.  Manner  of  determining  the 
Nature  of  Roulets  formed  upon  the  Convex  Surface  of 
a  Sphere  ;  and  of  determining  which  are  Geometric 
and  which  are  Reftlfiable,  1732.  j8.  Solution  of  a 
Problem  in  Geometry,  1732.  19.  The  Ufe  of  Series 
in  refolving  many  Problems  in  the  Inverfe  Method  of 
Tangents,  1737.  20.  Obfervations  on  the  Irreducible 
Cafe  in  Cubic  Equations,  1738.  21.  Obfervations  up- 
on Cubic  Equations,  1738.     21.  On  the  Trifeftion  of 
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'  Iw'-an  Angli?,  174C.     23.   On  the  IrrcJuclbl.-  Cafe  in  Cu- 

'~'~  bic  Equations,  I74I-  24.  Addition  t(»  ditto,  1743. 
25.  His  Lail  Paper  upon  the  fame,  i744.  ^6.  Deter, 
niination,  by  Incommcnlurablcs  and  Decimals,  the  Va- 
lues of  the  Sides  and  Areas  of  the  Series  in  a  Double 
Progrefiion  of  Regular  Polygons,  infcribed  in  and  cir- 

ticn'i   cumfcribed  about  a  Circle,  1747  *. 

nary.  NIEITWLAND  (Peter),  proffffor  of  mathematics 
and  natural  philofophy  in  the  univerlity  of  Leydcn,  was 
born  at  Diemermeer,  a  village  near  Amfterdam,  on  the 
5th  of  November,  1764.  His  father,  by  trade  a  car- 
penter, having  a  great  fondnefs  for  books,  and  being 
tolerably  well  verltd  in  the  mathematics,  inftruflcd  his 
iun  hiinfelf  till  he  attained  to  his  eleventh  year.  Young 
Nicuvvland  appears  to  have  diiplaytd  llrong  marks  of 
genius  at  a  vcr}'  early  period.  When  about  the  age  of 
three,  his  mother  put  into  his  hand  fome  prints,  which 
had  fifty  verfes  at  iho  botom  of  them  by  way  of  expla- 
nation. Thcfe  verfes  fhe  read  aloud,  without  any  in- 
tention that  her  Ion  (liould  learn  them  ;  and  fhe  was 
much  furprifed  forae  time  after  to  hear  him  repeat  the 
whole  from  memory,  with  the  utmoll  correftncfs,  on 
being  only  fhewn  the  prints. 

Before  he  was  feven  years  of  age  he  had  read  more 
than  fifty  different  books,  and  in  fuch  a  manner  that  he 
could  frequently  repeat  paffages  from  them  both  in  profe 
and  in  verfe.  When  about  the  age  of  eight,  Mr  Aenes 
at  Amflerdam,  one  of  the  greatelt  calculators  of  the 
age,  sliced  him  if  he  cculd  tell  the  folid  contents  of  a 
wooden  ilatue  of  Mercury  which  flood  upon  a  piece  of 
clock-work.  "  Yes  (replied  young  Nieuwland),  pro- 
■vlded  you  give  me  a  bit  of  the  fame  wood  of  which  the 
(latue  vi'as  made  ;  for  I  will  cut  a  cubic  inch  out  of  it, 
and  then  compare  it  with  the  Ilatue."  Poems  which 
(fays  his  eulogifl)  dilplay  the  utmoll  livclinefs  of  ima- 
gination, and  vvhicb  he  compofed  in  his  tenth  year, 
while  walking  oramufing  himfclf  near  his  father's  houfe, 
were  received  with  admiration,  and  inferted  in  different 
poetical  collections. 

Such  an  uncommon  genius  mufl  foon  burft  through 
tlvofe  obflacles  which  confine  it.  Bernardus  and  Jeroni- 
nio  de  Bofch,  two  of  the  firft  and  wealthiell  men  at 
Amfterdam,  became  young  Nieuwlands  benefaftors, 
and  contributed  very  much  to  call  forth  his  latent  ta- 
lents. He  was  taken  into  the  fioufe  of  the  former  in 
his  eleventh  year,  and  he  received  daily  inllruftion  from 
the  latter  for  the  fpace  of  four  years.  While  in  this 
iiluation  he  made  confiderable  progrcfs  in  tlie  Latin  and 
<jreek  languages,  and  he  ftudled  philofophy  and  the 
mathematics  under  Wyttenbach.  In  the  year  17S3  he 
tranflated  the  two  differtations  of  his  celebrated  inllruc- 
tors,  Wyttenbach  and  de  Bofch,  on  the  opinions  which 
the  ancients  entertained  of  the  flate  of  the  foul  after 
death,  which  had  gained  the  prize  of  the  Teylerian  theo- 
logical fociety. 

From  the  month  of  September  1 784  to  1 785,  Nieuw- 
land  refided  at  Leyden  as  a  fludent  in  the  univerfity, 
and  afterwards  applied  with  great  diligdiice,  at  Amiler- 
«Jam,  to  natural  philofophv  ar.d  every  branch  of  the 
mathematics,  under  the  direftion  of  ProfefTor  Van  Swin- 
den.  He  had  fcarcely  begun  to  turn  his  attention  to 
chemillry,  when  he  made  himfclf  maflcr  of  the  theory 
■of  the  much  lamented  Lavoifier,  and  lould  apply  it  to 
fvery  phenomenon.     He  could  read  a  work  through 
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with  uncommon  quickncfs,  and  yet  retain  In  liis  mind  NIcuwlinH 
the  principal  part  of  its  contents.  » 

Nieuwland's  attention  was  diredled  to  three  principal 
purfuits,  which  are  feldom  united;  poetry,  the  pure  ma- 
thematics, and  natural  philofophy.  In  the  latter  part  of 
his  life  he  added  to  thefe  alio  allronomy.  Among  the 
poems  which  he  publidied,  his  Orion  alone  has  rendered 
his  nam^e  immortal  in  Holland.  Of  the  fmall  elfiys  which 
he  publiflicd  in  his  youth,  the  two  following  are  parti- 
cularly deferving  of  notice  :  i.  A  comparative  View  of 
the  Value  of  the  different  Branches  of  Science  ;  and,  2. 
The  beft  Means  to  render  general,  not  learning,  but 
Soundnefs  of  Judgment  and  Good  Talle. 

One  of  his  great  objefts  was  to  bring  the  pure  ma- 
thematics nearer  to  perfedion,  to  clear  up  and  conneA 
thiir  different  parts,  and  in  particular  to  ajiply  them  to 
natural  philofophy  and  aflronomy.  Cornelius  Douwe* 
difcovered  an  eafy  nietliod  of  determining  the  latitude 
of  a  place  at  fea,  not  by  the  meridian  altitude  of  the 
fun,  but  by  two  oblervations  made  at  any  other  period 
of  the  day.  This  method,  however,  being  llill  iniper- 
fe£l,  Nieuwland  turned  his  thoughts  towards  the  im- 
proveraent  of  it,  and  in  the  beginning  of  the  year  1789 
wrote  a  paper  on  the  fubjeft,  which  he  tranfmitted  to 
M.  de  Lalande  at  Paris,  from  whom  it  met  with  great 
approbation.  In  the  year  1792,  when  Nieuwland  re- 
fided two  months  at  Gotha  with  Major  Von  Zach,  thefc 
two  learned  men  often  converfed  on  this  method  of 
finding  the  latitude,  and  calculated  the  refult  of  obfer. 
vations  which  they  had  made  with  a  fextant  and  an  ar- 
tificial horizon.  The  above  paper,  enlarged  by  thefe 
obfervations,  was  inferted  by  Major  Von  Zach  with 
Nieuwland's  name  in  the  firll  Supplement  to  Bode's 
Allronomical  Almanack,   Berlin,  1793. 

This,  however,  was  not  the  only  fervice  which  Nieuw- 
land endeavoured  to  render  to  allronomy.  It  had  been 
obferved  by  Newton,  Euler,  De  la  Place,  and  others, 
that  the  axes  of  the  planets  do  not  ftand  perpendicular, 
but  inclined,  to  the  plane  of  their  orbits  ;  and  Du  Se- 
jo  ir,  in  his  analytical  treatife  on  the  apparent  motion 
of  the  heavenly  bodies,  conliders  it  as  highly  probable 
that  this  phenomenon  depends  on  fome  phvjical  Cau(t  ; 
which,  however,  he  does  not  venture  to  affign.  Nieuw- 
land proceeded  faither,  and  laid  down  principles,  from 
which  he  drew  this  conclufioa,  that  the  above  pheno- 
menon is  intimately  conncded  with  the  whole  fyftem 
of  atlradion.  On  thefe  principles  he  made  calculations, 
the  reUilt  of  which  was  exadly  equal  to  the  angle  ot 
the  inclination  of  the  earth's  axis  to  the  plane  of  it» 
orbit.  Nieuwland  communicated  his  difcovery  with 
much  modelly  to  the  celebrated  Profefi'or  Damen  at 
^Leyden,  who  propofed  fome  objedions  to  it  which  dif- 
couraged  Nieuwland,  and  induced  him  to  revifc  his  cal- 
culations with  more  accuracy.  Major  Von  Zach  tranf- 
mitted the  paper  which  contained  them  to  M.  De  la 
Place  at  Paiis,  and  caufed  it  to  be  printed  alfo,  for  the 
opinion  of  the  learned,  in  the  Supplement  to  ProfefTor 
Bode's  Aflronomical  Almanack  for  the  year  1795. 

The  writer  of  this  article  is  not  acquainted  either 
with  the  jirinciples  which  this  young  ailronomer  af- 
fumed.  or  with  the  calculations  which  he  made  from 
them  ;  but  if  he  holds  gravitation  to  be  clTcntiul  to  mat- 
ter, and  the  inclination  of  the  axes  of  the  planets  to  be 
the  neccfTiiry  refult  of  the  law  of  gravitation,  he  is  un- 
P  p  3  doubtedly 
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Nieuwland.doubtedly  in  an  error.     The  axes  of  the  planets  are  not 

•""V— '  all  equally  inclined,  nor  does  the  inclination  vary  in  ex- 

a&  proportion  to  the  fquarcs  of  the  dillances. 

Nieuwlaiid's  talents  and  diligence  foon  recommended 
him  to  the  notice  of  his  conntry.  In  his  twcnty-fecond 
year,  he  was  appointed  a  member  of  the  commiflion 
chofen  by  the  College  of  Admiralty  at  Amfterdam  for 
determininor  the  longitude  and  improving  marine  charts. 
On  this  labour  he  was  employed  eight  years,  and  un- 
dertook alio  to  prepare  a  nautical  almanack,  and  to  cal- 
culate the  ncccfTary  tables.  The  mathematical  part  was 
in  general  entrulted  to  Nieuwland  ;  but  he  afliiled  alfo 
his  two  colleagues  van  Swinden  and  van  Keulen,  in  the 
departments  affigned  to  them,  with  fuch  afliduity,  that 
moil  of  the  work  publiilied  on  the  longitude,  together 
with  the  three  additional  parts,  were  the  fruits  of  his 
labour.  In  the  fecond  edition  of  the  explanation  of 
the  nautical  almanack,  he  had  alfo  the  principal  fhare; 
and  he  was  the  author,  in. particular,  of  the  explanation 
of  the  equation  of  time,  the  method  of  determining  the 
going  of  a  time-piece,  and  of  calculating  the  declination 
of  the  moon. 

Soon  after  Nieuwland  engaged  in  this  employment, 
it  appeared  as  if  his  deftination  was  about  to  be  chan- 
ged. In  the  year  1787,  he  was  chofen  by  the  States 
of  Utrecht  to  fucceed  Profeflbr  Hennert  ;  but  on  ac- 
count of  certain  circumftances  this  appointment  did  not 
take  place.  He  was,  however,  invited  to  Amfterdam 
by  the  magiftrates  of  that  city,  to  give  leftures  on  ma- 
thematics, ailronomy,  and  navigation.  While  in  this 
fituation,  he  wrote  his  ufeful  and  excellent  treatife  on 
navigation,  the  firll  part  of  which  was  publilhed  at  Am- 
■fterdara  in  1793,  by  George  Hulft.  van  Keulen  ;  and  it 
is  much  to  be  vviflied  that  M.  van  Swinden  would  com- 
plete this  work  from  the  papers  bequeathed  to  him  by 
his  deceafed  friend  the  author. 

In  ailrcnomical  purfuits,  Nieuwland  applied  not  only 
to  the  theoretical,  but  alfo  to  the  praftical  part ;  and  in 
this  ftudy  he  was  encouraged  and  affifted  by  Major  von 
Zach,  with  whom  he  refided  fome  time  in  the  courfe  of 
the  year  1792,  and  who  inftrufted  him  in  the  proper 
life  of  the  fextant.  This  affeftionate  friend  publilhed 
alfo  all  his  obfervations  and  calculations  in  the  before- 
mentioned  Supplement  to  Bodc's  Aftronomical  Al- 
manack. 

In  the  year  IV89>  Nieuwland  was  chofen  member  of 
a  learned  fociety  vvhofe  objeft  was  chemical  experi- 
ments ;  and  fo  apt  was  his  genius  for  acquiring  know- 
ledge, that  in  a  little  time  he  made  himftlf  completely 
mafter  of  the  theory  of  chemillry.  A  proof  of  this  is 
the  treatife  which  he  read  oei  the  24th  of  May  1791, 
in  the  fociety,  diftinguiihcd  by  the  motto  ot  Felix  Me- 
rltis,  and  which  has  been  printed  in  the  firft  part  of  tne 
New  General  Magazine  [Nle-ji  Algemeen  Magazyn). 
At  the  fame  time  he  was  able  to  examine  the  important 
difcoverles  made  by  the  fociety,  to  aflill  in  preparing 
an  account  of  them  for  the  prcfs,  and  to  publilb  them 
with  fufiiclent  accuracy  in  the  French  language.  Three 
parts  of  this  work  appeared  under  the  title  of  Re- 
cherches  Phyfico-chymiques.  The  firft  part  appeared  in 
179.,  and  was  afterwards  reprinted  in  the  journal  de 
Phyjique.  The  fecond  was  publlflied  in  1793,  and  the 
fourth  in  1794.  Some  letters  of  liis  on  chcmiftry  may 
be  found  alio  in  a  periodical  work  called  The  Mejfenger 
(^LettecLode). 


This  ingenious  and  diligent  man  was  of  great  fervice  Niti:»/bn<J, 
alfo  in  the  philolophical  department  to  the  above  fo- '  '  V  '  ' 
ciety,  Felix  Meritis,  of  which  he  had  been  chofen  a  ti- 
tular member  on  the  15th  of  January  1788,  and  an  ho- 
norary member  on  the  15th  ot  March  I  791.  The  pa- 
pers for  which  it  was  indebted  to  him  are  as  follows : — 
I.  On  the  Newell  Difcoveries  in  Aftronomy,  and  the 
Progrefs  lately  made  in  that  Science,  1788.  This  is 
an  extrad  from  a  Latin  oration  vvhich  he  intended  to 
deliver  at  Utrecht  when  he  expedlcd  to  fucceed  Pro- 
felTor  Hennert. — 2.  On  the  Figure  of  the  Earth,  1798. 

—  3.  On  the  Courfe  of  Comets,  and  the  Uncertainty 
of  the  Return  of  the  Comet  now  Expedted,  1790.— 
4.  On  the  Nature  of  the  Mathematics.  The  principal 
objedl  of  this  paper  was  to  iUullrate  the  idea,  that  the 
mathematics  may  be  confidercd  as  a  beautiful  and  per- 
fect language. — 5.  On  the  Periodical  Decreafe  or  In- 
creafe  in  the  Light  of  Certain  Fixed  Stars,  and  Parti- 
cularly of  the  Star  Algol,  1790. — 6.  On  the  Solution 
of  Spherical  Trigonometry  by  Means  of  a  New  Inllru- 
ment  Invented  by  Le  Guin,  1 791.  M.  le  Guin  ha- 
ving tranfmitted  to  the  College  of  Admiralty  at  Am- 
fterdam an  inftrument  which  might  be  ufed  with  great 
advantage  in  trigonometrical  operations,  and  by  which, 
in  calculating  the  longitude,  one  could  deduce  the  real 
from  the  apparent  diilance,  the  admiralty  charged 
Nieuwland  to  examine  this  inftrument  ;  and  he  found 
that  it  might  be  of  excellent  fervice  for  tlie  above  pur- 

pofe 7.   On  the  Relative  Value  or  Importance  of  the 

Sciences,  1791. —  8.  On  the  Syllem  of  Lavoilier,  1792. 

—  9.  On  the  Selenotopographia  of  Schroder,  1793.— 
10.  On  what  is  Commonly  Called  Cultivation,  Inilruc- 
tion,  or  Enlightening,  1793. 

Nieuwland  had  applied  clofely  to  the  mathematics,, 
aftronomy,  and  navigation,  for  fix  years  ;  during  which 
time  he  made  conliderable  improvements  in  nautical 
charts,  and  filled  up  his  vacant  hours  with  the  ftudy  of 
philofophy  and  chenuftry.  In  the  month  of  July  1793 
he  was  invited  to  the  univerfity  of  Leyden,  to  be  pro- 
feffor  of  philofophy,  aftronomy,  and  the  higher  mathe- 
matics, in  tlie  room  of  the  celebrated  Dameu  ;  and  the 
admiralty  of  Amfterdam  rcquefted  him  to  continue  his 
nautical  relearches,  which  he  did  with  great  afliduity 
till  the  period  of  his  death.  The  only  variation  whick 
he  now  made  in  his  ftudies  related  to  natural  philofo- 
phy, for  with  the  mathematics  he  was  already  fufScient- 
ly  acquainted.  He  applied  therefore  to  the  experi- 
mental part,  and  fpared  no  pains  nor  labour  to  become 
perfed.  m  it  ,  which  would  certainly  have  been  the  cafe, 
had  he  not  been  fnatclied  from  fcience  and  his  friends 
at  the  early  age  of  thirty.  He  died  of  an  inflammation 
in  Ills  throat,  accompanied  with  a  fever,  on  the  13th  of 
November  i  794. 

In  his  external  appearance,  Nieuwland  was  not  what 
might  be  called  handfome,  nor  had  he  ever  been  at 
pains  to  acquire  that  eafe  of  deportment  which  diftin. 
guiftics  thofe  who  have  frequented  polite  company.  His 
behaviour  and  converlation  were  however  agreeable,  be- 
caule  he  could  difcourfe  with  facility  on  io  many  fub- 
jcfts,  and  never  wifiied  to  appear  but  under  his  real 
chara&er.  On  the  firil  view  one  might  have  difcerned 
that  he  was  a  man  of  great  raodefty  and  the  ftrifteft. 
inorality.  His  father  was  a  Lutheran,  and  his  mother 
aidoaptift  ;  but  he  himfclf  was  a  member  of  what  is  called 
the  reformed  church,  i.  e.  a  Calviaift,  and  always  Ihew- 

ed 


NIG  .       [     3 

Niger,     cd  the  iitmoft  refpeft  for  the  Supreme  Being  both  hy 
■~~v '  "  '  'his  words  and  his  atlions. 

NIGER,  a  large  river  in  Africa,  of  which  many  er- 
roneous  accounts  have  been  pubhfhed,  and  among  them 
that  which  we  have  given  in  the  Encychpitdla  Dritun- 
n'tca.  By  Herodotus,  Pliny,  Ptolemv-,  and  other  an- 
cient authors,  it  is  uniformly  faid  to  flow  from  'wefl  to 
enjl,  dividing  Africa  as  the  Danube  divides  Euro])e  ; 
and  froin  the  report  of  the  Africans,  the  firft  of  thefe 
authors  calls  it  a  large  river  abounding  with  crocodiles. 
In  the  twelfth  century,  however,  Edrili  defcribes  the 
Niger,  which  he  calls  the  Nile  of  the  negroes,  as  run- 
ning from  eaji  to  toc/?,  and  falling  into  the  Atlantic 
Ocean  ;  and  his  account  was  univerfally  adopted  by  fub- 
feciuent  wi iters,  till  its  fallchood  was  difcovered  by  the 
African  AlFocIation.  From  a  number  of  concurring 
reports.  Major  Houghton  was  led  to  believe  that  the 
courfe  of  the  Niger  is  from  ^vejl  to  eajl,  according  to 
the  moll  ancient  account  ;  and  the  truth  of  thefe  re- 
ports has  been  eflablilhed  beyond  all  controverfy  by  Mr 
Park,  who  faw  the  Niger  himfclf,  and  aftually  accom- 
panied it  for  many  miles  in  its  majellic  courfe  as  laid 
down  by  Herodotus. 

This  river  rifes  in  or  near  the  country  of  Manding 
(which  fee  in  this  Supplement),  between  the  parallels  of 
10  and  II  degrees  of  north  latitude,  and  between  the 
5th  and  gth  degree  of  well  longitude,  which  compre- 
hends a  fpace  the  mod  elevated  of  all  this  portion  of 
Africa.  This  is  evident  from  the  oppofite  courfes  of 
the  three  great  rivers  which  rife  in  it.  Thefe  are  the 
Gambia,  which  runs  to  the  weft  north-weft;  the  Senegal, 
which  runs  to  the  north-weft;  and  the  Joilba  ( A ),  or 
Niger,  running  to  the  eaft  north-eaft.  The  head  of  the 
principal  branch  of  the  Senegal  river  is  about  80  geo- 
graphical miles  to  the  weft  of  that  of  the  Niger;  and 
the  head  of  the  Gambia  is  again  about  100  miles  weft 
of  the  Senegal. 

Mr  Park  traced  the  Niger  to  Silla,  a  confiderable 
town  about  420  miles  from  its  fource  ;  and  it  was  there 
larger  than  the  Thames  at  Weftminfter.  But  420 
miles  are  but  a  very  fmall  part  of  the  courfe  of  the 
Niger,  which  doubtlefs  receives  many  tributary  ftreams 
before  it  reach  Caffiana,  700  miles  farther  eaftward, 
where  there  is  every  reafon  to  believe  that  it  was  view- 
ed by  the  ancient  Romans.  Our  traveller  collcifle.*  at 
Silla  what  information  he  could  from  the  Moorifti  and 
Negro  traders  concerning  the  fiuther  courfe  of  this  ma- 
jeftic  ftream,  as  well  as  of  the  kingdoms  through  which 
it  runs  ;  and  the  following  notices  he  believes  to  be  au 
authentie  : 

Two  lliort  days  journey  to  the  eaftward  of  Silla,  is 
the  town  of  Jenne,  which  is  fituated  on  a  fmall  iflaad 
in  the  river  ;  and  is  laid  to  contain  a  greater  number  of 
inhabitants  than  Sego  itfelf,  or  any  other  town  In  Bam- 
barra.  (See  Sego,  Sup^il.)  At  the  diftance  of  two 
days  more,  the  river  fpreads  into  a  conliderable  lake, 
called  Dibbie  (or  the  dark  lake);  concerning  the  extent 
of  which,  all  the  information  which  our  author  could 
obtain  was,  that  in  croffing  it,  from  weft  to  eaft,  the 
canoes  lofe  fight  of  land  one  whole  day.  From  this 
lake,  the  water  ifTues  in  many  difiFerent  ftreams,  which 
terminate  in  two  large  branches,  one  whereof  flows  to- 
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wards  the  north-eaft,  and  the  other  to  the  eaft  ;  but 
thefe  branches  join  at  Kabra,  which  is  one  day's  jour- 
ney to  the  fouthward  of  Tumburtoo,  and  is  tlic  port 
or  lhipi)lng-place  of  that  city.  The  tra<!t  of  land  wliich 
the  two  ftreams  encircle,  is  called  [inbala,  and  is  inha- 
bited by  nepToes;  and  the  whole  dlftan;e,  by  land,  from 
Jenne  to  Tumbuftoo,  is  twelve  days  journey. 

From  Kabra,  at  the  dillance  of  eleven  days  journey, 
down  the  llream,  tiie  river  paftes  to  the  fouthward  of 
Houfta,  which  is  two  days  journey  diftant  from  the 
river.  Ot  the  furtlier  progrefs  of  this  great  river,  and 
its  final  exit,  all  tiie  natives  with  whom  Mr  Park  con- 
verfed  feemed  to  be  entirely  ignorant.  Their  com- 
mercial purfuits  feldom  induce  them  to  travel  further 
than  the  cities  of  Tombuftoo  and  Houlfa  ;  and  as  the 
fole  objeft  of  thofe  journeys  is  the  acquirement  of 
wealth,  they  pay  but  little  attention  to  the  courfe  of 
rivers,  or  the  geography  of  countries.  It  is,  however, 
highly  probable  that  the  Nigre  affords  a  fafe  and  eafy 
communication  between  very  remote  nations.  All  our 
author's  informants  agreed,  that  many  of  the  negro 
merchants  who  arrive  at  Tumbuvftoo  and  Houffa,  from 
the  eaftward,  fpeak  a  different  language  from  that  of 
Bambara,  or  any  other  kingd^im  with  which  they  are 
acquaiiited.  But  even  thefe  merchants,  It  would  feem, 
are  ignorant  of  the  termination  of  the  river  ;  tor  tuch  of 
them  as  can  fpeak  Arabic,  defcribe  the  amazing  length 
of  its  courfe  in  very  general  terms,  faying  only,  that 
they  believe  it  runs  to  the  -zvor/d's  enil. 

Major  Rennel,  by  comparing  a  great  many  accounts 
of  the  progrefs  of  this  river  beyond  Houffa,  with  the 
idea  which  prevails  iu  that  city  cf  its  termination,  has 
ftiewn  it  to  be  in  a  very  high  degree  probable,  that  the 
waters  of  the  Niger  have  no  direft  communication  with 
the  fea,  but  that  they  are  fpread  out  Into  a- great  lake 
iu  Wangara  and  Ghanr.^  and  evaporated  by  tlie  heat  of 
the  fun.     See  Wangara  in  this  Supphment. 

NILE,  the  name  of  a  celebrated  river,  which,  as  it 
has  been  defcribed  in  the  Encydopxclia,  fliould  not  have 
been  introduced  into  this  place,  did  we  not  think  our- 
felves  bound  candidly  to  contels  that, -in  our  opinion, 
its  fourees,  at  leaft  thofe  fources  which  were  the  objefls 
of  ancient  curiofity,  have  never  yet  been  feen  by  any- 
European.  This  feems  to  be  proved,  beyond  the  pof-* 
fibility  of  controverfy,  by  Major  Renne!  in  the  Appen- 
dix to  Mr  Park's  Travels,  ard  by  Mr  Browne  in  his 
account  of  the  Babr  el-ab'iad,  and  Dar-Fur  or  Soudan. 
See  Soudan  in  tliis  Supphment. 

Mr  Bruce  himfelf  acknowledges  that  the  Nile,  which- 
waters  Egypt,  is  the  confluence  of  tv\o  ftreams,  and 
that  the  weftcrn  ftream,  which  he,  with  others,  calls 
Bahr-el  abiad,  or  the  'u.'hile  river,  19  the  largeft  ot  the 
two.  Were  a  man  therefore  to  travel  from  Cairo  up 
the  banks  of  the  Nile  in  qneft  of  its  fource,  he  would, 
doubtlefs,  when  he  fltould  arrive  at  the  divlfion  of  the 
river  into  two  channels,  continue  his  journey  up  the 
greater  of  thefe  ;  for  what  could  induce  him  to  tura 
afide  with  the  lefs  .•'  Not  the  name  ;  for  neither  the  lefs 
nor  the  greater  has  by  itfelf  the  name  which,  in  Egypt, 
is  given  to  both  when  united.  The  former,  which  un- 
doubtedly has  its  fource  in  Abyflinia,  is  there  called 
the  Abay  or  Abavi  ;  and,  in  other  countries  through 

which 


Nile. 


(a)  This  is  the  negro  name  of  the  river,  and  fignifies  the^«o/  water. 
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N  le       which  it  runs,  the   Bahr  cl-AiVtk  ;  llic  latter  is,  from 
Ntmiiji.as.  ;,5  fuu,ce  to  its  junftion   with  the  Ahay,  called  the 
•  Bahr-elabiad.      Pliny  believed  that  the  Nile  came  from 

■  the  weft.  ;  and  Ptolemy  fays  cxprefsly  that  Its  remote 
I'ource  is  in  the  mountaini  of  the  -Moon.  But  this  Nile 
tpull  be  the  White  River,  which  certainly  rifes  to  the 
wcllvvard  of  Abyflinia,  and,  according  to  Abulfeda,  in 
the  mountains  of  Komri  or  Kummeri  ;  which,  in  Ara- 
bic, fignifies  lunar,  being  the  adjedive  of  Kummer,  the 
moon. 

In  perfeft  conformity  with    this  ancient  account  of 
the  fource  of  the   Nile,  Mr  Ledyard  was  told  at  Cairo 
by  certain  perfons  from  Dar-Fur,  that  this  celebrated 
river  has  its  co/  fountains  in  their  country,  at  the  diftance 
of  55  days  journey  to  the  weftward  of  Senaar,  which 
brings  them  to  theXomri  mountains  of  Abulfeda,  who, 
as  well  as   Ptolemy  and    Edrifi,   places  the  head  of  the 
Nile  in  a  quarter  far  removed  from  Abyflinia.  Ptolemy 
has  indeed  inentioned  both  branches  ;   and  while  he  de- 
fcribes  the  eaftern  in  fuch  a  way  as  that  it  cannot  be  ta- 
ken for  any  other  than  the   Abyfiinian    branch,   or  the 
Nile  of  Bruce  and  the  Portuguefe  Jefuits,   fpeaks  of  a 
lar<Ter  branch  flowing  from  a  more  diftant  fource,  fitua- 
ted  to  the  fouth  weft.     But  this  can  be   no  other  than 
Bruce's  white  river,  the  Bahr-el-abiad  of  Ledyard  and 
Browne.       It  is  true,  there  is  an  apparent  difference  in 
the  account  given  by  thefe  two  laft  mentioned  travellers 
of  the  country  in  which  the  Bahr-el-abiad  rifes;  but  it 
13  a  difference  only  apparent.       Ledyard    was  told  at 
Cairo  that  it  vifes  in  Dar-Fur;  Mr  Browne,   who  re- 
fuied  long  in  Dar-Fur,  was  there  told,  that  the  fources 
of  the  river  are  near  to  a  place  called  Donga,   the  refi- 
dence  of  the  chief  or   king  of  an  idolatrous  nation    to 
the  fouthward  of  Dar-Fur.      It  is  to  be  obferved,  how- 
'        ever,  that  the  flave-merchants  who  trade  between  Don- 
ga and  Cairo  are  always  attached  to  the  Soudan  or  Dar- 
Fur  caravan  ;   and  that  therefore  the  perlons  who  told 
I.,edyaid  that  the  Nile  rifes  in  their  country  were  pro- 
bably from   Donga,   though  he  took  them  for  Furians 
from  the  name  of  their  caravan.      Mr  Browne  informs 
us  that  the  country  about  Donga  is  very  mountainous, 
and  that  in  the  fpot  where  the  river  rifes  there  are  laid 
to  be  forty  diftinit  hills,  which  are  called  Kumr't.  From 
them  iflues  a  great  number  of  fprings,  that,  uniting  in- 
to one  great   channel,   form  the   Bahr-el-abiad,   which 
fuffers   the   fame  periodical  increafe  and   d'uiinution   as 
the  Nile  in  Egypt.     The  people  ot  Donga  are  quite 
raked,  black,  and,    as  we  have  already  obferved,  idola- 
ters.     Major  Rennel  places  the  mountains  of  the  moon 
between   5'^  40'   and  '6"^  10'  N.   I^at.    and   between  24° 
30'   and  ^0°  25'  E.  Long.      Their  latitude  and  longi- 
tude, as  laid  down  by  Mr  Browne,  are  fomewhat,  tho' 
very  little,  different;  whilft  Geefh,  the  fouice  of  Bruce's 
Nile,  lies  between  the  lOth  and  iith  degree  of  N.  Lat. 
and  in  about  tfie  37th  degree  of  E.  Long. 

NIMIQUAS,  a  nation,  or,  more  properly,  two 
tribes  in  South  Africa,  called  by  Vaillant  the  Lefs  and 
Greater  Nimiquas. 

The  country  of  the  Lefs  Nimiquas  extends  in  longi- 
tude from  the  mountaiiis  of  Camis  to  the  fea  on  the 
well,  i.  e.  from  15°  25'  to  iS"  25'  eaft  from  London, 
and  in  latude  from  28°  12'  to  29"  36'  fouth.  From 
the  information  which  our  author  could  coUedl,  he 
thinks  that  the  number  of  inhabitants  throughout  the 
whole  ol  this  tradt  does  not  exceed  6oco  fouls.     Even 


this  number  is  annually  diminiflied  by  the  frequent  at-  Nlmq^'isj. 
tacks  of  Bofhnien,  and  the  aridity  of  the  foil.  Of  the  "~~'^'^~' 
Bosh  MEN  we  have  already  given  fufh  an  account  as 
can  leave  no  doubt  of  the  dc(lrut\ivc  nature  of  their  in- 
curfions  ;  and  the  foil  mufl  be  arid  indeed.  If  it  be  true, 
as  Vaillant  affures  \is,  that  in  ttie  country  of  the  Lefs 
Nimiquas  rain  never  falls  except  witen  it  thunders,  and 
that  thunder  is  fo  rare  at-  frequently  notio  be  heard  for 
the  fpace  ot  a  whole  year. 

For  this  want  of  rain  our  author  accounts  in  a  fat;s. 
faftory  manner:  "  The  coinitiy  (he  lays)  having  nei- 
ther forefla  nor  lofty  mountains  to  arrtlt  the  clouds, 
thofe  which  couie  from  tile  north  pafs  freely  over  It,  and 
proceed  on  to  Camis,  where  they  burfl  and  fall,  either 
in  rain  in  the  valleys,  or  in  fnow  on  tlie  fummits  of 
thefe  mountains,  which  are  the  loftieft  throughout  the 
fouth  of  Africa  "  Thfi  country  is  of  courfe  not  fruit- 
ful, and  its  fterilhy  obliges  the  inhabitants  frequently 
to  change  their  refidence,  fo  that  they  are  the  moll  wan- 
dering of  all  the  Hottentot  tribes.  In  this  barren  re- 
gion the  Dutch  colonitfs  fuppofe  that  gold  mines  may 
be  found  ;  but  our  author  difcovered  among  the  hordes 
no  traces  of  this  metal,  though  he  found  many  indica- 
tions of  rich  copper  mines. 

The  Lefs  Nimiquas,  though  of  a  tolerable  ftature, 
are  not  fo  tall  as  their  neighbours  to  the  eaflward  ;  and 
Indeed  Vaillant  affirms,  that  the  people  to  the  eaft  in 
the  fouthern  part  of  Africa  are  much  fuperior  to  thofe 
of  the  weft  both  In  moral  and  phyfical  qualities,  while 
t-he  animals  are  far  inferior.  The  Lt'fs  Nimiquas  are 
great  believers  In  witchcraft  ;  and  our  author  gives  » 
ridiculous  account  of  an  interview  that  he  had  with  an 
old  witch  named  Kahoes,  who  had  a  complete  afcen- 
dency,  not  only  over  the  whole  horde,  but  alfo  over  the 
favage  Bofhmen.  Thefe  robbers,  he  fays,  never  at- 
tempted to  plunder  the  territory  where  (he  took  up  her 
refidence  ;  and  flie  has  been  known,  when  their  thefts 
came  to  her  knowledge,  to  proceed  alone,  and  unguard- 
ed, to  their  retreats  In  the  mldll  of  the  woods,  to  threat- 
en them  with  her  vengeance,  and  thus  compel  them  to 
a  reftltution  of  the  flolen  property.  All  her  influence, 
however,  over  her  own  tribe,  could  procure  for  our  au- 
thor and  his  attendants  only  fix   flieep. 

The  women  of  the  horde  received  his  Hottentots 
wit'j  great  kindnefs;  and  petmlttcd  them  to  difcover 
very  lingular  charms,  of  which  It  is  needlefs  here  to  in- 
fert  a  defcrlption.  Among  this  people  he  faw  abun- 
dance  of  bracelets,  necklaces,  and  ear-rings  of  copper  ; 
and  fome  of  thefe  ornaments  were  fo  well  made  and 
finely  poliflied,  that  they  muft  have  been  nianufadfured 
In  Europe,  and  the  fruits  of  an  intercourle  with  the 
whites.  But  he  faw  feveral  others,  which,  from  their 
grotefque  Ihape  and  rude  workmanlhlp,  evidently  fliewed 
that  they  were  fabricated  by  the  lavages  tliemlelves. 

"  Thefe  ornaments  (fays  he)  are  worn  by  the  Nimi- 
quas in  the  fame  manner  as  by  the  other  favages  ;  yet 
1  obferved  among  them  fome  whimfical  peculiarities.  I, 
have  feen  perfons  with  fix  ear-rings  of  the  fame  fhape 
in  one  ear,  and  none  In  the  other  :  I  have  feen  fome 
with  bracelets  from  the  wrllf  to  the  elbow  on  one  arm, 
while  the  other  arm  was  bare:  I  have  feen  others  witti. 
one  fide  of  the  face  painted  in  compartments  of  various 
colours,  while  on  the  other  fide  both  the  colours  and 
figures  were  different.  In  general,  I  obferved  great 
propenfity  to  ornaments  among   the    Lefs  Nimiquas  ; 

for 
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Nfmiqua',  for  tHeir  krofles  and  all  their  garments  were  plentifully  any  queftions  were  aflced  on   the   fubjeft  of  the  Nimi-  Nimiquai 

*~~"*^~^  covered  with  glafs  and  copper  beads,  ftruBg  on  threads,  quas  themfclves,  the  perfons  adjrcfred  were  ready  to    j^    'ij^j, 

and  faftened  on   every  part  of  their  drefs.     They  even  laugh  in  our  .luthor's  face.     "  Still  (fays  he),  as  it  ap-  * 

wore  them  in   their  hair,    which    was    plaftered  with  peared  ilrange  to  me,  that  a  man   Ihould  talk,  of  wliat 

greafe  in  the  mod  difgufting  manner.     Many  had  their  he  had  fcen,  when  he  had   in  reality  fecn   nothing  ;  as 

heads  covered  with  a  reddifh  incruftation,  compofed  of  it  was   poffihle  that  the  fable  might  liave  fome  fonnda- 

greafe  and  a  powder  refembling  brick-dull,  with  which  tion,   without   being  true  in  all  particulars — I  was  wll- 

their  hair  was  fo  parted  together,  that  you  would  have  ling  to  convince  inylelf  what  could  have  given  rife  to  it  ; 

fworn  it  to  be  a  cap  of  red  mortar.     Thofe  who  had  it  and  every   time   1  vifited  a  horde,   1  took   care,  under 

in  their  pow-.i-  to  difplay  this  luxury  of  drefs,  were  as  different  pretences,  to    examine,  one  after  another,  all 

proud  as  are  our  petils-maitns,    when  they  can  fhake  a  the  huts  of  the  kraal,  and  to  alk  which  was   the  cldclt 

head  loaded  with  powder,  perfume,  and  pomatum.   The  child  of  the  family  :  but  I   nowhere  faw  any  thing  that 

nuip-kros,   or  fhort  apron,  of  the  women,    was  adorned  indicated  either  this  pretended  coop,  oi'  this   pretended 

with  rows  of  glafs-beadd  hanging   down    to  their  feet  ;  cramir.ing." 

in  other  refpefts  they  were  drtfled  like  the  other  Hot-  The  Nimiquas  are  great  cowards  ;  yet,  like  the  fur- 
tentots.",  rounding  nations,  they  have  thtir  affagays  and  poifoiied 
The  country  of  the  Greater  Nimiquas  is  placed  by  arrows  ;  and,  like  them,  can  handle  thefe  arms  with 
the  author  in  nearly  the  fame  longitude  with  that  of  the  dexterity.  They  pofTefs  alfo  thofe  war  oxen,  fo  for- 
Lefs,  and  between  25°  and  28"  fouth  latitude.  It  is  midable  in  battle,  and  fo  favourable  to  the  cowardice 
barren  like  the  other  ;  but  the  people  are  much  taller,  or  inaftivity  of  the  combatants.  They  have  even  a  pe- 
beiug  generally  about  five  feet  ten  inches  high.  The  culiar  implement  of  war,  which  their  neighbours  have 
men  are  dull  and  ftupid,  but  the  women  are  lively  and  not.  This  is  a  large  buckler,  of  the  height  of  the  per- 
extremely  amorous  ;  and  both  men  and  women  are  com-  fon  who  bears  it,  behind  which  the  Nimiqua  can  com- 
paratively handfome  and  of  a  flender  make.  Extrava-  plctely  conceal  himfclf.  But,  belide  that  his  natural 
gantly  addifted  to  fmoking  tobacco,  the  youg  girls  apathy  prevents  him  from  giving  or  taking  offence,  he 
bartered  their  favours  for  a  fingle  pipe  ;  and  as  Vail-  is  in  reality  piifillanimous  and  cowardly  from  the  cold- 
lant  was  chief  of  the  caravan,  a  white,  and  poffetfor  of  nefs  of  his  difpoiition.  To  utter  only  the  name  of 
tobacco  of  much  better  quality,  many  advances  were  Howz.onana   before   him   is  fufScicnt  to  make  him  trem- 


made  to  him.  "  I  have  no  doubt  (fays  he)  but  I 
might  have  formed,  for  a  few  pipefuls  only,  an  alliance 
with  every  family  in  the  horde.  I  was  even  prefTed  fo 
clofely,  as  to  be  obliged   to   employ   fome  refinance  : 


blc.      Sec  HouzooANAS  in  this  Svppl. 

Notwithilanding  his  frigidity,  the  Nimiqua  is  not  in- 
fenfible  to  pleafure.     He  even  feeks  with  avidity  thofe  • 
which,  acquiring  but  little  exertion,  are  capable  of  agi- 


but,  at  the  fame  time,  I  muft  confefs,  that  my  refufals'  tating  him  and  procuring  agreeable  fenlations.  Their 
were  given  in  fuch  a  way  as  not  to  offend  ;  and  they  mnfical  inflruments  are  the  fame  as  thofe  of  the  other 
vho,  in  confequence  of  their  advances,  had  been  expo-  Hottentots;  but  their  dancing  is  very  different,  and 
fed  to  them,  having  foon  found  other  arrangements  to  refembles  the  temper  of  tiie  nation.  If  the  counte- 
inake,  did  not  fhew  me  the  Icfs  friendfhip.  I  mult  here  nance  have  received  from  nature  features  that  can  cs- 
add,  that  the  girls  alone  appeared  to  me  thus  free  ;  prefs  our  paffions,  the  body  alfo  has  its  attitudes  and' 
while  the  married  women  on  the  contrary  were  modell  movements  that  paint  our  temper  and  feelings.  The 
and  referved.  This  is  a  charafteriftic  diflerence,  which  dance  of  the  Mimiqua  is  frigid  like  himfelf,  and  fo  de- 
diflingulfhes  the  Greater  Ninn'quas  from  the  Hottentot  void  of  grace  and  hilarity,  that,  were  it  not  for  the  ex- 
people  in   general;  as  likewife  does  the  low  cringing  treme  gaiety  of  the  women,  it  might  be  called  the  dance: 


air  they  affame  when  they  have  any  thing  to  aik." 

It  has  been  faid  by  Kolben,  that  the  Nimiqua  wo- 
men, when  they  bear  twins,  dedroy  one  of  the  infants  ; 
but  Vaillant  affures  us  that  this  is  a  falfchuod,  .ts  is  like- 
wife  another  tale  which  is  current  in  the  colony.  It 
has  been  laid  that  the  fathers,  to  (liow  what  afFeftion 
they  bear  their  children,  feed  their  eldeft  in  a  particu- 
lar manner,  as  being  of  right  the  firft  objeft  of  paternal 
care.  For  this  purpofe  they  put  him  in  a  coop  as  it 
were  ;  that  is,  they  (liut  him  up  in  a  trench  made  un- 
der their  liut,  where,  bein;;  deprived  of  motion,  he  ioles 
little  by  perfpiration,  while  they  feed  and  cram  him  in 
a  manner  with  milk  and  greafe.      By  degrees  the  child 


of  the  dead. 

Thefe  tortoifes,  to  wlnm  dancing  is  a  fatigue,  fhew- 
little  eagernefs  for  any  thing  but  wagers,  games  of  cal- 
culation and  chance,  and  all  the  fedentary  amufcmentS"' 
which  require  patience  and  reflettion,  of  which  they 
are  more  capable  than  they  are  of  motion.  When  our 
author,  with  great  propriety,  prohibited  gaming  in  his 
camp,  the  Nimiquas,  who  had  ilaid  long  with  iiim, 
took  their  departure. 

NITTA,  a  fpecies  of  the  Mimosa,  which  flourifhes 
on  the  banks  of  the  Senegal  in  Africa.  It  is  valuable 
to  the  inhabitants  for  its  fruit,  the  pods  of  which  are 
long  and  narrow,  containing  a   few  black  feeds  envelo- 


iattens  and   gets  as  round  as  a  barrel  ;  and  when  he  is  ped  in  a  Hne  mealy  powder,   of  n  bright  yellow  colour, 

come  to  fuch  a  Hate  as  not  to  be  able  to  walk,  but  to  which  refembles  the  flour   of  fulphur,  and  has  a  fwect 

bend  under  his  own  weight,  the  parents  exhibit  him  to  mucilaginous  tafle.   Wlien  eaten  by  itfelf  it  is  clammy  ; 

the  admiration  of  the  horde  ;   who  from  that    period  but   when  mixed  with  milk   or   water,   it  conditutes  a 

conceive  more  or  lefs  edeem  and  conlideration  for  the  very  pleafant  and   nouri;h!ng  food,  fupplying  the  place 

family,  according  as  the  moniter  has  acquired  more  or  of  corn  to  the  negroes. — Park's  Travels. 

lefs  rotundity.  NIZOLIUS  (Marius),  a  grammarian  of  Italy,  who 

Such  was  the  account  given  to  our  author  by  a  man  by  his  wit  and  erudition  contributed  much  to   the  pro- 

who  affirmed  that  he  had  been  an  eye-witnefs  of  this  motion  of  letters  in  the  i6th  century.      He  pnblifhed, 

Sjrtode    of  traniming  the  heir-apparent  ;  but  whenever  in   1553,  Lib.  4.   De  virii   Princij^iis  el  vera    Ratione 

«  pbilofo* 
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Koi-lurnil.  phUofophanitl,  contra  PfeuAo  phitofophet.     In  this  work 
-     »         he  attacks,  with  much  vivacity,  the  fchoolmen,  not  on- 
ly  for  the  barbarifm  of  thfir  terms,  but  for  inany  ridi- 
culous opinions  which    tliey    held.      Leibnitz    was  fo 
ftruck   with  its  folidity  and  elegance,  that,  to  expofe 


NONAGESIMAL,  or  Nonagesimai-  Degree,  cal- NonajjcQ- 
led  alfo  the  Mid  heaven,   is  the  liighcft   point,  or  90th       "" 
degree  of  the   ecliptic,  reckoned  trom   its   iutcrfettlon 
with  the  horizon  at  any  time  ;  and  its  altitude  is  equal 
to  the  angle  that  the  ecliptic  makes  with  the   hori/.on 


tienary. 


the  obilinacy  of  thofe  who  were  zeaiouily  attached  to  at  their  interfeclion,  or  equal  to  the  dillance  of  the  ze- 

Arillotle.  he  gave  a   new   edition  of  it,  with   critical  nith  from  the  pole  of  the  ecliptic.     It  is  much  tifed  in 

notes  of  his  own,  1670,  In  410.      Nizollus  publifhed  al-  the  calculation  ot  folar  eqlipfes. 

fo   Thefuunis    Ciieronianus,  Jive  Apparatus   Liiiguit  La-  NONAGON,  a  figure  having  nine  fides  and  angles. 

tine  e  Scriplls  Tullil   Ciceronis  collidus,  in  folio.     This  In    a   regular  nonagon,  or  that  whofe  ai  i;les  and  fides 

is  a  good  Latin  dlAIonary,  compofed  of  the  words  and  are  all  equal,  if  each  fide  be  1,  its  area  will  be  6. 1  8  1  8242 

cxpreffions  of  Cicero;    to    which,    it  feems,   Nizollus  =  |  of  the  tangent  of  yo'',  to  the  radius  i. 

fhewed  as  much  bigotry   as  the  fchoolmen  to  their  no-  NORMAL,  is    ufed   fometimes    for  a  perpendicu- 

ti;)ns  ;  and   fell  under  the  charafter  of  thofe   pedants  lar. 

whom  Erafmus  has  ridiculed  in  his  Clceronianns.     We  NUEL,  or  Newel,  the   upright  pod  about  which 

do  not  find  the  year  either  of  his  birth  or  death.  ftairs  turn,  being  that  part  of  the  llaircafe  which  fuf- 

NOCTURNAL  arch,  is  the  arch  of  a  circle  de-  tains  one  end  of  the  fttps. 
fcribed  by  the  fun,  or  a  ftar,  in  the  night. 


o. 


OASIS  (plur.  Oases),  a  fertile  fpot  in  the  midft  of 
a  fand)  dcfart.  In  the  Sahara,  or  Great  Defart 
of  Africa,  there  are  many  Oafes  of  exreme  fertility. 

OBLATE,  flatted  or  fhortened  ;  as  an  oblate  fphe- 
rold,  having  Its  axis  Ihorter  than  its  middle  diameter; 
being  formed  by  the  rotation  of  an  ellipfe  about  the 
fhorter  axis. 

OBLIQIJE  ASCESSION,  is  that  point  of  the  equi- 
i.oftial  which  rifes  with  the  centre  of  the  fun,  or  liar, 
or  any  other  point  of  the  heavens,  in  an  oblique 
fphere. 

Oblique  Circle,  in  the  flereographic  projeiElIon,  is  any 
circle  that  is  oblique  to  the  plane  of  projection. 

OsLiSVS  Dcjcenfton,  that  point  of  the  equinodllal 
which  fets  with  the  centre  of  the  fun,  or  ftar,  or  other 
point  of  the  heavens,  in  an  oblique  fphere. 

OBLiavB  Force,  or  Percvjfion,  or  Power,  or  Stroke, 
is  that  made  in  a  direftlon  oblique  to  a  body  or  plane. 
It  is  demouftrated,  that  the  effeft  of  fuch  oblique  force, 
&c.  upon  the  body,  is  to  an  equal  perpendicular  one, 
as  the  fine  of  the  angle  of  incidence  Is  to  radius. 

OBLONG  s?HEROiD,  is  that  which  is  formed  by 
an  ellipfe  revolved  about  its  longer  or  tranfverie  axis; 
in  contradiftlon  from  the  oblate  fpheroid,  or  that 
which  is  flatted  at  its  poles,  being  generated  by  the  re- 
volution of  the  ellipfe  about  Its  conjugate  or  fhorter 
axis. 

OBSERVATORY,  portadle.  See  Astrono- 
my, n-'  504,  Encycl. 

OCCIDENT  E<iyiNOCTiAL,  that  point  of  the  ho- 
rizon where  the  fun  fets,  when  he  crofTes  the  equinoc- 
tial, or  enters  the  fign  Aries  or  Libia. 

OccmtNT  EJlival,  that  point  of  the  horizon  where 
the  fun  fets  at  his  entrance  Into  the  fign  Cancer,  or  in 
our  fummer  when  the  days  are  longeft. 

Occident  Hybemal,  that  point  of  the  horizon  where 


the  fun  fets  at  midwinter,  when  entering  the  fign  Ca- 
pricorn. 

OCTANT,  the  eighth  part  of  a  circle. 

ODD,  in  arithmetic,  is  faid  of  a  number  that  is  not 
even.     The  feries  of  odd  numbers  is  i,  3,  5,  7,  &c. 

ODDLY-ODD.  A  number  is  faid  to  be  oddly  odd, 
when  an  odd  number  meafures  it  by  an  odd  number. 
So  I  s  Is  a  number  oddly  odd,  becaule  the  odd  number 
3  meafures  it  by  the  odd  number  5. 

ODOUR,  that  quality  of  certain  bodies  which  en- 
cites  the  fenfatlon  of  fmell.  In  the  Annales  de  Chiwie, 
Vol.  XXI.  p.  254,  we  have  a  detailed  account  cf  cer. 
tain  experimtnts  made  by  M.  Bentdift  Prevoft  of  Ge- 
neva, with  a  view  to  render  the  emanations  of  odorant 
ladies  perceptible  to  fight.  The  account  is  by  much  too 
long  tor  a  work  like  ours  ;  efpecially  as  we  feci  not  our- 
fclves  inclined  to  attribute  to  the  experiments  all  the 
importance  which  feems  to  have  been  allowed  to  them 
by  the  firft  clafs  of  the  French  National  Inilitute.  Vv''e 
fliall  therefore  ftate  only  a  few  of  them,  which  feem 
moft  to  favour  the  author's  hypothefis. 

1.  A  concrete  odorant  fubilance,  laid  upon  a  wet 
glafs  or  broad  faucer  covered  with  a  thin  ilratura  of 
water,  immediately  caufes  the  water  to  recede,  fo  as  to 
form  a  fpuce  of  feveral  inches  around  it. 

2.  Fragments  of  concrete  odorant  matter,  or  fmall 
morfels  of  paper  or  cork,  impregnated  with  an  odorant 
liquor,  and  wiped,  being  placed  on  the  furface  of  wa- 
ter, are  immediately  moved  by  a  very  fwift  rotation. 
Romieu  had  made  this  obfervation  on  camphor,  and  er- 
roueoully  attributed  the  effeil  to  eleftricity.  The  mo- 
tion was  perceptible  even  in  pieces  of  camphor  of  feven 
or  eight  gros. 

3.  An  odorant  liquor  being  poured  on  the  water, 
ftops  the  motion  till  it  is  diflipated  by  evaporation. 
Fixed  oil  arrefts  the  motion  for  a  much  longer  time, 

and 
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Oio'iT.    so4  '.!"»'!  'Alt  ["Jlitle  it  forms  on  the  water  is  taken 
. off. 

4.  When  the  furface  of  the  water  is  cleaned  by  a 
leaf  of  metal,  of  p;ipcr,  or  of  glafs,  plunged  in  and 
withdrawn  fucceflively  until  the  p'-Uicle  is  removed,  tiie 
gyratory  motion  is  renewed.  If  a  piece  of  red  wax  or 
of  taper  be  dipped  in  water,  and  the  drops  fhaken  off 
into  a  glafs  of  water  containing  odorant  bodies  in  mo- 
tion, the  m(»vement  will  be  ilopped.  The  fame  eftcct 
is  not  produced  by  metal. 

5.  A  morfcl  of  camphor,  plunged  to  the  depth  of 
three  or  four  lines  in  water  without  floating,  excites  a 
movement  of  f.ecidation  in  the  furronnding  water, 
which  repels  fmall  bodies  in  its  vicinity,  and  carries 
them  again  to  the  camphor  bv  ftarts.  The  author 
concludes,  that  an  elall:c  fluid  efcapes  from  (he  odo- 
rant body  in  the  manner  of  the  fire  of  a  fuiee  or  the 
difcliarge  of  fire-arms. 

6.  When  there  is  a  certain  propi>vtion  between  the 
height  of  the  water  and  that  of  the  fmall  fragment  of 
camjihor,  the  water  is  brifl<ly  driven  off,  returns  again 
to  the  camphor,  and  again  retires,  as  if  by  an  explofion, 
the  recoil  of  which  often  caules  the  camphor  to  make 
part  of  a  revolution  on  its  axis. 

7.  Camphor  evaporates  thirty  or  forty  times  more 
fpeedily  when  p'aecd  upon  water,  than  when  entirely 
furronnded  with  air. 

8.  Camphor,  during  the  aft  of  diffipation  in  the  air, 
preferves  its  form  and  its  opaque  whitcnefs  ;  upon  wa- 
ter it  is  rounded,  and  becomes  tranfparent  as  if  it  had 
undergone  a  kind  of  tufion.  It  may  be  ii  lerred,  that 
this  arifes  from  the  acquired  motion,  which  caufes  it  to 
prefent  a  greater  furface  to  the  air. 

9.  When  fmall  pieces  of  camphor  are  plunged  in  wa- 
ter, the  camphor  becomes  rounded  and  tranfparent, 
does  not  acquire  any  motion,  and  its  diffipation  is  lefs 
perceptible  than  in  the  air.  The  concurrence  of  air 
and  water  is  therefore  neceffary  to  difengage  the  fluid 
which  is  the  caufe  of  the  motion  and  total  diffipation 
of  odorant  bodies. 

10.  The  motion  of  odorant  bodies  upon  water  decays 
and  ceafes  fpontaneoufly  at  the  end  of  a  certain  time  ; 
becaule  the  water  having  then  contrafted  a  ilrong  fmell, 
the  volatilization  takes  place  in  all  the  points  ot  its  fur- 
face ;  and  the  fmall  mals  being  thus  furronnded  by  the 
odorant  fluid,  which  is  no  longer  air,  diffolves,  as  in 
the  ordinary  odorant  fluids,  without  forming  the  ga- 
feous  jet  which  is  the  caufe  of  the  motion.  The  au- 
thor compares  the  volatilization  of  the  aromatic  fub- 
ftance  to  a  combnflion  excited  by  water. 

M.  Prevoil  hopes,  that  thcfe,  and  other  experiments 
which  he  explains,  will  contribute  to  the  theory  of 
odours,  which  fo  nearly  rcfembles  that  of  the  gafes. 
He  does  not  flatter  himfelf  with  having  exhauiled  this 
fubjeft,  but  confiders  his  dilcoverics  as  the  means  of 
rendering  odour  perceptible  by  water,  not  only  to  the 
fight,  but  even  to  tlie  touch,  as  are  likewife  the  vibra- 
tions of  fonorous  bodies.  Men  deprived  of  the  fenfe 
of  fmell,  and  even  the  blind,  according  to  him,  may  in 
this  manner  diftinguifti  odorant  bodies  from  thofe  which 
have  no  fmell.  "  Perhaps  (fays  he)  this  kind  of  odo- 
rofcope  may,  by  improvement,  become  an  odorimeter, 
The  exceptions,  fuch  for  example  as  that  of  the  ceru- 
men of  the  ears,  which  produces  much  effecl  on  water 
without    being   perceptibly  odorant,  and  that  of  the 
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fingers  when  hot  or  moid,  are  merely  apparent  ;  for  if  Odour, 
our  lenf  »  do  not  in  thofe  cafes  difcoser  odour,  thofe  of  """^  "^ 
aiiimils  more  powerfully  energetic,  fncli  as  the  dog, 
perciivt  and  dillingnilh  individuals  bv  it.'i  peculiar  cha- 
rarter.  The  odorofcope  may  afford  the  information 
wliich  is  wanting  refpeCting  thcfe  effluvia.  Thus  it  is 
that  the  fat  of  game,  the  fmell  of  which  is  nearly  to  us 
imperceptible,  is  very  much  fo  to  dogs,  and  exhibits 
fenfible  marks  by  the  odorofcope." 

Proteffor  Venturi  of  Modena,  who  heard  Prevoft's 
memoir  read  in  the  National  Inllitule,  had  himf.lfmade 
fonie  experiments  with  camphor  kept  fcparately  in  the 
air,  in  the  water,  and  at  the  furface  of  the  water ; 
whence  he  deduces,  that  the  mod  active  virtue  for  dif- 
folving  camplior  refidea  at  that  part  whire  both  the 
air  and  the  water  touch  the  camphor  at  the  fame  time. 
Hence  he  explains  why,  in  like  cireumllances,  cairjihor 
evaporates  more  quickly  in  a  moid  than  in  a  dry  air; 
and  wliy  the  Hollanders  ufe  water  in  their  procels  for 
fublimiiig  this  fubftance. 

It  might  be  thought  ihat  the  camphor  was  dccom- 
pofed  at  the  furface  of  the  water  ;  that  the  water  might 
fcize  the  acidifying  part,  whirh  lei.dcrs  the  cainplior 
concrete  ;  and  that  the  volatile  part  is  diffipattd  in  the 
atmolphere.  The  author  rejects  this  noti(  r.  He 
thinks  that  water  with  camphor  floating  on  its  furface 
becomes  charged  with  no  more  th?M  a  very  fmall  por- 
tion :  I .  Becaufe  in  thefe  circunift^  tices  the  water  ac- 
quires the  fame  tafle  and  fmell  .if  camphor  as  it  ob- 
tains when  a  fmall  qiiantity  of  this  fubllance  is  kept 
plunged  in  the  fame  fluid.  This  water,  by  expofure  to 
the  air,  lofes  the  qualities  with  which  it  had  been  char- 
ged, and  becomes  infipid,  and  without  fmell.  2.  Be- 
caufe when  the  water  is  faturated  with  all  it  can  take 
up,  the  diffipation  of  the  camphor  continues  at  its  fur- 
face as  before.  3.  Becaule  the  aerial  emanations  of 
camphor  made  at  the  furface  of  water  do  themfelvei 
crydallize  into  camphor. 

Camphor  at  the  furface  of  the  water  does  nothing, 
therefore,  but  difi'olve  ;  and  when  diflolved  at  the  ordi- 
nary temperature  of  the  atmofphere,  it  is  not  at  hril  in 
the  date  of  vapour  as  has  been  though'..  It  is  iimply 
a  liquid  which  extends  itfelf  over  the  furface  of  water 
itfelt  ;  and  by  this  means  coming  into  contact  with  a 
great  furface  of  air,  it  is  afterwards  ablorbcd  and  eva- 
porated. This  is  proved  by  the  following  iaSs:  1  The 
folution  of  camphor  at  the  furface  of  water  is  more  ra- 
pid in  proportion  to  the  extent  of  the  furface.  In  nar- 
row veflcls,  the  feftion  of  the  column  would  not  be 
completed  in  ten  days,  even  though  the  watei  might  be 
extremely  pure.  2.  When  the  column  of  camphor  has 
projefting  parts,  the  liquid  may  be  feen  iffuing  by  pre- 
tcience  fronr  certain  points  of  the  column,  covering  the 
furface  of  the  water,  and  driving  fmall  floating  bodies 
before  it,  in  the  fame  manner  as  floating  bodies  go  and 
return  in  a  bafon  into  which  the  water  of  a  canal  enters 
with  rapidity.  3.  If  a  fmall  piece  of  camphor,  already 
wetted  at  one  end,  be  brought  near  the  edge  of  water 
contained  in  a  broad  faucer,  and  be  made  to  touch  the 
faucer  itfelf,  it  depofits  a  vifible  liquor,  which  k  oily; 
and  by  attaching  itfelf  to  the  faucer,  deftroys  the  adhe- 
fion  l)etween  the  veffel  and  the  border  of  the  water,  fo 
that  the  water  retires  on  account  of  the  affinity  of  ag- 
gregation, which  not  being  oppofed  by  the  attraftion 
of  the  faucer,  caufes  the  water  to  terminate  in  a  round 
Q^q  edge. 
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fdge.  If  you  remove  the  piece  of  camphor,  the  wateV 
will  not  return  to  ita  place  until  the  oily  fluid  is  evapo- 
rated. 4.  Ill  the  fame  manner,  when  the  ciilumii  of 
camphor  is  half  immerfed  in  the  water,  the  oily  liquor 
which  iffues  forth  deitroys  the  adhefion  of  the  water  to 
the  column,  and  products  a  fmall  furrounding  cavity. 
The  filiation  Hops,  or  is  retarded  for  a  moment,  until 
the  fluid,  extending  itfelf  over  the  water,  becomes  eva- 
porated :  the  water  then  returns  to  its  place,  and  t;;uch- 
es  the  fame  part  of  the  camphor  ;  the  folution  begins 
again,  and  in  this  manner  the  procefs  is  effected  by  al- 
ternations of  contaft  and  apparent  repuliion. 

Of  tliefe  memoirs  by  Prevoft  and  Veaturi,  the  Eng- 
lifli  reader  will  find  accurate  and  full  trandations  in  the 
fiitl  volume  of  Nicholfon's  Fhilojophical  'Journal,  toge- 
ther with  fonie  judicious  obfervations  on  them  by  the 
editor,  which  we  Ihall  take  the  liberty  to  adopt.  "  The 
philofophical  confideration  of  odorant  bodies  is  fonie- 
what  obfcurcd  by  the  old  method  of  generalizing,  or 
referring  the  properties  of  bodies  to  fome  diilinft  prin- 
ciple or  thing  fuppofed  capable  of  being  feparated  from 
the  body  itfelf.  Thus  the  odours  of  bodies  have  been 
fuppofed  to  depend  on  a  fubltance  imagined  in  a  loofe 
■way  to  be  common  to  them  all  and  feparable  from  them. 
Hence  the  terms,  principle  of  fmell,  fpiritus  redtor,  and 
even  in  the  modern  nomenclature  we  find  aroma.  There 
does  not  in  effeft  feem  to  be  any  more  reafon  to  infer 
the  exiftence  of  a  common  principle  of  fmell  than  of 
■tafte.  The  fmell  of  ammoniac  is  the  aftion  of  that  gas 
upon  the  organ  of  lenfe;  and  this  odorant  invilible 
matter  is  exhibited  to  the  light  when  combined  with  an 
acid  gas.  But  in  the  fame  manner  as  ammoniac  ema- 
nates from  water,  and  leaves  raoft  part  of  that  fluid  be- 
hind, fo  will  the  volatile  parts  of  bodies  be  moft  emi- 
nently produftive  of  this  aftion  ;  and  very  few,  if  any, 
natural  bodies  will  be  found  which  rife  totally.  The 
moil  ilriking  ciicUTiflance  in  the  effeft  is,  that  an  aft 
of  fuch  power  fhould  be  attended  with  a  lofs  by  exha- 
lation which  is  fcarcely  to  be  appreciated  by  weight, 
or  in  any  other  method  during  a  (hort  interval  of  time. 
But  we  know  fo  little  of  nervous  aftion,  and  of  other 
phenomena  of  elcftricity,  of  galvanifm  (See  Galva- 
nism in  this  Suppl.),  or  even  of  heat,  which  llrongly 
iffeft  the  fenfcs,  but  elude  admeafurcment  by  gravita- 
tion, that  the  difficulty  of  weighing  the  effluvia  of  odo- 
rant bodies  becomes  Icfs  afloniihing." 

(ECONOMIS  rS,  a  left  of  philofophers  in  France, 
who  have  mide  a  great  noife  in  Europe,  and  are  gene- 
laiiy  believed  to  have  been  unfriendly  to  religion.  The 
founder  of  this  feft  was  a  Dr  Duqmfnal,  who  had  fo 
well  infinuated  himfelf  into  the  favour  of  Louis  XV. 
that  the  king  nfed  to  call  him  his  thinker.  The  feft 
was  called  aconomtjls,  becaufe  the  oeconomy  and  ordtjc 
to  be  introduced  into  the  finances,  and  other  means  of 
alleviating  the  diftrefTcs  of  the  people,  were  perpetually 
in  their  mouths.  The  Abbe  Barrurl  admits,  that  there 
may  have  been  fome  few  of  them  who  direfted  their 
fpeculations  to  no  other  objeft  ;  but  he  brings  very 
fufficient  proof  that  the  great  aim  of  the  majority  of 
the  feft  was  to  eradicate  from  the  minds  of  the  people 
all  reverence  for  divine  revelation. 

"  Duquefnai  (fays  he)  and  his  adepts  had  more  ef- 
pecially  undertaken  to  perfuade  their  readers,  that  the 
country  people,  and  mechanics  in  towns,  were  entirly 
deltitute  of  that  kind  of  inftrudion  neceflaFy  for  their 


profeflions  ;  that  men  of  this  clafe,  unable  to  acquire 
knowledge  by  rcndii,_r,  pined  away  in  an  ignorance 
equally  iatal  to  then.ftivcs  and  to  the  (late  ;  that  it  was 
necefiary  to  efiaL.iih  free  fthools,  and  particularly 
throughout  the  country,  where  children  might  be 
brought  up  to  diMerent  trades,  and  inllrufted  in  the 
principles  of  r.griculture.  D'Alembcrt,  and  the  Vol- 
tairean  adepts,  toon  perceived  the  advantages  they  could 
reap  from  thele  tlhiblifliments.  In  union  with  the  ceco- 
nomifls,  they  prcfented  various  memorials  to  L^uis  XV. 
in  which  not  only  the  temporal  but  even  the  fpiritual 
advaiitages  of  fnch  eftabliiliments  for  the  people  are 
ftrongly  urged.  The  king,  who  really  loved  the  people, 
embraced  the  projcft  with  warmth.  He  opened  his 
mind  on  the  fubjeft  to  Mr  Bcrtin,  whom  he  honoured 
with  his  confidence,  and  had  entrufted  with  his  privy 
purfe;"  and  it  was  with  great  difficulty  that  this  miniftcr 
could  convince  him  of  the  dangerous  defigns  of  the  feft, 

"  Determined  (fays  he)  to  give  the  king  pofitive 
proof  that  the  occonomifts  impofed  upon  him,  I  lought 
to  gain  the  confidence  of  thole  pedlars  who  travel 
through  the  country,  and  expofe  their  goods  to  fale  in 
the  villages,  and  at  the  gates  of  country  feats.  I  fuf- 
pcfttd  thofe  in  particular  who  dealt  in  books  to  be  no- 
thing lefs  than  the  agents  of  philofophiim  with  the 
good  country  folks.  In  my  excurfions  into  the  coun- 
try I  {i.\ed  iry  attention  above  all  on  the  latter.  When 
they  offered  me  a  book  to  buy,  I  quellioned  them  what 
might  be  the  books  they  had  ?  Probably  catechifms  or 
prayer-books  ?  Few  others  are  read  in  the  villages?  At 
thefe  words  I  have  feen  many  fmile.  No,  they  anlwer- 
ed,  thofe  are  not  our  works  ;  we  make  much  more 
money  of  Voltaire,  Diderot,  and  other  phllofophic  wri- 
tings. What  !  faid  I ;  tlie  country  people  buy  Voltaire 
and  Diderot  .'  Where  do  they  find  the  money  for  fuch 
dear  woiks?  Their  conflant  anfwer  was,  we  have  them 
at  a  much  cheaper  rale  than  prayer-books;  we  can  fell 
them  at  ten  fols  (5d.)  a  volume,  and  have  a  pretty  pro- 
fit into  the  bargain.  Qucllioning  fome  of  them  flill 
farther,  many  of  them  owned  that  thofe  books  coil 
them  nothings  that  they  received  whole  bales  of  them 
without  know  ing  whence  they  came,  but  being  fimply 
dcfired  to  fell  them  in  their  juurntys  at  the  lowetl. 
price. 

"  Louis  XV.  warned  by  the  difcovery  made  by  his 
miniller,  was  at  length  fatisfied  that  the  ellablifhmeit 
of  thefe  fchools,  fo  much  urged  by  the  confpirators, 
would  only  be  a  new  inflrument  of  feduftion  in  their 
hands.  He  abandoned  the  plan  ;  but,  perpetually  ha- 
raffed  by  the  protefting  fophifters,  he  did  not  llrike  at 
the  root  of  the  evil,  and  but  feebly  impeded  its  pro- 
grefs.  The  pedlais  continued  to  promote  the  mealures 
of  the  confpirators;  yet  this  was  but  one  of  the  infe- 
rior means  employed  to  fupply  the  want  of  their  free 
fchools,  as  a  new  difcovery  brought  to  light  one  far 
more  fatal. 

"  About  the  middle  of  the  month  of  September 
1789,  little  more  than  a  fortnight  antecedent  to  the  a- 
trocious  5th  and  6th  of  Oftober,  at  a  time  when  the' 
conduft  of  the  National  Affembly,  fiaving  thrown  the 
people  into  all  the  horrors  of  a  revolution,  indicated 
that  they  would  fet  no  bounds  to  their  pretenlions,  Mr 
Le  Roy,  lieutenant  of  the  King's  hunt,  and  an  acade- 
mician,  being  at  dinner  at  the  houfe  of  Mr  D'Aige- 
villiers,  intendant  of  the  buildings  of  his  majelly,  the 
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convfrfatio;i  turned  on  tlie  difafters  of  tlie  revolution, 
and  on  thofo  lliat  were  too  clearly  to  be  forefecn.  Din- 
'  ner  over,  the  nobleman  above-iiieiitioned,  a  friend  of  Le 
Roy,  iiurt  at  having  feen  him  io  great  an  admirer  of 
the  fophifters,  reproached  him  with  it  in  the  following 
exprefTive  words  :  Well!  this,  then,  is  thf  luorit  of  Philo- 
fophy  !  Thunderltruck  at  thefe  words — Alas  !  cried  tlie 
academician,  to  •whom  do  you  fjy  foil  know  it  but  too 
tvell,  and  I  Jliall  die  of  grief  and  nriorfe  !  At  the  word 
remorfe,  the  fame  nobleman  qiieftioned  him  whether  he 
)iad  fo  greatly  contributed  towards  the  revolution  as  to 
upbraid  himfelf  with  it  in  that  violent  manner  ?  '  Yes 
(anfwercd  he),  I  have  contributed  to  it,  and  far  more 
than  I  was  aware  of.  I  was  lecretary  to  the  committee 
to  which  you  are  indebted  for  it  ;  but  I  call  heaven  to 
witnefs,  that  I  never  thought  it  would  go  to  fucii 
lengths.  You  have  fccn  me  in  the  king's  fervice,  and 
vou  know  tiiat  I  love  his  perfon.  I  little  thought  of 
bringing  his  fubjedts  to  this  pitch,  and  I Jh  all  die  of  grief 
and  remorfe  V 

"  Pretfed  to  explain  what  he  meant  by  this  commit- 
•  tee,  this  fecret  fociety,  entirely  new  to  the  whole  com- 
pany, the  academician  refumed  :  '  This  fociety  was  a 
fort  of  club  that  we  philofophers  had  formed  among 
us,  and  only  adnritted  into  it  perfops  on  whom  we  could 
pcrfedlly  rely.  Our  fittings  were  regularly  held  at  the 
Baron  D'Holbach's.  Lell  our  objetl  fliould  be  fur- 
mifed,  we  called  ourfelvea  ceconomifts.  We  created 
Voltaire,  though  abfent,  our  honorary  and  perpetual 
prefident.  Our  piincij^al  members  were  D'Alcmliert, 
Turgot,  Condnrcet.  Diderot,  La  Harpe,  and  that  La- 
moignon,  keeper  of  the  ieals,  who  on  his  diimifiion  fliot 
himfelf  in  his  park.' 

"  Tlie  whole  of  this  declaration  was  accompanied 
with  tears  and  figlis  ;  wlien  the  adept,  deeply  penitent, 
continued  :  '  The  following  were  our  occupations;  the 
moft  of  thofe  works  which  have  appeared  tor  this  long 
time  pail,  agaliiil  religion,  morals,  and  government,  were 
ours,  or  thofe  of  authors  devoted  to  us.  They  were 
all  compofed  by  the  members  or  by  the  orders  of  the 
fociety.  Before  they  were  lent  to  the  prefs,  they  were 
delivered  in  at  our  office.  There  we  rcvifed  and  cor- 
refted  them  ;  added  to,  or  cui-tailcd  them,  according 
as  circumftances  required.  When  our  philofophy  v^as 
too  glaring  for  the  times,  or  for  the  objcft  of  the  work, 
we  brought  it  to  a  lower  tint  ;  and  when  we  thought 
that  we  might  be  more  daring  than  the  author,  we 
fpoke  more  openly.  In  a  word,  we  made  our  writers 
fay  exactly  what  we  pleafed.  Then  the  work  was  pub- 
lilhed  under  the  title  or  name  we  had  chofeii,  the  better 
to  hide  the  hand  whence  it  came.  Many,  fuppofed  to 
have  been  pollhumous  works,  fuch  as  Chrifliunity  Un- 
majied,  and  divers  others  attributed  to  Freret  and  Bou- 
laiiger  after  their  deaths,  were  ilFued  from  our  fo- 
ciety. 

*  When  we  had  approved  of  thofe  works,  we  began 
by  printing  them  on  fine  or  ordinary  paper,  in  fufficient 
number  to  pay  our  expences,  and  then  an  immenfe 
number  on  the  commoneft  paper.  Thcfe  latter  we  fent 
to  hawkers  and  bookfellers  free  of  cilt:,  or  nearly  fo, 
who  were  to  circulate  them  among  the  people  at  the 
lowelt  rate.  Thefe  were  the  means  iiled  to  pervert 
the  people,  and  bring  them  to  the  (late  you  now  fee 
them  in.  I  (hall  not  [ee  ihem  long,  for  I Jhail  die  of 
grief  and  remorfe  !' 
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This  recital  is  too  well  autlienticatL-d  to  be  called  in 
queftion,  and  too  plain  to  need  a  commentary.      Let  it  ^ 
be  a  warning  againit  all  fecret  focieties,   by  whatever 
title  of  benevolence  they  may  be  defigiioi  by  thofe  wiio 
form  them. 

OIL-MILL,  a  mill  for  exprefling  the  oil:,  from  fruits, 
or  grains,  &c.  As  thefe  kingdoms  do  not  produce  the 
olive,  it  would  be  needlefs  to  defcribe  the  mills  which 
arc  employed  in  the  fouthern  parts  of  Europe.  We  rtiall 
content  ourfelves,  therefore,  with  a  defcription  of  a 
Dutch  oil-mill,  employed  for  grinding  and  prefllng  lint- 
feed,  rape-feed,  and  other  oleaginous  grains.  Farther, 
to  accommodate  our  defcription  (till  more  to  our  local 
circumllances,  we  (hall  employ  water  as  the  did  mo- 
ver ;  thus  avoiding  the  enormous  expence  and  compli- 
cation  of  a  windmill. 

In  Plate  XXXVIII.  fig.  A, 

1.  Is  tlie  elevation  of  a  wheel,  over  or  underfhot,  as 
the  fitualion  may  require. 

2.  The  bell-metal  focket,  fupported  by  mafonry,f<J-- 
receiving  the  outer  gudgeon  of  the  water-wheel. 

3.  The  water  courfe. 
Fig.  B. 

1.  A   fpur   wheel   upon    the   fame   axis, 
teeth. 

2.  The  trundle  that  is  driven  by  N^ 
ftaves. 

jj.  The  tualloiuer,  or  axis  for  railing  the  peftles.  It 
is  turniflied  round  its  circumference  with  ivipers  for 
litting  the  peflles,  fo  that  each  may  fall  twice  during 
one  turn  of  the  water  wheel,  that  is,  three  -wipers  for 
each  peftle. 

<f.  A  frame  of  timber,  carrying  a  conc::ve  half  cylin- 
der of  bell-metal,  in  which  the  wallower  (cafed  in  that 
part  with  iron  plates)  refts  and  turns  round.  It  will 
be  feen  in  profile,  fig.  G. 

5.  Mafonry  fupporting  the  inner  gudgeon  of  the 
water  wheel  and  the  above-mentioned  frame. 

6.  Gudgeon  ot  the  wallower,  which  bears  againft  a 
bell-metal  Hep  fixed  in  the  wall.  This  double  lupport 
of  the  wallower  is  found  to  be  necelTary  in  all  mills 
which  drive  a  number  of  heavy  (lampers. 

Fig.  C,  Is  the  elevation  of  the  peftle 
frame,  their  furniture,  the  mortars,  and 
peitles. 

1.  The  fix  peftles. 

2.  Crofs  pieces  between  the  two  rails  of  the  frame, 
forming,  with  thefe  rails,  guides  for  the  perpendicular 
motion  of  the  peftles. 

3.  The  two  rails.  The  back  one  is  not  feen.  Tliey 
are  checked  and  bolted  into  the  ftandards  N^  12. 

4.  The  tails  of  the  lifts,  correfponding  to  the  wipers 
upon  the  wallower. 

1;.  Another  rail  in  front,  for  carrying  the  detentt 
which  hold  up  the  peftles  when  not  afting.  It  is  mark- 
ed 14  in  fig.  M. 

6.  A  beam  a  little  way  behind  the  peftles.  To  this 
are  fixed  the  pulleys  for  the  ropes  which  lift  and  ftop 
the  peftles.      It  is  reprefeiited  by  16  in  fig.  M. 

7.  The  fald  pulleys  with  their  ropes. 

8.  The  dritjer,  which  ftrikes  the  wedge  that  prefles 


Oi' 


and 
the 


prefs- 
prefs' 


the 


9.   The  difcharger,  a  ftamper  which  ftrikes  upon  the 
verted  wedge,  aud  loofens  the  prefs. 

Qji  2  10. 


Oil.  !o.  Tl)e  lower  rail  with  its  crofs  pieces,  forming  the 

■"V         lower  guides  of  the  petlles. 

11.  A  final!  cog-wheel  upon  the  wnllower,  for  turn- 
ing the  Jpalula,  which  (tirs  about  the  oil-feed  in  the 
chaujftr pan.  It  has  2S  teeth,  and  is  marked  N"  6.  in 
fig.  M. 

12.  The  four  (landards,  mortlfed  below  into  the 
block,  and  above  into  the  joifts  and  beaias  of  the  build- 
ing. 

m.  The  fix  morlars  hollowed  out  of  the  block  itfelf, 
and  in  /hnpe  pretty  much  like  a  kitchen  pot. 

T4.  The  feet  of  tlie  peftles,  rounded  into  cylinders, 
and  fhod  with  a  great  lump  of  iron. 

15.  A  board  behind  the  peftles,  llandinp;  on  its  edge, 
but  inclining  a  little  backwards.  Tiiere  is  fuch  ano- 
ther in  front,  but  not  reprcfcuted  here.  Thefe  form  a 
fort  ot  trough,  which  prevents  the  feed  from  being  fcat- 
tered  about  by  the  fall  of  the  peftles,  and  loft, 

16.  The  "firft  ^rf/j-io.v  (alfo  hollowed  out  of  the 
block),  in  which  the  grain  is  fqueezed,  after  it  has 
come  for  the  firil  time  from  below  the  milftones. 

17.  The  fecond  prefi-hox,  at  the  other  end  of  the 
block,  for  fqueeziug  the  gr.Tin  after  it  has  pafled  a  fe- 
cond time  under  the  peftles. 

18.  Frame  of  tiuiber  for  fupporting  the  other  end  of 
the  wallower,  in  the  fame  n^anner  as  at  N"  4.  fig.  1). 

19.  Small  cog-wheel  on  the  end  of  the  wallower  for 
giving  motion  to  the  milftones.      It  has  28  teeth. 

20.  Gudgeon  of  the  wallower,  bearing  on  a  bell  me- 
tal focket  fixed  in  the  wall. 

21.  Veffcls  for  receiving  the  oil  from  the  prefs- 
boxes. 

22.  Joifts  fupporting  the  block. 

Fig.  D.    Elevation  and  mechanifm  of  the  milftones. 

1.  Upright  Jhaft,  carrying  the  great  cog-wheel  above, 
and  the  runner  miljlones  below  in  their  frame. 

2.  Cog-wheel  of  76  cogs,  driven  by  N"  19.  of  fig.  C. 

3.  The  frame  of  the  runners.  This  will  be  more 
(liftinttly  underftood  in  N"  4.  fig.  H. 

4.  'I'he  innermoft  runner,  or  the  one  neareft  the 
fliaft. 

5.  Outermoft  ditto,  being  farther  from  the  fhaft. 

6.  The  inner  rake,  which  colletts  the  grain  under  the 
cuter  runner. 

7.  The  outer  rake,  which  collefls  ihe  grain  under  the 
inner  runner.  In  this  manner  the  grain  is  always  turned 
over  and  over,  and  cruftied  in  every  direftion.  The  in- 
ner rake  lays  the  grain  in  a  (lope,  of  which  fig.  O.  is  a 
feftion  ;  the  runner  flattens  it,  and  the  fecond  rake  lifts 
it  again,  as  is  marked  in  fig.  P  ;  fo  that  every  fide  of  a 
grain  is  prefented  to  the  milftone,  and  the  reft,  of  the 
legger  or  nether  miljlone  is  fo  fwept  by  them,  that  not  a 
fingle  grain  is  left  on  any  part  of  it.  The  outer  rake 
is  alfo  furnillied  with  a  rag  of  cloth,  which  rubs  againft 
the  border  or  hoop  that  furrounds  the  nether  milftone, 
fo  as  to  drag  out  the  few  grains  which  might  other- 
wife  remain  in  the  corner. 

8.  The  ends  of  the  iron  axle  which  paffes  through 
the  upright  Ibaft,  and  through  the  two  runners.  Thus 
they  have  two  motions  :  \tno,  A  rotation  round  their 
Own  axis.  2(/o,  That  by  whicli  they  are  carried  round 
upon    the   nether   milftone   on  which  they    roll.     The 

,     holes  in   thefe   milftones  are   made  a   little  widifh  ;    and 
the  holes  in  the  ears  of  the  frame,  which  carry  the  ends 
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of  the  iron  axis,  are  made  oval  up  and  down.  This 
great  freedom  of  motion  is  ncceffary  for  the  runner  ' 
milftones,  becaufe  frequently  more  or  lels  of  the  grain 
is  below  them  at  a  time,  and  they  mull  therefore  be  at 
liberty  to  get  over  it  without  ftraining,  and  perhaps 
breaking,  the  ftiaft. 

9.  The  ears  of  the  frame  which  lead  the  two  extre- 
mities  of  the  iron  axis.  They  are  mortifed  into  the 
under  fide  of  the  bars  of  the  fquare  frame  that  is  car- 
ried round  with  the  iliaft. 

10.  The  border  or  hoop  which  furrounds  the  nether 
milftone. 

I  I.  and  12.  The  nether  milftone  and  mafonry  which 
fupports  it. 

Fig.  E.  Form  of  the  wallower,  (hewing  the  difpofi- 
tion  of  the  wipers  along  its  furface. 

1.  Two  parts  of  this  Ihaft,  which  are  nicely  round- 
ed, and  fortified  with  iron  plates,  and  which  reft  upon 
the  bell-metal  concaves,  which  are  reprefented  in  n'  4. 
of  fig.  C. 

2.  The  little  wheels  at  each  end,  for  giving  motion  to 
the  two  fpatula;,  marked  n"  11.  fig.  C. 

3.  The  wipers  for  the  fecond  prcfs. 

4.  The  wipers  for  the  firll  prefs. 

5.  The  wipers  for  the  (\:^  peftles. 

Fig.  F.  Rcprefents  the  furface  of  the  wallower  un- 
folded into  a  reflangular  parallelogram,  in  order  to 
fhew  the  diftribution  of  the  wipers,  and  confequently  the 
fuccefiion  of  the  ftrokes  given  by  the  different  peftles. 
This  diftribution  has  fomething  peculiar.  Each  peftle 
has  three  wipers  ;  and  there  are  alfo  three  for  the  driver 
and  difcharger  of  the  fecond  prefs.  The  driver  and 
wiper  of  the  firft  prefs  have  but  one  and  a  half ;  one 
for  the  driver,  and  the  half  for  the  difcharger  ;  fo  that 
it  ftrikes  twice,  and  the  driver  only  once,  in  a  turn  of 
the  ftiaft.  This  is  the  Dutch  praftice,  which  differs 
from  that  of  Flanders.  The  fucceffion  of  the  ftrokes 
may  be  conceived  as  follows  :  Reckon  the  ftauipers,  in- 
cluding thofe  of  the  prefTes,  from  the  water-wheel  to- 
ward the  other  end  of  the  wallower,  and  calling  them 
a,  b,  c,  d,  e,  f,  g,  h,  i,  k,  and  fuppofing  that  a  makea 
the  firft  ftroke,  they  proceed  in  the  following  order  for 
one  turn  of  the  wallower  : 
ab,  d,f,  h,  c,  e,  g,  ah,  d,f,  h,  c,  e,  g,  ah,  d,f,  h,  c,  e,  g. 

Here  it  may  be  obferved  that  a  and  h  ftrike  together. 
They  would  do  fo  it  allowed  ;  but  one  of  them  is  held 
up  by  its  detent  till  the  workman  fees  proper  to  dif- 
engage  it.  Each  peftJe,  and  the  driver  and  difcharger 
of  the  fecond  prefs,  makes  three  ftrokes  for  one  turn  of 
the  wallower.  But  the  driver  i  of  the  firft  prefs  makes 
only  one  ftroke  in  that  time,  namely,  in  the  interval 
between  the  lall  ftrokes  of  e  and  g.  The  difcharger  i  of 
this  prefs  makes  two  ftrokes  ;  one  of  them  in  this  fame 
interval,  and  the  other  along  with  the  firft  ftroke  o{  e. 
The  fecond  preiling  requires  a  much  more  violent  pref- 
fure  than  the  firft,  becaufe  the  cake  muft  be  left  per- 
fcflly  dry  and  hard. 

Fig.  G,  Profile  of  the  frame  of  timber  which  carries 
the  wallower,  and  greatly  contributes  to  render  its  mo- 
tion fteady. 

Fig,  H.  Is  a  view  of  one  of  the  milftones. 

1.  The  nether  milftones,  and  the  mafonry  fupporting 
the  whole. 

2.  The  runner. 
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O  !.  ».    A  fort  of  cale   which   fiiclofes  the   two  wiiij:;s  of 

■~v— ~-  the  millloiie  at  a  very  fniall  dillaiice  troin  it,  in  order 
to  prevent  tlie  grain  which  llicks  to  it  from  hting  fcat- 
tered.    There  is  another  method  practlied  at  fome  mills. 

Fig.  I.  Kc])iefents  that  of  Sardamni.  AA  arc  two 
iron  rods,  about  Fiall  an  inch  fqiiarc,  hanging  on  the 
axle,  on  each  iidc  of  the  mililone.  'Ihefe  rods  are 
joined  by  a  crofs  piece  C,  which  almoit  touches  the 
milltone.  A  piece  of  leather  is  put  between,  which 
rubs  upon  the  millto'ic,  and  clears  it  of  the  grain  which 
chances  to  flick  to  it.  N'  4.  and  6.  rcprefent  the  ears 
of  this  frame,  by  v\!iich  the  end  of  the  iron  a:;le  is  fnp- 
ported,  and  carried  round  by  the  upright  (haft  n'  5. 

Fig.  K.  I'lan  of  the  runner  militones,  and  the  frame 
which  carries  them  round. 

1,1.   Are  the  two  ir.illlones. 

3,  3,  3,  ^.   The  outfide  pieces  of  the  frame. 

4,  4,  4,  4.  The  crofs  bars  of  the  frame  which  em- 
brace the  upright  fliaft  j,  and  give  motion  to  the  whole. 

6.  6.   The  iron  axia  upon  which  ihc  runners  turn. 

7.  The  outer  rake. 

8.  The  inner  ditto. 
Fig.  JL.    Reprefents  the  nether  iniiilone  feen   from 

above. 

1.  The  wooden  gutter,  which  furrounds  the  nether 
milftone. 

2.  The  border  or  hoop,  about  fix  inches  high,  all 
round,  to  prevent  any  feed  from  being  Icattered. 

3.  An  opening  or  trap-door  in  the  gutter,  which  can 
be  opened  or  (hut  at  pleafui>j.  When  open,  it  allows 
the  bruifed  grain,  collcfted  in  and  Ihoved  along  the 
gutter  by  therakes,  to  pafs  through  into  troughs  pla- 
ced below  to  receive  it. 

4.  Portion  of  the  circle  defcribed  by  the  outer  runner. 

5.  Fortiori  of  the  circle  defcribed  by  the  inner  one. 
By  thefe  we  fee  that  the  two  Hones  have  different  routes 
round  the  axis,  and  bruife  more  feed. 

6.  The  outer  rake. 

7.  The  inner  ditto. 

8.  The  fweep,  making  part  of  the  inner  rake,  oc- 
cafionally  let  down  for  fweeping  off  all  the  feed  when 
it  has  been  fufficiently  bruifed.  The  preffure  and  ac- 
tion of  thefe  rakes  is  adjulled  by  means  of  wooden 
fprings,  which  cannot  be  eal'dy  and  diftintlly  reprefent- 
ed  by  any  figure.  The  oblique  pofition  of  the  rakes 
(the  outer  point  going  toremolt)  caufes  them  to  (hove 
the  grain  inwards  (n- toward  the  centre,  and  at  the  fame 
time  to  turn  it  over,  fomewhat  in  the  lame  manner  as  the 
mould-board  of  a  plough  fhoves  the  earth  to  the  right 
hand,  and  partly  turns  it  over.  Some  mills  have  but  one 
fweeper ;  and  indeed  there  is  great  variety  in  the  form 
and  conftruftion  of  this  part  of  the  machinery. 

Fig.  M.   Profile  of  the  peftle  frame. 
J .  Seftion  of  the  horizontal  (haft. 

2.  Three  wipers  for  lilting  the  peftles. 

3.  Little  wheel  of  28  teeth  for  giving  motion  to  the 
fpatula. 

4.  Another  wheel,  which  is  driven  by  it,  having  20 
teeth. 

5.  Horizontal  axle  of  ditto. 

6.  Another  wheel  on  the  fame  axle,  having  13  teeth. 

7.  A  wheel  upon  the  upper  end  of  the  fpindle,  having 
12  teeth. 

8.  Two  guides,  in  which  the  fpindle  turns  freely,  and 
fo  that  it  can  be  fhiftcd  higher  and  lower. 


[     3og     ]  OIL 

9.  A  kvcr,  moveable  round  the  piece  n-J  r  j.  and  ha- 
virg  a  hole  in  it  at  9,  through  which  ihe  ipuidlc  pafles, '" 
turning  freely.  The  Ipindle  iius  in  this  place  a  Ihoulder, 
which  rcils  on  the  border  of  the  hole  9  ;  fo  tiiat  by  the 
motion  of  this  lever  the  Ipindle  may  he  difeugagcd  from 
the  wheel-weirk  at  pleafure.  This  motion  is  given  to 
it  by  means  of  the  lever  10,  10,  moveable  round  its 
middle.  The  workman  employed  at  the  chauffer  pulls 
at  the  rope  10,  11,  and  thus  dileiigages  the  ipindle  and 
fpatula. 

J  1.   A  peflle  feen  fidewlfe. 

1  2.   The  Iji  of  ditto. 

13.  The  upper  rails,  marked  n"  3.  in  fig.  C. 

14.  The  rail,  marked  n"  5.  in  fig.  C.  To  this  are 
fixed  the  detents,  which  ferve  to  llo{>  and  hold  up  the 
peftles. 

15.  A  detent,  which  is  moved  by  the  rope  at  its  outer 
end. 

16.  A  bracket  behind  the  pejlles,  having  a  pulley, 
thiv  ugh  which  paius  the  rope  going  to  the  detent  15. 

1  7.   The  faid  pulley. 

I  *>.  The  rope  at  the  workman's  hand,  pafling  through 
the  pulley  17,  and  fixed  to  the  end  of  the  detent  15. 

This  detent  naturally  hangs  perpendicular  by  its  own 
weight.  When  the_  workman  wants  to  flop  3  peflle,  he 
pulls  at  the  rope  18,  during  the  rife  of  the  ptllle. 
When  this  is  at  its  greatefl  height,  the  detent  is  hori- 
zontal, and  prevents  the  peflle  from  falling  by  means 
of  a  pin  projetting  from  the  fide  of  the  peftle,  which 
refls  upon  the  detent,  the  detent  ilfelf  being  held  iu 
that  pofition  by  hitching  the  loop  of  the  rope  upon  a 
pin  at  the  workman's  hand. 

19.   The  two  lower  rails,  marked  n"  10.  fig.  C. 

70.  Great  wooden,  a;id  fometimes  ilone,  bluik,  in 
which  the  mortars  are  formed,  marked  n'^  21.  in  tig.  C. 

2(.  VelTel  placed  below  the  prefs  boxes  for  receiving 
the  oil. 

22.  Chauffer,  or  little  furnace,  for  warming  the  brui- 
fed grain. 

23.  Backet  in  the  front  of  the  chauffer,  tapering 
downwards,  and  opening  below  in  a  narrow  flit.  The 
hair  bags,  in  which  the  grain  is  to  be  preffed  after  it  has 
been  warmed  in  the  chauffer,  are  llUed  by  placing  them 
"~  ■'  "'"  ■--'-"       The  grain  is  lilted  out  of  the  chauffer 
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w:lh  a  ladle,  and  put  into  tlrefe  bags ;  aiul  a  good  quan- 
tity of  oil  runs  from  it  through  the  fl;t  at  the  bottom 
into  a  veffel  let  to  receive  it. 

24.  The  fpatula  attached  to  the  lower  end  of  the 
fpindle,  and  turning  round  among  the  grain  in  the 
chauffer-pan,  and  thus  preventing  it  from  flicking  to 
the  bottom  or  fides,  and  gettiiig  too  much  heat. 

Fig.  N,   Plan  of  part  of  the  works. 

1,1.   Furnaces  for  warming  the  grain. 

2.  2.  The  backets  for  holding  the  facks  while  they 
are  a-filling. 

3.  3.  The  pan  in  which  the  bruifed  grain  is  heated  by 
the  chauffer. 

4.  4.  A  trough  for  receiving  the  chips,  into  which 
the  preffed  oil-cakes  are  cut,  to  be  afterwards  put  inte> 
the  pan  and  warmed. 

5.  The  prefs-box  for  the  fecond  prefling. 

6.  The  prefs-box  for  the  firll  prelhng. 

7.  The  fix  mortars. 

8.  The  Hoping  board*,  to  hinder  the  fcattering  of  the 
oil  feed. 

9.  The 
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OH.  f).  The  nethcv  mildone,  but  out  of  its  place. 

"~^  10.  Its  centre  a  little  liigher  tlian  the  reft. 

1 1.  A  rib  of  wood  going- round  the  edge  of  the  ne- 
ther  milftone,  and  even  with  its  furface,  but  rifing  a  ve- 
ry little  outwards,  and  furrounded  with  a  border  or  hoop 
about  an  inch  high,  to  prevent  the  feed  from  being  fcat- 
tered  on  tlie  ground. 

Fig.  Q^  A  feftion  lengthwife  of  the  great  block,  with 
the  mortars  and  prcfs-boxes. 

1.  The  fi.x  peftles. 

2.  The  fix  mortars,  each  of  which  has  an  iron  plate  at 
its  bottom. 

3.  The  driving  Hamper,  which  falls  on  the  wedge  of 
the  firfl  preffing. 

4.  Ditto,  for  the  fecond  ditto. 

5.  The  difcharger,  which  ftrikes  on  the  inverted  wedge 
in  order  to  free  the  prefs. 

6.  Ditto,  for  the  fecond  preffing. 

7.  Wedge  for  freeing  the  prefs. 

8.  Wedge  for  prefTing. 

I  9.  Wooden  cheeks,  two  inches  thick,  which  are  placed 

J  between  the  middle  wedge  and  the JliJing  medges  on  each 

*  fide. 

10.  Prefs-irons,  between  which  are  placed  the  hair- 
tags  containing  the  bruifed  grain. 

1 1.  Iron  plate,  called  the  fountain,  at  the  bottorn, 
pierced  with  holes,  correfponding  with  a  hole  in  the 
■"l^lock,  for  allowing  the  oil  to  run  off  from  the  preifed 
"grain.  »> 

1  2.  Veflel  for  receiving  ditto. 

13.  A  long  iron  plate  at  the  botcom  of  the  prefs  box, 
•under  the  drawing  and  diicharging  wedges. 
Fig.  R.   Another  view  of  the  prefs-irons. 

1.  The  fide-irons  hid  flat. 

2.  The  fame  feen  edgewife. 

3.  The  pierced  iron  plate,  upon  which  the  two  irons, 
n"  I.  ftand  upright,  with  the  hair-bag  between  them. 

4.  One  of  the  hair-bags.  It  may  be  obferved  that 
the  feams  of  thefe  bags  are  made  on  the  flat  fides,  and 
not  on  the  edges,  where  they  would  be  in  danger  of 
burfting. 

5.  A  long  hair-cloth,  in  which  the  bag  is  wrapped 
before  it  is  fct  into  the  prefs.  The  bag,  being  filled 
with  bruifed  grain,  is  placed  with  its  bottom  at  a,  and 
the  top  at  b;  the  part  ca  is  lapped  over  it,  reaching  to 
h,  and  then  the  other  end  d  is  lapped  over  that,  and 
reaches  to  a,  and  the  loop  at  its  end  ferves  as  a  handle 
by  which  to  lift  it,  and  place  it  properly  between  the 
prefs-irons. 

Fig.  S.  The  principal  pieces  of  the  prefs. 
J.  The  wooden  cheeks. 

2.  The  difcharging  wedge. 

3.  The  driving  wedge. 

4  and  5.  The  Aiding  blocks,  which  tranfmit  the  prcf- 
fure  produced  by  the  driving  wedge. 

The  foregoing  enumeration  and  views  of  the  different 
parts  of  a  Dutch  oil  mill,  are  fuflicient,  we  imagine,  to 
enable  an  intelligent  mill-wright,  to  whom  the  machine 
is  altogether  new,  to  undcrlVand  its  manner  of  Working, 
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and  its   adaptation    to    the  various    parts  of  the  pro- 
cefs   for   cxtraifting  the  oil  from   feeds  or  kernels.     It  ' 
would  require  a  very  minute  dcfcriptiou   indeed  to  ex- 
plain it  to  a  perfon  altogether  unacquainted  with  mill- 
woik. 

The  firft  part  of  the  procefs  is  bruifing  the  li-ei  un- 
der the  runner  ftones  (a).  That  this  may  be  more  ex- 
peditioufly  done,  one  of  the  runners  is  fet  about  ids  of 
its  own  thicknefs  nearer  the  fliaft  tiian  the  other.  I'hus 
they  have  difl'erent  tread?  ;  and  the  grain,  which  is  a 
little  heaped  towards  the  centre,  is  thus  bruiied  by 
both.  The  inner  rake  gathers  it  up  r.':aer  the  outer 
ftone  into  a  ridge,  of  which  the  feftion  is  reprefented 
in  Plate  XL.  fig.  O.  The  ftone  pTiifes  over -t,  and 
flattens  it.  It  is  gathered  up  again  into  a  ridge,  of 
the  form  of  fig.  P.  under  the  inner  ftone,  by  the  outer 
rake,  which  confifts  ol  two  parts.  The  outer  part 
prefles  clofe  on  the  wooden  border  wliich  furrounds  the 
nether  ftone,  and  flioves  the  feed  obliquely  inwards, 
while  the  inner  part  of  this  rake  gathers  up  what  had 
fpread  toward  the  centre.  The  other  rake  has  a  joint 
near  the  middle  of  its  length,  by  which  the  outer  half 
of  it  can  be  raifed  from  the  nether  ftone,  while  the  inner 
half  continues  prefTing  on  it,  and  thus  fcrapes  off  the. 
moift  pafte.  When  the  feed  is  lufficiently  bruifed,  the 
miller  lets  down  the  outer  end  of  the  rake.  This  im- 
mediately gathers  the  whole  pafte,  and  (hovcs  it  oblique- 
ly outwards  to  the  wooden  rim,  where  it  is  at  lail 
brought  to  a  part  that  is  left  unbearded,  and  it  falls 
through  into  troughs  phiced  to  receive  it.  Thefe 
troughs  have  holes  in  the  bottom,  through  which  the 
oil  drips  all  the  time  of  the  operation.  This  part  of 
the  oil  is  directed  into  a  particular  cittern,  being  conll- 
dered  as  the  pureil  of  the  whole,  having  been  obtained, 
without  prcffure,  by  the  mere  breaking  of  the  hull  of 
the  feed. 

In  fome  mills  this  operation  is  expedited,  and  a  m\ich 
greater  quantity  of  this  beft  oil  is  obtained,  by  having 
the  bed  of  niafonry  which  fupports  the  legger  formed 
into  a  little  furnace,  and  gently  heated.  But  the  ut- 
moft  care  is  neceffary  to  prevent  the  heat  from  be- 
coming confiderable.  This,  enabling  the  oil  to  difTolve 
more  of  the  fermentable  lubftance  of  the  feed,  expofes 
th«  oil  to  the  rifle  of  growing  foon  very  rancid  ;  and, 
in  general,  it  is  thought  a  hazardous  practice,  and  the 
oil  does  not  bring  fo  high  a  price. 

When  the  pafte  comes  from  under  the  ftones,  it  is 
put  into  the  hair  bags,  and  fnbjeded  to  the  firft  pref- 
fing. The  oil  thus  obtained  is  alfo  efteemed  as  of  the 
firft  quality,  fcarcely  inferior  to  the  former,  and  is  kept 
apart.  (The  great  oil  ciftern  being  divided  into  feveral 
portions  by  partitions.) 

The  oil  cakes  of  this  preffing  are  taken  out  of  the 
bags,  broken  to  pieces,  and  put  into  the  mortars  for 
the  fir^-Jlamping.  Here  the  pafte  is  again  broken  down, 
and  the  parenchyma  of  the  feed  reduced  to  a  fine  meal. 
Thus  free  egrefs  is  allowed  to  the  oil  from  every  ♦eficle 
in  which  it  was  contained.  But  it  is  now  rendered 
much  more  clammy,  by  the  forcible  mixture  of  the  mu- 
^  cilage, 


OH. 


(a)  We  are  told  that,  in  a  mill  at  Reichenhoffen  in  Alface,  a  confiderable  improvement  has  been  made  by 
pafling  the  feed  between  two  fmall  iron  rollers,  before  it  is  put  under  the  milttones.  A  great  deal  of  work  is 
faid  to  be  faved  by  this  preliminary  operation,  and  finer  oil  produced,  which  we  think  very  probable.  The 
flampiiig  and  prefilng  go  on  as  in  other  mills. 
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^''-  cilac;e,  and  even  of  the  finer  parts  of  the  meal.  When 
'~*"'~^fuffic!cntly  pounded,  the  workman  flops  the  peftle  of 
a  mortar,  when  at  the  top  of  its  lift,  and  carries  the 
contents  of  the  mortar  to  the  firft  chauffer  pan,  whrrc 
it  is  heated  to  about  the  temperature  of  melting  bees 
wax  (this,  we  are  told,  is  the  tell),  and  all  the  while 
ftirred  about  by  the  fpatula.  From  thence  it  is  again 
put  into  hair  bags,  in  the  manner  already  defcribed  ; 
and  the  oil  which  drips  from  it  during  this  operation  is 
conlidered  as  the  befl  of  the  fecond  quality,  and  in 
fome  mills  is  kept  apart.  The  patle  is  now  fubjefted 
to  the  fecond  prefling,  and  the  oil  is  that  of  the  fecond 
quality. 

All  this  operation  of  pounding  and  heating  is  per- 
formed by  one  workman,  who  has  conflant  employment 
by  taking  the  four  mortars  in  fucceffion.  The  putting 
into  the  bags  and  conducing  of  the  prefGng  gives  equal 
employment  to  another  workman. 

In  the  millsof  Piccardy,Alface,  and  mod  of  Flanders, 
the  operation  ends  here;  and  the  produce  from  the 
chauffer  is  increaled,  by  putting  a  fpoonful  or  two  of 
water  into  the  pan  among  the  pafle. 

But  the  Dutch  take  more  pains.  They  add  no  water 
to  the  pafte  of  this  their  Jirft  Jlamplng.  They  fay  that 
this  greatly  lowers  the  quality  of  the  oil.  The  cakes 
which  refult  from  this  preflTing,  and  are  there  fold  as 
fbod  for  cattle,  are  ftill  fat  and  foftifli.  The  Dutch 
break  them  down,  and  fubjeft  them  to  the  peftles  for 
the  fecond  Jlamfmg.  Thcfe  reduce  them  to  an  impal- 
pable pafte,  ftiff  like  clay.  It  is  lifted  out,  and  put  in- 
to the  fecoiui  chauffer  pan  ;  a  few  fpoonfuls  of  water  are 
added,  and  the  whole  kept  for  fome  time  as  hot  as  boil- 
ing water,  and  carefully  ilirred  all  the  while.  From 
thence  it  is  lifted  into  the  hair  bags  of  the  lad  prefs, 
fubjefted  to  the  prefs  ;  and  a  quantity  of  oil,  of  the 
lowcft  quality,  is  obtained,  fufficient  for  giving  a  fatis- 
faclory  profit  to  the  miller.  The  cake  is  now  perfeftly 
drv,  and  hard,  like  a  piece  of  board,  and  is  fold  to  the 
farmers.  Nay,  there  are  fmall  mills  in  Holland,  which 
have  no  other  employment  than  extrafting  the  oil  from 
the  cakes  which  they  purchafe  from  the  French  and 
Brabanters  ;  a  clear  indication  of  the  fuperiority  of  the 
Dutch  praftice.  ■" 

The  nicety  with  which  that  Induftrious  peo])le  cnn- 
duA  all  their  bufinefs  is  remarkable  in  this  manufac- 
ture. 

In  their  oil  ciftern,  the  parenchymous  part,  which 
unavoidably  gets  through,  in  fome  dcijrte,  in  every  ope- 
ration, gradually  fubfidcs,  and  the  liquor,  in  any  divi- 
fion  of  the  ciftern,  comes  to  coniill  of  llrata  of  different 
degrees  of  purity.  The  piimps  which  lift  it  out  of  each 
divifion  are  in  pairs;  one  takes  it  up  from  the  very  bot- 
tom, and  the  other  oidy  from  half  depth.  I'he  lull  on- 
ly is  barrelled  up  for  the  market,  and  the  other  gois 
into  a  deep  and  narrow  ciftern,  where  the  dreg  again 
fubfides,  and  more  pure  oil  of  that  quality  is  obtained. 
By  fuch  careful  and  judicious  praftices,  the  Dutch  not 
only  fupply  themfelves  with  this  important  article,  birt 
annually  fend  confiderable  quantities  into  the  very  pro- 
vinces of  France  and  Flanders  where  they  bought  the 
feed  from  which  it  was  extraftcd.  When  we  refiedt  on 
the  high  price  of  labour  in  Holland,  on  the  want  of 
timber  for  machinery,  on  the  «xpence  of  building  in 
that  country,  and  on  the  enormous  expence  of  wind  mill 
machinery,  both  in  the  firft  credion  and  the  fubfequent 
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wear  and  tear,  it  mud  be  evident,  that  oil  mills  erefled 
in  England  on  water  falls,  and  after  the  Dutch  manner, 
cannot  fail  of  being  a  great  national  advantage.  The 
chatellanic  or  feigneurie  of  Lille  alone  makes  annually 
between  30,000  and  40,000  barrels,  each  containing  a- 
bout  26  gallons. 

What  is  here  delivered  is  only  a  flfetch.  Every  per- 
fon  acquainted  witli  machinery  will  underftand  the  ge- 
neral movements  and  operations.  But  the  intelligent 
mechanic  well  knows,  that  operations  of  this  kind  have 
many  minute  circumftances  which  cannot  be  defcribed, 
and  which,  ncverthelel?,  may  have  a  great  influence  on 
the  whole.  The  rakes  in  the  bruifing-mill  have  an 
office  to  perform  which  refembles  that  of  the  hand,  di- 
rerted  by  a  careful  eye  and  uncealing  attention.  Words 
cannot  communicate  a  clear  notion  of  this;  and  a  mill, 
conftrufled  from  the  bell  drawings,  by  the  moll  fkilful 
workman,  may  gather  the  feed  fo  ill,  that  the  half  of 
it  Ihall  not  be  bruifed  after  many  rounds  of  the  machi- 
nery. This  produces  a  fcanty  return  of  the  finell  oil ; 
and  the  mill  gets  a  bad  charader.  The  proprietor  lofes 
his  money,  is  difcouraged,  and  gives  up  the  work. — 
There  is  no  fecurlty  but  by  procuring  a  Dutch  mill- 
wright, and  paying  him  with  the  liberality  of  Britons. 
Such  unhopedfor  talks  have  been  performed  of  late 
years  by  machinery  ;  and  mechanical  knowledge  and  in- 
vention  is  now  fo  generally  diffufed,  that  it  is  highly 
probable  that  we  fhould  foon  excel  our  teachers  in  this 
branch.  But  this  very  diffufion  of  knowledge,  by  en- 
couraging fpeculation  among  the  artifts,  makes  it  a  fliU 
greater  rilk  to  ereft  a  Dutch  oil  mill  without  having  3 
Dutchman,  acquainted  with  its  moft  improved  pvclcr.t 
form,  to  condutf  the  work.  We  do  our  duty  in  giving, 
this  counfel. 

OKUjEsso.      See  Segalifn  in  this  Suj^pl. 

OMPH/\LOPTEK,  or  0,MrHALorTic,  in  optics, 
a  glafs  that  is  convex  on  both  lides,  popuLirly  called  a 
convex  lens. 

ONISCUS.  See  Encycl. — Two  new  fpecies  of  this 
genus  of  infeds  were  difcovcred'by  La  Alait'mierc,  the 
naturalifl  who  accompanied  Peroule  on  his  lalt  voynge 
of  difcovery.  For  the  information  of  fuch  of  our  read. 
ers  as  are  entomologifls,  we  (liall  give  the  author's  de- 
fcription  of  thefe  fpecies.  Of  the  firll,  which  he  fays 
only  ncj/-/)' anfwcrs  to  the  generic  charader  of  onifcus^ 
E  (fig.  1 .)  is  a  view  of  the  upper  part  of  its  body,  and 
at  F  of  the  lower.  Its  body  is  cruftaceous,  and  of  an 
opaque  white,  with  two  round  rull-coluurcd  fpots  on 
the  anterior  part  of  its  corllet  ;  two  others,  much  lar- 
ger, in  tile  form  of  a  crefccnt,  are  on  the  clyirie  ;  its 
ihleld  is  alfo  of  the  fame  colour.  The  under  part  of 
the  thorax  is  furnilhed  with  lour  pair  of  legs  :  the  firfl; 
and  third  of  which  are  terminated  with  (harp  claws  ;  the 
fecond,  from  its  form,  fervcsit  to  fwim  with  ;  the  fourth 
is  very  fmall,  conlifting  of  two  membranaceous  threads* 
Some  fcnles,  alfo  membranaceous  and  very  channelled, 
may  alfo  perform  the  ofRce  of  legs:  of  thtfe  the  two 
lower  are  the  largeft.  Its  belly  is  filled  with  vermicular 
intelfines  of  the  lize  of  a  hair  ;  its  mouth  is  pl.iced  be- 
tween the  firft  and  fecond  pair  of  legs,  and  is  of  the 
form  of  a  fmall  trunk  placed  between  two  lips,  joined 
only  at  the  upper  extremity. 

Fig.  2.  reprelVnts  an  infed  of  the  genus  onifcusi 
Linn.  Its  body  is  nearly  of  the  form,  confiftence,  and 
colour,  of  the  onijcui  afellus,  except  tjiat  it  is  not  d", 
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Opaque,  vided  by  fegments  as  this  lad  is.  It  has  a  double  tail, 
.  QP"°-  three  times  as  long  as  the  body  ;  from  the  infertion  of 
'■  which,  at  the  hinder  part  of  the  body,  fpring  two  legs, 
ufed  chiefly  by  the  animal  in  fwiniming  upon  its  back. 
The  infeft,  viewed  on  the  lower  part  li,  prefcnts  fix 
pair  of  legs  ;  the  two  firft  of  which  tcrmi.iate  in  very 
(harp  and  thick  points  ;  it  makes  ufe  of  the  third  to 
fwim  with,  and  to  balance  its  body,  together  witlt  th;it 
pair  whicli  is  iiiferlcJ  at  the  bafe  of  the  tail;  the  founh 
pair,  and  the  larged  of  all,  is  armed  with  two  very  (harp 
points,  whicli  the  animal  forces  into  the  body  ot  any 
fi(h  on  which  it  feizes  ;  the  ftvo  lail  pair  are  nothing 
more  than  very  finely  divided  membranes.  Between 
the  two  firft  is  faaated  its  trunk,  fmooth,  and  about 
half  a  line  long  ;  at  the  bafe  of  the  third  pair  are  two 
points,  of  a  horny  confillence,  very  hard,  and  firmly 
fixed.  The  two  hums  alio  below  the  large  pair  of  legs 
are,  in  like  manner,  very  firmly  united  to  its  body. 
Martiniere  imagines  it  to  be  by  means  of  thefe  darts 
that  it  pierces  the  body  of  the  fifh  on  which  it  is  found, 
and  that  then,  changing  it  fituation,  it  finds  means  to 
introduce  its  trunk  into  the  holes  thus  formed.  When 
put  into  a  glafs  it  finks  to  the  bottom,  and  rifes  again 
to  the  furface  with  the  greatcll  cafe,  advancing  with 
the  edge  of  its  body,  and  defcribiiig  curves.  Its  two 
long  tails  are  very  eafily  pulled  off,  without  the  animal 
appearing  to  fuffer  any  pain. 

OPAQIJE,  not  tranflucent,  nor  tranfparent,  or  not 
admitting  u  free  paffage  to  the  rays  of  light. 

OPARO  or  Oparro,  the  name  given  by  Capuin 
Vancouver  to  a  fmall  illand  which  he  difcovered  in  la- 
titude 27°  ^6'  fonth,  and  in  longitude  215"  49'  call 
from  Greenwich.  It  was  ellimated  at  about  64-  miles 
in  length,  and  no  other  land  was  in  fight.  Its  principal 
characier  is  a  duller  of  high  craggy  mountains,  form- 
ing, in  feveral  places,  moll  romantic  pinicles,  with  per- 
pendicular clifls  nearly  from  their  iurnmits  to  the  fea  : 
the  vacancies  between  the  mountains  would  more  pro- 
perly be  termed  chafms  than  valleys.  The  tops  of  fix 
of  the  higheft  hills  bore  the  appearance  of  fortified 
places,  refembling  redoubts  ;  having  a  fort  of  block- 
houfe,  in  the  fiiape  of  an  Englilh  glats-houfe,  in  the 
centre  of  each,  with  rows  of  palliladoes  a  confiderable 
way  down  the  fides  of  the  hills,  nearly  at  equal  di- 
ftances.  Thefe  overhanging,  ieemed  intended  for  advan- 
ced works,  and  apparently  capable  of  defending  the  cita- 
del by  a  few  agaiuft  a  numerous  hoil  of  affailauts.  On 
ail  of  them  people  were  noticed  as  if  on  duty,  conllantly 
moving  about.  What  we  confidered  (lays  tiie  author)  as 
block-houles,  from  their  great  fimilarity  in  appearance  to 
that  fort  of  building,  were  lufficiently  large  to  lodge  a 
confiderable  number  of  perfons,  and  were  the  only  ha- 
bitations we  faw.  Yet,  fiom  the  number  of  canoes  that 
in  fo  fiiort  a  time  alfembled  round  the  Englilh  (hip,  it 
is  natural  to  conclude,  that  the  inhabitants  are  very  fre- 
quently afloat  ;  and  to  infer,  that  the  (hores,  and  not 
thofe  fortified  hills  which  appeared  to  be  in  the  centre  of 
the  ifland,  would  be  preferred  for  their  general  refidence. 

Whether  the  fortified  places  here  dcfcribed  were  in- 
tended for  defences  of  the  illanders  againft  each  other, 
or  againll;  attacks  from  fome  more  powerful  neigh- 
bours, could  only  be  conjeftured  ;  but  the  latter  idea 
feems  the  moll  probable.  From  the  language  of  the 
people,  and  their  refemblance  to  the  Friendly  ifianders. 
Captain  Vancouver  cunfiders  them  all  a$  having  fprung 
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from  the  fame  original  (lock.  The  people  of  Oparo, 
however,  are  diftinguilhed  by  two  circumftances,  cer- 
tainly in  their  favour.  Not  one  of  them  was  tattovi'cd  ; 
and  though  they  appeared  not  to  have  ever  feen  a  Eu- 
ropean before,  they  all  feenied  perf.-''t!y  well  acquainted 
with  the  ufes  to  which  they  could  apply  iron,  and  pre- 
ferred articles  ot  it  to  looking  glafTes,  beads,  and  other 
trinkets,  with  which  favages  are  ufually  delighted. 
Though  there  appeared  to  be  anchoring  ground  near 
tlie  nonh-weft  end  of  the  ifland,  circnmftances  rendered 
it  inconvenient  for  Captain  Vancouver  to  land  on  it ; 
fo  that  we  are  yet  in  a  great  nwalure  ftrangers  to  the 
difpofitions  of  the  people,  though  they  appeared  to  be 
holpitable. 

OPEN  Flank,  in  fortification,  is  that  part  of  the 
flank  which  is  ctivered  by  the  orillon  or  (houldcr, 

OPENING  of  ihe  Trenches,  is  the  firfl  breaking  of 
ground  by  the  beficgers,  in  order  to  carry  on  their  ap- 
proaches towards  a  place. 

OPERA  Glass,  is  a  diagonal  perfpeftive,  of  which 
the  following  concife  and  perfplcuous  defcription  is  ta- 
ken from  Dr  Hutton's  Mathematical  Dictionary. — 
ABCD  (Plate  XLI.)  reprefents  a  tube  about  four 
inches  long  ;  in  each  fide  of  which  there  is  a  hole 
EF  and  GH,  exaftly  againll  the  middle  of  a  plane 
mirror  IK,  which  reflefts  the  rays  falling  upon  it  to 
the  convex  glafs  LM  ;  through  which  they  are  re- 
frailed  to  the  concave  eye -glafs  NO,  whence  they  e- 
merge  parallel  to  the  eye  at  the  hole  r  s,  in  the  end  of 
the  tube.  Let  P  a  Q^be  an  objedl  to  be  viewed,  from 
which  proceed  the  rays  "P  c,  a  b,  and  Qji  .•  thefe  rays, 
being  rcflefted  by  the  plane  mirror  IK,  will  Ihcw  tlie 
obje(il  in  the  AncSiioa  c p,  b  a,  d  q,  in  the  image  yi  y, 
equal  to  the  objett  PQ,  and  as  far  behind  the  minor  as 
the  objeft  is  before  it  :  the  mirror  being  placed  io  as 
to  make  an  angle  of  45  degrees  with  the  (ides  of  the 
tube.  And  as,  in  viewing  near  objedls,  it  is  not  necei- 
fary  to  magnify  them,  the  focal  dillances  of  both  the 
glaffcs  may  be  nearly  equal ;  or,  if  that  ot  LM  be  three 
inches,  and  that  of  NO  one  inch,  the  dlllance  between 
tbem  vv'iU  be  but  two  inches,  and  the  objeil  will  be 
magnified  three  times,  being  fufScient  for  the  purpofes 
to  which  this  glafs  is  applied. 

When  the  object  is  very  near,  as  XY,  it  is  viewed 
through  a  hole  x y,  at  the  other  end  of  the  tube  AB, 
without  an  eye-glafs  j  the  upper  part  of  the  mirror  be- 
ing poliflied  tor  tiiat  purpofe  as  well  as  the  under.  The 
tube  unfcrews  near  the  objett-glafs  LM,  for  taking  out 
and  clean fing  the  glaffes  and  mirror.  The  pofition  of 
the  objtfl  will  be  erett  through  the  concave  eye-glafs. 

The  peculiar  artifice  of  this  glafs  is  to  view  a  perlun 
at  a  fniai!  dillance,  fo  that  no  one  (hall  know  who  is 
obferved  ;  for  the  inllrunent  points  to  a  different  ob- 
jetl  from  that  which  is  viewed  ;  and  as  there  is  a  hole 
on  each  fide,  it  is  iinpuffible  to  know  on  which  hand 
liie  object  is  fituated  which  you  are  viewing.  It  is 
chieily  ufed  in  play-houfes  ;  and  hence  its  name  :  but 
we  have  feen  it  mofl  indecently  employed  by  thofe  wiio 
flionld  have  fet  a  better  example,  even  in  a  cathedral 
church  ! 

OPHRYS  (See  Encycl.),  A  new  fpecies  of  this 
plant  has  been  lately  defcribed  in  the  yinnual  Hampjhire 
Repojitory,  by  a  Fellow  of  the  Linnean  Society,  in  the 
following  words  ; 

"  Sitm — about  12  inches  high,  ereiEt,  Ilipulate,  geni- 
culate, 
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culate,  pubefccnt  at  the  ii])per  genicliis.  Spiit — (Iriftly  efpecially  If  tliofe  fields  have  a  fouth  expofiiri.  "  By  0|''<:. 
fpiral,  flowers  fpirally  alceiiding,  about  24,  brightly  a  calculation  (fays  he)  which  I  have  made,  l"upp»riiig  O'*"- 
white.    Upper  petal  ovato  acuminate,  pubefccnt,  light-     one  poppy  to  growr  in  one  fquare  foot  of  earth,  and  to  ' 

ly  ciliate,  Itraight.  Two  middle  ^f/.;/f  oblong-recurved,  produce  only  one  grain  of  opium,  more  than  L.  50  will 
Two  \ower  petals  obli)ng-2cuniinatc,  liglitly  ciliate  only  be  colleftid  Irom  one  llatutc  acre  of  land  :  but  if  we 
on  the  lower  fide  near  thebafe,  projefting  like  elephant's  confider  that  one  poppy  produces  from  three  or  four  to 
tull<3.      A^ccJury,    broad,    recurved,   ragged,    liicipitate.     ten  heads,  that  in   each   head  from  fix   to  ten   incilions 

nviy  be  made,  and  tiiat  from  many  of  them  ( 1  mean 
from  one  incifion)  I  have  taken  away  two  or  three 
grains  of  opium — What  mull  then  be  the  produce  ?" 

Mr  Ball  produced  to  the  Society  letters  from  Dr 
Latham  of  Bedford-row,  Dr  Pearfon  of  Leiccfter- 
fquare,    and   Mr   Wilfon   of   Bedtord-llreet,    declaring, 


Leaves Jloral — carinate  acumiiuite,  ciliate  reaching  and 
pointing  to  the  middle  ot  the  flowers.  Leaves  radical  — 
five  or  fix,  about  fix  inches  long,  narrow,  attenuate 
both  ways,  acuminate,  the  lower  more  hallate.  Leaves 
eau/iiie — lanceolate,  alternate. 

"  Ohfcrvation  — This  plant  has  much  the   habit,  as 


well  as  autumnal  florelcence,  of  Oriental  fpiralls,  and  is  that,  in  their  opinion,  his  Englilh  opium  is  equal  in  ef- 
fo  perfeftly  fplial  alfo,  that  the  fpecific  name  of  the  feft,  and  fuperlor  In  purity,  to  the  bed  foreign  opium, 
other  (hould  be  altered,  as  being  no  longer  exchifively  OPl'IC  Inequ.ality,  in  alhonomy,  is  an  apparent 
fpiral  ;  at  the  fame  time  that  a  fpccllic  name  fliould  be  irregularity  in  the  motions  of  fardlftant  bodies  ;  lo  call- 
given  to  this  :  neither  of  which  (fays  the  author)  I  (hall  ed,  bccaufe  it  is  not  really  in  the  moving  bodies,  but 
prefume  to  do,  but  iTiall  fuggeli  It  to  the  Linnean  So-  arifing  from  the  fituation  of  the  obferver's  eye.  For  if 
ciety,  of  which  I  have  the  honour  to  be  a  Fellow." —  the  eye  were  In  the  centre,  it  would  always  fee  the  mo- 
This  ophrys  flowered,    for  the  firft  time,   It  Is  believed,  tions  as  they  really  are. 

in  England,  in  HampfhiVe,  Oftober  1796.  Optic  Pyram'ul,  in  perfpeftive,  is  a  pyramid  formed 
OPHIUCUS,  a  con.lelldtion  of  the  northern  liemif-  by    the  vifihle  object   which  is  the  baje,    and   the   ray9 
phere  ;  called  alfo  Serpenlar'ms.  drawn  fromtheperimeterof  that  objeft,  which  meetatthe 
OPIUM  (See  Er.cycl.),  is  a  medicine  of  fuch  intrln-  eye  in  a  point,  which  is  the  apex  of  the  pyramid.   Hence, 
fic  value,    and  of  fo   high  a  price,   that  every   method  alfo,  we  may  know  what  is  meant  by  an  opiic  Iriangle. 
which  promifes  to  increale  the  quantity  in  the  market  Optic  Hays,  particularly  means  thofe  by   which  an 
mull  be  of  Importance.      It  was  therefore,  with  much  optic  pyramid,  or  optic  triangle,  is  terminated. 
^ro-pr\ir.y,\.\\dLt  The  Society  for  the  Encouragement  of  Arts,  ORAN,   a  confiderable  city,  occupied  by  the  Spa- 
l^c.  fome  time  ago,  voted  50  guineas  to  Mr  John  Ball  niards,    in  the  province  of  Mafcara,   in  the  country  of 
of  Wllllton,  Somerfetlhire,  for  the  difcovery  of  his  me-  Algiers.      It  has  ftrong  and  regular  fortifications,  and 
thod  of  preparing  opium  from  poppies  of  the  growth  of  can  eafily  be  fupplied  from   Spain  with  provifions  and 
England.      The  poppies,  which  he  recommends  as  the  warlike  (lores.      It  lies  in   35'  of  longitude  weft  from 
moil  produftive,  are  the  double  or  femi-double,  oi  a  dark  Greenwich,  and  in  35"  55   north  latitude.      Since  the 
colour  ;  the  feeds  of  which  he  advifes  to  be  fown  the  year  1732,  the  Spaniards  have  held  uninterrupted  pof- 
latter  end  of  February,  and  again  about  the  fccond  week  fefllon  of  Oran.      It  has  a  parifh  church,   three  mona- 
in  March,  In  beds  three  feet  and  a  half  wide  (well  pre-  fteries,  an  hofpltal :   and  the  number  of  the  inhabitants, 
pared  with  good   rotten    dung,    and   often    turned    or  according  to  the  account  given  of  it  by  the  Spaniards, 
ploughed,   in  order  to  mix  It   well,   and  have  it  fine),  amount  to  12,000.      Towards  the  fea,  the  city  rifes  in 
cither  in  fmall  drills,   three  in  each  bed,   In  the  manner  the  form  of  an   amphitheatre,    and  is  furrounded  with 
fallads  are  fown,   and  when   about  two   inches  high,   to  forts  and  batteries.   Clofe  to  the  city  lies  a  ftrong  cattle, 
thin  them  one  foot  apart  ;   or  otherwife,   to  fow  them  jl/cazava.  In  which  the  Spanilli  governor  refidcs.      On 
in  beds,   in  the  broad-call  way,  and  thin  them  to  the  the  highell  lull  ftands  Fort  St  Croix,   whofe  guns  corn- 
fame  diftance.      If  they  be  kept  free  from  weeds,  they  mand   the  city   and  the  ailjacent  country.      From  this 
will  grow  well,  and  win  produce  from  four  to  ten  heads,  fort  they   make  fignals  of  the  apjiroach  of  flilps,   and 
fhewiag  large  and  difterent  coloured  flowers  ;  and  when  carefully  watch  the  motions  of  the  Moors,  who  cften  at- 
their  leaves  die  away,  and  drop  oflF,   the  pods  then  be-  tempt  predatory   Incurfions  Into  the  neighbouiing  di- 
ing  in  a  green   ftate,   is  the  proper  time  for  extrafting  ftrlfts.      A  confiderable    number  of  Mahomcdans  take 
the  opium,  by  making  fuch  longitudinal  incifionsas  are,  refuge  in  Oran  ;   they  dwell  in  adiftlnil  part  of  the  ci- 
for  this  purpofe,  made  in  the  eaft  (See  Opium  and  Pa-  ty,  receive  pay  from  the  court  of  Spain,  and  render  fig- 
PAVER,   Encycl).      Immedia-ely  on  the   Incifion   being  nal  fervices  againll  the   Moors.     The  greateft  part  of 
made,  a  milky  fluid  will  iffue  out  ;   which  is  the  opium,  the   inhabitants  of  Oran  confills  of  fuch  as  have   been 
and  which,  being  of  a  glutinous  nature,  will  adhere  to  baniftied  from  Spain  ;  and   the   fame   may,    in    a   great 
the  bottom  of  the  Incifion  ;  but  fome  poppies  are  fo  meafure,  may  be  faid  of  the  foldiers  who  compofe  the 
produftlve,  that  It  will  drop  from  tlie  pod  on  the  leaves  garrifon.      Five  regiments  are  commonly  ftationed  here  ; 
underneath      The   next  day,   if  the  weather  fliould  be  but  owing  to  continual  defertion,  their  ftrength  fcarcely 
fine,  and  a  good  deal  of  funfhine,  the  opium  will  be  equals  that  of  four  complete  regiments.     One  of  them 
found    a    greyifli  fubftance,    and  fome  almoft    turning  wholly  confifts  of  malefaftors,  who  have  been  condemn- 
black  :   It  Is  then  to  be  fcraped  from  the  pods,  and  (if  ed  to  remain  here  for  life  ;  the  reft  are  fuch  as  iiave  been 
any  there)  from  the  leaves,  with  the  edge  of  a  knife,  or  tranfported  for  one  or  more  years.   There  is  here  likcwlfe 
other  inilrument  for  that  purpofe,  into  pans  or  pots  ;  a  military  fchool.  Around  the  city  are  pleafiiit  gardens  ; 
and  in  a  day  or  two  it  will  be  of  a  proper  confiftence  but  it   is  very   dangerous  to  cultivate  them,  on  account 
to  make  into  a  mafs,  and  to  be  potted.  of  the  Moors  and  Arabs,  who  fn  quently  lie  in  anibulh 
According  to  Mr  Ball,  fields  cannot  be  fown  with  among  them.     The  fame  reafon  prevents  the  cuitlva- 
any  thing  more  lucrative  to  the  farmer  than  poppies^  tion  of  the  fields  in  the  vicinity  ;  and  the  garrifon  and 
Sui-i-L.  Vol.  II.  Part  I.  R  r                                  inha- 
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inhabitants  muft  be  fupplied  with  piovifions  immediate- 
ly  from  Spain. 

ORANGE-Men,  an  appellation  afTumed  by  certain 
focifties  in  Ireland,  of  which  the  firll  was  formed  in 
the  county  of  Armagh,  nn  the  2ift  of  November  lypj, 
others  in  fomc  towns  of  lUller  and  Leinller  in  the  year 
1797,  anotlier  in  the  city  of  Dublin  1798  ;  and  finre 
that  period,  thefe  focieties  liavc  fpread  over  the  whole 
of  our  filler  kingdom.  The  objeft  of  thefe  affociations 
is  exhibited  in  the  following  autlientic  Declarat'wn  of 
the  Piiiuiples  of  Orange-men,  publiflied  1799. 

"  From  the  various  attempts  that  have  been  made  to 
poifon  the  public  mind,  and  flander  thofe  who  have  had 
the  fpirit  to  adhere  to  their  king  and  conftitution,  and 
to  maintain  the  laws  : — 

"  We,  the  Protcftants  of  Dublin,  afluming  the  name 
of  Orange-men,  feel  ourfelves  called  upon,  not  to  vin- 
dicate our  principles,  for  we  know  that  our  honour  and 
loyalty  bid  defiance  to  the  fhafts  of  malevolence  and  dlf- 
affeftion,  but  openly  to  avow  thofe  principles,  and  de- 
clare to  the  world  the  objefts  of  our  inftitution. 

"  We  have  long  obferved,  with  indignation,  the  ef- 
forts that  liave  been  made  to  foment  rebellion  in  this 
kingdom,  by  the  feditious,  who  have  formed^hemfelves 
into  focieties,  under  the  fpecious  name  of  United  Irijb- 
men. 

"  We  have  feen  with  pain  the  lower  orders  of  our 
fellow- fubjefts,  forced  or  feduced  from  their  allegiance, 
by  the  threats  or  machinations  of  traitors. 

"  And  we  have  viewed  with  horror  the  fuccefsful  ex- 
ertions of  mfcreants,  to  encourage  a  foreign  enemy  to 
invade  this  happy  land,  in  hopes  of  rifmg  into  confe- 
quence  on  the  downfal  of  their  country. 

"  We  therefore  thought  it  high  time  to  rally  round 
the  conftitution,  and  there  pledge  ourfelves  to  each 
other,  to  maintain  the  laws,  and  fupport  our  good  king 
againft  all  his  enemies,  whether  reiels  to  their  God  or 
to  their  country  ;  and  by  fo  doing,  fliew  to  the  world 
that  there  is  a  body  of  men  in  this  ifland,  who  are  rea- 
dy, in  the  hour  of  danger,  to  ftand  forward  in  defence 
of  that  grand  palladium  of  our  liberties,  the  conftitution 
of  Great  Britain  and  Ireland,  obtained  and  eftablifhed 
by  the  courage  and  loyalty  of  our  anceftors  under  the 
Great  King  William. 

"  Fellow  fubjedls,  we  are  accufed  with  being  an  infii- 
tution,  founded  on  principles  too  ftiocking  to  repeat,, 
and  bound  together  by  oaths,  at  which  human  nature 
may  ftiudder  :  but  we  caution  you  not  to  be  led  away 
by  fuch  malevolent  falfehoods  ;  for  we  folemnly  alFure 
you,  in  the  prtfence  of  the  Almighty  God,  that  the 
idea  of  injuring  any  one,  on  account  of  his  religious  o- 
pinion,  never  entered  into  our  hearts  :  we  regard  every 
loyal  fubjedi  as  our  friend,  be  his  religion  what  it  may  ; 
vpe  have  no  enmity  but  to  the  enemies  of  our  country. 
"  We  further  declare,  that  we  are  ready,  at  all  times, 
to  fubmit  ourfelves  to  the  orders  of  thofe  in  authority 
under  his  Majefty,  and  that  we  will  cheerfully  under- 
take any  duty  which  they  {hall  think  proper  to  point 
out  for  us,  in  cafe  either  a  foreign  enemy  ftiall  dare  to 
invade  our  coafts,  or  that  a  domeftic  foe  ihall  prefume  to 
rajfe  the  ftandard  of  rebellion  in  the  land.     To  thefe 
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principles  we  are  pledged — and  in   fupport  of  them  we  OrchariJ. 
are  ready  to  fpend  the  laft  drop  of  our  blood — (Signed)  ^~~~V"~~ 
Tiiomas  Verntr,  Grand  Maftir  ;  John  Clau.  Beresford, 
Grand  Secretary  ;  William  James,  J.  De  Joncourt,  Ed- 
ward Bali." 

ORCHARD.  As  an  appendix  to  this  article  in 
the  Encycl.  fome  of  our  readers  will  be  pleafed  with  the 
following  means,  employed  by  the  Rev.  Mr  Genner- 
Jliiiufcn,  for  promoting  the  growth  of  young  trees,  and 
increafmg  the  fize  and  flavour  of  the  fruit  in  or- 
chards. 

Having  planted  fcveral  young  plum  trees  in  an  or- 
chard,  he  covered  the  ground,  tor  fome  years,  around 
the  trunks,  as  far  as  the  roots  extended,  with  ilax-fhows 
(a)  ;  by  which  means  thefe  trees,  though  in  a  grafs- 
field,  increafcd  in  a  wonderful  manner,  and  far  excelled 
others  planted  in  cultivated  ground.  As  far  as  the 
ftiows  reached,  the  grafs  and  weeds  were  choaked  ;  and 
the  foil  under  them  was  fo  tender  and  foft,  that  no  bet- 
ter mould  could  have  beeen  wiftied  for  by  a  florift. 

When  he  obferved  this,  he  covered  the  ground  with 
the  fame  fubftance,  as  far  as  the  roots  extended,  around 
an  old  plum-tree,  which  appeared  to  be  in  a  languilliing 
ftate,  and  which  ftood  in  a  grafs-field.  The  confcquen- 
ces  were,  that  it  acquired  a  llrong  new  bark  ;  produced 
larger  and  better-tafted  fruit  ;  and  that  thofe  young 
ftioots,  which  before  grew  up  around  the  ftem,  and 
which  it  was  every  year  neceffary  to  deftroy,  were  pre- 
vented from  fprouting  forth,  as  the  covering  of  flax- 
fhows  impeded  the  free  accels  of  air  at  the  bottom  of 
the  trunk. 

In  the  year  1793,  he  tranfplanted,  from  feed-beds, 
into  the  nurfery,  feveral  fruit-trees  ;  the  ground  around 
fome  of  which  he  covered,  as  above,  with  flax-ftiows. 
Notwithftanding  the  great  heat  of  the  funimer,  none  of 
thofe  trees  where  the  earth  was  covered  with  fhowsdied 
or  decayed  ;  becaufe  the  fliows  prevented  the  earth  un- 
der them  from  being  dried  by  the  fun.  Of  thofe  trees, 
around  which  the  ground  was  not  covered  as  before 
mentioned,  the  fourth  part  mifcarried  ;  and  thofe  that 
continued  alive  were  far  weaker  than  the  former. 

The  leaves  which  fall  from  trees  in  autumn  may  alfo 
be  employed  for  covering  the  ground  in  like  manner  ; 
but  ftones,  or  logs  of  wood,  muft  be  laid  on  them,  to 
prevent  their  being  difperfed  by  the  wind.  In  grafs- 
land,  a  fmall  trench  may  be  made  around  the  roots  of 
the  tree,  when  planted,  in  order  to  receive  the  leaves. 
If  flax-ftiovvs  are  ufed,  this  is  not  neceffary  ;  they  lie  on 
the  furface  of  the  ground  fo  faft  as  to  refift  the  force 
of  the  moft  violent  ftorm.  The  leaves  which  our  au- 
thor found  moft  efFeftual  in  promoting  the  growth  and 
fertility  of  fruit  trees,  are  thofe  of  the  walnut-tree. 
Whether  it  is,  that,  on  account  of  their  containing  a 
greater  abundance  of  faline  particles,  they  communicate 
manure  to  the  ground,  which  thereby  becomes  tender 
under  them  ;  or  that  they  attraft  nitrous  particles  from 
the  atmofphere  ;  or  that,  by  both  thefe  means,  they 
tend  to  nouriih  the  tree  both  above  and  below. 

Thofe  who  are  defirous  of  raifing  tender  exotic  trees 
from  the  feed,  in  order  to  accuftom  them  to  our  climate, 
may,  when  they  tranfplant  them,   employ    flax-ftiows 

witli. 


(a)  Shows  are  the  refufe  of  flax  when  it  is  fcutched  or  heckled. 
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witli  great  advantage.  This  covering  will  prevent  tlie 
froll  from  making  its  way  to  the  roots  j  and  rats  and 
mice,  on  account  of  the  fliarp  prickly  points  of  the 
flax-fhows,  will  not  be  able  to  fnehcr  themfclves  under 
them. 

ORCHILLA,  a  weed  ufed  in  dyeing,  which  grows 
in  the  Canai-y-  iflands,  and  is  monopolized  by  the  govern- 
ment. "  It  is  a  minute  vegetable  (fays  Sir  George 
Staunton),  of  the  lichen  kind,  growing  chiefly  upon 
rocks  of  a  loofe  texture,  and  produces  a  beautiful  vio- 
let blue  colour." 

ORDEAL.  See  this  article  in  the  Eiicyrlopietlia,  at 
the  end  of  which  we  have  given,  from  Dr  Henry's  Hi- 
ftory  of  England,  fome  ftrong  reafons  for  fufpeifling 
that  the  ordeal,  by  fire  at  lead,  was  a  grofs  impotition 
on  the  credulity  of  an  ignorant  and  fuperftitious  age. 
This  fufpicion  of  impofiure  is  raifed  to  certainty  by 
Profefibr  Beckmann,  who,  in  his  Hiilory  of  Inventions, 
gives  us  the  whole  procefs  by  which  the  clergy  con- 
ducted the  trial,  and  brought  proofs  of  innocence  or  of 
guilt  at  their  pleafure.  The  perfon  accufed  was  put 
entirely  under  their  management  for  three  days  before 
the  trial,  and  for  as  many  after  it.  They  covered  his 
hands  (when  he  was  to  lift  red-hot  iron)  both  before 
and  afler  the  proof;  fealed  and  unfealed  the  covering. 
The  former  was  done,  as  they  pretended,  to  prevent  the 
hands  from  being  prepared  any  how  by  art  ;  the  latter, 
that  it  might  be  accurately  known  whether  or  not  they 
were  burnt. 

Some  artificial  preparation  was  therefore  known,  elfe 
no  precautions  would  have  been  necefTary.  It  is  high- 
ly probable,  that  during  the  three  firft  days  the  preven- 
tative was  applied  to  thofe  perfons  whom  they  wifhed 
to  appear  innocent ;  and  that  the  three  days  after  the 
trial  were  requifite  to  let  the  hands  refume  their  natural 
ftate.  The  facred  fealing  fecured  them  from  the  exami- 
nation of  prefumptuous  unbelievers  ;  for  to  determine 
whether  the  hands  were  burnt,  the  three  laft  days  were 
certainly  not  wanted.  When  the  ordeal  was  abolifhed, 
and  this  art  rendered  ufelefs,  the  clergy  no  longer  kept 
it  a  fecret.  In  the  13th  century,  an  account  of  it  was 
publifhed  by  Albertus  Magnus,  a  Dominican  monk  (  a  ). 
If  his  receipt  be  genuine,  it  feems  to  have  confided  ra- 
ther in  covering  the  hands  with  a  kind  of  pafte  than  in 
hardening  them.  The  fap  of  the  ahhaa  (marfhmallow), 
the  flimy  feeds  of  the  flea-bane,  which  is  ftill  ufed  for 
ftifFening  by  the  hat-makers  and  filk-weavers,  together 
with  the  white  of  an  egg,  were  employed  to  make  the 
pafte  adhere.  And  by  thefe  means  the  hands  were  as 
iafe  as  if  they  had  been  fecured  by  gloves. 

ORFFYREUS's  Wheel,  in  machanics,  is  a  ma- 
chine fo  called  from  its  inventor,  which  he  afferted  to 
be  a  perpetual  motion.  This  machine,  according  to  the 
account  given  of  it  by  Gravefande,  in  his  Oeuvres  Phi- 
lofophiques,  publifhed  by  AUemand,  Amft.  1774,  con- 
fifted  externally  of  a  large  circular  wheel,  or  rather 
drum,  12  feet  in  diameter,  and  14  inches  deep  ;  being 


5     ]  O     R     I 

very  light,  as  it  was  formed  of  an  alTemblage  of  deals, 0'''yr<""»'« 
havinir  the  intervals  between  them  covered  with  waxed  „  ' 
cloth,  to  conceal  the  interior  parts  or  it,  i  he  two  ex- 
tremities  of  an  iron  axis,  on  which  it  turned,  rtftcd  on 
two  fupports.  On  giving  a  (light  impnlfe  to  the  wheel, 
in  either  direction,  its  motion  was  gradually  accelerated  ; 
fo  that,  after  two  or  three  revolutions,  it  acquired  fo 
great  a  velocity  as  to  make  25  or  26  turns  in  a  minute. 
This  rapid  motion  it  aftually  prefervcd  during  the  fpace 
of  two  months,  in  a  chamber  of  the  Landgrave  of 
Hefie,  the  door  of  w  liich  was  kept  locked,  and  fealed 
with  the  Landgrave's  own  fcal.  At  the  end  of  that  time 
it  was  flopped,  to  prevent  the  wear  of  the  materials. 
The  ProfefTbr,  who  had  been  an  eyc-witnefs  to  thefe 
circumftances,  examined  all  the  external  parts  of  it,  and 
was  convinced  that  there  could  not  be  any  communica- 
tion between  it  and  any  neighbouring  room.  Orffy- 
reus,  however,  was  fo  incenfed,  or  pretended  to  be 
fo,  that  he  broke  the  machine  in  pieces  ;  and  wrote 
on  the  wall,  that  it  was  the  impertinent  curiofity  of 
ProfeiTor  Gravefande  which  made  him  take  this  ftep. 
The  Prince  of  Hefle,  who  had  feen  the  interior  parts 
of  this  wheel,  but  fworn  to  fecrecy,  being  allied  by 
Gravefandjfc  whether,  after  it  had  been  in  motion  for 
fome  time,  there  was  any  change  obfcrvable  in  it,  and 
whether  it  contained  any  pieces  that  indicated  fraud  or 
deception  ?  anfwered  both  queftions  in  the  negative, 
and  declared,  that  the  machine  was  of  a  very  fimplc 
conftruftion. 

ORICOU,  a  new  fpecies  ofthe  vulture,  difcovered 
by  Viillant  at  Orange  river  in  South  Africa.  As  he 
thinks  it  unqueftionably  the  nioft  beautiful  of  its  genus, 
and  tells  us,  as  ufual  with  him,  a  wonderful  Itory  about 
it,  we  have  given  a  figure  of  this  vulture  in  Plate  XLI. 
Our  traveller  fays,  that  it  is  more  than  three  feet  high, 
and  eight  or  nine  in  breadth  of  wing.  Its  feathers,  the 
general  hue  of  which  is  a  light  brown,  are  of  a  particu- 
lar kind  on  the  breaft,  belly,  and  fides,  where  they  are 
of  unequal  lengths,  pointed,  curved  like  the  blade  of  a 
fabre,  and  briftle  up  diflindl  from  each  other.  The 
feathers  being  thus  feparated,  would  difclofe  to  view 
the  flcin  on  the  breaft,  if  it  were  not  completely  covered 
with  a  very  thick  and  beautiful  white  down,  which  is 
eafily  feen  between  the  ruffled  plumage. 

A  celebrated  naturalift  has  faid,  that  "  no  bird  has 
eye-la(hes  or  eye-brows,  or,  at  leaft,  hair  round  the  eyes 
like  that  in  quadrupeds."  This  aflertion,  advanced  as 
a  general  law  of  Nature,  is  a  miftake.  Not  only  the 
oricou  has  this  peculiarity,  but  we  know  of  many  other 
fpecies  in  which  it  exifts  ;  fuch  as,  in  general,  all  the 
calaos,  the  fecretary,  and  feveral  other  birds  of  prey. 
Befide  thefe  eye-lafties,  the  vulture  in  queftion  has  ftifF 
black  hairs  on  its  throat.  All  the  head  and  part  of  the 
neck  are  bare  of  feathers  ;  and  the  naked  (Icin,  which  is 
of  a  reddifti  colour,  is  daflied  in  certain  places  with  blue, 
violet,  and  white.  The  ear,  in  its  external  circumfer- 
ence, is  bounded  by  a  prominent  ikin,  which  forms  a 
R  r  2  fort 


(a)  In  his  work  De  Mlrabillbus  Mundi,  at  the  end  of  his  book  De  Seeretis  Mulierum,  Amftelod.  170J, 
1 2 mo,  p.  100.  Experimentum  mirabile  quod  facit  hominem  ire  in  ignem  fine  lacfione,  vel  portare  ignem.  vel 
ferrum  ignitum  fine  Ixfione  in  manu.  Recipe  fuccum  bifmalva;,  et  albumen  ovi,  et  femen  pfylli  et  calcem.  et 
pulveriza,  et  confice  cum  illo  albumine  ovi  fuccum  raphani  ;  commifce  ;  ex  hac  confeAiore  illineas  corpus  luum 
vel  manum,  et  dimitte  ficcari,  et  poftea  iterum  illineas,  et  poll  hoc  poteris  audailer  fullincre  ignem  fine  nocu- 
mento. 
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fort  of  rounded  conch,  that  muft  iiccefTarily  heighten  the 
faculty  of  hearing  in  this  fpecies.  This  kind  ot  conch 
is  prolonged  for  feme  inches,  and  dcfcends  down  the 
neck  ;  which  induced  our  author  to  give  it  the  name  of 
or'uou. 

Its  ftrength,  he  fays,  muft  be  very  confiderable,  if 
we  may  judge  from  its  mulcle-  and  linews  ;  and  he  is  per- 
fuadtd,  thdt  tliere  is  not  a  llronger  among  the  whole 
order  of  carnivorous  birds,  not  excepting  the  famous 
condor,  which  fo  many  travellers  have  fecn,  but  of  which 
their  deicriptions  are  fo  difltient  as  to  render  its  exill- 
ence  extremely  doubtful.  But  there  was  no  occafion 
for  this  reafoning,  and  thofe  inferences,  it  wh.it  he  re- 
lates as  faCls  deferve  any  credit.  '!  he  oricou  which  he 
defcribes,  he  firil  perceived  perched  on  the  carcafe  of  a 
hippopotamos.  eagerly  devouring  its  flefh.  He  rtiot  at 
it,  and  wounded  it  (lightly  ;  upon  which,  "  though  it 
had  already  gorged  itfelf  with  a  confiderable  quantity 
of  flefh  (for  upon  opening  it,  he  found  in  its  Itomach 
no  lefs  a  quantity  than  Jix  pounds  and  a  half),  yet  its 
hunger  and  voracity  were  fuch,  that  it  ftruck  its  beak 
into  the  carcafe  when  attempting  lo  take  wing,  as  if 
delirous  of  carrying  the  whole  of  it  away. 

"  On  the  other  hand,  the  weight  of  the  ^Ih  it  had 
devoured  rendering  it  the  more  heavy,  it  could  not  ea- 
fily  rife  :  fo  that  we  had  time  (fays  he)  to  reach  it  be- 
fore it  was  on  the  wing,  and  we  endeavoured  to  knock 
it  on  the  head  with  the  butt-ends  of  our  mufkets.  It 
defended  itfelf  a  long  time  with  great  intrepidity.  It 
bit  or  ftruck  at  our  weapons  with  its  beak,  and  its 
ftrength  was  ftill  To  great,  that  every  ftroke  made  a  mark 
on  the  barrel  of  the  piece." 

ORIENT,  the  eaft,  or  the  eaftern  point  of  the  ho- 
rizon. 

Orient  EijiiinoHial,  Is  ufed  for  that  point  of  the  ho- 
rizon where  the  fun  rifes  when  he  is  in  the  equinoftial, 
or  when  he  enters  the  figns  Aries  and  Libra. 

Orient  ^ejlival,  is  the  point  where  the  fun  rifes  in 
the  middle  of  fummer,  when  the  days  are  longeft. 

Orient  Hylernal,  is  the  point  where  the  fun  rifes  in 
the  middle  of  winter,  when  the  days  are  (horteft. 

OROTAVA,  a  town  in  the  iiland  of  Teneriffe,  at 
the  bottom  of  thofe  mountains  out  of  which  the  Peek 
rifes,  neatly  built  of  ftone,  on  an  irregular  furtace.  The 
moft  remarkable  objeft  near  it  is  a  dragon's  blood  tree, 
of  which  the  trunk  meafures,  at  the  height  of  ten  feet 
from  the  ground,  36  feet  in  girth.  Concerning  this 
tree  there  is  a  tradition  current  in  the  idand,  that  it  ex- 
ifted,  of  no  incoiifiderable  dimenfions,  when  the  Spa- 
niards made  the  conquell  of  Teneriffe,  about  three  cen- 
turies ago  ;  and  that  it  was  then,  what  it  ftill  is,  a  land- 
mark, to  diftinguifh  the  boundaries  of  landed  poifefTions 
near  it. 

Diftant  about  three  miles  on  the  fea-coall  is  the  puer- 
to,  or  fea-port,  of  Orotava,  where  is  carried  on  a  confi- 
derable degree  of  commerce,  princlpallv  for  the  expor- 
tation of  wine.  It  is  chiefly,  as  at  Madeira,  in  the 
hands  of  a  few  Britilh  commercial  houfcs,  which  im- 
port, in  return,  the  manufaftures  of  Great  Britain. 
Within  a  mile  is  a  colleftion  of  livijig  plants  from  Mex- 
ico, and  other  parts  of  the  Spanifh  dominions  in  Ame- 
rica. From  hence  they  are  to  be  tranfplanted  into 
Spain.  It  is  an  eftablifhment  of  fome  expence  ;  and, 
■whatever  may  be  its  fuccefs,   it  Ihews  a  laudable  atten- 
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tion,  on  the  part  of  that  government,  to  the  promotion  Orotchyi. 
of  natural  knowledge.  ~—^ 

OROTCHYS  and  BiTCHYS,  two  tribes  of  Tartars, 
who  were  vifited  by  La  Peroufc  in  1787,  and  of  whofe 
manners  he  gives  fuch  an  account  as  renders  it  difficult 
to  fay  whether  they  have  the  beft  claim  to  be  called  a 
favage  or  a  civilized  people.  He  fell  in  with  a  fmall 
village  of  them  on  the  eall  cojft  of  Turtary,  in  a  bay  to 
which  he  gave  the  name  of  Baie  de  Caflrie,  in  Lat.  51a 
29'  North,  and  Long.  139°  39  Eaft  from  Paris. 

Their  village,  their  employment,  their  drefs,  and  their 
apparent  ignorance  of  all  religion,  befpoke  them  favages. 
Their  village  was  compofed  of  four  cabins,  built  in  a 
foid  manner,  of  the  trunks  of  fir-trees,  and  covered 
with  bark.  A  wooden  bench  compafled  the  apartment 
round  about  ;  and  the  hearth  was  placed  in  the  middle, 
under  an  opening  large  enough  to  give  vent  to  the 
fmoke. 

This  village  was  built  upon  a  tongue  of  low  marfhy 
land,  which  appeared  to  be  uninhabitable  during  the 
winter  ;  but  on  the  oppofite  fide  of  the  gulph,  on  a  more 
elevated  Gtuation,  and  expofed  to  the  fouth,  there  was, 
at  the  entrance  of  a  wood,  another  village,  confifting 
of  eight  cabins,  much  larger  aTid  better  built  than  the 
firft.  .A-bove  this,  and  at  a  very  fmall  diftance,  were 
three  yourts,  or  fubterraneous  houfes,  pcrfcftly  fimilar 
to  thofe  of  the  Kamtfchadales,  defcribed  in  the  third  vo- 
lume  of  Captain  Cook's  laft  voyage  ;  they  were  exten- 
five  enough  to  contain  the  inhabitants  of  the  eight  ca- 
bins during  the  rigour  of  the  cold  feafon  ;  befides,  on 
fome  of  the  ikirts  of  this  village  were  feen  feveral  tombs, 
which  were  larger  and  better  built  than  the  houfes  ; 
each  of  them  enclofed  three,  four,  or  five  biers,  of  a 
neat  workmanfnip,  ornamented  with  Chinefe  fluffs, 
fome  pieces  of  which  were  brocade.  Bows,  arrows, 
lines,  and,  in  general,  the  moft  valuable  articles  of  thefe 
people,  were  fufpended  in  the  interior  of  thefe  monu- 
ments, the  wooden  door  of  which  was  clofed  by  a  bar, 
fupported  at  its  extremities  by  two  props. 

Their  fole  employment  feemed  to  be  the  killing  and 
curing  of  falmon,  of  which  they  eat  raw,  the  fnout,  the 
gills,  the  fmall-bones,  and  fometimes  the  entire  fkin, 
which  they  ftript  off  with  infinite  dexterity.  When 
the  ilript  falmon  were  carried  to  the  huts,  the  women, 
in  the  moft  difgufting  manner,  devoured  the  mucilagi- 
nous part  of  them,  and  feemed  to  think  it  the  moil  ex- 
quifne  food.  Every  cabin  was  furrounded  with  a  dry- 
ing place  for  falmon,  which  remain  upon  poles,  expofed 
to  the  heat  of  the  fun,  after  having  been  during  three 
or  four  days  fmoked  round  the  fire,  which  is  in  the 
middle  of  their  cabin  ;  the  women,  who  are  charged 
witli  this  operation,  take  care,  as  foon  as  the  fmoke  has 
penetrated  them,  to  carry  them  into  the  open  air, 
where  they  acquire  the  hardnefs  of  wood. 

The  bones  of  the  falmon  fo  cured  were  fcattered,  and 
the  blood  fpread  round  the  hearth  ;  greedy  dogs, 
though  gentle  and  familiar  enough,  licked  and  devour- 
ed the  remainder.  The  naftinefs  and  ftench  of  this 
people  are  difgufting.  There  is  not  perhaps  anywhere 
a  race  of  people  more  feebly  conftituted,  or  whofe  fea- 
tures are  more  different  from  thofe  forms  to  which  we 
attach  the  idea  of  beauty  ;  their  middle  ftature  is  below 
four  feet  ten  inches,  their  bodies  are  lank,  their  voices 
thin  and  feeble,  like  that  of  children  ;  they  have  high 
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c^cck  bonf 8,  fmall  blear  eyes,  placed  diagonally  ;  a  large 
'mouth,  flat  iiofe,  (hort  chin,  almoft  beardlefs,  and  an 
olive-coli)ured  fl<in,  varnifhcd  with  oil  and  fmoke.  They 
futFer  their  h.tir  to  grow,  and  tie  it  up  nearly  the  iaine 
aa  we  do  ;  th'it  of  the  women  falls  loofe  about  their 
fhoulders,  and  the  portrait  which  has  juft  been  drawn 
agrees  equally  well  with  their  countenances  as  thofe  of 
the  men,  fiom  whom  it  would  be  difliciilt  to  diilinj:^uilh 
them,  were  it  not  for  a  flight  difference  in  the  drcis, 
and  a  bare  neck  ;  they  are  not,  however,  fubjefted  to 
any  labour,  wliich  might,  like  the  American  Indians, 
change  the  elegance  of  their  features,  if  nature  had  fur- 
nilhed  them  with  tlu's  advantage.  Their  whole  cares 
are  limited  to  the  cutting  and  fewing  their  clothes,  dif- 
poling  of  their  fifli  to  be  dried,  and  taking  care  of  their 
children,  to  whom  they  give  the  breall  till  they  are  three 
or  four  years  of  age. 

With  reipecl  to  drefs,  the  men  and  little  boys  are 
clothed  with  a  waiftcoat  ot  nankeen,  or  the  fl<in  of  a 
dog  or  a  fiih,  cut  in  the  fliape  of  a  waggoner's  frock. 
If  it  reach  below  the  knee,  they  wear  no  drawers  ;  it  it 
do  nut,  they  wear  fome  in  the  Chinefe  llyle,  which  fall 
as  low  as  the  calf  of  the  leg.  All  of  them  have  boots 
of  feal'e  ikin,  but  they  keep  them  for  the  winter;  and 
they  at  all  times,  and  of  every  age,  even  at  the  breaft, 
wear  a  leather  girdle,  to  which  are  attached  a  knife  in 
a  flieath,  a  fteel  to  ftrike  a  light  with,  a  pipe,  and  a 
fmall  bag  to  contain  tobacco.  The  drefs  of  the  women 
is  fomewhat  different  ;  they  are  wrapped  up  in  a  large 
nankeen  robe,  or  falmon's  fkin,  which  they  have  the 
art  of  perfeftly  tanning,  and  rendering  extremely  fuppie. 
This  drefs  rea':hes  as  low  as  the  anklebone,  and  is 
fometimes  bordered  with  a  fringe  of  fmall  copper  orna- 
ments, which  make  a  noife  fimilar  to  that  of  fmall  bells. 
Thofe  falmon,  the  fkins  of  which  ferve  for  clothing,  are 
never  caught  in  fummer,  and  weigh  thirty  or  forty 
pounds. 

Though  they  had  neither  priefts  nor  temples,  they 
feemed  to  be  believers  in  forcery,  and  took  the  motion 
of  the  Frenchmens  iiands,  when  writing,  for  figns  of 
magic.     Thus  far  they  appeared  favages. 

Their  facred  regard  of  property,  their  attention  to 
their  women,  and  the  delicacy  of  their  politenefs  to 
ftrangers,  would,  on  the  other  hand,  Jo  honour  to  the 
molt  civilized  nation.  While  Peroute  and  his  people 
were  in  the  bay,  one  of  the  families  took  its  departure 
on  a  voyage  of  fome  length,  and  did  not  return  during 
their  flay.  When  he  went  away,  the  mailer  of  the  fa- 
mily  put  fome  planks  before  the  door  of  his  houfe,  to 
prevent  the  dogs  from  entering  it,  and  in  this  ftate  left 
it  full  of  their  effefts.  "  We  were  foon  (fays  <>ur  au- 
thor) fo  perfeftly  convinced  of  the  inviolable  fidelity 
of  thefe  people,  and  their  almoft  religious  refpeA  for 
property,  that  we  left  our  facks  full  of  Huffs,  beads, 
iron  tools,  and,  in  general,  every  thing  we  ufed  as  ar- 
ticles of  barter,  in  the  middle  of  their  cabins,  and  under 
no  other  feal  of  fecurity  than  their  own  probity,  with- 
out a  fingle  inftance  of  their  abufing  our  extreme  confi- 
dence  ;  and  on  our  departure  from  this  bay,  we  firmly 
entertained  the  opinion,  that  they  did  not  even  fufpeft 
the  exiflence  of  fuch  a  crime  as  theft." 

Their  attention  to  their  women,  fo  uncommon  among 
favages,  was  difplayed  in  their  exempting  them  from 
hard  labour  ;  in  their  never  concluding  a  bargain  with 
the  Frenchmen  without  greviouflyconfuking  their  wives; 
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and  in   their  referving  the  pendent   fiiver  ear-rings  and  Orntchys 
copper  trinkils,  which  they  purthaled,   for  their  wives 
and  daughters.      Of   the  delicacy  of  their  manners  to 
ftrangers,  we  fhaji  give  the  following  intertfling  inftance  ■ 
in  the  words  of  Peroufe's  tranflator  : 

Obferviiig  with  what  repugnance  they  received  pre« 
fcnts,  and  how  often  they  reiuied  them  with  obltinacy, 
"  I  imagined  (fays  Peroufe)  I  could  perceive,  that 
they  were  perhaps  dcfirous  of  more  delicacy  in  the 
manner  of  offering  them  ;  and  to  try  if  this  fufpicion 
were  well  founded,  I  fat  down  in  one  of  their  houfes, 
and  after  having  drawn  towards  me  two  little  children, 
of  three  or  four  years  old,  and  made  them  fome  trifling 
carefles,  I  gave  them  a  piece  of  rofe-coloured  nankeen, 
which  I  had  brought  in  my  pocket.  The  moil  lively 
fatisfadion  was  vihbly  teftified  in  the  countenances  of 
the  whole  family,  and  I  am  certain  they  would  liave 
refuted  this  prtlent,  had  it  been  diiedlly  offered  to 
themfelves.  The  hulband  went  out  of  his  cabin,  and 
foon  afterwards  returning  with  his  motl  beautiful  dog, 
he  entreated  m.e  to  accept  of  it.  I  rcfufed  it,  at  the 
fame  time  endeavouring  to  make  him  underlland,  that 
it  was  more  ufeful  to  him  than  to  me  :  but  he  infifted  ; 
and  perc^ving  that  it  was  without  fucccfs,  he  caufed  the 
two  children,  who  had  received  the  nankeen,  to  ap. 
proach,  and  placing  their  little  hands  on  the  back  of 
the  dog,  he  gave  me  to  underftand,  that  I  ought  not 
to  refuie  his  children. 

"  The  delicacy  of  fuch  manners  cannot  cxifl  but  a- 
mong  a  very  polilked  people.  It  feems  to  me,  that  the 
civilization  of  a  nation,  which  has  neither  flocks  nor 
hufbandry,  cannot  go  beyond  it.  It  is  neceffary  to  ob- 
fervc,  that  dogs  are  their  moft  valuable  property  ;.  they 
yoke  them  to  fmall  and  very  light  fledges,  extremely- 
well  made,  and  exaftly  fimilar  to  thofe  of  fie  Kamt- 
fchadales.  Thefe  dogs,  of  the  fpecics  of  wolf  dog«, 
and  very  flrong,  though  of  a  middle  fize,  are  extremely 
docile,  and  very  gentle,  and  fcem  to  have  imbibed  the 
charafter  of  their  mafters." 

ORTHODROMICS,  in  navigation,  is  great-circle 
falling,  or  the  art  of  failing  in  the  arch  of  a  great  circle, 
which  is  the  fhorteft  courfe  :  For  the  arch  of  a  great 
circle  is  orthodromia,  or  the  fliortefl  dlilance  between 
two  points  or  places. 

OKYCTEROPUS,  the  name  given  by  M.  Geof- 
froy,  profclTor  of  zoology  in  the  French  mufeum  of  na- 
tural hiflory,  to  the  animal  called  by  other  zoologifts. 
Myrmecophaga  Capenfis.  (Sec  Mvrmecoph AGA,  En. 
cycl.)  He  confiders  it  as  a  diftlnCt  genus,  and  feems 
indeed  to  have  proved,  by  a  crmparlfon  of  the  organs 
of  the  oryfteropus  with  X.\\ols  ui  \.Vitatous  dnfipus  of  Lin- 
nxus,  and  of  the  myrmecophagl,  that  this  genus  is  inter- 
mediate, by  its  forms  and  habits,  between  thofe  two 
families.  It  approaches  to  the  tasoits  in  its  organs  of 
maftication,  and  the  form  of  the  toes  and  nails,  and  in- 
having  a  flrort  and  fingle  caecum,  whllft  that  of  the  myr- 
mecophagi  is  double,  as  in  birds,  by  the  reuniting  of 
the  bones  of  the  os  pubis,  which  are  not  articulated  to- 
gether in  the  myrmecophagi.  The  oryfteropus,  how- 
ever,  bears  a  relation  to  the  laft,  fince  it  has,  like  them, 
a  very  fmall  mouth,  whence  its  tongue,  covered  with 
hair,  may  be  protruded  to  a  confiderable  length.  Fi- 
nally, the  habits  of  the  orydleropus  refemble  thofe  of 
the  animals  to  which  it  approaches  the  moil  ;  it  does 
not  climb  trees,  but  lives  under  the  earth  like  the  ta. 

tous;. 
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Oryaer<j.  tou9  ;  !t  feeds  like  tlicni  on  roots,  but  alfo  it  hunts  af- 

P""       tei-  anthills,  like  the  myrmecopliagi.     Its  fnout  termi- 

OuJellm.  "3tes  in  a  blunt  callous  ;   a  charaifter  Avhich  is   peculiar 

I— y-^  to  it.      It  may  be  diltinguilhed  in  the  works  of  natura- 

lifts  by  the  following  defcription  : 

Oi7fteropus.  Molar  teeth  (fix)  with  flat  vertices  ; 
the  body  covered  with  hair. 

The  orydleropub,  as  appears  from  the  preceding,  con- 
nefts  the  tatous  with  the  myrmecophagi  and  with  the 
pangolin  mar.'is  of  Linnaeus.  The  large  foffile  fpecies 
found  in  Paraguay,  for  which  Citizen  Cuvicr  has  efta- 
blifhed  a  new  genus,  under  the  name  of  migaterium,  is 
intermediate  between  the  (loth  and  the  myrmecophagus  ; 
and,  laftly,  the  allonifhing  animal  of  New  Holland,  co- 
vered with  briftles  hke  the  porcupine,  fupporled  by 
very  fliort  legs,  and  of  very  fingular  conformation,  and 
■with  a  head  round  at  the  occiput,  tierminating  in  a  fnout, 
without  teeth,  very  {lender,  long,  and  cylindrical,  and 
defcribed  by  Mr  George  Shaw  tmder  the  name  of  myr- 
niecophnga  aculeata,  appears  to  have  very  ilriking  rela- 
tions to  the  pangolin  and  the  orytteropus  ;  from  hence 
it  follows,  that  in  confequence  of  thefe  important  ac- 
quifitions,  we  ough.t  for  the  future  to  count,  in  the  num- 
ber of  our  natural  orders,  that  of  the  edentated,  or  edent- 
ed,  confifting  of  the  foKowing  genera  :  Dafipus,  orySe- 
ropus  myrmecophaga,  and  aculeata,  manis,  myrmecophaga, 
megater'wm  et  bradypus. 

OSCILLATION,  in  mechanics,  vibration,  or  the 
reciprocal  afcent  and  defcent  of  a.pendulum. 

Jjxis  o/"  OsciLLATiOTJ,  io  a  line  parallel  to  the  hori- 
zon, fuppofed  to  pafs  through  the  centre  or  fixed  point 
about  which  the  pendulum  ofcillates,  and  perpendicular 
to  the  plane  in  which  the  ofcillation  is  made. 

Centre  of  Oscillation,  in  a  fufpended  body,  is  a 
certain  point  in  it,  fuch  that  the  ofcillations  of  the  body 
will  be  made  in  the  fame  time  as  if  that  point  alone 
were  fufpended  at  that  diftance  from  the  point  of  fufpen- 
fion.  Or  it  is  the  point  into  which,  if  the  whole 
■weight  of  the  body  be  coUeAed,  the  feveral  ofcillations 
■will  be  performed  in  the  fame  time  as  before  :  the  ofcil- 
lations being  made  only  by  the  force  of  gravity  of  the 
ofcillating  body. 

OSCULATION,  in  geometry,  denotes  the  contaA 
between  any  curve  and  its  ofculatory  circle  ;  that  is,  the 
circle  of  the  fame  curvature  with  the  given  curve,  at 
thepointof  contaftorof  ofcuhtion.  See  Involution 
in  this  Supp/. 

Osculation  alfo  means  the  point  of  concourfe  of 
two  branches  of  a  curve  which  touch  each  other.  For 
example,  if  the  equation  of  a  curve  be  ji  =:  \/  x  -f-^-v/ 
k',  it  is  eafy  to  fee  that  the  curve  has  two  branches 
touching  one  another  at  the  point  where  x  =  o,  becaufe 
the  roots  have  each  the  figns  -J-  and  — . 

OUADELIM  and  Labdesseba,  two  tribes  of  A- 
rabs  inhabiting  the  Sahara  or  Great  Defart  of  Africa, 
of  whom  almoft.  nothing  was  known  to  Europeans  till 
the  publication  of  Briflbn's  narrative  of  his  ihipwreck 
and  captivity  among  the  latter  tribe.  He  defcribes  the 
Ouadelim  and  Labdcfleba  as  the  moft  formidable  of  all 
the  interior  tribes  of  Arabs,  and  as  often  extending  their 
ravages  to  the  very  gates  of  Morocco.  "  Their  hordes 
(he  says)  are  frequently  intermingled  with  thofe  of  the 
Roufege,  Rathidium,  Chelus,  Tucanois,  and  Ouadeli 
tribes,  as  they  have  no  diftinft  boundaries,  and  change 
their.habitations  as  the  defart  affords  pafturage  and  wa< 


ter.     They    nve    tall,   handfome,   ftout,    and   vigorous  Ouadelim. 
men.      Their   hair   is   brillled,   and  their   nails,    which  /-"- 

they  often  ufe  in  battle,  as  long  as  claws  ;  large  hang- 
ing ears  and  a  long  beard  give  them  a  ftern  ferocious 
air.  The  Ouadelim  in  particular  are  fierce,  arrogant, 
and  warlike,  but  foon  ditpirited  by  obHinate  refiftance, 
efpecially  when  they  have  not  a  decided  fuperiority  in 
numbers.  In  their  hordes  they  lodge  by  families,  in 
tents  which  are  covered  wich  a  thick  cloth  of  camels 
hair,  which  the  women  fpin  and  weave  upon  a  loom  fo 
fmall,  that  they  work  fitting  on  the  ground.  The  fur- 
niture of  their  tents  confift  of  two  large  facks  of  leather, 
in  which  they  keep  old  clothes,  and  pieces  of  old  iron, 
three  or  four  goat  fl^ins  for  holding  milk  and  water, 
two  large  ilones  for  grinding  their  barley,  a  fmallcr  one 
for  driving  the  pins  of  their  tents,  an  ozier  matting 
which  ferves  for  a  bed,  a  thick  carpet  for  a  covering,  a 
fmall  kettle,  and  fome  wooden  difhes,  with  pack-faddles 
for  their  camels.  The  perfon  who,  befides  thefe  arti- 
cles, pofTeflTes  a  few  horfes,  camels,  fheep,  and  goats,  is 
reckoned  wealthy,  as  there  are  many  Arabs  who  only 
poffefs  (heep  and  goats.  Except  fore  eyes  and  the  cho-  . 
lie,  they  are  fubjeft  to  few  endemic  difeafes.  The  firft 
diforder  is  caufcd  by  the  refleftion  of  light  from  the 
burning  fands  of  the  defart,  the  other  proceeds  from 
the  verdigreafe  which  contaminates  all  their  viftuals. 
Their  kettles  are  not  tinned,  and  never  waihed,  fo  that 
they  are  quite  crufted  over  with  verdigreafe,  the  viru- 
lence  of  which  is  probably  diminifhed  by  the  quantity 
of  milk  they  ufe.  When  they  refide  long  in  one  place, 
they  fometimes  plough  the  fpots  which  are  moiftened 
by  the  rain,  and  fprinkle  them  with  feed  in  a  carelefs 
manner.  Plentiful  crops  are  often  thus  produced  ;  but 
inftead  of  waiting  till  the  grain  attains  maturity,  they 
cut  it  down,  and  dry  it  over  hot  cinders.  Treachery 
and  perfidy  are  the  innate  vices  of  the  Arabs  ;  aflaflina- 
tions  are  frequent;  no  man  trufts  the  promife  of  another  ; 
no  man  makes  a  written  agreement,  as  the  poignard 
cancels  all  bonds  and  obligations.  The  men  often  re- 
late their  exploits  to  each  other  ;  the  embellifhing  of  a 
ftory  is  fucceeded  by  a  charge  of  falfehood,  and  the 
poignard  folvcs  every  diiBculty.  The  ancient  rites  of 
hofpitality,  however,  are  praftifed  among  thefe  tribes 
in  their  utmoft  extent.  The  Arab,  who  in  the  field  is 
a  rapacious  plunderer,  becomes  liberal  and  generous  as 
foon  as  he  enters  his  tent.  War  is  only  a  fpecies  of 
rapine,  and  the  viftory  is  decided  at  the  firft  ihock. 
The  Arab  is  devoid  of  fanguinary  courage  ;  he  attacks 
only  to  plunder,  and  never  thinks  that  booty  is  to  be 
put  in  competition  with  his  life.  When  the  battle  is 
ended,  each  party  makes  graves  for  the  flain,  and  enclofe 
the  tombs  with  mounds  of  ftones.  The  ages  of  the 
warriors  are  denoted  by  the  fpace  of  ground  which  the 
grave  occupies,  and  the  funeral  proceffion  is  clofed  by 
the  howls  of  the  females. 

"  The  women  never  affume  the  name  of  their  huf- 
bands,  and  never  eat  with  them  at  meals.  They  are 
faithful  to  their  hufbands,  and  cannot  be  divorced  ex- 
cept  by  the  decree  of  the  feniors  of  the  horde.  The 
Arabs  difplay  their  opulence  by  the  ornaments  of  their 
women,  whofe  ears,  arms,  and  legs,  are  generally  adorn- 
ed with  rings  of  gold  and  filver.  An  Arab  beauty  mud 
have  long  leeth  footing  out  of  her  mouth,  a  body  ex- 
tremely thick,  and  limbs  of  the  longed  fize.  At  the 
birth  of  a  fon,  every  woman,  to  teftify  her  joy,  black- 
ens 
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Onacklim.  ens  her  face  for  40  days.  At  the  birth  of  a  daughter, 
—  V  '  fhe  only  daubs  the  half  of  her  face  during  the  fpacc  of 
20  days.  A  mother  treats  her  fon  with  the  fame  re- 
fpet't  as  her  hufband,  alcnoft  as  foon  as  he  k  able  to 
walk  ;  fhe  prepares  his  food,  ferves  him,  and  eats  when 
he  has  finilhed  his  repail.  In  the  education  of  their 
young  men,  the  moft  important  acqviifitions  are,  dexte- 
rity in  the  ufe  of  the  poignard,  ikill  in  embowclling 
their  enemies  with  their  long  nails,  and  a  plaufible  air  in 
uttering  a  falfvhood.  More  rude  and  ferocious  than 
the  tribes  whofe  territories  lie  upon  the  fhore  of  the 
fea,  the  LabdtfPeba  and  Ouadelini  Arabs  are  alfo  more 
confined  and  illiberal  in  their  ideas,  not  only  believing 
that  they  are  the  firft  nation  in  the  world,  but  fancy- 
ing that  the  fun  rifes  only  for  them.  BrifTon  relates, 
that  fome  of  them  exprefTed  this  idea  iii  unequivoctil 
terms.  'Behold  (fald  thev )  that  luminary,  which  is 
unknown  in  thy  country.  During  the  night,  thou  art 
not  enlightened,  as  we  are,  by  that  heavenly  body, 
which  regulates  our  da)  s  and  our  fads.  His  children 
(the  liars)  point  out  to  us  the  hours  of  prayer.  You 
have  neither  trees  nor  camels,  fheep,  goats,  nor  dogs. 
Are  your  women  fimilar  to  ours?'  '  How  long  didft 
thou  remain  in  the  womb  of  thy  mother  (faid  another)  ?' 
«  As  long  (replied  BnlTon)  as  thou  in  that  of  thine.' 
'  Indeed  (faid  a  third,  counting  the  fingers  and  toes  of 
the  Frenchman)  he  is  made  like  us;  he  differs  only  in 
his  colour  and  language.'  '  Do  you  fow  barley  in  your 
houfes  ?'  faid  the  Arabs,  alluding  to  the  flu'ps  of  the 
Europeans.  '  No  (faid  BrifTon),  we  fow  our  fields  al- 
mofl  in  the  fame  feafon  as  you.'  '  How  1  (cried  feve- 
ral)  do  you  inhabit  the  earth  ?  we  believed  that  you 
were  born  and  lived  upon  the  fea.'  Thcfe  Arabs,  ac- 
cording to  the  Turkifh  proverb,  believe  that  all  the 
world  is  like  their  father's  houfe  :  unacquainted  with 
the  manners  of  other  nations,  and  unacAuilomed  to  re- 
Re€t  upon  the  caufes  of  national  character,  every  varia- 
tion from  their  own  cuftoms  appears  not  only  ridicu- 
lous, but  monftrous  ;  every  difference  of  opinion  not 
only  abfurd,  but  criminal.  This  ignorance  of  the  A- 
rabs,  conjoined  with  their  local  and  religious  prejudices, 
LL  enables  us  to  account  for  the  inlulting  treatment  which 

P^  Briflbn  and   his  companions   received,  without   having 

reourfe  to  inherent  depravity  of  nature."     That  treat- 
ment was  indeed  fhocking. 

BrifTon  had  furrendered  himfelf,  on  his  fhipwreck,  to- 
Sidi  Mahomet,  a  Talbe  or  pricfl  of  the  tribe  of  Lab- 
defTcba.  During  the  abfence  of  the  priefl,  the  Lab- 
deiTeba,  who  guarded  the  captives,  were  attacked  and 
maltreated  by  a  party  of  the  Ouadclinis,  and  during  the 
buflle  which  enfued,  BrifTon  had  almofl  loft  his  life. 
Inflead  of  compaffionating  his  forlorn  fituation,  the 
women  threw  fand  into  his  eyes,  as  they  faid,  to  dry 
his  eye-lids.  The  Arabs,  into  whofe  hands  he  had 
fallen,  had  only  come  down  to  the  fea-coaft  to  gather 
wild  grain,  three  days  before  the  fhipwreck  ;  and  to 
preferve  their  booty,  they  immediately  retreated  to  the 
interior  part  of  the  defart.  A  guide  preceded  the 
horde,  to  place  at  intervals  fmall  pyramids  of  ftone,  to 
direft  their  courfe,  at  a  diftance  from  every  hoftile 
tribe.  After  pafTmg  fome  very  high  mountains,  wholly 
covered  with  fmall  greyifh  pebbles  as  fharp  as  flints, 
they  defcended  into  a  fandy  plain  overfpread  with 
thorns  and  thiftles.  When  Briflbn  was  unable  to  walk, 
on  account  of  the  bleeding  of  his  feet,  he  was  mounted 
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on  a  camel  ;  the  briflly  hair  and  hard  trot  of  which  Ouadcllm. 
foon  excoriated   him  fo  much,  tli.it  the  blood   run  co-  •    ' 

pioully  down  its  flanks.  By  throwing  heated  ftoncs 
into  a  wooden  veffel,  tilled  with  barley  meal,  diluted 
with  water  procured  on  the  fea-fliore,  preferved  in  a 
goat's  ikin,  and  mixed  with  pitch  to  prevent  putrefac- 
tion, the  Arabs  prepared  a  kind  of  foup,  which  they 
kneaded  with  their  hands,  and  ate  uiiclicwed.  They 
roafled  a  goat  in  heated  fand,  ate  its  fat  raw,  and,  af- 
ter having  devoured  the  flcfh,  gnawed  the  bones,  and 
fcraped  them  with  their  nails,  threw  them  to  BrifTon 
and  his  companions,  defiring  them  to  eat  quickly,  and 
load  the  camels,  that  the  journey  might  not  be  impe- 
ded. Proceeding  eaflward,  they  croiTcd  a  vaft  plain, 
covered  with  fmall  ftones  white  as  fnow,  round  and 
flat  as  a  lental,  where  not  a  Tingle  plant  was  produced. 
The  earth  beneatli  their  feet  refounded  dull  'jnd  hol- 
low, and  the  fmall  ilones  pricked  them  like  fparks  of' 
fire.  The  rcflertion  of  the  rays  of  the  fun  from  the 
fand  was  fcorching  ;  the  atmoTphere  was  loaded  with  a 
red  vapour,  and  the  country  appeared  as  li  filled  with 
flaming  volcanoes.  Neither  birds  nor  infedls  could  be 
feen  in  the  air.  The  profound  filence  was  frightful. 
If  a  gentle  breeze  ever  arofe,  it  produced  extreme  Ian. 
guor,  chopping  of  the  lips,  burning  heat  of  the  flcin, 
with  fmall  fmarting  pimples.  This  plain  was  even  fliun- 
ned  by  wild  beafls.  After  traverfing  this  plain,  they 
entered  another,  where  the  wind  had  thrown  up  in  fur- 
rows the  fand,  which  was  of  a  reddifh  colour.  On  the 
tops  of  the  furrows  grew  a  few  fvveet-fcented  plants, 
which  were  devoured  by  the  camels.  On  quitting  this 
fandy  plain,  they  entered  a  valley  furrounded  by  moun- 
tains, where  the  foil  was  white  and  flimy,  and  where 
they  found  water  of  a  noxious  fmcll,  covered  with 
green  mofs,  and  foon  after  difcovered  a  horde  of  the 
friendly  tribe  RoufTye. 

After  another  journey  of  fixteen  days,  they  arrived 
at  the  tents  of  the  LabdefTeba  horde,  to  which  Sidi 
Mahomet  belonged.  The  tents  pitched  among  thick 
bufhy  trees,  and  the  numerous  flocks  feeding  along  the 
fides  of  the  hills,  prefented  at  a  diftance  an  afpeft  of 
happinefs  and  paftoral  fimpliclty.  On  approaching 
near,, the  trees  of  beautiful  green  foliage  proved  to  be 
only  old  gummy  ftumps,  almoft  void  of  branches,  fo 
encircled  with  thorns  that  their  fhade  was  inaccefTible. 
The  women  approached,  with  loud  cries  and  the  moft 
fawning  fervility,  to  welcome  their  tyrants,  to  throw 
ftones  at  the  Chriftians,  and  fpit  in  their  faces,  whik- 
the  children  imitated  the  example  of  their  mothers. 
BrifTon,  who  endeavoured  to  ingratiate  himfelf  with  his 
matter's  favourite,  not  only  failed  in  this,  but  incurred 
her  implacable  refentment,  through  his  irritability, 
which  to  the  Arab  women  feemed  extremely  to  re- 
femblefpetulance.  During  his  refidence  with  Sidi  Ma- 
homet, the  hardfhips  he  endured  were  almoft  incredi- 
ble. With  the  excelDve  heat,  the  milk  of  the  fheep, 
goats,  and  camels,  diminifhed,  and  then  the  dogs  fared 
better  than  the  Chriftians,  who  were  forced  to  fubfifl 
on  wild  herbs  and  raw  fnails.  When  the  rains  fell,  and 
the  leaft  prefTurc  made  the  water  to  fpring  up  through 
the  fandy  foil,  the  Chriftians  (lept  behind  a  bufti,  un- 
fheltered,  on  the  bare  ground.  BrifTon  and  his  mafter 
fometimes  reafoned  about  religion  ;  when  the  latter  al. 
ways  anfwered  the  harangues  of  the  former  by  decla- 
ring, that  he  preferred  a  bowl  of  churned  milk  to  fuch 
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Oiy(>lycu»,  abfurdftie'".  Several  of  his  companions  periflied,  and 
Oxjf-\luria-„.j.[.g  ]j.fj  |j^.  j),(.  \,abs  to  l^e  devoured  by  the  ravens, 
,  while  ill  the  tbu^gles  of  death.      One  of  them  wasiup- 

pofed  to  he  mmdered  by  his  inaRcr  for  milking  his  ca- 
incls  claiidcRInely.  An  application  made  by  Briflbn  to 
the  c-onful  at  Mogador,  by  a  letter  cntrulled  to  a  Jew- 
ifh  merchant,  was  iVullrated  thiougli  the  negligence  of 
the  vice  conful  ;  and  the  LabdefTcba  Arabs  thought  the 
journey  too  dangerous  to  be  encountered  for  the  ran- 
fom  of  their  flaves.  He  was,  however,  at  laft  relieved, 
through  the  luinianity  of  his  mailer's  brother-in  law, 
who  carried  him  to  Morocco,  where  his  ranfom  was 
paid  b\  the  Emperor,  and  whence  he  returned  to  France. 
For  a  fuller  account  of  thefe  two  favage  tribes,  fee 
Saugnler's  and  Brj/f-jn's  Narralivis  ;  or  a  very  pleafing 
Hi/lorkil and  Philr.fophkal  Sketch  of  the  Difcoveries,  i^c. 
of  the  Europeans  in  Northern  and  Weflern  Africa,  publilh- 
ed  1799  by  Synungton  Edinburgh,  and  Vernor  3t\v^  Hood 
London 

OXYGLYCUS  CERAsus,  the  name  given  by  the 
Editor  of  Dalzel's  Hiflory  of  Dahomy  to  a  very  Angu- 
lar fruit  produced  in  that  country,  as  well  as  in  fome 
other  parts  of  Africa.  It  refenibles  a  fmall  olive  in  eve- 
ry, refpeft  but  the  colour;  being  of  a  duiky  reddilh  hue, 
changing  at  the  end  next  the  ftalk  to  a  faint  yellow. 
The  pulp  is  firm,  and  almoft  infipid  ;  the  ftone  is  hard 
like  that  of  the  olive.  After  having  chewed  one  or 
more  of  fuch  berries,  and  fpit  out  or  fwallowed  the 
pulp  at  pleafure,  a  glafs  of  vinegar  will  tafte,  to  the 
perfon  trying  the  experiment,  like  fweet  wine  ;  a  lime 
will  feem  to  have  the  flavour  of  a  very  ripe  China 
orange  ;  and  the  fame  change  is  produced  on  other 
acids,  the  ordinary  effefts  of  which  upon  the  palate  is 
deftroyed  in  a  very  unaccountable  manner,  without  cf- 
fervefcence  or  any  fenfible  motion.  Indeed,  the  effeft 
is  very  different  from  neutralization,  arifing  from  the 
mixture  of  acid  and  alkali  ;  fuch  combination  producing 
a  neutral  faline  liquor,  whilll  this  miraculous  berry 
feems  to  convert  acids  to  fweets.  Food  or  drink,  not 
containing  any  acid,  fuffer  no  change  by  the  previous 
ufe  of  this  fruit  ;  its  effctl  upon  acids  continues,  even 
after  a  meal,  though  in  a  much  fmaller  degree.  The 
natives  ufe  it  to  render  palatable  a  kind  of  gruel  calkd 
^uddoe,  which  is  made  of  bread  after  it  becomes  too  ftale 
for  any  other  pui'pofe.  They  dtfcribe  it  as  the  /ruit 
of  a  large  tree. 

Plants  fix  or  feven  inches  high  were  raifed  from  this 
fruit  by  Mr  Dalzel,  who  tried  to  carry  them  from  An- 
gola to  the  botanic  garden  at  St  Vincent's  ;  but  they 
died  on  the  pafTage.  He  prcferved  the  berries  in  ipi- 
rits,  in  fyrup,  and  in  a  dry  form  ;  but  they  loft  their 
Angular  quality  in  all  thofe  preparations.  The  plant  is 
an  evergreen,  and  the  leaves  in  this  infant  ftate  are  like 
thofe  of  the  olive. 

OXY-MuRiATic  Acid  (See  CHEMisTRY-/n(/fx  in 
this  Suppl.)y  is  the  principal  ageiit  in  the  new  procefs 
of  bleaching  (fee  Bleaching,  Suppl)  ;  but,  till  very 
lately,  at  leaft,  if  not  even  at  prefent,  the  bleachers 
were  in  the  practice  of  adding  fome  alkah  to  the  acid, 
notwithftanding  the  ftrong  objeitions  which  M.  Ber- 
tholet  made  to  that  addition,  and  notwithftanding  the 
proofs  urged  by  Mr  Rupp,  that  it  increafes  the  expence 
of  bleaching  about  40  per  cent.  The  chief  reafon  for 
perfifting  in  a  praftice  to  which  fuch  objeftions  were 
urged  was,  that  the  addition  of  the  alkali  deprives  the 


1 


O     X    Y 


liquor  of  Its  fufTocating  effefts  without  deflroying  itsOxy-l 
bleaching  powers.     Mr  Rupp,  howcvc,   has  contrived  -""^ 
the  tcillowing  apparatus,    in  which  may  be  fafely   ufcd  "~~" 
the    pure  oxy-muriatic  acid  finiply  dilfolved  in   water, 
which  is  at  once  its  cheapeil  and  beft  vehicle. 

Figure  I.  (Plate  XLI.)  is  a  feition  of  the  apparatus. 
It  coulifts  uf  an  oblong  deal  cillern  ABCD,  made  wa- 
ter-tiglit.  A  rib  EE  of  alh  or  beech  wood  is  finnly 
fixed  to  the  middle  ot  the  bottom  CD,  beijig  mortilcd 
into  the  ends  of  the  cillern.  This  rib  is  provided  with 
holes  at  FF,  in  which  two  perpendicular  axes  are  to 
turn.  The  lid  AB  has  a  rim  GG,  which  finks  and  fits 
into  the  ciftern.  Two  tubes  HH  are  fixed  into  the  lid, 
their  centres  being  perpendicularly  over  the  centres  of 
the  fockets  FF  when  the  lid  is  upon  the  cillern.  At 
I,  is  a  tube  by  which  the  liquor  is  introduced  into  the 
apparatus.  As  it  is  neceifary  that  the  fpace  within  the 
rim  GG  be  air-tight,  its  joints  to  the  lid,  and  the  joints 
of  the  tubes,  mull  be  very  clofe  ;  and,  if  neceflary,  fe- 
cured  with  pitch.  Two  perpendicular  a.'ies  KL,  made 
of  afti  or  beech  wood  pals  through  the  tubes  HH, 
and  reft  in  the  fockets  FF.  A  piece  of  ftrong  canvas 
M  is  fewed  very  tight  round  the  axis  K,  one  end  of 
it  projetling  from  the  axis.  The  other  axis  is  provided 
with  a  fimilar  piece  of  canvas.  N  are  pieces  of  cloth 
rolled  upon  the  axis  L.  Two  plain  pulleys  OO  are 
fixed  to  the  axis,  in  order  to  prevent  the  cloth  from 
flipping  down.  The  (hafts  are  turned  by  a  moveable 
handle  P.  Qjs  a  moveable  pulley,  round  which  palfes 
the  cord  R.  'I'his  cord,  which  is  faftened  on  the  oppo- 
fite  of  the  lid  (fee  fig.  2.),  and  pafles  over  the  fmall 
pulley  S,  produces  fridlion  by  means  of  the  weight  T. 
By  the  fpigot  and  fauffet  V,  the  liquor  islet  off  when 
exhaufted. 

The  dimenfions  of  this  apparatus  are  calculated  for 
the  purpofe  of  bleaching  twelve  or  fifteen  pieces  of  y 
calicoes,  or  any  other  Huffs  of  equal  breadth  and  fr.b- 
llance.  When  the  goods  are  ready  for  bleaching,  the  axis 
L  is  placed  on  a  trame  in  an  horizontal  poillion,  and 
one  of  the  pieces  N  being  faftened  to  the  canvas  M  by 
means  of  wooden  fiiewers,  in  the  manner  rtprclented  in 
fig.  I.  it  is  rolled  upon  the  axis  by  turning  it  with  the 
handle  P.  This  operation  muft  be  performed  by  two 
perfons  ;  the  one  turning  the  axis  and  the  other  »i- 
rcdling  the  piece,  which  muft  be  rolled  on  very  tight 
and  very  even.  When  the  firlt  piece  is  on  the  axis,  the 
next  piece  is  faftened  to  the  end  of  it  by  llcewers,  and 
wound  on  in  the  fame  manner  as  the  firil.  The  lame 
method  is  purlucd  till  all  the  pieces  are  wound  upon 
the  axis.  The  end  of  the  laft  piece  is  then  faftened 
to  the  canvas  of  the  axis  K.  Both  axes  are  afterwards 
placed  into  the  ciftern,  with  their  ends  in  the  fockets 
FF,  and  the  lid  is  put  on  the  ciftern  by  palfing  the 
axis  through  the  tubes  HH.  The  handle  P  is  put 
upon  the  empty  axis,  and  the  pulley  Q^upon  the  axis 
on  which  the  cloth  is  rolled,  and  the  cord  R,  with 
the  weight  T,  is  put  round  it  and  over  the  pulley  S. 
The  ufe  of  the  friclion,  produced  by  this  weight,  is 
to  make  the  cloth  wind  tight  upon  the  other  axis. 
But  as  the  effeft  of  the  weight  will  increafe  as  one  cy- 
linder increafes  and  the  other  leffcns,  Mr  Rupp  recom- 
mends that  three  or  four  weights  be  fufpended  on  the 
cord,  which  may  be  taken  off  gradually  as  the  perfon 
who  works  the  machine  may  find  it  convenient.  As 
the  weights  hang  in  open  hooks,  which  are  faftened  to 
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0»y-Miiri-the  cord,  It  will  be  little  or  no  trouble  to  put  them  on 

atic  Acid,  g^j  f,-,  remove  tliem. 

'  Things  being  thus  difpofcd,  the  bleachinij  liquor  is 

to  be  transferred  from  the  veffels  in  which  it  has  been 
prepared  into  the  apparatus,  by  a  moveable  tube  paf- 
iing  through  the  tube  I,  and  dei'cending  to  the  bottom 
of  the  ciitern.  This  tube  being  conuetled  with  the 
vefTels,  by  means  of  leaden  or  wooden  pipes  provided 
with  cocks,  hardly  any  vapours  will  efcape  in  the  trans- 
fer. When  the  apparatus  is  filled  up  to  the  line  a,  the 
moveable  tube  is  to  be  withdrawn,  and  the  tube  I  clofed. 
As  the  liquor  rifes  above  the  edge  of  the  rim  G,  and 
above  the  tubes  HH,  it  is  evident  that  no  evaporation 
can  take  place,  except  where  the  rim  does  not  apply 
clolely  to  the  fides  of  the  box  ;  which  will,  however, 
form  a  very  trilling  furface  if  the  carpenter's  work  be 
decently  done.  The  cloth  is  now  to  be  wound  from  the 
axis  L  upon  the  axis  K,  by  turning  this;  and  when 
this  is  accompliihed,  the  handle  P  and  pulley  Qare  to 
be  changed,  and  the  cloth  is  to  be  wound  back  upon  the 
axis  L.  This  operation  is,  of  courfe,  to  be  repeated  as 
often  as  neceffary.  It  is  plain,  that  by  this  procefs  of 
winding  the  cloth  from  one  axis  upon  the  other,  every 
part  of  it  is  expofed,  in  the  mod  complete  manner,  to 
the  aftion  of  the  liquor  in  which  it  is  imnierfed.  It 
will  be  neceffary  to  turn,  at  firft,  very  briflily,  not  only 
becaufe  the  liquor  is  then  the  ftrongell,  but  alfo  becaufe 
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it  requires  a  number  of  revolutions,  when  the  axis  is  O'y-^f"^'- 
bare,  to  move  a  certain  length  of  cloth  in  a  given  time,  ""•  ^^'-'''•^ 
though  this   may  be  performed    by  a  fiiigle    revolution  ' 

when  the  axis  is  filled.  Experience  mult  teach  how 
long  the  goods  are  to  be  worked  ;  nor  can  any  rule  lie 
given  refpefting  the  quantity  and  ftrengtii  of  the  liquor, 
in  order  to  bleach  a  certain  number  of  pieces.  An  intel- 
ligent workman  will  foon  attain  a  fulBcicnt  knowledge 
ofthefe  points.  It  is  hardly  ncceflary  to  obferve,  that, 
if  the  liquor  Ihould  retain  any  llrength  after  a  fet  of 
pieces  are  bleached  with  it,  it  may  again  be  employed- 
for  another  fet. 

With  afew^alterations,  this  apparatus  might  be  made 
applicable  to  the  bleaching  of  yarn.  If,  for  inllance,  the 
pulley  O  were  removed  from  the  end  of  the  axis  K,  and 
fixed  immediately  under  the  tube  H; — if  It  were  perfo- 
rated in  all  diredtions,  and  tapes  or  llrings  paiTcd  thro' 
the  holes,  ikains  of  yarn  might  be  tied  to  tliefe  tapes  un- 
derneath the  pulley,  fo  as  to  hang  duwn  towards  the 
bottom  of  the  box.  The  apparatus  being  afterwards  fill- 
ed with  bleaching  liquor,  and  the  axis  turned,  the  motion 
would  caufe  every  thread  to  be  afted  upon  by  the  liquor. 
Several  axes  might  thus  be  turned  in  the  fame  box,  and 
being  connefted  with  each  other  by  pulleys,  they  might 
all  be  worked  by  one  perlon  at  the  lame  time  ;  and  as 
all  would  turn  the  f'-nie  way  and  with  the  fame  fpced, 
the  (liains  could  not  podibly  entangle  each  other. 
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tin_  ■n'NCAUSTic  PAINTING  is  an  art  of  very  high  an- 
I  ,'  •*— '  tiquity,  which,  after  being  loll  for  many  ages,  was 
rellored,  as  is  commonly  believed,  by  the  celebrated 
Count  Caylus,  whofe  method  was  greatly  improved,  firft 
by  Mr  Jofiah  Colebrooke,  and  afterwards  by  Mils 
Greenland,  who  brought  the  rudiments  of  her  know- 
ledge from  Italy  (fee  Encaustic,  Encycl.)  In  that 
country  encauftic  painting  had  employed  the  attention 
of  various  artills  and  men  of  learning,  fuch  as  Requeno, 
Lorgna,  and  Aftori,  &c.  ;  but  the  beft  account  of  it 
that  has  fallen  under  our  notice,  is  in  that  valuable  mif- 
cellany  called  the  Pbilofophical  Magazine,  taken  from  a 
work  of  Giov.  Fabbroni,  published  at  Rome  in  the  year 

i797- 

According  to  this  author,  "  the  knowledge  and  ufe 
of  encauftic  painting  is  certainly  older  than  the  time  of 
the  Greeks  and  the  Romans,  to  whom  the  learned  Re- 
queno feems  to  aftign  the  exclufive  poffeflion  of  this  art; 
becaufe  the  Egyptians,  who,  with  the  Etrufcans,  were 
the  parents  of  the  greater  part  of  the  inventions  known 
among  mankind,  and  from  whom  the  Greeks  learned  fo 
much,  were  acquainted  with  and  employed  encauftic 
pamting  in  the  ancient  ages  of  their  greatnefs  and  fplen- 
tlour,  as  is  proved  by  the  valuable  fragments  of  the  ban- 
dages and  coverings  of  fome  mummies  which  he  had  ex- 
amined. No  oil-painting  (he  fays),  of  only  tvvw  or  three 
hundred  years  old,  exhibits  a  white  paint  which  has 
kept  fo  well  as  that  feen  on  thefe  fragments  ;  and.  this 
circumftance   fufficiently  proves  the  fuperiority  of  the 
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encauftic  method  over  the  common  oil  painting,  which,  Painting, 
notwithftanding  the  general  opinion,  cannot,  he  thinks, '  »  ^ 
have  been  unknown  to  the  ancients. 

"  It  is  Impoluble  (fays  he)  that  in  Egypt  and  Phoe- 
nicia, where  fo  much  ufe  was  made  of  ftax,  the  oil  pro- 
cured in  abundance  from  that  plant  fhould  have  been 
unknown.  Thofe  who  have  kept  oil,  or  who  have  fpilt 
any  of  it,  whether  nut  or  lintfeed  oil,  nmft  have  re- 
marked that  it  poffelTes  the  property  of  foon  drying  by 
the  eflefts  of  the  atmofphcrc  ;  and  therefore  it  may  be 
eafily  believed  that  mankind  muit  foon  have  conceived 
the  idea  of  employing  it,  particularly  for  fliips,  which, 
as  Herodotus  fays,  were  painted  with  red  ochre  In  the 
earlieft  periods,  and  adorned  with  figures  and  ornaments. 
The  ufe  of  oil  afforded  painting  a  mucl\  fimpler  and  ea- 
fier  method  than  that  of  wax  ;  It  mull  therefore  liave 
been  firft  adopted,  and  tiic  tranfition  from  oil  to  wax 
muft  be  confidered  as  .n  ftep  towards  bringing  the  art  to 
perfection  ;  becaufe  encauftic  painting  is  not  expofed 
to  the  irremediable  inconveniences  that  arife  in  oil  paint- 
ing, the  value  of  which  we  extolled  through  ignorance, 
and  praifed  as  a  new  invention. 

"  Oil  in  general,  and  in  particular  drying  oil  which 
the  painters  ufe,  has  naturally  a  llroiig  inclination  to 
combine  itlelf  with  tlie  vital  air  or  oxygen  of  the  atmo- 
fphcrc, and  by  Imbibing  oxygen  it  becomes  dry,  and 
all'umes  the  charatler  of  refin  ;  but  the  colour  then  be- 
comes darker,  as  is  the  cafe  with  tranfparcnt  turpentine, 
which  gradually  becomes  a  black  pitch. 

S  s  «'  Accord- 
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Paiating.  "  According  to  the  new  and  more  accurate  method 
' "  «  "  '  of  decompofing  bodies,  oil  confifts  principally  of  hy- 
drogen and  carbon.  By  coming  into  contad  with  the 
atmofphcre,  and  abforbing  Its  oxygen  and  light,  it  un- 
dergoes a  (low  and  imperceptible  combuftion,  which  is 
not  clTentially  different  from  the  fpeedy  and  violent  one 
which  it  would  undergo  in  tlie  common  mode  of  burn- 
ing. It  iirft  pafles,  by  imbibing  oxygen,  into  the  ftate 
of  a  more  or  lefs  dark  relin  ;  lofes  gradually  its  effential 
hydrogen,  which  makes  a  new  combinatiun,  and  after- 
wards the  oxygen  itfelf  which  has  attratted  the  carbon  ; 
and  at  le'ngtli  leaves  behind  a  thin  layer  of  aftual  car- 
bon, which  in  the  end  becomes  black  in  the  courfe  of 
time,  and  confiderably  obfcures  the  oil  painting  By 
a  continuance  of  the  before-mentioned  (low  combuftion, 
the  carbon  itfelf,  as  it  were,  burns  alfo  :  if  it  be  ftrong- 
]y  afted  upon  by  the  light,  it  attrafts  the  oxygen  of 
the  atmofphere,  and  again  brings  forward  the  carbonic 
acid  or  fixed  air,  which  gradually  flies  off.  By  this, 
which  I  may  call  the  fecond  degree  of  combuftion,  the 
painting  muft  become  dully  and  friable,  like  crayon 
painting. 

"  Hence  it  appears  (fays  our  author)  that  one  can 
hope  only  for  a  traniient  or  deceitful  cfFeft  from  the 
refreihingof  oil  paintings  with  oil  ;  becaufe  the  harmony 
of  the  tones,  which  the  painter  ellabliihes  as  fuited  for 
the  moment,  does  not  proceed  with  equal  fteps,  and 
cannot  preferve  itfelf  in  the  like  meafure  fur  the  courfe 
of  a  few  years,  as  each  tint,  as  they  fay,  ought  to  in- 
creafe,  or,  to  fpeak  more  properly,  to  burn  m  propor- 
tion to  its  antiquity.  It  thence  follows,  that  mere 
wa(hing  may  be  prejudicial  to  an  old  painting  ;  and  that 
the  method  of  refrefliing  paintings,  as  it  is  called,  by 
daubing  over  the  furfacc,  from  time  to  time,  with  new 
drying  oil,  is  highly  prejudicial  and  ill  calculated  for 
the  intended  purpofe,  fince  the  oil  when  it  becomes  dry 
contrafts  in  its  whole  furface,  carries  with  it  the  paint 
under  it,  and  occafions  cracks  in  the  painting.  New 
oil  of  this  kind  gives  occafion  to  mineral  paints  to  be 
reftored  ;  but  covers  the  pifture  with  a  new  coat  of  re- 
lin, and  then  of  carbon,  which  arifes  from  the  gradual 
combuftion,  and  always  caufes  more  blacknefs,  and  the 
decay  of  the  painting  which  one  wifhes  to  preferve. 

"  Wax,  on  the  other  hand,  undergoes  a  change  which 
is  very  different  from  that  of  drying  oil.  The  wax, 
inftead  of  becoming  black  by  the  contaft  of  the  atmo- 
fphcre, inereafes  in  whitenefs,  and,  according  to  its  na- 
tural quality,  is  not  decompofed  in  the  air,  and  it  does 
not  ftrongly  attra£l  the  oxygen  of  the  calces  or  metallic 
afhes  which  are  commonly  ufed  in  painting.  Moreover, 
the  fo-called  earths,  which  are  in  themfelves  white,  and 
are  never  variable  either  by  the  prefence  or  abfence  of 
oxygen,  cannot  be  employed  in  oil-painting,  becaufe 
that  fluid  makes  them  almoft  tranfparent,  and  caufes 
them  to  remain  as  it  were  without  body,  and  not  to 
produce  the  wilhed  for  effeft.  That  beautiful  white, 
which  may  be  obferved  op  the  before-mentioned  Egj'p- 
tian  encaultic,  is  nothing  elfe  than  a  Ample  earth,  and, 
according  to  our  author's  chemical  experiments,  a  chalk 
which  is  alio  unalterable." 

That  the  ancients  were  once  acquainted  with  the  ufe 
of  oil-painting,  and  neglefted  it  on  account  of  the  great 
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fuperiority  of  the  encauftic  method,  our  author  thinks  Pai 
farther  evident  from  the  different  accounts  which  we  ^■~' 
have  of  the  ancient  paintings.  "  Thus  Petronius  praifea 
the  frelh  appearance  which  the  valuable  works  of  Zeuxis 
and  Apelles  had,  even  in  his  time  ;  but  Cicero,  on  the 
other  hand,  fpeaks  of  the  paintings  of  the  ancients  ha- 
ving fuffered  from  blacknefs.  The  former  fpeaks  of 
wax-painting,  and  the  latter  certainly  alludes  to  paint- 
ings in  oil.  It  is  well  known  that  paintings  with  wet 
chalks  or  water  colours  do  not  become  black  by  age, 
and  that  this  is  the  cafe  alfo  with  encauftic.  Of  this 
any  one  may  be  convinced,  not  only  by  the  expreflions 
of  tlje  above  quoted  authors,  but  by  one's  own  eyes  on 
furveying  the  Egyptian  fragment  alluded  to.  Galland 
proves,  on  various  grounds,that  a  painting  was  made  with 
oil  fo  early  as  the  reign  of  Marcus  Aurelius  ;  and  if  no 
fpecimens  of  that  period  have  reached  us,  this  is  perhaps 
to  be  aicribed  to  the  frail  and  perilhable  nature  of  this 
fpecies  of  painting." 

Sign.  Fabbroni,  after  fome  farther  obfervations,  cal- 
culated  to  prove  that  metallic  oxides  or  calces  could  not 
have  been  employed  as  pigments  on  fuch  mummies  as 
ftill  retain  their  colours  frcfh,  proceeds  thus:  "  Thofe 
who  are  acquainted  with  the  accuracy  and  certainty  of 
the  method  not  long  lince  introduced  into  chemical 
operations,  will  be  convinced,  that  in  24  grains  of  the 
encauftic  painting,  which  I  ventured  to  detach  from 
the  above-mentioned  Egyptian  fragment,  in  order  to 
fubjedl  it  to  examination,  the  mixture  of  an  hundredth 
part  of  a  foreign  fubftance  would  have  been  difcovered 
with  the  greateft  certainty  ;  that  the  refin  of  Requeno 
muft  undoubtedly  have  been  perceptible  to  me,  and 
that  the  alkali  of  Bachelier  and  Lorgna  could  Hot  have 
efcaped  the  counterailing  medium.  But  in  this  Egyp- 
tian encauftic  I  found  nothing  except  very  pure  wax, 
though  I  varied  my  analyfis  in  every  known  method. 
I  muft  therefore  conclude,  that  modern  learned  writers, 
at  leaft  in  refpeft  to  this  Egyptian  mode  of  painting, 
were  as  far  from  the  truth  as  the  accounts  of  ancient 
authors  appear  to  me  precife  and  fatisfaftory ;  and  that 
the  encauftum  with  which  formerly  the  fore  part  of 
(hips  and  the  walls  of  houfes  and  temples  were  painted, 
was  fomething  different  from  loap  or  refinous  crayons. 

"  I  am  well  aware  that  it  will  be  aflied,  In  what 
manner  can  wax  at  prefent  be  rendered  fufficiently  li- 
quid for  the  ftrokes  of  the  pencil,  if  it  be  not  convert- 
ed into  powder  or  foap  ?  This  qneftion,  in  my  opinion, 
can  be  fully  anfwered  from  the  words  of  an  ancient  au- 
thor, and,  in  the  next  place,  by  experience. 

"  Vitruvius  in  particular,  book  vii.  chap.  ix.  exprefles 
himfelf  in  the  following  clear  manner  : 

'  Thofe  (fays  he)  who  wifh  to  retain  cinnabar  on 
walls,  cover  it,  when  it  has  been  vi'ell  laid  on  and  dried, 
with  punic  wax  diluted  in  a  little  oil  (let  this  be  well 
remarked  ;  and  after  they  have  fpread  o\it  the  wax 
with  a  hair  brufh,  they  heat  the  wall  by  means  of  a 
brazier  filled  with  burning  coals  (hence  it  is  called  en- 
cauftic painting),  and  then  make  it  fmooth  and  level 
by  rubbing  it  with  wax  tapers  and  clean  cloths,  as  is 
done  when  marble  ftatues  are  covered  with  wax.  The 
effeft  of  this  wax  cruft  is,  that  the  colour  is  not  de- 
ftroyed  by  the  light  of  the  fun  or  the  moon  (a).' 

«  It 


nting. 


(a)  The  reader  will  find  the  original  of  this  paffage,  with  a  tranflation  fomewhat  different,  in  the  article  En-. 
CAUSTIC,  Encyd. 


Paint  I  tiff, 
Painting!. 
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"  Tt  liere  appears,  tliat  the  Romsns,  wlio  copied  the 
Grecian  procefs,  which  the  latter  borrowed  from  the 
Egyptians,  mixed  the  wax  with  an  oil  to  make  it  pli- 
able under  the  brudi ;  but  no  maftic,  alkali,  or  honey, 
as  has  been  ingenioully  imagined,  and  which  fome  have 
thought  might  be  employed  with  fuccefs.  The  diffi- 
culty now  will  be  confined  to  point  out  in  what  manner 
this  oil  was  employed.  It  does  not  appear  that  they 
ufed  thofe  fat  oils  which  are  commonly  called  drying 
oils;  becaufe  they  could  have  employed  thcle  as  we  do, 
without  the  addition  of  wax,  which,  in  fuch  a  cafe, 
would  have  been  entirely  fuperfluous.  Fat  oils  which 
do  not  dry  would  not  have  been  proper  for  that  pur- 
pofe,  as  they  would  have  kept  the  wax  continually  in 
the  ilate  ot  a  fuft  pomade  or  falve.  Beiidts,  my  expe- 
riments (continues  the  author)  would  without  doubt 
have  (liewn  me  the  cxillenceof  any  oily  matter. 

"  With  regard  to  efTential  or  volatile  oils, a  knowledge 
of  them  is  not  allowed  to  the  ancients,  as  the  invention 
of  dillilling  is  not  o'.dcr  than  the  eighth  or  ninth  cen- 
tury, and  therefore  falls  in  with  the  period  of  Geber 
or  Avicenna."  Yet  it  is  certain,  that,  in  order  to  ufe 
wax  in  their  encaullic  painting,  they  mull  have  com- 
bined it  with  an  ethereal  volatile  oil,  of  which  no  traces 
lliould  afterwards  remain ;  becaufe  this  was  neceffary 
for  the  folidity  of  the  work,  and  becaufe  no  oil  was 
found  in  the  fragnient  that  was  examined.  But  naphtha 
is  fuch  an  oil,  much  lighter  (fays  our  author)  than 
ether  of  vitriol  itfelf.  It  is  exceedingly  volatile,  and 
evaporates  without  leaving  a  trace  of  it  behind.  On 
this  account  it  is  ufed  when  llgnatures  and  manufcripts 
are  to  he  copied;  becaufe  the  paper,  which  is  moiftened 
by  it,  and  fo  rendered  tranfparent,  quickly  becomes 
white  and  opaque  as  before  by  the  complete  evapora- 
tion of  the  naphtha.  That  the  AlTyrians,  Chaldeans, 
and  Perfians,  were  well  acquainted  with  the  properties 
of  naphtha  is  known  to  every  Icholar  ;  and  hence  our 
author  thinks  it  highly  probable  that  it  was  ufed  by 
thofe  nations  to  render  wax  fit  for  painting.  "  It  ap- 
pears to  me  (fays  he)  that  the  Greeks,  as  was  the  cafe 
with  many  other  things,  learned  encauftic  from  the 
Egyptians,  who  probably  derived  it  from  the  AfTyrians 
or  Chaldeans  ;  and  if  fo,  we  have  dllcovered  the  real 
mixture  ufed  for  ancient  encauftic  painting." 

To  put  the  matter,  however,  beyond  a  doubt.  Sign, 
Fabbroni  prepared,  for  an  eminent  Saxon  painter,  a  fo- 
lution  of  Venetian  wax.in  highly  purified  naphtha,  de- 
filing him  to  mix  up  with  it  the  colours  neceffary  for 
a  painting.  The  artift  complied  ;  and  both  he  and  our 
author  were  aftonifhed,  as  well  as  all  their  friends,  at 
the  high  tone  which  the  colours  afTumed,  and  the  agree- 
able luftre  which  the  painting  afterwards  acquired  when 
it  had  been  rubbed  over  with  a  foft  cloth.  A  fimilar 
folution  of  wax  was  made  for  another  artift,  in  which 
the  fpirit  of  turpentine  was  ufed  inttead  of  naphtha  with 
equal  fuccefs.  Our  author  therefore  concludes,  we 
think  with  reafon,  that  if  he  has  not  difcovered  the 
real  compofition  employed  by  the  ancients  in  their  en- 
cauftic paintings,  he  has  at  leaft  approached  much  nearer 
to  that  difcovery  than  any  of  his  predeceffors  who  have 
employed  their  learned  labours  in  the  fame  field  of  in- 
veftigation. 

PAINTINGS,  or  Pictures,  are  often  done  upon 
objefts  from  which,  when  they  are  valuable,  it  would 
be  defirable  to  traaifer  them.     Thus,  a  connoifleur  in 
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painting  might  naturally  wifh  to  transfer  an  old  and  v».  Painrlmfie, 
luable  pifture  from  the  ceiling  or  walls  of  his  room  to  '— v— ' 
ftretehcd  canvas  :  and  fuch  a  man  wovdd  eonfider  him- 
felf  as  deeply  indebted  to  the  artift  who  fhould  perform 
fo  arduous  a  talk.  This  tafl<  has  acfually  been  perform- 
ed by  Mr  Rolcrt  Salmon  of  Woburn,  Bcdfordfllire,  who 
was  honoured  by  the  Socicly  for  the  Encouragenunt  of 
.'iris,  tjc.  with  the  greater  filver  pallet,  for  eomnuini- 
cating  the  method  by  which  he  accompliflied  it. 

"  Tlie  firft  thing  (fays  Mr  Salmon)  to  be  attended 
to  with  refped  to  jjaintings,  either  on  plaltered  walls 
or  ceili[igs,  or  on  boards,  is,  that  the  place  in  which 
they  are  be  fecure  from  wet  or  damp.  If  the  paintings 
are  on  old  walls  in  large  buildings,  or  other  places 
where  this  cannot  be  attained  by  art,  then  the  fumnicr 
feafon  lliould  be  taken  for  the  puipofe,  as  the  picture 
will  rarely  elcdpe  damage,  if  wet  or  damp  gets  at  it 
while  under  the  procefs.  At  the  fame  time,  care  fhould 
be  taken  that  the  room,  or  other  place,  be  not  over- 
heated ;  as  that  would  produce  equally  bad  eftcds. 

"  Thefe  precautions  being  taken,  the  next  thing  is 
to  examine  the  furface  of  the  painting.  If  there  are 
any  holes  in  the  fame,  they  mufl  be  carefully  filled  up 
with  a  pafte  or  putty,  made  of  glue  and  w^hiting  :  this, 
if  the  holes  are  large,  fliould  be  twice  or  thrice  done, 
fo  as  entirely  to  fill  them  up,  and  leave  the  furface  even 
and  fmooth  ;  but  if  there  are  any  bruifed  places,  with 
paint  ftiU  remaining  on  the  furface  of  the  bruifed  parts, 
then  this  ftopping  muft  not  be  applied,  but  the  fecu- 
ringcanvas,  hereafter  defcribed,  muft  be  prefTed  down 
into  thefe  places.  In  the  places  that  are  flopped,  there 
will  of  courfe  appear  blemiflies  when  the  pidure  is  trans- 
ferred; but  the  procefs  is  rendered  much  more  certain 
and  fure  by  being  fo  done.  Attention  muft  next  be 
paid  to  lay  down  any  blifters,  or  places  where  the  paint 
16  leaving  the  ground  :  this  is  done  by  introducing,  be- 
tween the  paint  and  the  ground,  fome  very  flrong  pafte 
of  flour  and  water  ;  and  the  furface  of  the  bliflered 
paint  being  damped  with  a  wet  fponge  or  brufti,  it  mav 
be  prefTed  with  the  hand  home  to  the  ground,  to  which 
it  will  then  adhere. 

"  All  the  unfound  places  being  thus  fecured,  care 
muft  be  taken  to  clear  the  furface  of  any  greafe  or  dirt, 
as  alfo  of  any  particles  of  the  pafte  that  may  happen 
to  be  left  on  it.  The  next  thing  is,  to  determine  the 
fize  of  the  painting  meant  to  be  taken  oft":  If  it  is  on 
a  plain  furtace,  a  board  of  the  fize  of  the  pifture  muft 
be  procured,  not  lefs  than  an  inch  in  thicknefs,  and 
framed  together  with  well  feafoned  wood,  in  fmall  pan- 
nels,  fmooth  and  flufh  on  one  fide.  This  done,  a  piece 
of  fine  open  canvas  muft  be  provided,  fuch  as  the  finell 
fort  ufed  for  hanging  paper  on  ;  which  canvas  is  to 
be  fomewhat  larger  than  the  pidure,  and  fo  fewed  to- 
gether, and  the  feam  fo  prefFed,  that  it  be  perfedly 
fmooth  and  even.  This  is  what  Mr  Salmon  calls  the 
fecuring  canvas  ;  which,  being  fo  prepared,  is  to  be 
ftuck  on  the  furface  of  the  pidure  with  a  pafte  made 
of  ftrong  beer,  boiled  till  it  is  half  reduced,  and  then 
mixed  with  a  fufficient  quantity  of  flour  to  give  it  a 
very  ftrong  confillence.  To  large  pidures  on  walls  or 
ceilings,  the  canvas  muft  for  fome  time  be  prefl'ed,  and 
rubbed  with  the  hand  as  fmooth  as  poffible,  wc^king  it 
from  the  middle  to  the  outfide,  10  as  to  make  <t  toler- 
ably tight;  obferving,  as  it  dries,  to  prefs  it,  with  the 
hand  or  cloth,  into  any  hollow  or  bruifed  places,  fo 
S  s  3  that 
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raintiop?.   that  it  may  adhere  to  every  part  of  the  painting  :   this  be  tnrned  up,  and  nailid  to  the  board,  in  tlie  fame  man-  raln!;i 

'       V  Oi-nc    it   is  left  to  dry  ;   which   it  will  generally  do  in  a  ner  as  with  refpeft  to  paintings  from  walls.  ^— — v 

day  or  two      When  dry,  a  fecond  canvas,  of  a  ftronger  "  Having,   as  before  dcfcribed,  in   any  of  the  afore- 

and   clofer   fort,   and  of  the  fame   fize  as   the  other,  is  mentioned  cafes,  freed  the  paintings  from  their  original 

in  like   manner  to   be  attached  on  the   top  of  the  firft.  places,  you  have  got  them  fecured  to  two  thickneffes  of 

This  lad  will  want   very  little  attention,  as  it  will  rea-  canvas,   willi   their   furfaces  on  the  board  prepared  for 

dily  adhere  to  the  hrd  ;  and,  being  dry,  attention  mull  that  purpofe  ;   this  being  the  cafe,  they  can  readily  be 

be  paid  to  take  off  any  fmall   knots  or  unevennefs  that  removed  to  any  room  or  (hop,  to  be  finifhed  as  follows  : 

may  be  npon  the  furface  of  it  ;   which  done,  the  whole  Having  carried  the  painting   into   the  fliop   or   room, 

ftiould   be  again   covered  with  a  thin  parte  of  fize  and  which  Ihoiild  be  moderately  warm  and  dry,   but   by  no 

Avhitiiio-  •   which  is   to  be  pumiced  over  when   dry,   fo  means  overheated,   lay  the  board  on  a  bench  or  trelTcls, 

SIS  to  make  the  whole  perfectly  fm.ooth  and  even.  fo  that  the  back  of  the  pifture  be  uppermoft  :  the  plaf- 

«<  The  painting  being  thus  fecured,   the  board,   al-  tering  or  wood,  as   may  luippen,   is  then   to  be  cleared 

ready  prepared   to  the  fize  of  the  pi6\urc,  is  to  be  put  away,  leaving  nothing  but  the  body  of  paint,  which  will 

with  the  fmooth  fide  againll  the  furface  thereof,  fo  as  be    firmly    attached  to  the   fecuring-canvas.      To   per- 

exaftly  to  cover  as  much  as  is  intended   to  be  transfer-  form  this,  a  large  rafp,  a  narrow  plane,  and  chifels,  will 

led.      The  edges  of  the  canvas,   which,  as  is  before  di-  be  requifite.    This  operation,  though  difficult  to  be  de- 

refted,  is  to  be  larger  than  the  painting,  are  then  to  be  fcribed,  would  foon  be  learned  by  any  one  who  fliould 

pulled  tight  over,  and  clolely  nailed  to  the  edge  of  the  make  the  attempt  ;   nor  is   it   very  tedious  ;  and  being 

board.      If  the    painting  is  large,  and  either  on  a  cell-  performed,  the   pifture   is  ready  to  be  attached  to  its 


painting 
ing   or  wall,  the    board   muft,  by  proper   fupports,   be 
lirmly  fixed  againft  it,  fo  that  it  can  readily  be  lowered 
down  when  the  plafler  and  painting  are  detached. 

"  The  canvas  and  board  being  fixed,  the  painting  is 
to  be    freed  from   the  wall   or  ceih'ng,   together  with  a 


new  canvas,  as  follows. 

"  The  painting  being  cleared,  and  lying  on  the  board, 
the  back  thereof  is  to  be  painted  three  or  four  times 
over  fucceffively,  with  any  good  ftrong-bodied  paint  ; 
leaving  one  coat  to  dry  before  another  comes  on:  a  day 


certain  portion  of  the  plallering  :   this,  with  proper  care  or  two  between  each  will  generally  be  found  fufiicient. 

and  attention,  may  be    readily  done.      If  on  a  ceiling.  Each  of  thefe  coats,  and  particularly  the  lirft,  fhould 

the  firft  thing  is   to  make  fome  holes  through  the  phf-  be  laid  on  with  great  care,  taking  but  a  fmall  quantity 

tering,  round   the  outfide  of  the  board  and  painting  ;  in  the  brufli  at  a  time,   and  laying   it  very  thin.      This 

and,  with  a  fmall  faw,   to  faw  the  plallering  from  one  precaution  is  neceffary,  to  prevent  any  of  the  oil  or  paint 

hole  to  another,   till  the  whole  is  difunited  from  the  from  pafiing  through  any  fmall  cracks  or  holes  in  the 

other  paits  of  the  ceiling  :  this  done,  the  workman  mull  furface  of  the  pifture  ;  as  fuch  oil  or  paint  would  run 

get  at  the  upper  fide  of  the  ceiling,  where  he  muft  free  into  the  pafte,  and  fo  attach  the  fecuring-canvas  to  the 

the  plaflering  from  the  laths,  by  breaking  off  the  keys  pifture,  as  to  prevent  its  being  afterwards  got  off.      If 

thereof    and  with  a   chliel  cut  out  the  laths  ;   whereby  any  fuch    holes  or  cracks  are  obferved,  they  (hould  be 

the   plaflering,   together  with  the  pifture,  will  be  left  Hopped  up  with  the   glue  and   whiting  pafte,  and  the 

reflin')-  on  the  board  and  fupports.  painting  then  repeated,   till  a  complete  coat   is  form.ed 

"  If  the  painting  Is  on  a  brick  or  flone  wall,  the  wall  on  the   back"  of  the  pifture.      It  is  then  ready  for  at- 

mull  be  cut  away  at  top,  and  down   the  fides  of  the  taching  to  its  canvas,  which  is  done  by  fpreading  all  over 

painting  ;  and  then,  by  means  of  chifels  or  faws  in  wood-  the  pifture  a   pafte   made  of  copal  varnifh,  mixed  with 

tn  handle's,  of  dlfl'ere'nt  lengths,  the   wall   muft  be  cut  ftiff  white  lead,  and  a  fmall  quantity  of  any  other  old 

away  quite  behind  the  painting  ;  leaving  the  fame,   to-  fat  paint  ;  all  which  being  fpread  equally  over  with  a 

aether  with  the  plaftering,  refting  on  the  board.      This  pallet-knife,   fuch  a  canvas  as  the  firft   fecuring-canvas 

operation    may  fometimes  be    done  with   a  faw  :  or,  if  is  laid  thereon,  and  ftrained  and  nailed  round  the  edges 

the  wall  be  not  thick,   nor  the  other  fide  of  much  con-  of  the  board  ;   in   which   ftate  it  is  left   till  it  becomes 

fcquencc,  the  bricks   or  ftones  may  be  taken   out  from  tolciably  dry  :   then  a  fecond  canvas,  of  a  ftronger  fort, 

that  fide,  leaving  the  plaftering  and  painting  as  before,  muft  be  in  like    manner  attached  on   the  firft,   and  left 

Thislaft  method  (fays  the  author)  1  have  not  pra6lifed :  till  it  is   perfeftly  dry  and  hard.      This  generally^  takes 

the   other,   of  cutting  away  fome  part  of  the  wall,   I  about  two  months  ;   and  the  longer  the  painting  is  left, 

liave    and  fee  no  difficulty,  or  vei^  great  labour,  in  the  the  more  fecurcly  it  will  be  attached  to  its  canvas,  and 

operation  ;  but  that,  of  courfe,  muft  be  various,  accord-  Itfs  liable  to  crack  or   fly  therefrom.      When  fufficient- 

ijig  to  the  texture  of  the  wall  and  mortar.  ly  dry,  all  the  four  canvaffes   are  to  be   unnailed  from 

"  If  the  paintings  are  on  curved  furfaces,  fuch  as  the  the  board,  and  the  edges  turned   up  the  revnTe  way, 

coves  of  ceilin'i-s,   then  the  only  difference  of  operation  and  nailed  to  a  proper  llretching-frame.     This  is  done 

is   that  fome  ribs  of  wood  muft  be  cut  out,  and  board-  by  unnalling  from  the  board  a  part  on   each   fide  at  a 

cd  fmootli  to  the  curve  of  the  furface  of  the  painting,  time,  and  immediately  nailing  it  to  the  ftrctching-frame, 

and  then  fixed  up  thereto,  in  place  of  the  before  def^i-  fo  as   never   to  leave  the  canvas  to  crack  or  partially 

bed  bearing-board  ;   the  painting  is  then  to  be  freed,  ftretch,  which  would  damage  the  pifture      In  this  man- 

and  left  with  the  plaftering,  refting  on  the  bearers.  ner,  by  degrees,  the   cloths  are  entirely  detached  from 

"  For  paintings  on  waiiifcot  or  boards,  the  fame  fe-  the   board,  and  firmly   fixed   on   the    ftrctching-frame. 

curing  and  procefs  is  to  be  exaftly  followed ;  only  that,  The  fuperfluous  canvas,  left  larger  than  the  frame,  may 

as  the  wainfcot  or  board  can   always  be  cut  to  the  fize  then  be  cut  off,  and  the  wedges  put   in  the  frame,  and 

wanted,  and  laid   horizontal,   the  fecuring-canvas  is  to  moderately  tightened  up.      There  remains  then  only  to 

be  ftretched  theieon,  and  turned  over  the  edges  of  the  clear  the  furface  of  the  painting  from  the  fecuring-can- 

fame  till  it  is  dry  ;  after  which,  the  edges  are  again  to  vas  :   which  is  done  by  repeatedly  walhing   the  furface 

with 
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With  a  fponge  and  moderately  warm  water.  In  doing 
•  this,  no  violence  or  force  niiift  be  iifed;  and,  by  frequent 
and  gentle  wadiings,  the  palle  will  all  be  worked  out 
with  the  fponge.  The  edges  of  the  outer  canvas  are 
then  to  be  cut  round,  and  Itrippcd  off:  the  other,  next 
the  furface  of  the  pitture,  is  to  be  fervCd  in  like  man- 
ner;  which  done,  nothing  remains  but  to  take  the  parte 
clean  off,  and  repair  any  defects  :  the  picture  will  then 
be  as  ftrong  as  if  painted  on  the  canvas. 

"  For  taking  piftures  off  walls,  without  taking  the 
walls  down,  or  cutting  away  more  thereof  than  the  plaf- 
tering,  the  following  proceis  is  propofed  : 

"  The  furface  of  the  piflure  is  to  be  firft  fecured,  in 
the  manner  before  delcribed  ;  but  inllcad  of  the  plain 
board,  a  bearer  fiiould  be  prepared  with  a  convex  fur- 
face, compofed  of  ribs,  boarded  over,  fo  as  to  form  part 
of  a  cylinder,  of  not  lefs  than  five  feet  radius,  and  as 
long  as  the  height  of  the  piflure.  This  bearer  being 
prepared,  in  order  to  apply  it,  a  floor  or  platfora  (hould 
be  erefted,  and  placed  horizontally,  with  its  furface 
level,  and  its  edge  immediately  in  contaft  with  the  bot- 
torn  of  the  pifture  meant  to  be  transferred.  The  ufe 
of  this  platform  is  for  the  above-defcribed  bearer  to  rcfl 
and  move  upon  ;  which  bearer  fhould  be  ftt  on  its  end, 
with  one  edge  in  contadl  with  the  wall,  at  one  fide  of 
the  piftu're  ;  confequcntly  the  other  edge  will  be  at 
fome  diftance  from  the  wall,  according  to  the  fize  of 
the  pifture  and  convexity  of  the  bearer.  Being  thus 
placed,  the  fuperfluous  edge  of  the  fecaring-canvas 
Ihould  be  turned  over,  and  nailed  to  that  edge  of  the 
bearer  that  is  next  the  wall  :  This  done,  the  operation 
ot  cutting  away  the  plaftering  fiiould  be  begun  ;  which 
may  be  done  with  the  corner  and  end  of  a  fliort  favv  ; 
fawing  between  the  brick-work  and  plaft;ering,  and  lea- 
ving the  thicknefs,  or  part  of  the  thicknefs,  of  the  plaf- 
tering on  the  painting  fattened  to  the  bearer.  When 
this  edge  of  the  pifture  is  freed,  the  whole  height,  for 
nine  or  ten  inches  imder  the  edge  of  the  bearer  that  is 
fartheft  from  the  wall,  muft  then  be  gently  forced  near- 
er ;  conftquently  the  other  edge,  together  with  the 
painting  and  plafter  that  is  freed,  will  leave  the  wall, 
and  give  an  opportunity  of  introducing  the  faw  behind, 
and  cutting  away  the  fame  to  a  certain  dillance  farther 
under  ;  and,  by  repeating  this,  the  whole  of  the  pitlure 
win  at  length  be  freed,  and  kft  on  the  bearer.  Each 
time  the  bearer  is  removed,  and,  as  it  were,  rolled  on 
the  vertical  furface  of  the  wall,  care  niiiil  be  taken  to 
turn  and  nail  the  fccuring-canvas  on  the  top  and  bot- 
tom edges  of  the  bearer,  fo  as  to  fecure  the  freed  plaf- 
tering and  pifture  from  moving  about  ;  and,  Isitly,  be- 
fore the  bearer  and  plaftering  be  moved,  to  nail  the 
other  edge  of  the  piflure  in  the  fame  way,  which  will 
fecure  the  whole  to  the  bearer.  This  done,  the  pic- 
ture and  bearer  are  at  liberty  to  be  moved  to  a  proper 
place,  in  order  to  be  freed  from  the  remaining  plafter. 
The  edges  may  then  be  un nailed;  the  painting  and  can- 
vas flipped  from  this  hearer  on  to  a  plain  board  ;  and 
the  new  canvas  may  he  then  put  on  ;  which  is  to  re- 
main till  dry,  as  in  other  cafes. 

"  It  may  appear,  that  the  bending  of  the  ca:.vas 
and  plaftering  to  the  convex  bearer  will  crack  the  plaf- 
ter, and  damage  the  painting.;  but,  from  experience 
(lays  Mr  Salmon)  I  have  obferved,  that,  to  a  curve  of 
fuch  or  even  lefs  radius,  plaftering  will  bend,  without 
any  vjfible  crack,  tven  on  the  exterior  part  thereof;  and 
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that  part  next  the  bearer,  not  having  occafion,  in  bend-  Palilicum 
ing,  to  extend  its  parts,  will  confequcntly  be  much  Ufs  „      H 
liable  to  be  difturbed  by  fuch  bending."  ,  ' 

In  clearing  the  wood  from  the  paintings,  our  au- 
thor never  made  ufe  of  aquafortis,  or  any  other  liquid; 
the  ufe  of  which  he  conceives  would  be  very  tedious, 
and  attended  with  danger,  left  it  ftiould  get  through 
the  paint,  and  wet  or  damp  the  pafte  by  which  the  fe- 
curing  canvas  is  fixed.  In  working  off  the  wood,  he 
generally  made  ufe  of  fuch  planes  as  by  the  joiners  are 
called  the  levelled  rabbk-phmv,  and  fmiill  roiimls.  Bv  the 
corners  of  the  former,  and  proper  handling  of  the  lat- 
ter, the  wood  is  cleared  off  wiiliout  force  or  violence  : 
even  the  fnialleft  particles  may,  in  general,  be  got  off; 
although  in  fome  paintings,  and  in  particular  parts  of 
others,  he  has  met  with  places  on  which  he  thought  it 
beft  to  leave  fome  particles,  or  fine  fplinters,  of  wood, 
but  nothing  more.  Rafps,  and  fiimetimes  a  fine  chifcl, 
are  ufeful,  to  clear  off  fuch  parts  as  may  be  in  hollow 
places,  or  where  particles  of  wood  are  left,  as  above. 
The  time  required  will  be  various,  according  to  the 
manner  in  which  the  painting  was  originally  done  ; 
fome  being  painted  on  boards  previoufly  prepared  with 
a  water  colour  ;  others  immediately  painted  with  oil  on 
the  wood.  This  lafl  fort  is  by  much  the  moft  diflicult  ; 
the  other  is  more  ealy,  as  the  previous  preparation  pre- 
vents the  wood  from  imbibing  the  oil,  and  confequent- 
ly  admits  it  to  be  more  eafily  feparated. 

PALILICUM,  the  fame  as  Aldcbaran,  a  fixed  ftar 
of  the  firil  magnitude,  in  the  eye  of  the  bull,  or  figu 
Taurus. 

PALLIFICATION,  or  Filing,  in  architeaure, 
denotes  the  piling  of  the  groiind-work,  or  the  ftrength- 
ening  it  with  piles,   or  timber  driven   into  the  ground  ; 
which  is  pra6tifed  when   buildings  are  eredted  upon  a      ' 
moift  or  marfliy  foil. 

PALM,  an  ancient  long  meafure,  taken  from  the 
extent  of  the  hand.     See  Palmus,  Enc^cl. 

PALMiE,  palms.  See  Eiuyclnp.rdia.  The  fubjeft 
is  introduced  here  to  notice  a  kind  of  palm,  the  produL'l 
of  North  America,  of  which  we  have  the  following  ac- 
count by  Dr  Barton. 

"  There  grows  upon  the  river  Mobile  a  fpecics  oF 
palm,  which  is  but  little  known  to  naturalifts,  but  which 
promifes  to  be  an  important  article  ot  food  to  man.  It 
has  no  ftalk  or  ftem  above  ground.  The  leaves  ipread 
regularly  all  round,  and  when  fully  expanded  are  llabcl. 
liform.  In  the  centre  of  thefe  leaves  is  produced  the 
receptacle  of  the  fruit,  which  is  of  the  form  and  fize  of 
a  common  fugar-loaf.  This  receptacle  confills  of  a  valb 
number  of  drupes,  or  berries,  of  the  fize  and  fhape  of 
common  plums  :  each  is  covered  with  a  fibrous,  farina- 
ceous, pulpy  coating,  of  confiderable  thicknefs.  Thi:; 
fubftance  is  laid  to  rcfcmble  manna  in  texture,  colour, 
and  tafte  ;  or,  perhaps,  it  flill  more  refenib'es  moitl 
brown  lugar,  with  particles  of  loaf-fugar  mixed  with  It. 
It  is  a  moft  delicious  and  nouriftiing  food,  and  is  dili- 
gently fought  after  in  the  places  where  it  grows.  Upon 
firft  tafting  it,  it  is  lomcwhat  bitter  and  pungent. 

PANORAMA,  a  word  derived  from  ^a,  andofft^a; 
and  therefore  employed  of  late  to  denote  a  painting, 
whether  in  oil  or  water  colours,  which  rcprelents  an 
entire  view  of  any  country,  city,  or  other  natural  ob- 
jefts,  as  they  appear  to  a  perfon  Handing  in  any  fit  na- 
tion, and  turning  quite  round.    To  produce  this  tiftct, 

the 
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P«no"8m«,  tlie  painter  or  drawer  mud  fix  liia  ftatian,  and  delineate 
.   ^''P"'"-   ,  correAly  and  connectedly  every  objeft  which  prefeiils 
*  itfclf    10  his  view   as  he  turns  ruiind,  concluding   his 

dra\%iiig  by  a  connection  with  where  he  began.  He 
muil  obferve  the  lights  and  lliadows,  how  they  fall,  and 
perffft  hiH  piece  to  tlie'beft  of  his  abilities.  There 
muil  be  a  circular  building  or  framing  crefted,  on  which 
this  drawing  or  painting  may  be  performed  ;  or  tiie 
fame  may  be  done  on  canvas,  or  other  materials,  and 
fixed  or  fufpcnded  on  the  fame  building  or  framing,  to 
anfwer  the  purpofe  complete.  It  mull  be  lighted  eit- 
tircly  from  the  top,  either  by  a  glazed  dome,  or  other- 
wife  as  the  arlill  may  think  proper.  There  muil  be 
an  incloiure  within  the  faid  circular  building  or  fram- 
ing, which  fliall  prevent  an  obferver  going  too  near  the 
drawing  or  painting,  fo  as  it  may,  from  all  parts  it  can 
be  viewed,  have  its  proper  effeft.  Tliis  inclofure  may 
reprefent  a  room,  or  platform,  or  any  other  fituation, 
and  may  be  of  any  form  thought  moll  convenient ;  but 
the  circular  form  is  particularly  recommended.  Of 
whatever  extent  this  infide  inclofure  may  be,  there  mull 
be  over  it  (fupported  from  the  bottom,  or  fufpended 
from  the  top)  a  fhade  or  roof;  which,  in  all  direAions, 
fliould  project  fo  far  beyond  this  inclofure,  as  to  pre- 
vent an  obferver  from  feeing  above  the  drawing  or  paint- 
ing when  looking  up  ;  and  there  mull  be  without  this 
inclofure  another  interception,  to  reprefent  a  wall,  pa- 
ling, or  other  interception,  as  the  natural  objeftsrepre- 
fented,  or  fancy,  may  diretl,  fo  as  effectually  to  prevent 
the  obferver  from  feeing  below  the  bottom  of  tiie  draw- 
ing or  painting  ;  by  means  of  which  Interception,  no- 
thing can  be  feen  on  the  outer  circle  but  the  drawing 
or  painting  intended  to  reprefent  nature.  The  entrance 
to  the  inner  inclofure  mull  be  from  below,  a  proper 
building  or  framing  being  erefted  for  that  purpofe,  fo 
that  no  door  or  other  interruption  may  dillurb  the 
circle  on  which  the  view  is  to  be  reprefented.  And 
there  (hould  be,  below  the  painting  or  drawing,  proper 
ventilators  fixed,  fo  as  to  render  a  current  circulation 
of  air  through  the  whole  :  and  the  inner  inclofure  may 
be  elevated,  at  the  will  of  an  artill,  fo  as  to  make  ob- 
fervers,  on  whatever  fituation  he  may  with  they  fhould 
imagine  themfelves,  feel  as  if  really  on  the  very  fpot. 

PAPER  is  an  article  of  fuch  importance,  and  at 
prefent  *  of  fo  enormous  a  price,  that  no  improvement  in 
its  manufacture  (hould  pafs  unnoticed  in  a  work  of  this 
nature.  The  difcovery  made  in  France  by  M.  15er- 
tholet  of  the  efficacy  of  oxy-muriatic  acid  in  expediting 
the  procefs  of  Bleaching  (fee  that  article  in  this 
SuppL),  has  contributed  eflkntially  to  facilitate  the  nia- 
nufaftures,  not  only  of  cotton  and  linen  cloths,  but 
alfo  of  paper,  of  which  it  has  even  increafed  the  mate- 
rials. Formerly  writing  paper  could  be  made  ot  iin- 
pr'tnted  linen  alone  ;  but  by  means  of  the  procefs  of  M. 
Bertholet  even  printed  linen  may  be  made  into  the  finell 
and  whitell  paper.  In  the  year  1795  a  patent  was 
granted  to  Mr  Elias  Carpenter  of  Beimondfay,  Surrey, 
for  a  method  of  bleaching  paper  of  fuch  materials  in  the 
<water-leaf  or Jheel,  and  fizing  it  without  drying. 

In  the  preparation  of  the  pulp,  the  coarler  rags  are 
to  be  macerated  for  two  or  three  days  in  a  cauftic  al- 
kaline ley,  and  wrought  into  Iheets  of  paper  in  the 
ufual  way  ;  a  ftrong  wooden  box  or  trough  is  then  to 
be  procured,  of  a  fize  proportioned  to  that  of  the  pa- 
per, lined  on  the  infide  with  white  paint,  and  furnilhed 
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with  feveral  ftoges  of  crofs  bars  of  glafa  !  the  bottom  of 
the  box  is  to  be  covered  with  a  llratum  abuut  one  inch 
deep  of  cauftic  ley,  and  the  j>aper  laid  by  quarter  reams, 
or  lefs,  acrofs  the  glafs  bar.  A  hole  mull  be  made  in 
the  box  to  admit  the  beak  of  an  earthenware  retort, 
into  which  muft  be  put  manganefe  and  lea  f.ilt,  in  pow- 
der, fulphuric  acid,  and  an  equal  quantity  of  watei  im- 
pregnated witli  the  fteams  of  burning  fuljjhur  (lulphu- 
rcoiis  acid).  The  coyer  of  the  box  is  to  be  made  air- 
tight by  luting  or  flips  of  paper  dipped  in  palle.  The 
apparatus  being  thus  prepared,  tlie  belly  of  the  retort 
is  to  be  plunged  in  water,  kept  boiling,  and  in  a  lliort 
time  the  oxy  muriatic  gas  will  be  driven  into  the  box, 
will  penetrate  the  paper,  and  render  it  of  a  dazzling 
whitenefs,  while  the  alkaline  ley  at  the  bottom  will,  by 
gradually  abiorbing  it,  prevent  its  becoming  fo  concen- 
trated as  to  deftroy  or  injure  the  texture  of  the  paper. 
From  three  to  four  pounds  of  fulphuric  acid  will  Inffice 
for  one  hundred  weight  of  paper,  and  the  operation 
will  be  completed  in  about  eight  hours.  The  rtieets  as 
they  are  taken  out  of  the  box  are  to  be  fized  with  the 
following  mixture  : 

To  I  cwt.  of  clippings  of  fl<in  add  14  lb.  of  alum,  7 
of  calcined  vitriol,  and  lib,  of  gum  arable,  with  a  luf- 
ficient  quantity  of  water  to  fize  50  reams  of  fools-cap. 

The  fame  method  will  ferve  equally  well  to  clean  en- 
gravings or  printing  ;  for  though  the  oxymuriac  acid 
difcharges  all  ftains,  dirt,  &c.  yet  it  is  incapable  of  act- 
ing on  printers  ink. 

This,  however,  is  not  the  only  improvement  in  the 
manufafture  of  paper  derived  from  modern  chemiftry. 
In  Crell's  Chemical  Annals  for  the  year  1797,  we  have 
an  account  of  fome  curious  experiments  made  by  M. 
L   Brugnatelli,  with  the  view  of  rendering 

Paper  incombullible,  and  the  writing  on  it,  of 
conrfe,  indellruftlble  by  fire.  Of  all  the  fubftanccs 
which  he  tiled,  he  found  the  liquor  of  flints  the  molt 
proper  to  fecure  paper  from  dellruftion  by  fire.  He 
dipped  a  llieet  of  gaper  feveral  times  in  the  above  li- 
quor frelh  made,  or  daubed  it  feveral  times  over  the 
whole  paper  with  a  hair  brufli,  and  dried  it  in  the  fun 
or  in  an  ovan.  Paper  prepared  in  this  manner  loll  fome 
of  its  foftnefs,  became  a  little  rougher  than  before,  and 
acquired  a  lixivious  cauillc  talle.  In  other  refpeifls  it 
was  not  different  from  common  white  paper.  When 
this  paper  was  laid  upon  glowing  coals,  it  did  not  bum 
like  common  paper,  but  became  red,  and  was  converted 
to  a  coal,  which  however  did  not  fall  into  allies  like  the 
coal  of  common  paper,  fo  that  it  might  therefore  be 
confidercd  as  petrified  paper.  This  coal,  however,  is 
exceedingly  friable  ;  for  when  it  is  taken  between  the 
fingers,  or  prcfied  together  in  any  manner  whatever,  it 
drops  to  pieces.  Still  the  difcovery  muft  be  a  valuable 
one,  if  there  be  any  kind  of  ink  of  fuch  a  nature  as  that 
the  charafters  written  with  it  continue  vliible  on  this 
coal.  Such  an  ink  M.  Biiignatelli  made  by  combining 
dlllolved  nitrite  of  zinc  with  common  Ink  ;  and  found, 
that  the  colour  of  this  mixture,  though  it  appeared 
fomewhat  pale  on  common  paper,  became  fo  dark  on 
prepared  paper,  that  words  written  with  it  appeared 
more  confpicuous  than  words  written  with  common 
ink.  When  the  paper  was  burnt,  or  reduced  to  a  coal, 
thofe  charafters  were  fo  vifible,  in  a  clear  'white  colour 
on  a  dark  ground,  that  they  could  be  read  with  as 
much  cafe  as  charadlers  written  with  the  beft  ink  on 
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white  paper.  If  the  ingenious  autlior  fiicceed  in  his 
attempts  to  difcover  a  method  of  rendering  his  prepa- 
red paper  lefs  friable  when  buint,  his  difcovery  will  be 
one  of  the  mod  important  of  the  prt feiit  age. 

PARABOLIC  Conoid,  is  a  folid  generated  by  the 
rotation  of  a  parabola  about  its  axis.  Tins  lolid  is  equal 
to  half  its  circumfcribed  cylinder  ;  and  therefore  if  the 
bafe  be  nudtiplied  by  the  height,  half  the  produ«St  will 
be  the  (olid  content. 

P/mAKoric  Pyramidoiil,  is  a  folid  figure,  thus  named 
b\"  Dr  Wallis  from  its  gencfis  or  formation,  which 
is  thus  :  Let  all  the  fquares  of  the  ordinates  of  a  pa- 
rabola be  conceived  to  be  fo  placed,  that  the  axis  iliall 
pafs  perpendicidarly  through  all  their  centres  ;  then  the 
aggregate  of  all  thcfe  planes  will  form  the  parabolic 
pyraniidoid.  This  figure  is  equal  to  half  its  circum- 
fcribed parrallelopipedon.  And  therefore  the  folid  con- 
tent is  found  by  multiplying  the  bafe  by  the  altitude, 
and  taking  half  the  produiil ;  or  the  one  of  thele  by 
half  the  other. 

Pakjbulic  [face,  is  the  fpace  or  area  included  by 
the  curve  line  and  bafe  or  double  ordinate  of  the  para- 
bola. 

PjiRAEOLic  Spindle,  is  a  folid  figure  conceived  to  be 
formed  by  the  rotation  of  a  parabola  about  its  bafe  or 
double  ordinate. 

Par.ibolic  Spiral,  is  a  curve  arifing  from  the  fuppo- 
fition  that  the  common  or  Apollonian  parabola  is  bent 
or  twifled  till  the  axis  come  into  the  periphery  of  a 
circle,  the  ordinates  ftill  retaining  their  places  and  per- 
pendicular pofitions  with  relpeft  to  the  circle,  all  thefe 
lines  dill  remaining  in  the  fame  place.  This  figure  is 
fometimcs  called  the  HelecoiJ parabola. 

PARABOLOIDES,  parabolas  of  the  higher  or- 
ders. The  equation  for  all  curves  of  this  kind  being 
a  """"  x"  :=  y",  the  proportion  of  the  area  of  any  one 
to  the  complement  of  it  to  the  circumfcribing  parallelo- 
gram, will  be  as  m  to  n. 

PARACENTRIC  Motion,  denotes  the  fpace  by 
which  a  revolving  planet  approaches  nearer  to,  or  re- 
cedes farther  from,  the  fun,  or  centre  of  attraftion. 

Paracentric  Solicitation  of  Gravity,  is  the  fame  as 
the  vis  centripeta. 

PARACHUTE,  a  kind  of  large  and  ftrong  um- 
brella, contrived  to  break  a  perfon's  fall  from  an  air- 
balloon,  fhould  any  accident  happen  to  the  balloon  at  a 
high  elevation.  This  contrivance  was  firll  thought  of 
by  Blanchard,  who  at  different  times,  by  means  of  the 
parachute,  let  fall  from  his  balloon  dogs  and  other  ani- 
mals. He  ventured  even  to  defcend  in  this  manner 
himfelf ;  but,  whether  from  the  bad  conftruftion  of  his 
parachute,  or  from  falling  among  trees,  he  had  the  mis- 
fortune to  break  one  of  his  legs.  Citizen  GarnerJn, 
as  he  choofes  to  be  called,  was  more  fuccelsful.  On  the 
21ft  of  0(Slober  1707,  he  alccnded  from  the  garden  de 
Mauffeux  at  half  paft  five  in  the  evening  ;  between  the 
balloon  and  the  car,  in  which  he  fat,  was  placed  the  pa- 
rachute, half  opened,  and  forming  a  kind  of  tent  over 
the  aerial  traveller ;  and  when  the  whole  apparatus  was 
at  a  confiderable  height,  he  feparatcd  the  parachute 
and  car  from  the  balloon.  The  parachute  unfolding 
itfelf,  was,  by  his  weight  and  that  of  the  car,  drawn  of 
courfe  towards  the  earth.  Its  fall  was  at  firll  flow  and 
vertical;  but  foon  afterwards  it  exhibited  a  kind  of  ba- 
lancing or  vibration,  and  a  rotation  gradually  increafing, 
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which  might  be  compared  with  that  of  a  leaf  falling Parapiiatsn 
from  a  tree.  The  aeronaut,  however,  reached  the  ground    _     " 
unhurt. 

This  parichute  was  of  cloth,  and  its  diameter,  whoa 
unfolded,  about  twenty-five  feet.  To  ufe  fuch  i.iflru- 
ments  with  fuccefs,  it  is  neceffary  that  the  car  be  luf. 
pended  at  a  confiderable  diilance  from  the  parachute, 
fo  as  that  the  centre  of  gravity  of  the  whole  fliall  be 
vertically  below  the  centre  of  refiflance  made  by  the 
air  to  the  defeent  of  the  paraclmte  ;  for  if  the  car  be 
otherwile  placed,  it  is  evident  that  the  prarachute  will 
incline  to  one  fide,  defcend  obliquely,  ofciUatc,  and  the 
fmalleft  irregularity  in  its  figure  will  caui'e  it  to  turn 
4t)und  its  vertical  axis. 

PARAGUATAN,  a  kind  of  wood  which  grows 
in  Guiana,  and  promifes  to  be  of  great  utility  as  a  dye 
ftuff.  We  have  fcen  no  botanical  defcription  of  the 
tree  ;  but  from  the  report  made  to  the  Council  of  Trade 
and  Mines,  by  D.  Dominique  Garcia  Fernandez,  in- 
fpeflor  of  coinage,  we  learn  that  its  bark,  boiled  in  wa- 
ter, affords  a  coloured  extraft  which  refills  the  agency 
of  acid.s  for  a  longer  time  than  brazil  or  logwood  ;  that 
the  colour  may  be  revived  by  means  of  alkalies,  after  it 
has  been  dclfroyed  by  combination  with  acids;  that  vi- 
negar, lemon  juice,  and  tartar,  render  this  colour  more 
brilliant,  while  they  entirely  dettroy  the  colours  of  bra- 
zil and  logwood  ;  that  the  fecula  of  the  bark  cf  para- 
guatan  fixes  and  attaches  itfelf  to  wool,  cotton,  and 
filk  ;  and  that  the  colour  is  brighter  on  filk  than  on 
wool,  and  brighter  on  wool  than  on  cotton.  The  fame 
fecula  dried  is  afterwards  foluble  in  alcohol,  to  which 
it  communicates  a  tinge  fimilar  to  that  afforded  by 
cochineal;  but  it  mutl  be  confcffed,  that  the  colour  ob- 
tained from  paraguatan  has  not  the  force  of  that  of 
cochineal,  though  it  is  fuperior  to  thofe  of  madder, 
brazil  wood,  and  logwood.  From  thefe  fafts  D.  Fer- 
nandez confiders  the  paraguatan  as  one  of  the  mofl  va- 
luable prodnftions  which  America  furnilhes  to  Spain. 

PARALLAX  (fee  Eniycl.)  is  ufed,  not  only  in 
aftroriomy,  but  alio  in  levelling,  for  the  angle  contained 
between  the  line  of  true  level,  and  that  of  apparent  le- 
vel. And,  in  other  branches  of  fcience,  for  the  diffe- 
rence between  the  true  and  apparent  places. 

PARALLEL  Ruler,  is  a  mathematical  inftru- 
ment^  confifling  of  two  equal  rulers,  either  of  wood  or 
metal,  connetlcd  together  by  two  flender  crofs  bars  or 
blades  of  equal  length,  moveable-  about  the  points  of 
junftion  with  the  rulers.  There  are  other  forms  of  the 
inflrument  ;  fome,  for  inllance,  having  the  two  blades 
croffing  in  the  middle,  and  fixed  only  at  one  end  of 
them,  the  other  two  ends  Aiding  in  grooves  along  the 
two  rulers,  &c. 

The  ufe  of  this  inflrument  is  obvious.  For  the 
edge  of  one  of  the  rulers  being  applied  to  any  line,  the 
other  opened  to  any  extent  v.  ill  be  always  parallel  to 
the  former  ;  and  confequently  any  parallels  to  this  may- 
be drawn  by  the  edge  of  the  ruler,  opened  to  any  ex« 
tent. 

PARALLELS,  or  Places  of  Akms,  in  a  fiege, 
are  deep  trenches,  15  or  18  feet  wide,  joining  the  fe- 
veral  attacks  together ;  and  ferving  to  place  the  guard 
of  the  trenches  in,  to  be  at  hand  to  fupport  the  work- 
men when  attacked.  There  are  ufually  three  in  an  at- 
tack :  the  firft  is  about  600  yards  from  the  covert-way, 
the  fecond  between  3  and  400,  and  the  third  near  or  on 
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Parallelifm  the  glacis.  It  is  faid  tliey  were  fuft  invented  or  ufed 
by  Vaiiban. 

PARALLELISM  of  the  Earth's  Axis,  is  that 
inv;(iial)le  fituation  of  the  axis,  in  the  progrefs  of  the 
eaith  thro'  tiie  amiual  orbit,  by  which  it  always  keeps 
parallel  to  itfelf ;  fo  that  if  a  line  be  drawn  parallel  to 
its  axis,  while  in  any  one  pofition,  the  axis,  in  all  other 
pofitions  or  parts  of  the  orbit,  will  always  be  parallel  to 
the  fame  line. 

PARAMETER,  a  certain  conftant  right  line  in 
eacli  of  the  three  conic  feitions ;  otherwife  called  alfo 
Litus  redum. 

PARAMARIBO,  the  capital  of  the  Dutch  fettle- 
ment  at  Surinam,  is  fitiiated  on  the  right  fide  of  the 
beautiful  river  Surinam,  at  about  16  or  18  miles  di- 
ilance  from  its  month.  It  is  built  upon  a  kind  of  gra- 
velly rock,  which  is  level  with  the  rell  of  the  country, 
in  the  form  of  an  oblong  fquare  ;  its  length  is  about  a 
mile  and  a  half,  and  its  breadth  about  half  as  much. 
All  the  llreets,  which  are  perfeftly  ftraight,  are  lined 
with  orange,  (Itaddock,  tamarind,  and  lemon  trees, 
which  appear  in  everlaiting  bloom  ;  while,  at  the  fame 
time,  their  branches  are  weighed  down  with  the  richeft 
clutters  of  odoriferous  fruit.  Neither  Itone  nor  brick  is 
made  ufe  of  here  for  pavement ;  the  whole  being  one 
continued  gravel,  not  inferior  to  the  fincft  garden  walks 
in  Enirhnd,  and  ftrewed  on  the  furface  with  fea-fliells. 
The  houfes,  which  are  moftly  of  two  and  fome  of  three 
ftories  high,  are  all  built  of  fine  timber,  a  very  few  ex- 
cepted ;  moft  of  the  foundations  are  of  brick,  and  they 
are  roofed  with  thin  fplit  boards,  called/Zi/V/j/ifj-,  inllead 
of  llates  or  tiles.  Windows  are  very  feldom  feen  in 
this  country,  glafs  being  inconvenient  on  account  of 
the  heat ;  inftead  of  which  they  ufe  gauze  frames  :  fome 
have  only  the  (butters,  which  are  kept  open  from  fix 
o'clock  in  the  morning  until  fix  at  night.  As  for  chim- 
iicys,  there  are  none  in  the  colony;  no  fires  being  light- 
ed except  in  the  kitchens,  which  are  always  built  at 
fome  dillance  from  the  dwelling-houle,  wliere  the 
victuals  are  drefled  upon  the  floor,  and  the  fmoke  let 
out  by  a  hole  made  in  the  roof:  thefc  timber  houfes 
are,  however,  very  dear  in  Surinam,  one  of  them  ha- 
ving cod  above  L.  15,000  flerling.  There  is  no  fpring 
water  to  be  met  with  in  Paramaribo  ;  moll  houfes  have 
wells  dug  in  the  rock,  which  afford  but  a  bracki(h  kind 
of  beverage,  only  ufed  for  the  negroes,  cattle,  &c.  and 
the  Europeans  have  fefervoirs  or  citterns,  in  which  they 
preferve  rain  water  for  their  own  confumption  ;  thofe 
of  nicer  tatte  let  it  firtt  drop  through  a  filtering-ttone 
into  large  iars  or  earthen  pots,  made  by  the  native  In- 
dians on  purpofe,  which  they  barter  at  Paramaribo  for 
other  commodities.  The  inhabitants  of  this  country, 
of  every  denomination,  flecp  in  hammocks,  the  negro 
flav^  excepted,  who  rnollly  lie  on  the  ground  :  the 
hammocks  ufed  by  thofe  in  fuperior  ftations  are  made 
/of  cotton,  ornamented  with  rich  fringe  ;  thefe  are  alfo 
made  by  the  Indians,  and  fometimes  worth  above  twen- 
ty guineas  ;  neither  bedding  nor  covering  is  neceflary, 
except  an  awning  to  keep  off  the  mufquiloes.  Some 
people  indeed  lie  on  bcdtteads ;  in  that  cafe  they  are 
furrouuded,  inttead  of  curtains,  with  gauze  pavilions, 
which  admit  the  air  freely,  and  at  the  fame  time  keep 
off  the  fmallelV  infeft.  The  houfes  in  general  at  Para- 
maribo are  elegantly  furniflied  with  paintings,  gilding, 
cryttal  chandeliers,  china  jars,  fee. ;  the  rooms  are  never 
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papered  or  phttered,  but  beautifully  wainfcotted  with 
cedar,  and  brazil,  and  mahogany  wood. 

The  number  of  buildings  in  Paramaribo  is  computed 
at  about  140;,  of  which  the  principal  is  the  governor's 
palace,  whence  there  is  a  private  paflage  through  the 
garden  whicn  communicates  with  Fort  Zeiaadia.  This 
houfe,  and  that  ot  (he  commandant,  which  has  lately- 
been  burnt,  were  the  oiil)  brick  buildings  in  the  colo- 
ny. The  town  hall  is  an  elegant  new  building,  and  co- 
vered witii  tiles  ;  here  the  different  courts  are  held,  and 
underneath  are  the  prifons  for  European  delinquents, 
the  military  excepted,  who  are  confined  in  the  citadel 
of  Fort  Zclaiidia.  The  Proteftant  church,  where  di- 
vine worfhip  is  performed  both  in  French  and  Low 
Dutch,  has  a  fmall  fpire  with  a  clock  ;  befidcs  which 
there  is  a  Lutheran  chapel,  and  two  elegant  Jcwilh  ly- 
nagogues,  one  German  the  other  Portuguele.  Here  is 
alio  a  lar^^e  hofpital  for  the  garrifon,  and  this  maniiou 
is  never  empty.  The  military  ftorcs  are  kept  in  the 
fortrefs,  where  the  fociety  foldiers  are  alfo  lodged  in 
barracks,  with  proper  apartments  for  fome  olficers. 
The  town  of  Paramaribo  has  a  noble  road  for  ttiipping, 
the  river  before  the  town  being  above  a  mile  in  breadth, 
and  containing  fometimes  above  loo  veffels  of  burden, 
moored  within  a  pittol-lhot  of  the  Ihore.  Before  Hol- 
land became  a  province  of  France,  and  thereby  loit 
her  trade,  there  were  feldom  fewer  than  80  fiiips  at  Pa- 
ramaribo, loading  coffee,  fugar,  cocoa,  cotton,  and  in- 
digo, for  the  mother  country,  including  alfo  the  Gui- 
nea men  that  brings  (laves  from  Africa,  and  the  North 
American  and  Leeward  Illand  veffels,  which  bring 
flour,  beef,  pork,  fpiritsf  herrings,  and  mackarel  lalted, 
fpermaccti  candles,  horfes,  and  lumber  ;  for  which  they 
receive  chiefly  molaifes  to  be  dillilled  into  rum.  This 
town  is  not  fortified,  but  is  bounded  by  the  river  on  the 
fuuth  eatt;  by  a  large  favannah  on  the  well  ;  by  an  im- 
penetrable wood  on  the  north-eatt  ;  and  is  protefted  by 
Fort  Zelandia  on  the  call.  This  citadel  is  only  feparated 
from  the  town  by  a  large  efplanade,  where  the  troops 
parade  occafionally.  The  fort  is  a  regular  pentagon, 
with  one  gate  fronting  Paramaribo,  and  two  baflions 
which  command  the  river  ;  it  is  very  fmall  but  llrong, 
being  made  of  rock  or  hewn  ilones,  furrounded  by  a 
broad  folfe  well  fupplied  with  water,  befides  fome  out- 
works. On  the  eatt  fide  fronting  the  river,  is  a  bat- 
tery of  21  pieces  of  cannon.  On  one  of  the  baltions  is 
a  bell,  which  is  ftruck  with  a  hammer  by  the  centinel, 
who  is  direfted  by  an  hour-glafs.  On  the  other  is 
planted  a  large  enfign-ttafF,  upon  which  a  flag  is  hoifted 
upon  the  approach  of  fhips  of  war,  or  on  public  rejoi- 
cing days.  The  walls  are  fix  feet  thick,  with  enibra- 
fures,  but  no  parspet. 

Paramaribo  is  a  very  lively  place,  the  fbreets  being 
generally  crowded  with  planters,  failors,  foldiers,  Jews, 
Indians,  and  Negroes,  while  the  river  is  covered  with 
canoes,  barges,  S:c.  conilantly  pafling  and  repafiing  like 
the  wherries  on  the  Thames,  often  accompanied  with 
bands  of  mufic  ;  the  fhipping  alio  in  the  road  adorned 
with  their  dilTerent  flags,  guns  firing,  &c.  not  to  men- 
tioii  the  many  groupes  ot  boys  and  girls  playing  in  the 
water,  altogether  form  a  pleafing  appearance  ;  and  fuch 
gaiety  and  variety  of  objedls  ferve,  in  fome  meafure,  to 
compenfate  for  the  many  inconveniences  of  the  climate. 
Their  carriages  and  drefs  are  truly  magnificent  ;  filk 
embroidery,  Genoa  velvets,  diamonds,  gold  and  filver 
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-  lace,  being  daily  worn,  and  even  the  maftcrs  of  trading 
fhlps  appear  with  buttons  and  buckles  of  folid  gold. 
_^  Tiiey  are  equally  expcnlive  at  their  tables,  where  every 
thing  that  can  be  called  delicate  is  produced  at  any 
price,  and  ferved  up  in  plate  and  china  of  the  newfft 
fafnion,  and  moll  exquiilte  workmanlhip.  But  nothing 
difpia)S  the  luxury  of  the  inhabitants  of  Surinam  more 
than  the  number  of  ilaves  by  whom  they  arc  attended, 
often  twenty  or  thirty  in  one  family.  White  fervants 
are  feldom  to  be  met  with  in  this  colony. 

The  current  money  are  (lamped  cards  of  different 
value,  from  five  flilUings  to  fifty  pounds  :  gold  and  fil- 
ver  is  fn  fcarce,  that  the  exchange  preniuni  for  fpecie 
is  often  above  10  per  cent.  A  bafe  Dantzic  coin  called 
a  I'll,  value  fomething  lels  than  fixpence,  is  alfo  current 
in  Surinam.  Englilh  and  Portuguefe  coin  are  fome- 
times  met  with,  but  modly  ufed  as  ornaments  by  the 
Ml  I'ltto,  Saipbo'-,  Qnaderoon,  and  Negro  girls.  The 
Negro  flaves  never  receive  any  paper  money  ;  for  as 
they  cannot  read,  they  do  not  underlland  its  value  ; 
befides,  in  their  hands,  it  would  be  liable  to  many  acci- 
dents, from  lire  or  children,  and  particularly  from  the 
rats,  when  it  becomes  a  little  greafy. 

This  town  Is  well  fupplied  with  provifions,  ^is. 
butchers  meat,  fowls,  fifli,  and  venifon.  Vegetables  in 
particular  the  country  abounds  with  ;  befides  the  luxu- 
ries peculiar  to  this  climate,  they  import  whatever  Eu- 
rope, Africa,  and  Afia  can  aft'ord.  Provifions,  hovi'- 
ever,  are  exceffively  dear  in  general,  efpecially  thofe  im- 
ported, which  are  moftly  fold  by  the  Jews  and  matters 
of  (hips.  The  firft  enjoy  extraordinary  privileges  in 
this  colony  ;  the  latter  ereft  temporary  warehoules  for 
the  purpofe  of  trade,  during  the  time  their  fhips  are 
loading  with  the  produdlions  of  the  climate.  Wheat 
flour  is  fold  from  four-pence  to  one  (hilling  per  pound  ; 
butter,  two  fliilllngs  ;  butcher's  meat  never  under  one 
(hilling,  and  often  at  one  (hilling  and  fixpence ;  ducks 
and  fowls  from  three  to  four  (billings  a  couple.  A 
fingle  turkey  has  fometimes  coll  one  guinea  and  a  half; 
eggs  are  fold  at  the  rate  of  five,  and  European  pota- 
toes twelve,  for  fixpence.  Wine  three  fliillings  a  bottle. 
Jamaica  rum  a  crown  a  gallon.  Filh  and  vegetables  are 
cheap,  and  fruit  almoft  for  nothing. 

PARIS  (Francis),  a  man  more  famous  after  his 
death  than  during  his  life,  by  the  miracles  which  were 
faid  to  be  performed  at  his  tomb.  He  is  generally 
known  by  the  name  of  Abbe  Paris;  and  his  pretended 
miracles,  with  others  of  like  manufafture,  have  furnilh- 
ed  deillical  writers,  and  Mr  Hume  in  particular,  with  a 
kind  of  argument  againd  the  reality  of  the  miracles  of 
which  we  have  an  account  in  the  Gofpel.  It  is  mere- 
ly  that  we  may  (late  his  pretenfions  fairly,  that  we  have 
introduced  him  to  the  notice  of  our  readers  ;  for  in 
every  other  refpeft  he  is  wholly  unworthy  of  their  re- 
gard. He  was  the  fon  of  a  counfeUor  in  Parliament, 
and  had  the  profpeft,  if  he  had  choftn  it,  of  fuccced- 
ing  to  his  father's  appointment  ;  but  he  chofe  rather  to 
become  an  ecclefiallic,  and  he  became  a  very  zealous 
one.  He  gave  up  all  his  polTeflions  to  his  brother,  re- 
fufed  preferment  intended  for  him  by  tlie  cardinal  de 
NoaiUes,  devoted  himfelf  entirely  to  retirement,  and 
made  (lockings  for  his  own  fupport,  and  for  the  affiil- 
ance  of  the  poor.  He  died  perhaps  in  conlequence  of 
his  rigorous  mode  of  L'fe,  May  j.  1727,  at  the  age  of 
only  37.  His  brother  raifed  a  monument  to  him  in  the 
SuppL.  Vol.  II.  Part  I.      - 
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fmall  churchyard  of  St  Mcdard,  to  which  the  pocr  and 
the  pious  foon  began  to  flock  ;  and  aftir  u  time  it  was  ' 
reported,  that,  in  confequejice  cf  their  prayers  at  that 
tomb,  lomc  fick  perfons  had  received  cures  .  As  Paris 
had  been  a  rigorous  Janfenill,  this  was  a  fine  opportu- 
nity for  that  (c&.  to  gain  credit  to  their  canfe  ;  the  mi- 
racks  were  therefore  multiplied,  and  a  variety  of  per- 
fons afifedled  the  moll  fingular  convulfions. 

The  minds  of  the  people  becoming  inflamed  by  thefc 
extravagancies,  the  court,  found  it  nccc(rai7  to  (hut  up 
the  churchyard,  which  was  done  on  the  lytii  of  Janun- 
'T  '7.32-  On  this  occafion,  fome  profane  wit  wrote 
upon  the  wall  of  the  place, 

De  par  le  Roy,  defenfe  a  Dieu, 
De  faire  miracles  en  ce  lieu. 

The  convulfions  were  continued,  for  a  little  while,  in 
private  houfes,  but  by  degrees  the  matter  fublided,  and 
the  Abbe  Pan's  was  forgotten. 

The  diflinftion  between  m.iracles,  exhibited  to  ferve 
a  party,  and  attefted  only  by  thofe  who  are  zealous  in 
its  fupport,  and  miracles  performed  in  the  fight  of  un- 
believers, who,  in  fpite  of  their  deep-rooted  prejudices, 
were  converted  by  them,  is  too  ftriking  to  be  overlook- 
ed by  any,  but  thole  who  are  defirous  of  drawing  a 
falfe  and  impious  parallel  ;  yet  has  Mr  Plume  dared 
to  reprefent  the  miracles  performed  at  the  tomb  of  this 
faint  as  outvying  in  number,  nature,  and  evidence,  the 
miracles  of  Chrift  and  his  apollles — with  what  truth, 
the  following  obfervations  will  ihew  : 

\Jl,  It  was  often  objedted  by  the  enemies  of  the 
faint,  and  the  objection  was  never  confuted  by  his 
friends,  that  the  frofftitions  at  his  fepulchic,  like  ani- 
mal  magnetifm  more  lately,  ^»W?«;f(/ more  difcafes  than 
they  cured.  Such,  furely,  was  not  the  nature  of  our 
Saviour's  miracles. 

idly.  Though  the  crowds  of  fick  and  infirm  perfons 
who  flocked  to  the  tomb  for  relief  were,  by  all  accounts, 
innumerable  ;  yet  all  the  cures,  of  which  the  zealous 
hiftorian  of  the  Miracles  could  procure  vouchers,  a- 
mounted  only  to  nine  !  Now,  were  thoufands,  and  ten 
thoufands  of  difeafed  perfons  to  apply  to  fome  circum- 
foraneous  quack,  in  full  alfurance  of  his  extraordinary 
abilities  and  fl<ill  in  phyfic,  could  it  furprife  any  perfon, 
if  the  dillempers  of  e'l^ht  or  nine  of  them  fliould  take  a 
favourable  turn  while  they  were  under  a  courfe  of  his 
ufelefs  medicines  ? 

^dly.  We  do  not  read  that  of  thofe  nine  who  were 
cured  by  the  dead  Abbe,  the  greater  pirt  were  Jefuits 
and  enemies  to  the  Janfenifls  ;  whereas  the  greater  part 
of  our  Saviour's  miracles  were  performed  upon  uncon- 
verted Jews,  and  one  of  them  upvn  the  fervant  of  the 
high  piiell,  who  was  thirding  for  his  blood. 

4/Vj/y,  The  cures  reported  to  have  been  performed  at 
the  grave  of  Paris  weie  all  fuch  as  might  have  been  ac- 
conipliliied  by  natural  means.  Thus,  a  Spaniard  who 
had  loft  one  eye,  and  was  diflreffed  with  an  inflamma- 
tion i[i  the  other,  had  the  inflamed  eye  gradually  cured, 
but  nut  the  loll  eye  rtllored.  Another  perfon  having 
pricked  his  eye  with  an  awl,  loll  the  fight  of  it  in  con- 
fequence  of  the  aqueous  humour  dropping  cut ;  but 
his  figiit  was  reftored  luhiijl  he  was  paying  his  devo- 
tions to  the  Abbe— and  fo  it  would  have  been  while 
he  was  curfing  the  Abbe,  had  he  continued  his  execra- 
tions lor  a  fufficient  length  of  time. 

T  t  s'bly. 
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Paris,  ^ihly.  None  of  the  cures  faid  to  have  been  perform- 

Farkhurlt.  ^^  vvere  injlanlaneous.      All  the  worfhippers  at  the  tomb 

'  perfilled  for  days,   feveral  of  them  for  wt-eks,  and  fome 

for  months,  daily  Imploring  the  intercefrion  of  the  Abbe 

before  they  received  relief  from  their  complaints. 

6lUy,  Moil  of  the  devotees  had  been  uting  medicines 
before  they  applied  to  the  faint,  and  continued  to  life 
them  during  the  lubolt  time  of  their  application  j  whilft 
it  is  confeded  that  the  diftempers  of  others  had  abated 
before  they  determined  to  folicit  his  help. 

"Jthly,  Some  of  the  cures  attefted  were  incomphte,  and 
only  of  a  temporary  duration.  Thus,  the  Spaniard  was 
relieved  only  from  the  molt  inconfiderable  part  of  his 
complaint,  and  that  too  but  for  a  very  fhort  period  ;  for 
foon  after  his  return  home  he  rclapftd  into  his  former 
malady,  as  was  fully  attetled  by  certificates  and  letters 
from  Madrid.  All  this  has  been  completely  proved  by 
the  Archbifhop  of  Sens  ;  who  in  his  Pajloral  Injlruc- 
tlon,  publi.lied  at  the  time  the  miracles  were  making  a 
noife,  has, 

Hikly,  Clearly  detefted  the  deceit  and  little  artifices 
by  which  thofe  pretended  miracles  were  fo  lung  fup- 
ported.  To  that  work  we  refer  our  readers  ;  requell- 
ing  them,  after  they  have  read  it,  to  compare  the  evi- 
'  dence  for  the  miracles  of  Paris  with  the  evidence  which 

in  the  article  Miracle,  Emyc/.  we  have  dated  for  the 
reality  of  the  Gofpel  miracles,  and  to  judge  for  them- 
felves  with  the  impartiality  of  philofophers. 

Paris  wrote  a  few  very  indifferent  books  of  annota- 
tions on  the  Epiftles  to  the  Romans,  to  the  Galatians, 
and  the  Hebrews  ;  but  few  have  ever  read  them,  nor 
would  they  have  refcued  the  author  from  oblivion,  with- 
out the  aid  of  his  lying  wonders. 

PARKHURST  (the  Rev.  John),  was  the  fecond 
fon  of  John  Parkhurft,  Efq;  of  Catefby  in  Northamp- 
tonthire.  His  mother  was  Ricarda  Dormer,  daughter 
of  Judge  Dormer.  He  was  born  in  June  1728,  was 
educated  at  the  fchool  of  Rugby  in  Warwickfliire,  and 
was  aftervi-ards  of  Clare-hall,  Cambridge  ;  B.  A.  1748, 
M.  A.  1752  ;  and  many  years  fellow  of  his  college. 

Being  a  younger  brother,  he  was  intended  for  the 
church  ;  but  not  long  after  his  entering  into  holy  or- 
ders his  elder  brother  died.  This  event  made  him  the 
heir  of  a  very  confiderable  ellate  ;  though,  as  his  father 
was  liill  living,  it  was  fome  time  before  he  came  into 
the  full  poiTcfrion  of  it  ;  and  when  he  did  come  into 
the  poffefrion  of  it,  the  acquifition  of  fortune  produ- 
ced no  change  on  his  manners  or  his  purfuits.  He 
continued  to  cultivate  the  ftuJier.  becoming  a  clergy- 
man ;  and  from  his  family  conneftions,  as  well  as  from 
bis  learning  and  piety,  he  certainly  had  a  good  right  .to 
look  forward  to  pref.rment  in  his  profcflion  ;  but  beta- 
king himfelf  to  retirement,  and  to  a  life  of  clofe  and  in- 
tenle  lludy,  he  fought  fur  no  preferment  ;  and,  accord- 
ing to  the  author  of  the  biographical  ikctch  of  him 
publilhed  in  the  Gentleman's  Magazine,  he  lived  not  in 
an  age  when  merit  was  urged  forward.  Yet,  in  the  ca- 
pacity of  a  curate,  but  without  any  falary,  he  long  did 
the  duty,  with  exemplary  diligence  and  zeal,  in  his  own 
chapel  at  Catelby,  which,  alter  the  demolition  of  the 
church  of  the  nunnery  there,  ferved  as  a  parilh-church, 
of  which  alio  he  was  the  patron. 

When,  feveral  years  after,  it  fell  to  his  lot  to  exercifc 
the  right  of  prefcutation,  he  was  fo  unfalhionable  as  to 
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confider  church-patrorage  as  a  truft  rather  than  a  pro.  railhiird 
perty  ;  and,  accordingly,  refilling  the  influence  of  inte- '  v"~~" 
reft,  favour,  and  affeiition,  prefented  to  the  vicarage  of 
Epfom,  in  Surrey,  the  Rev.  Jonathan  Boucher,  who 
ftill  holds  it.  This  gentleman  was  then  known  to  h'm 
only  by  charafler  ;  but  having  diflinguifhed  himfelf  in 
America,  during  the  revolution,  for  his  loyalty,  and  by 
teaching  the  unfophitlicated  doftrines  of  the  church  of 
England  to  a  fet  of  rebellious  fchifmatics  at  the  peril  of 
his  hfe,  Mr  Paikhurll  thought,  and  juftly  thought,  that 
he  could  not  prelent  to  the  vacant  living  a  n.an  who 
had  given  better  proofs  of  his  having  a  due  fenfe  of  the 
duties  of  his  office. 

In  the  year  1754,  Mr  Parkhurft  married  Sufanna 
Myfter,  daughter,  and,  we  believe,  heireis  of  John 
Myiltr,  Efq;  of  Epfom.  It  was  thus  that  he  became 
patron  of  the  living  which  he  bellowed  on  Mr  Boucher. 
This  lady  died  in  1759)  leaving  him  a  daughter  and 
two  fons  ;  both  the  fons  are  now  dead.  In  the  year 
1761,  he  married  again  Miiliccnt  Northey,  daughter  of 
Thomas  Northey,  Efq;  by  whom  he  had  one  daughter, 
now  married  to  the  Rev.  Jofeph  Thomas. 

In  the  year  1753,  he  began  his  career  of  anthordiip, 
by  publifliing,  in  8vo,  "  A  friendly  addrefs  to  the  Rev. 
Mr  John  Wefley,  in  i-elation  to  a  principal  Doftrlne 
maintained  by  him  and  his  Aflillants,"  This  work  we 
have  not  feen  ;  but  though  we  have  no  doubt  of  its  va- 
lue, we  may  fafely  lay  that  it  was  of  very  little  inipoi  t- 
ance,  when  compared  with  his  next  publication,  which 
was  "  An  Hebrew  and  Englifh  Lexicon,  without 
Points  ;  to  which  is  added,  a  methodical  Hebrew 
Grammar,  without  Points,  adaptej  to  the  ufe  of  Learn-  _, 

ers,  1762,"  4to.  To  attempt  a  vindication  of  ail  the 
etymological  and  philofophical  difquifitions  which  are 
fcattered  through  this  dictionary,  would  be  very  fruit- 
lefs  ;  but  It  is  not  perhaps  too  much  to  fay,  that  wc 
have  nothing  of  the  kind  equal  to  it  in  the  Englifh  lan- 
guage. He  continued,  however,  to  correit  and  improve 
it;  and  in  1778  another  edition  of  it  came  out  much 
enlarged,  and  a  third  in  1792. 

His  philological  ftudies  were  not  confinid  to  the  He» 
brew  language  ;  for  he  publiflied  a  Greek  and  Englifh 
Lexicon  to  the  New  Telfament  ;  to  which  is  prefixed, 
a  plain  and  cafy  Greek  Grammar,  1769,  4to  ;  a  fecond 
edition,  1794  :  and  at  his  death  there  was  in  the  prefs 
a  new  edition  of  both  thefe  lexicons  ;  in  a  large  8vo, 
with  his  lail  correftion^  ;  for  he  continued  to  revife, 
correft,  add  to,  and  improve,  thefe  works,  till  within  a 
few  weeks  of  his  death.  As,  from  their  nature,  there 
cannot  be  fuppofed  to  be  any  thing  in  didlionarles  that 
is  particularly  attraftive  and  alluring,  this  continued  in- 
creafing  demand  for  thefe  two  feems  to  be  a  fufRcient 
proof  of  their  merit. 

He  publifhcd,  "  The  Divinity  and  Preexiflence  of 
our  Lord  and  Saviour  Jcfus  Chrill,  demonllrated  from 
Scripture  ;  in  Anfwer  to  the  firll  Section  of  Dr  Priell- 
ley's  Introduftion  to  the  Hillory  of  early  Opinions 
concerning  Jefus  Chrill  ;  together  with  Strictures  on 
fome  other  Parts  of  the  Work,  and  a  Pollfcript  rela- 
ting to  a  late  Publication  of  Mr  Gilbert  Wakefield,. 
17K7,"  8vo.  This  work  was  very  generally  regarded 
as  completely  performing  all  that  its  title-page  promi- 
fed  ;  and  accordingly  the  whole  edition  was  foon  fold 
off.     The  brief,  evafive,  and  very  unfatisfadory  notice 

taken. 
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PsrlitvirO.  tafccn    nf  tKri  Mn  pamplilet   t>y  Dr  PrieCl',-y,   in   "  A 
"■""v  '■  "   Lt-tttr   to  Dv  Home,"  ikc,  (hcwcil  only   tliat  he  waa 
unable  to  anlwcr  it. 

Mr  Parkliviill  was  a  mai\  of  very  extraordinary  inde- 
pendency of  mind  and  firmneis  ot  principle.  In  early 
life,  along  with  many  other  nun  of  diftinguiflied  learn- 
ing, it  was  alfo  objected  to  him,  that  he  was  an  Hut- 
chinfoiiian  ;  and  on  this  account  alone,  in  common  witii 
them,  it  lias  been  faid  that  he  was  neglected  and  fliunneil. 
Th-.re  is  not.  in  the  hillory  of  the  times,  iays  the 
biographer  already  quoted,  a  circumllance  more  diiB- 
cult  to  be  accounted  for  than  the  unmerited,  but  inerea- 
Jiiig,  difcountenauce  diewn  to  thofe  perfons  to  whom 
Hntchinfoniaiiifm  wa?  then  objected.  Mcthodifts,  Pa- 
pills,  and  feclaries  of  any  and  ot  everv  name,  all  ilood 
a  bttttfr  chance  of  being  noticed  and  elleemed  than 
Hutchinfonians.  Had  it  even  been  proved  that  the 
few  peculiar  tenets  by  which  they  were  diftinguiflitd 
from  other  Chrillians  were  erroneous,  the  op])olition 
they  expeiienced  might  have  been  deemed  harti  menfure, 
becaufe  even  their  oppcnents  allowed  their  principles  to 
be  inoiTeulive,  and  themfclvts  to  be  learned. 

Is  this  a  fair  Hate  of  the  caie  ?  We  think  not.  The 
early  Hutchinfonians  had  imbibed  all  the  peculiar  no- 
tions of  their  mailer,  and  maintained  them  with  a  de- 
gree of  acrimony  which  would  have  diigraced  any 
caufe.  Being  in  general  very  little  acquainted  with  the 
higher  mathematics,  as  Mr  Hutchinloti  himfelf  feems 
likevvife  to  have  been,  they  cenfured  dogmatically 
works  which,  without  that  knowledge,  they  could  not 
fully  underltand  ;  whilll  they  maintained,  with  equal 
dogmntifm,  as  matters  of  latt,  hypotheles,  which  a  mo- 
derate lliare  of  mathematical  fcience  would  liave  (liewn 
them  to  be  impofTible.  Had  they  llopt  here,  no  harm 
would  have  been  done  ;  they  might  have  enjoyed  their 
favourite  notions  in  peace:  but  untortunately  they  ac- 
ciifed  of  Atheii'm,  Deifm,  or  Socinianifm,  all  who 
th  ught  not  exaftly  as  they  thought,  both  in  natural  phi- 
lolophy  and  in  theology.  Becaufe  Newton  and  Clarke 
had  demonllrated  that  the  motions  of  the  planets  can- 
not be  the  efFcCl  of  the  impulhon  of  any  material  fluid, 
Hutchinfon,  with  fome  of  his  followers,  aflirmed,  that 
tiiefe  two  iiluilrious  men  had  entered  into  a  ferious  de- 
fign  to  overturn  the  Chrillian  religion,  and  eftabliiii  in 
England  the  worfhip  of  the   Heathen   Jupiter,  or  the 

»►.  Stoical   anima    munili.       Becaufe   the    bifhops    Pearlon, 

Bull,  and  others,  who  had  uniformly  been  confideied 
as  the  ablell  defenders  of  the  Catholic  faith,  thought 
not  cxaftly  as  Hutchinfun  thought  of  the  filiation  of 
the  Son  ot  God,  they  were  condemned  by  the  pupils 
of  his  fchool  as  /Ir'iuni,  or  at  Icaft  Simi-arians  ;  and  the 
vriter  of  this  (l<etch  has  heard  a  living  Hutchinlonian 
pronounce  the  fame  cenfure,  and  tor  the  fame  reafon, 
on  the  prelcnt  illultrious  Bithop  of  Rochefter,  and  the 
no  lefs  illullrious  Whitaker. 

That  men,  who  thus  condemned  all  that  before 
them  had  been  deemed  great  and  good  iu  phyhcal 
fcience  and  Chriflian  theology,   fhould  meet  with  tome 
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dilVountcnanc^  while  they  continued  of  filcli  a  fpin't,  P.rrkhurft. 
need.!  not  furely  excite  much  wonder  i  but  that  the  dif-  — v-~-' 
coui'te.ianc?  is  intrealing,  we  believe  not  to  be  true. 
Tlie  Hull  liinfoiiians,  as  loon  as  they  became  IcU  viu- 
leiit  againll  thotc  who  diti'ered  from  them,  had  iheir 
tbare  ot  preferment,  in  proportion  to  their  number, 
with  others  ;  and  we  doubt  not  tliey  will  continue  ta 
have  it,  while  they  allow  that  a  man  may  be  no  heretic, 
though  he  believe  nut  Mr  Hutcliinfun  to  have  been  in- 
fallible. Tlie  late  exeelicnt  Bidiop  Home  was  an  avow- 
ed Hutchiiifonian,  though  not  an  outrageous  one  like 
Julius  Bate  ;  and  we  have  been  told,  and  have  reafon 
to  believe,  that  the  Billiop  of  St  Ataph  is  likewife  a 
moderate  favourer  of  tlie  lame  fvllcm.  There  may  be 
others  on  the  epifcopal  bench  ;    but  perhaps  two  out  of  ' 

twrnty-fix  is  the  full  proportions  ot  Hutchinlonian  di- 
vines of  eminence  in  England.  It  is  true  that  Mr 
Parkhuill  was  a  man  of  great  learning  and  great  worth; 
but  before  we  attribute  his  want  ot  prcterment  in  the 
church  to  his  Hutchinfonianiim,  it  is  incumbent  upon 
us  to  fav  why  Mr  Whitaker,  who  is  no  Kutchinfonian, 
is  Hill  nothing  more  than  the  reftor  of  Ruan-Lanyhorne. 

Mr  parkhuril,  however,  was  not,  it  tu's  biographer 
deferves  credit,  a  th<jiough- paced  Hiitchinfonian  ;  for 
though  he  continued  to  read  Hutchiufon's  writings  as 
lontr  as  he  read  at  all,  he  »  as  ever  ready  to  allow,  that 
he  was  oftentimes  a  confufed  and  bad  writer,  and  lome» 
times  unbecomingly  violent.  To  have  been  deterred 
from  reading  the  works  of  an  author,  who,  with  all  his 
faults,  certainly  throws  out  many  ufeful  hints,  for  fear 
of  being  thought  a  Hutcliinfonian,  would  have  betray- 
ed a  pufillanimity  of  which  Mr  Parkhurft  was  inca- 
pable. What  he  believed  he  was  not  afraid  to  profefsj 
and  never  protefTed  to  believe  any  thing  which  he  did 
not  very  iiiicerely  believe.  An  eaincil  lover  of  truth> 
he  fought  it  where  only  it  is  to  be  found — in  the  Scrip- 
tures (a).  The  Itudy  of  tliefe  was  at  once  the  bufinefs 
and  the  pleafure  of  his  life  ;  from  his  earlieft  to  liis  la- 
teft  years  he  was  an  liard  ihidciit  :  and  had  the  daily 
occupations  of  every  24  hours  of  his  lite  been  portioned 
out,  as  it  is  faid  thofe  of  king  Allied  were,  into  three 
equal  parts,  there  is  reafon  to  believe  that  a  deficiency 
would  rarely  have  been  found  in  the  eight  hours  allotted 
to  Itudy.  AVbat  the  fruits  have  been  ot  a  lite  fo  conduct- 
ed, few  theologijus,  it  is  prelumed,  need  to  be  inform- 
ed, it  being  liardly  within  the  fcope  of  a  fujipofitiofl, 
that  any  man  will  now  fit  down  to  the  tludy  of  the 
Scriptures  without  availing  himfelf  of  the  affiilance  to 
be  obtained  from  his  learned  labours.  Theie  labours 
ceafed  at  Eplom  in  Surrey,  where  this  great  and  good 
man  died,  on  March  the  2 ill,  1  797.  Beiides  the  works 
which  we  liave  mentioned,  there  is  in  the  Gentleman's 
Magazine,  for  Augull  1797,  a  curious  letter  of  his  oB 
the  contufion  of  Tongues  at  Babel. 

Mr  Parkhurtl's  chara£ter  ma'y   be  collefted  with  to- 
lerable accuracy  even  from  this  imperfect   tlcetcli  of  hi» 
life.     His  notions  of  church  patronage  do  him  honour  ; 
and  as  a  farther  intlance  of  the  high  fenfe  he  entertain- 
T  t  2  ed 


(a)  Thfs  is  vague  language,  which  is  the  fource  of  much  ufelefs  controverfy,  and  therefore  ought  to  be  avoid- 
ed. If  by  truth,  in  this  paffage,  be  meant  religious  truth,  we  admit  the  alTertion  in  the  only  fenfe  in  which  we 
think  it  can  have  been  made.  It  the  author  means  all  truth,  he  writes  nonfenfe  ;  for  the  Scriptures  treat  not  of 
geometry  or  algebra,  where  truth  is  certainly  to  be  found  ;  and  lue  think  that  they  have  a  higher  objeft  than  even 
mechanics  and  ajironomy. 
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Psrthi.rft,  ed  of  ftrift  jiidicf,  and  the  lUaJy  rei'olution  with  which 
Va.luiifoi .  ],j  p|.^^j|-(.j  i[  „„  nil  occalioiis,  an  incident  which  oc- 
^'~>~~~'cuircd  between  him  and  one  of  his  t'^nants,  within  thefe 
ten  jcars,  n^sy  here  be  mentioned.  This  man  falling  be- 
hind hnnd  in  the  payment  of  his  rent,  which  was  L.  500 
per  annum,  it  was  reprefented  to  his  landlord  that  it  was 
owing  to  his  being  over  rented.  This  being  believed  to 
fee  the  cafe,  a  new  valuation  was  made;  and  it  was  then 
agreed  that,  for  the  future,  the  rent  (liould  not  be  more 
than  L  450.  Jullly  inferring,  moreover,  that  if  the 
farm  was  ihen  too  dear,  it  mult  necefiarlly  havq  been  al- 
ivays  too  dear,  unafked,  and  of  his  own  accord,  he  im- 
mediately  flrnck  off  L.  50  from  the  commencement  of 
the  leafe  ;  and  indantly  refunded  all  that  he  had  re- 
ceived more  than  L.  450 /fr  ««/;«?«. 

Mr  ■  Parkhurft  was  in  his  perfon  rather  below  the 
middle  iize,  but  remarkably  upriglit,  and  firm  in  his 
gait,  ^e  was  all  his  life  of  a  fickly  habit  :  and  his 
leading  fo  remarkably  ftudious  and  fedentary  a  life  (it 
having,  for  many  years,  been  his  couftant  pradlice  to 
rife  at  five,  and,  in  winter,  to  light  his  own  fire)  to  the 
very  verge  of  David's  limits  of  the  life  of  man,  is  a  con- 
folatory  proof  to  men  of  funilar  habits,  how  much,  un- 
der many  difadvantages,  may  illll  be  cffcAed  by  ilrltl 
temperance  and  a  careful-regimen,  lie  alfo  gave  lefs 
of  his  time  to  the  ordinary  interruptions  of  life  than  is 
common.  In  an  hofpit.^blc,  friendly,  and  pleafant 
neighbourhood,  he  vifned  little;  alleging,  that  fuch  a 
■  courfe  of  life  neither  fuited  his  temper,  his  health,  nor 
his  ftudles.  Yet  he  was  of  fociable  manners  ;  and  his 
converfation  always  inftruiiive,  often  delightful  :  for 
his  {lores  of  knowledpe  were  fo  large,  that  he  too  has 
often  been  called  a  walking  library.  He  belonged  to 
no  clubs  ;  he  frequented  no  public  places;  and  there  arc 
.few  men  who,  towards  the  elofe  of  life,  may  not,  on  a 
retrofpeft;  refleil  with  ihame  and  forrow,  how  much  of 
their  precious  time  has  thus  been  thrown  away,  or  per- 
haps worfe  than  thrown  away. 

Like  many  other  men  of  infirm  and  fickly  frames, 
Mr  Parkhurft  was  alfo  irritable,  and  qiu'ck,  warm,  and 
carneft,  in  his  refentments,  though  never  unforgiving. 
But  whether  it  be  or  be  not  a  matter  of  reproach  to 
pofTefs  a  mind  fo  conftituted,  it  certainly  is  much  to 
any  man's  credit  to  counteraft  and  fubduc  it  by  an  at- 
tention to  the  injundlons  of  religion.  This  Mr  Park- 
hurft effectually  did:  and  few  men  have  paffed  through 
a  long  life  more  at  peace  with  his  neighbours,  more  re- 
fpefted  by  men  of  learning,  more  beloved  by  hlshiends, 
I  or  more  honoured  by  his  family. 

Skg.Bia.  PARKINSON  (John).  Of  this  Ingenious  Englllh 
botanilt,  one  of  the  firft  and  nioft  ind'iilrious  cultiva- 
tors of  that  fcience  among  us,  the  memorials  that  re- 
main are  very  fcanty.  He  was  born  in  1567,  was  bred 
sn  apothecary,  and  refided  in  London.  He  roie  to  luch 
^  reputation  in  his  profeffion  as  to  be  appointed  apothe- 

cary to  King  James  L;  and,  on  the  publication  of  his 
'I'hcat re  of  Plants,  he  obtained  from  the  unfortunate 
I'uccelfor  of  that  prince  the  title  oi  Botimkiis  Regis  pri- 
marius.  The  time  of  his  death  cannot  be  exaftly  afcer- 
tained  ;  but,  as  his  Herbal  was  published  in  1640,  and 
it  appears  that  he  was  living  at  that  time,  he  niuft  have 
attained  his  73d  year. 

Parkinfon's   firft  publication   was,  his  1.  Paradifi  in 
&iik  Paradifus  terrc/lris,  or,  A  Garden  of  all  Sorts  of 


Plenfant  Flowers  which  onr  Englifli  Ayre  will  permit  Parkir.fon, 
to  be  nurftd  up  :   with  a  Kitchen-garden  of  all  manner    I'arl.ns. 
of  Herbes,  Routs,  and  Fruits,  for  Meat  or  Saufe,  &c.  ' 

&c.  Collefted  by  John  Parklnfon  apothecary,  of  Lon- 
don, 1629,  folio,  612  pages.  In  this  work  the  plants 
are  arranged  without  any  exaft  order:  nearly  1000 
plants  are  feparately  defcribed,  of  which  780  are  figu- 
red on  I  29  tables,  which  appear  to  have  been  cut  cx^ 
prefsly  for  this  work.  Parklnfon  was,  it  is  conceived, 
the  firft  Englifh  author  who  feparately  defcribul  and 
figured  the  fubjefls  of  the  flower-garden  ;  and  this  book 
is  therefore  a  valuable  curiofity,  as  exhibiting  a  com- 
plete view  of  the  extent  of  the  Englifh  garden  at  the 
beginning  of  the  17th  century.  It  may,  perhaps,  be 
neceffary  to  inform  the  reader,  that  Paradifus  in  Sole,  is 
meant  to  exprefs  the  author's  name.  Park  in  fun..  2.  In 
1640  he  ]>ubliflied  his  Theairum  Botaniium ;  or  Theatre 
of  Plants,  or  an  Herbal  of  a  large  extent  :  containing 
therein,  a  more  ample  and  exaft  Hiftory  and  declaration 
of  the  Phyfical  Herbs  and  Plants  than  are  in  other  Au- 
thors, &c.  &c.  London,  folio,  1746  pages  — This  work 
had  been  the  labour  of  the  author's  life  ;  and  he  tells 
us  that,  oviilng  to  "  the  difaflrous  times,"  and  other 
impediments,  the  printing  of  it  was  long  retarded.  Dr 
Pulteney  is  of  opinion  that,  allowing  for  the  defefts 
common  to  the  age,  Parkinfon  will  appear  "  more  of 
an  original  author  than  Gerard  or  Johnfon,  Indepen- 
dent  of  the  advantages  he  might  derive  from  being  pof- 
terior  to  them.  His  theatre  was  carried  on  through  a 
long  feries  of  years,  and  he  profited  by  the  works  of 
forae  late  authors,  which  Johnfon,  though  they  were 
equally  in  his  power,  had  neglefled  to  ufe.  Parkinfon's 
dclcriptions,  in  many  inftances,  appear  to  be  new.  He 
is  more  particular  in  poinlingout  the  places  of  growth. 
Johnfon  had  defcribed  about  2850  plants,  Parkinfon 
has  near' 3800.  Thefe  accumulations  rendered  the  The- 
olrum  Bolanicum  the  moft  copious  book  on  the  fubjeft 
in  the  Engllih  language  ;  and  it  may  be  prefumed  that 
it  gained  equally  the  approbation  of  medical  people, 
and  of  all  thofe  who  were  curious  and  inquilitlve  in  this 
kind  of  knowledge." 

PARSONS  (James),  an  excellent  phyfician  and  po-  ^'">S-  ^'''* 
lite  fcholar,  was  born  at  Barnftaple,  in  Devonfltire,  in 
March  1705.  His  father,  who  was  the  youngeft  of 
nine  ions  of  Colonel  Parfons,  and  nearly  related  to  the 
baronet  of  that  name,  being  appointed  barrack  matter 
at  Bolton  in  Ireland,  removed  with  his  family  into  that 
kingdom  foon  after  the  birth  of  his  then  only  fon 
James,  who  received  at  Dublin  the  early  part  of  his  e- 
ducation,  and,  by  the  affillance  of  proper  mafters,  laid 
a  confiderable  foundation  of  clafhcal  and  other  ufetul 
learning,  which  enabled  him  to  become  tutor  to  Lord 
KIngfton.  Turning  his  attention  to  the  ftudy  of  me- 
dicine, he  went  afterwards  to  Paris,  where  (to  ufe  his 
own  words)  "  he  followed  the  moft  eminent  profeflbrs 
in  the  feveral  fchools,  as  Aftruc,  Dubois,  Lemery,  and 
others ;  attended  the  anatomical  leftures  of  the  moft 
famous  [[Hunaud  and  De  Cat]]  ;  and  chemicals  at  the 
King's  Garden  at  St  Come.  He  followed  the  phyfi- 
cians  in  both  hofpitals  of  the  Hotel  Dieu  and  La  Cha- 
rite,  and  the  chemical  ledlures  and  demonftrations  of 
Lemery  and  Bouldoc;  and  in  botany  JniFieu.  Having 
finidied  thefe  ftudies,  his  profeffors  gave  him  honour- 
able atteltations  of  his  having  followed  them  with  dili- 
gence 
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genre  and  indiiftry,  which  intillcJ  him  lo  take  the  de- 
'  gvccs  of  dotlor  and  profttTor  of  the  art  of  medicine,  In 
ajiy  univcrfity  in  the  dominions  of  Fidiice.  Intending 
to  retuvn  to  England,  he  judged  it  iinneccdciry  to  take 
degrees  in  Paris,  unlcfs  he  had  relolved  to  relide  there; 
and  as  it  was  more  e.xpenfive,  he  therefore  went  to  the 
univerl^y  of  Rheims,  in  Champaign,  where,  by  virtue 
of  liis  atteftations,  he  was  immediately  admitted  to 
three  examinations,  as  if  he  had  finilhed  his  ftudies  in 
that  academy  ;  and  there  was  honoured  with  his  de- 
j;rees  June  11.  1736,  In  the  July  following  he  came 
to  London,  and  was  foon  employed  by  Dr  James  Dou- 
glas to  alTift  him  in  his  anatomical  works,  where  in  fome 
time  he  began  to  praftife.  He  was  elefted  a  member 
of  the  Royal  Society  in  1740;  and,  after  due  exami- 
nation, was  admitted  a  licentiate  of  the  college  of  phy- 
ficians  April  j.  1751  ;  paying  college  fees  and  bond 
ilamps  of  different  denominations  to  the  amount  of 
L.  41  :  2  :  8,  fubjeft  alfo  to  quarterage  of  L.  2 
per  annum.  In  1755  he  paid  a  farther  funi  of  7, 
which,  with  the  quarterage  money  already  paid,  made 
up  the  fum  of  L.  16,  in  lieu  of  all  future  payments." 
On  his  arrival  in  London,  by  the  recommendation  of 
his  Paris  friends,  he  was  introduced  to  the  acquaintance 
of  Dr  Mead,  Sir  Hans  Slone,  and  Dr  James  Douglas. 
This  great  anatomill  made  nfe  of  his  aflillance,  not  on- 
ly  in  his  anatomical  preparations,  but  alfo  in  his  repre- 
fentations  of  morbid  and  other  appearances  ;  a  lift  of  fe- 
veral  of  which  was  in  the  hands  of  his  friend  Dr  Maty, 
■who  had  prepared  an  eloge  on  Dr  Parfons,  which  was 
never  ufed,  but  which,  by  tiie  favour  of  Mrs  Parfons, 
Mr  Nichols  has  preferved  at  large.  Though  Dr  Par- 
fons  cultivated  the  feveral  branches  of  the  profcffion  of 
phyfic,  he  was  principally  employed  in  the  obftetrical 
line.  In  1738.  by  the  interelt  of  his  friend  Dr  Dou- 
glas, he  was  appointed  phyfician  to  the  public  infir- 
mary in  St  Giles's.  In  1739  he  married  Mifs  Eliza- 
beth Reynolds,  by  whom  he  had  two  fons  and  a  daugh- 
ter, who  all  died  young.  Dr  Parfons  relided  tor  ma- 
ny years  in  Red  Lion  Square,  where  he  frequently  cn- 
ioved  the  company  and  converfation  of  Dr  Stnkely,  Bi- 
fhop  Littleton,  Mr  Henry  Baker,  Dr  Knight,  and 
many  other  of  the  moll  diftinguilhed  members  of  the 
Royal  and  Antiquarian  Societies,  and  that  of  Arts, 
jSIanufaAures,  and  Commerce  ;  giving  weekly  an  ele- 
gant dinner  to  a  large  but  fclecl  party.  He  enjoyed  al- 
io the  literary  concfpondence  ot  D'ArgtnvIlle,  Buffon, 
Le  Cat,  Beccaria,  Amb.  Betrand,  Valltravers,  Afca- 
nios,  Turbervllle  Needham,  Dr  Garden,  and  others  of 
the  moll  diftinguilhed  rank  in  fcience.  As  a  prafti- 
tioncr,  he  was  judicious,  careful,  honell,  and  remarkably 
humane  to  the  poor  ;  as  a  friend,  obliging  arjd  commu- 
nicative; chcavful  and  decent  in  converfation,  fevere 
and  ftrid  in  his  morals,  and  attentive  to  fill  with  pro- 
])riety  all  the  various  duties  of  life.  In  1769,  finding 
his  health  impaired,  he  propofed  to  retire  from  bufi- 
nefs  and  from  London  ;  and  with  that  view  difpofed  of 
a  confiderable  number  of  his  books  and  foffils,  and 
went  to  Briftol.  But  he  returned  foon  after  to  his  old 
lioufe,  ai-'.^'died  in  it  after  a  week's  illnefs,  on  the  4th 
of  April,  1770.  By  his  lad  will,  dated  In  Oftobcr 
1  766,  he  gave  his  whole  property  to  Mrs  Parfons  ;  and 
in  cafe  of  her  death  before  him,  to  Mifs  Mary  Rey- 
nolds her  only  fifter,  "  in  recompence  for  her  af- 
feflionate  attention  to  him  and  to  his  wife,  for  a  long 
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courfe  of  years,  in  fick2cf3  and  in  liealth."      It  was  his  Parfin? 
particular    requell,    that   he   fliould  not  be  buried  till  ^^ 

fome  change  Ihould  appear  in  his  corpfe  ;  a  requell 
which  occafioncd  him  to  be  kept  unburied  17  days,  and 
even  then  fcarce  the  flightell  alteration  was  perceivable. 
lie  was  buried  at  Hendon,  in  a  vault  which  he  had 
caufed  to  be  built  on  the  ground  purchafcd  on  the 
death  of  his  fon  James,  where  Ijis  tomb  had  a  very 
commendatory  infcrlption. 

It  would  carry  us  beyond  our  ufual  limits  to  enter 
into  an  enumeration  of  the  many  curious  articles  at  va- 
rious times  communicated  to  the  public  by  Dr  Parions, 
which  may  be  feen  in  the  Anecdotes  of  Bowyer.  We 
fhall  tiiereforc  clofe  this  article  with  an  exlraft  from 
Dr  Maty's  eulogium  :  <'  The  lurprifing  variety  of 
branches  which  Dr  Parfons  embraced,  and  the  feveral 
living  as  well  as  dead  languages  he  had  a  knowledge  of, 
qualified  him  abundantly  for  the  place  of  afl'iftant  fe- 
cretary  for  foreign  correfpondences,  whicii  the  council 
of  the  Royal  Society  bellowed  upon  him  about  the 
year  1750.  He  acquitted  himfelf  to  the  utmoft  of  his 
power  of  the  functions  of  tiiis  place,  till  a  few  years 
before  his  death,  when  he  refigned  in  favour  of  his 
friend,  who  now  gratefully  pays  this  laft  tribute  to  his 
memory.  Dr  Paribus  joined  to  his  academical  honours 
thole  which  the  Royal  College  of  Phyficians  of  Lon- 
don bellowed  upon  him,  by  admitting  him,  after  due 
examination,  licentiate,  on  the  firll  day  of  April  1751. 
The  diifufive  fpirit  of  our  friend  was  only  equalled  by 
his  defire  of  Information.  To  both  thefe  principles  he 
owed  the  intimacies  which  he  formed  with  fome  of  tlie 
greateft  men  of  his  time.  The  names  of  Folkes,  flalc;, 
Mead,  Stukely,  Needham,  Baker,  Colinfon,  and  Gar- 
den, may  be  mentioned  on  this  occafion,  and  many  , 
more  might  be  added.  Weekly  meetings  were  formed, 
where  the  earliefl.  intelligence  was  received  and  commu- 
nicated of  any  difcovery  both  here  and  abroad  ;  and 
new  trials  were  made  to  bring  lo  the  teft  of  experience 
the  reality  or  ufefulnefs  of  thefe  difcoveries.  Here  it 
was  that  the  microfcopical  animals  found  in  feveralin- 
fufions  were  firft  produced;  the  propagation  of  feveral 
infetls  by  feflion  afcertained  ;  the  conftancy  of- Nature 
amidll  thefe  wonderful  changes  ellabliOicd.  His  Re- 
mains of  Japhet,  being  Hillurical  p^nquiries  into  the- 
Affinity  and  Origiu  of  the  European  Languages,  ar.; 
a  mod  laborious  performance,  tending  to  prove  the  an- 
tiquity of  the  fiill  inhabitants  of  tliefe  illands  as  being 
originally  defcended  from  Gomer  and  Magog,  above  - 
looo  years  before  Chriil,  tlicir  primitive  and  (till  fub- 
fifting  language,  and  its  aflinily  with  fome  others.  It 
cannot  be  denied  but  that  there  is  much  ingenuity,  as 
well  as  true  leartu'ng,  in  this  work,  which  helps  con- 
viaion,  and  often  fupplies  the  want  of  it.  But  we 
cannot  help  thinking  that  our  friend's  warm  feelings 
now  and  then  miflead  his  judgment,  and  that  fome  at 
leall  of  his  conjedures,  relling  upon  partial  traditions, 
and  poetical  fcraps  of  Irifh  filids  and  Wclfli  bards,  are 
lefs  latisfaftory  than  his  tables  of  affinity  between  the 
feveral  northern  languages,  as  deduced  from  one  com- 
mon  flock.  Literature,  however,  is  much  obliged  to 
him  tor  having  In  this,  as  well  as  in  many  of  liis  other 
works,  opened  a  new  field  of  obfirvations  and  difcovt- 
ries.  In  enumerating  our  learned  friend's  diffeitations, 
\'  :  find  ourfelves  at  a  lofs  whether  we  Ihould  follow 
the  order  of  fubjefts  or  of  time ;  neither  is  it  eafy  to 
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Pirfoii*.  account  for  their  furprijing  vaiicty  anc!  quick  fncccf- 
''~~'  fuin.  The  truth  is,  tliat  liis  tajjerncfs  after  knowledge 
was  fuch,  as  to  embrace  almoil  with  (.'qual  facility  all 
iti  blanches,  and  with  equal  zeal  to  alcertain  tlie  merit 
of  inventions,  and  afciibc  to  their  relpective,  and  iome- 
times  unknown,  authors,  the  glory  of  the  difcovery. 
Many  operations,  which  the  ancients  have  tranl'miltcd 
to  us,  \iif:'e  been  thought  fabulous,  merely  from  our  ig- 
norance of  the  art  by  which  they  were  performed,  t'hns 
the  burning  of  the  (hips  of  the  Romans  at  a  conlider- 
able  dillance,  during  the  ficge  of  Syracufe,  by  Archi- 
inedes,  would  perhaps  ftill  continue  to  be  exploded, 
bad  not  the  celebrated  M.  Buft'on  in  France  fhewn  the 
poffibilily  of  it,  by  prefenting  and  delcriLing  a  model 
of   a    fpeculum,   or  rather  alTemblage  of  mirrors,    by 
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thro\igh  the  whole  body  a  fpirit  of  tiuulatlon.  Tlmuffh 
by  fixijuent  difappointmtnts  he  forcfaw,  as  well  as  we, 
the  little  chance  of  a  fpeedy  redrefs.  he  nobly  perfdicd 
in  the  attempt  5  and  had  he  liv.'d  to  the  final  event,  » 
would  undoubtedly,  like  Cato,  illll  have  preferied  the 
conquered  cauie  to  that  fupported  by  the  gods.  After 
havitig  tried  to  retire  from  bufinels  and  from  London, 
for  the  fake  of  his  health,  and  having  dltpoled  of  rrioit 
of  his  books  with  that  view,  he  found  it  incoulillent 
with  his  happinefs  to  foriake  all  the  advantages  which 
a  long  refidence  in  the  capital,  and  the  many  connec- 
tions he  had  formed,  had  rendered  habitual  to  him.  He 
therefore  returned  to  his  old  houfc,  and  died  in  it,  after 
a  ihort  illneis,  April  4.  1770.  The  ttylc  ol  our  fncnd'* 
compofiticu  was   fuflEcitntly  clear   in    defcriptiou,  tho' 


hich  he  could  fet    fire  at  the  dillance  of  feveral  hun-     in  argument  not   fo   cloie   as   could   have   been  wifhed. 


dred  feet.  In  the  contriving,  indeed,  though  not  in 
tlie  executing  of  fuch  an  apparatus,  he  hid  in  feme  mea- 
fure  been  foreilalled  by  a  writer  now  very  little  knoivn 
or  read.  This  Dr  Parfons  proved  in  a  very  fatisfac- 
tory  manner;  and  he  bad  the  pleafure  to  find  the 
French  philofpher  did  not  rtfufe  to  the  Jefult  his 
{hare  in  the  invention,  and  was  not  at  all  ofiended  by 
the  liberty  he  had  taken.  Another  French  dilcovery, 
I  mean  a  new  kind  of  painting  fathered  upon  the  an- 
cients, was  reduced  to  id;  real  value,  in  a  paper  which 
fliewed  our  author  was  polTefTed  of  a  good  tatte  for  the 
fine  arts;  and  I  am  informed  that  his  ikiU  in  mufic  was 


Full  of  his  ideas,  he  did  not  always  fo  difpoie  and  con- 
nect them  together,  as  to  produce  in  the  minds  of  his 
readers  that  cuuviclioii  which  was  in  his  own.  He  too 
much  defpiled  thofe  additional  graces  which  command 
attention  wdien  joined  to  learning,  obleivation,  and 
foi'nd  reafoning.  Let  us  hope  that  his  example  and 
fpirit  will  animate  all  his  colleagues  :  and  that  thofe 
piaClilioners  who  are  in  the  fame  circumilanccs  will  be 
induced  to  join  their  brethren,  lure  to  find  ainonglt 
them  thofe  great  blcllings  of  hie,  freedom,  equality,  in- 
formation, and  friendihip.  As  long  as  tlicfe  great  prin- 
ciples (liall  fublift  in  this    fociety,   and  I  trull  they  will 


by  no  means  inferior,  and  tiiat  his  favourite  amufement     outlall  the  longeft  liver,  there  is  no  doubt  but  the  mem- 


was  t  Ik;  flute.  Richly,  it  appears  from  thefe  perform 
ances,  did  our  author  merit  the  honour  of  being  a  mem- 
ber of  the  Antiquarian  Society,  which  long  ago  had 
alTociated  him  to  its  labours.  To  another  foeiety, 
founded  upon  the  great  principles  of  humanity,  patrio- 
tifm,  and  natural  emulation,  he  undoubtedly  was  great- 
ly ufeful  (a).     He    aiFiiled  at    molf   of   their  general 


hers  will  meet  with  the  reward  honeft  men  are  ambi- 
tious of,  the  approbation  of  their  confcience,  the  e- 
fteem  of  the  virtuous,  the  remembrance  of  pollerity." 

PARODICAL  Degrees,  in  an  equation,  a  term 
that  has  been  fometimcs  ufcd  to  denote  tiic  feveral  re- 
gular terms  in  a  quadratic,  cubic,  bequadratic,  &c. 
equation,  when  the  indices  ol  the  piuvcrs  alcend  or  de- 


meetings  and    c<jmmittees,    and  was   for    many    years     fcend  ordeily  in   an  arithmetical  progrcllion.      Thu.s,  k' 


chairman  to  that  of  agriculture  ;  always  equally  ready 
to  point  out  and  to  promote  ufetul  improvements,  and 
to  oppoie  the  interetled  views  of  fraud  and  ignorance, 
fo  infeparable  from  very  extenfive  affociations.  No 
fooner  was /Z'W  fociety  (b)  formed,  than  Dr  Parfons 
became  a  member  of  it.  Intimately  convinced  of  the 
roblenefs  of  its  views,  though  from  his  ifation  in  life 
little  concerned  in  its  fnocefs,  he  grudged  neither  attend- 
ance nor  expence.  Neither  ambitions  of  taking  the 
lead,  nor  fond  of  oppofition,  he  joined  in  any  meafiire 
he  thought  right  ;  and  fubmitted  cheerfully  to  the  feii- 
timcnts  of  the  majority,  though  agninll  his  own  private 
he  had  of  the  dignity  of  our 


-|-  m  x'  -i-  n  X  zz  p  is  3  cubic  equation  where  110  ttim 
is  wanting,  but  having  all  its  parodic  degrees;  the  in- 
dicts of  the  terms  regularly  deicending  thus,  _^,  2,  i,  o. 

PARTY  Arches,  in  architetlure,  are  aiches  built 
between  fcparate  tenures,  where  the  property  is  inter- 
mixed, and  apartments  over  each  other  do  not  belong 
to  the  fame  ettate. 

Party  Walls,  are  partitions  of  brick  made  between 
buildings  In  feparate  occupations,  tor  preventing  the 
fpread  of  fire.  Thefe  are  made  thicker  than  the  exter- 
nal wails  ;  and  their  thicknefs  in  London  is  regulated 
by  aet  of  Parliament  of  the  I4tii  of  George  HI. 

PASSIGRAPHY,   the  art  of  writing  on  any  fub- 


opinion.     The  jull  ideas 

profeffion,  as  well  as  of  the  common  links  which  ought     ject  fo  as  to  be  underllood  by  all   nations  ( See   Umver- 

to  unite  all  its  members,  notwitlillaiiding  the  differences    fti!  CH.-mAciEks,  in  this  Supphmem).      In  France,  where 

of  country,  religion,  or  places  of  education,   made   him      every  thing   is  admired  that   is  new,  and  every  vagary 

bear  impatiently  the  ihackhs  laid  upon  a  great  i. umber 

of  relpectable  praiititioners :    he  wilhcd,    fondly  wrfhed, 

to  fee  thefe  broken  ;    not  with  a  view  of  empty  honour 

and  dangerous  power,  but  as  the  only  means  of  ferving 

mankind  more  effectually,  checking  the  progrefs  of  de- 

figning  men   and  illiterate  practitioners,    and   diffufing 


of  the  imagination  of  a  pretended  philolopher  thouglit 
prat'ticable,  a  propolal  has  lately  been  made  to  introduce 
one  univerfal  language  into  ihe  world,  conifruifed  by  a 
few  metaphylicians  on  the  laws  of  human  thought.  And 
to  this  language,  in  its  written  form,  is  to  be  given  the 
name  oi pujp^raphy.     Such   readers   as  think  this  idle 

^^        dream 


(a)  The  Society  for  the  Encouragement  of  Arts,  Manufaftures,  and  Commerce.     He  likewife  was  aflbciated 
to  the  Economical  Society  at  Berne,  Dec.  26.  1763. 

(b)  A  Medical  Society  inftituted  by  Dr  Fothergill,  and  other  refpedlable  phyficians,  licentiates,  in  vindication 
of  their  privileges  ;  where,  it  fhould  feem,  this  eulogy  was  intended  to  be  pronounced. 
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drenm  worthy  their  attention  (which  Is  far  from  being 
the  cafe  with  us),  will  fjiwl  fomc  ingenious  thoughts  on 
the  hiftory  of  a  philofophlcal  language,  in  the  zd  vo- 
lume of  Nicholfon's  Jou'n,il  of  Ndluru!  Ph'tlnfn(>hy,  l^c. 

PATH  OF  THE  VERTEX,  a  term  fiequently  ufcd  by 
Mr  Fiamllecd  in  his  Doflrine  of  ihe  Sphere,  denoting 
a  circle,  dciciibed  by  any  point  of  the  earth's  furface 
as  the  earth  turns  round  its  axis.  This  point  is  confi- 
dcrcd  as  verticil  to  'the  earth's  centre  ;  and  is  thts  ianie 
witl\  what  is  called  the  vertex  or  zenith  in  the  Ptolb- 
nnaic  projeAion. 

PEARL  Fish,  is  commonly  confidered  as  an  afctiVta 
(fecMyriLUS,  Encycl.)  ;  but  this  is  denied  by  a  late 
autlior,  who  feems  to  have  paid  great  attention  to  the 
pearl-fifhcry  at  Ceylon.  It  has  never,  he  fays,  been  ac- 
curately dcfcribed.  It  does  not  refemble  tlie  afcidia  of 
Linnaeus  ;  and  as  he  thinks  it  may  form  a  new  genus, 
he  gives  the  following  account  of  it  : 

"  The  lilh  is  faftened  to  the  upper  and  lower  (hells 
by  two  white  flat  pieces  of  niufcular  fiibtlance,  which 
have  been  called  ears,  and  extend  about  two  inclics  from 
the  thick  part  of  the  body,  growing  gradually  thinner. 
The  extremity  of  each  ear  lies  loofe,  and  is  furronnded  by 
a  double  brown  fringed  line.  Thefc  lie  alnioft  the  third 
part  of  an  incii  from  the  outer  part  of  the  fliell,  and  are 
continually  moved  by  the  animal.  Next  to  thefe,  above 
and  behnv,  are  fituated  two  other  double  fringed  move- 
able fubllances,  like  the  bronchia;  of  a  filh.  Thele  ears 
and  fringes  are  joined  to  a  cylindrical  piece  of  fleih  of 
the  fize  of  a  man's  thumb,  which  is  harder  and  of  a 
more  mufcular  nature  than  the  reft  of  the  body.  It 
lies  about  the  centre  of  the  (hells,  and  is  (irmly  attach- 
ed to  the  middle  of  each.  This,  in  faft,  is  that  part 
of  the  pearl-(i(li  which  ferves  to  open  and  (hut  the  (liells. 
Where  this  column  is  faltencd,  we  find  on  the  flcfli 
deep  imprtllions,  and  on  the  (liell  various  nodes  of  round 
■or  obloiig  forms,  like  imperfetl  pearls.  Between  this 
part  and  the  hinge  (cardo)  lies  the  principal  body  of 
the  animal,  feparated  f.om  the  reit,  and  (haped  like  a 
bag.  The  mouth  is  near  the  hinge  of  the  (liell,  enve- 
loped in  a  veil,  and  has  a  double  flap  or  lip  on  each 
fide  ;  from  thence  we  obferve  the  throat  {icfophagus) 
dcfcending  like  a  thread  to  the  llomach.  Clole  to  the 
mouth  there  is  a  curved  brownifh  tongue,  half  an  inch 
in  length,  with  an  obtufe  point ;  on  the  concave  (ide  of 
this  delcends  a  furrow,  which  the  animal  opens  and 
flints,  and  probably  ufes  to  convey  food  to  its  mouth. 
Near  its  middle  are  two  bluilh  fpots,  which  feem  to  he 
the  eyes.  In  a  pretty  deep  hole,  near  the  bale  of  the 
tongue,  lies  tlie  beard  [h/f"s),  fatlened  by  two  flediy 
roots,  and  confiding  of  almoft  lOO  fibres,  each  an  inch 
long,  of  a  dark  green  colour,  with  a  met.dllc  lultre;  they 
are  undivided,  parallel,  and  flattened.  In  general,  the 
hffi's  is  more  than  three  quarters  of  an  inch  without  the 
clel't  (rima);  but  if  the  animal  is  dllhirbed,  it  contrafts 
it  confiderably.  The  top  of  each  of  theie  threads  ter- 
minates in  a  circular  gland  or  head,  like  the  J/[qma  of 
many  plants.  With  this  ijfus  they  fallen  themfelvcs 
to  rocks,  corals,  and  other  folid  bodies;  by  it  the  young 
pearl-fifn  cling  to  the  old  ones,  and  with  it  the  animal 
procures  its  food,  by  extending  and  contrafting  it  at 
pleafure.  Small  (hell  filh,  on  which  they  partly  live, 
are  often  found  clinging  to  the  former.  The  ftomach 
lies  clofe  to  the  root  of  the  beard,  and  has,  on  its  lower 
fide,  a  protradled  obtofe  point.     Above  the  ftomach 
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are  two  fmall  red  bodies,  like  lungs  ;  and  from  the  flo-     P'  a'l. 
mach  goes  a  long  channel  or  gut,  which  takes  a  circuit  f*"^*^ "'""'''.• 
round  the  mufcular  column  above-mentioned,  and  ends         ' 
in  the  anus,  which   lies  oppofite   to  the   mouth,  and  ij 
covered  with    a  fmall   thin    leaf,   like  a   flap.     Though 
the  natives  pretend  to  dillinguilh  the  fexes  by  the  ap- 
pearance of  the   (hell,    calling  the  flat  ones   mules,  and 
tliofe  which  are  thick,  concave,  and   vaulted,  females, 
our  author,  on  a  clofe   infpeclion,  could  not  perceive 
any  vifible  fexiial  diHerence." 

The  pearls  are  only  in  the  fofter  part  of  the  animal, 
and  never  in  the  firm  mulcnlar  column  above-mention- 
ed.  They  are  found,  in  general,  near  the  earth,  and 
on  both  fides  of  the  moutli.  From  the  appearance  of 
tfie  fliell  a  judgment  may  be  formed,  with  greater  or 
lefs  probability,  whether  it  contains  pearls  or  not.  Thofc 
which  have  a  thick  calcareous  crufl  upon  them,  to 
which y<r^u/<f  (fea  tubes)  TubuU  marir  irrfgulariter  in- 
torli,  CrjJIa-gnIi  Chamar  la-zuras,  Lcpos  l'inl'mabul:im, 
Mcdreporee,  Aldlipore,  Cellipore,  Gorgontit,  Spung'ix,  and 
other  Zoophytes,  are  faftened,  have  arrived  at  their  full 
growth,  and  commonly  contain  the  bell  pearls  ;  hut 
thofe  that  appear  imooth,  contain  either  none,  or  fmall 
ones  only. 

In  the  article  [F.tufcl.)  intitled.  Manner  of  Fi/hing 
for  PsjKLS  in  the  Enjl  Iiulies,  we  have  moft  unaccourit- 
ably  faid,  tliat  "  the  hell  dwcrs  will  keep  under  water 
near  half  an  hour,  and  the  red  not  leii  than  a  quarter!" 
This  is  a  very  great  milhke  ;  for  ]M  Le  Beck  aifures 
us,  that  the  time  during  which  a  diver  is  able  to  re- 
main under  water  feldom... exceeds  two  minutes  ;  and' 
that,  even  after  that  fhort  period,  he  difchargcs,  on 
emerging  from  the  fea,  a  quantity  of  water,  and  fome- 
tinies  a  little  blood,  from  his  mouth  and  nofe.  We  have 
mentioned  the  danger  which  the  divers  run  of  becoming 
a  prey  to  monflrous  fifhcs.  Thefe  h(hes  are  (liarks  ;  of 
which  fuch  a  dread  is  juilly  entertained,  that  the  mod 
expert  divers  will  not,  on  any  account,  defcend,  till  the 
conjurer  has  performed  his  ceremonies  of  enchantment. 
Tliele  confill  in  a  number  of  prayers,  learned  by  heart, 
that  nobody,  probably  not  even  the  conjurer  himfelf, 
undtrdands,  which  he,  (tanding  on  the  diore,  continues 
muttering  and  grumbling  from  lun-rife  until  the  boats 
return.  During  this  period,  he  is  obliged  to  abllaia 
from  fiood  and  deep,  otherwife  his  prayers  would  have 
uo  avail:  he  is,  however,  allowed  to  drink;  which  pri- 
vilege he  indulges  in  a  high  degree,,  and  is  frequently 
fo  giddy,  as  to  be  rendered  very  unfit  for  devotion. 
Some  of  the  conjurers  accompany  the  divers  in  their 
boats;  which  plcales  them  very  much,  as  they  have 
their  protcdors  near  at  hand. 

PEDOMETER  (fee  Encycl.),  is  the  name  given 
by  Mr  Lewin  Thugwell  to  an  indnnnerit,  which  is  ra- 
ther  an  improved  pur  ambulator  than  the  indrument 
wliich  v/e  have  noticed  by  tlie  name  of  Pedometer.  The 
chief  improvement  made  by  him  on  the  perambulator. 
(fee  that  article,  Encycl.)  is  in  the  (ize  of  the  wheel, 
of  which  the  circumference  meafures  i6i  feet,  or  one 
pole,  adapted  to  Gunter's  concife  method  of  arithmetic,, 
and  divided  into  25  equal  parts,  aorrefponding  to  the 
links  of  his  chain  for  land-meafuring.  There  is  like- 
wife  a  contrivance  in  Mr  Thugwell's  pedometer,  for 
compelling  the  attention  of  the  traveller  to  the  inftru. 
ment  at  the  end  of  every  mile.  It  is  very  ingenious, 
and  abundantly  fimple  ;  but,  we  hardly  think  it  of  fuiE* 
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r<">;i'C.     ciViit  importance  to  fill  the  fpacc  wliich  a  complete  <le-     of  liie  country,  is  ■^6(  feet 
'  fcription  of  it  would  occupy  in  this  work.      It   is  iully 

defcilbcd  in  the  Letters  and  Papers  uf  the  B,ith  and  Il^ejl 
cf  Xn^hind  Sric'u-ly,  for  ihd  Eiumin'gcmtiU  of  ylgricul- 
ture  ;  and  likcwife  in  the  6th  volume  of  the  Repertory 
of  Arts  nriA  Manuf allures, 

I'EGUE,  the  ancient  cEpital  of  the  kingdom  of  the 
fame  name  (fee  Pegu,  Encyel.),  appears  to  have  been  a 
OjUadrangle,  each  fulc  mcafuring  about  a  mile  and  a  half. 
It  was  furrouudcd  by  a  ditcli  and  wall  ^  which,  before 
the  latter  tumbled  down,  and  the  former  was  filled  up, 
liiuft  have  furnilhed  no  contemptible  defence.  The 
breadth  of  the  ditch  appears  to  be  about  60  yards  ;~  its 
depth,  where  not  choked  up,  about  ten  or  twelve  feet  ; 
and  there  is  Rill  in  it  water  enough  to  impede  an  eallern 
fiege.  The  wall  has  been- at  leaft  25  feet  high,  and  its 
breadth  at  the  bale  not  Icfs  than  40.  It  is  compofcd 
of  brick,  badly  cemented  together  with  clay  raortar, 
and  has  had  on  it  fuiall  equidillant- baftions,  about  300 
yards  afunder. 

Nothing  can  exhibit  a  more  flriking  piflure  of  de- 
folatlon  than  the  infide  of  this  wall.  We  have  elfewhere 
given  an  account  of  the  almoll  incelTant  wars  between 
the  kings  of  Pegue  and  Birma  or  Barma.      In  the  year 

1757,  the  Birman  fovereign  carried  the  city  of  Pegue 
by  aflault,  razed  every  dwelling  to  the  ground,  and  dif- 
jierfc-d,  or  led  into  captivity,  all  the  inhabitants.  The 
pagodas,  which  are  very  numerous,  were  the  only  build- 
ings that  efcaped  the   fury   of  the  conqueror  ;  and  of 

thefe  the  great  pagoda  of  Shoemadoo  has  alone  been 

attended  toj  and  repaired. 

This  extraordinary  edifice  is  built  on  a  double  ter- 
race, one  raiftdupon  another.      The  lower  and  greater 

terrace  is  about  ten  feet  above  the  natural  level  of  the 

ground.  It  is  quadrangular.  The  upper  and  lefTer  ter- 
race is  of  a  like  fliape,  raifed  about   20  feet  above  the 

hivver  terrace,  or  3c   above  the  level  of  the  country'. 

Thefe  terraces  are  afcended   by   flights  of  ftone  fteps, 

liroken  and  ncglcCled.      On  each  fide  are  dwellings  ot 

the   Rahaans  or  priefts,  raifed  on  timbers  four  or  five 

feet  from  the  ground.     Their  houfes  confift  only  of  a 

fingle  hall.     The  wooden  pillai-s  that  fupport  them  are 

turned  with  neatnefs.       The  roof  is  of  tile,    and  the 

fides  of  fheathing-boards.     There  are  a  number  of  bare 

benches  in  every  houfe,  on   which   the   Rahaans   fleep. 

They  appear  to  have  no  furniture. 

shoemadoo  is  a  pyramid,  compofed  of  brick  and  plaf- 

ter,  with  fine  (hell  mortar,  without  excavation  or  aper- 
ture of  any  fort  :   oftagonal  at  the  bafc,  and  fpiral  at 

the   top.      Six   feet  from  the    ground  there  is  a  wide 

ledge,  which  furrounds  the  bafe  of  the  building  ;  on  the 

plane  of  which  are  57  fmall  fpires,  of  equal  fize,  and 

cquidiftant.      One  of  them  mcafured  27  feet  in  height, 

and  40  in  circumference  at  the  bottom.     On  a  higher 

ledge  there  is  another  row,  confifting  of  53  fpires,  of 

fimilar    fhape   and    meafurement.      A  great  variety   of 

mouldings  encircles  the  building;  and  ornaments,  fome- 

what  refembling  the_y?£-ar  dc  lys,  furround  what  may  be 

called  the  bafe  of  the  fpire.  Circular  mouldings  like- 
wife    gird   this  part    to  a  confiderable  height  ;    above 

which  there  are  ornaments  in   ftucco,    r.ot   unlike  the 

leaves  of  a  Corinthian  capital  ;  and  the  whole  is  crown- 
ed by  a  tee,  or  umbrella  of  open  iron-work,  from  which 
rifes  an  iron  rod  with  a  gilded  pendant. 

The  txtreme  height  of  the  building,  from  the  level 
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and  above  tlie  interior  ter- 
race, 331  feet.  On  the  fouth  eall  angle  of  the  upper'" 
teirace  there  are  two  handfome  falooui,  or  keouiis,  late- 
ly erected.  Tlie  roof  is  compofed  of  different  llagcs, 
fnpported  by  pillars.  Captain  Symes,  from  ivhofe  me. 
moir  in  the  Afiatic  Rek'irches  this  account  is  taken, 
judged  the  length  oi  each  faloon  to  be  about  60  feet, 
and  the  breadth  30.  The  ceiling  of  one  of  them  was 
already  embellifiiid  witli  gold  leaf,  and  the  pillars  lac- 
quered ;  the  otlitr,  when  he  faw  it,  was  not  comple- 
ted. They  are  made  entirely  of  wood.  The  carving 
on  the  outfide  is  very  curious.  He  faw  feveral  unfinifli- 
ed  figures,  intended  to  be  fixed  on  ditierent  parts  of  the 
building  ;  lome  of  them  not  ill  (hapen,  and  many  ex- 
ceedingly grotefque.  Splendid  images  ot  Gaudma  (the 
Btrman  object  of  adoration)  wpe  preparing,  which  he 
underllood  were  defigncd  to  occupy  the  inlide  of  thefe 
keauns. 

At  each  angle  of  the  interior  terrace  is  a  pyramidi- 
cal  pagoda,  67  feet  in  height,  refembhng,  in  miniature, 
the  great  pagoda.  In  front  of  the  one  in  the  fouth-wcft 
corner  are  four  gigantic  reprefentations  in  mafonry  of 
Palloo,  or  the  man  dejlroyer,  half  beaft,  half  human,  feat- 
ed  on  their  hams,  each  with  a  large  club  on  the  right 
(houlder. 

Nearly  in  the  centre  of  the  eatt  face  of  the  area  are 
two  human  figures  in  llucco  beneath  a  gilded  umbrella. 
One  (landing,  reprefents  a  man  with  a  book  before  him, 
and  a  pen  in  his  hand.  He  is  called  Thagiamee,  the 
recorder  of  mortal  merits  and  mortal  mifdetds.  The 
other,  a  female  figure  kneeling,  is  Maha  Sumdere,  the 
proteftrefs  of  the  univerfe,  as  long  as  Uie  univerfe  is 
doomed  to  laft  :  but  when  the  time  of  general  diiTolu- 
tiou  arrives,  by  her  hand  the  world  is  to  be  overwhelm- 
ed, and  deftroyed  everlaftingly. 

On  the  north  fide  of  the  great  pagoda  are  three  large 
bells,  of  good  workmanfliip,  fufpended  near  the  ground 
between  pillars.  Several  deers  horns  are  (Irewed  around. 
Thofe  who  come  to  pay  their  devotions  firft  take  up 
one  of  the  horns,  and  ftvike  the  bell  three  times,  giving 
an  alternate  ftroke  to  the  ground.  This  aft  is  to  an- 
nounce to  the  fpirit  of  Gaudma  the  approach  of  a  fup- 
pliant.  There  areieveral  low  benches  near  the  bottom 
of  the  pagoda,  on  which  the  perfon  who  comes  to  pray 
places  his  o(fering  ;  which  generally  confifts  of  boiled 
rice,  a  plate  of  fweet meats,  or  cocoa-nut  fried  in  oil. 
When  it  is  given,  the  devotee  cares  not  what  becomes 
of  it.  The  crows  and  dogs  commonly  eat  it  up  in  the 
picfence  of  the  donor,  who  never  attempts  to  prevent 
or  moled  the  animals. 

There  are  many  fmall  pagodas  on  the  areas  of  both 
terraces,  which  are  neglefted,  and  fnfFered  to  fall  into 
decay.  Numberlefs  images  of  Gaudma  lie  indifcrimi- 
nately  fcattei-ed.  A  pious  Birman  wlio  purchafes  an 
idol,  fird  procures  the  ceremony  of  confecration  to  be 
performed  by  the  Rahaans,  then  takes  his  purchafe  to 
whatever  facred  building  is  moft  convenient,  and  there 
places  it  either  in  the  (helter  of  3  keoutt,  or  on  the  open 
ground  before  the  temple  :  nor  does  he  ever  after  feem 
to  have  any  a.ixiety  about  its  prefervation,  but  leaves 
the  divinity  to  fliift  for  itfelf. 

From  the  upper  ledge  that  furrounds  the  bafe  of 
Shoemadoo,  the  profpcft  of  the  country  is  extenfive 
and  pifturefquc  ;  but  it  is  a  profpeft  of  Nature  in  her 
rudeft  (late.     There  are  few  inhabitants,  and  fcarcely 
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fegiic.  nny  cultivation.  The  hillii  of  Martalan  rife  to  the  eaft- 
"^v  '  ward  :  and  the  Sitting  river,  winding  alonrr  the  plains, 
gives  here  and  there  an  interrupted  view  of  its  waters. 
To  the  north-north  weft,  above  40  miles,  are  the  Gal- 
/tiihel  hills,  whence  the  Pegn^  river  takes  its  rile  ;  hills 
remarkable  only  for  the  noifnme  elFeCts  of  their  atniof- 
phere.  In  every  other  direclion  the  eye  looks  over  a 
houndlefs  plain,  chequered  by  a  wild  intermixture  of 
wood  and  water. 

The  prefent  king  of  the  Birmans  has  entirely  altered 
the  fyftem  of  his  predeceffors.  He  has  turned  his  at- 
tention to  the  population  and  improvement,  rather  than 
the  exteniion,  of  his  dominions  ;  and  ieems  more  deii- 
rous  to  conciliate  his  new  fubjefts  by  mildnefs,  than  to 
rule  them  through  terror.  He  has  abrogated  feveral 
fevere  penal  laws  impofedupon  the  Taliens  or  Peguers  : 
juftice  is  now  diilributcd  impartially  ;  and  the  only  dif- 
tintlion  at  prefent  between  a  Birman  and  Talien  con- 
fifts  in  the  exclufion  of  the  latter  from  all  public  offices 
of  truft  and  power. 

No  ail  of  the  Birman  government  is  more  likely  to 
reconcile  the  Taliens  to  the  Birman  yoke  than  the  re- 
ftoration  of  their  ancient  place  of  abode,  and  the  pre- 
fervation  and  embellifhment  of  the  pagoda  of  Shoema- 
tIoo.  So  fcnfible  was  the  king  of  this,  as  well  as  of  the 
advantages  that  muft  accrue  to  the  ftate  from  an  in- 
creafe  of  culture  and  population,  that  fome  years  ago 
he  iflued  orders  to  rebuild  Pegue,  encouraged  new  let- 
tiers  by  liberal  grants,  and  invited  the  fcattered  families 
of  former  inhabitants  to  return  and  repeople  their  de- 
ferted  city. 

Pegue,  in  its  renovated  ftate,  feems  to  be  built  on  the 
plan  of  the  former  city.  It  is  a  fquare,  each  fide  mca- 
furing  about  half  a  mile.  It  is  fenced  round  by  a 
ilockade,  from  10  to  12  feet  high.  There  is  one  main 
flrcet  running  eaft  and  weft,  which  is  interfedted  at  right 
antjles  by  two  fmaller  flreets,  not  yet  finidied.  At 
each  extremity  of  the  principal  ilreet  there  is  a  gate  in 
the  ilockade,  which  is  ITiut  early  in  the  evening.  After 
that  hour,  entrance  during  the  night  is  conlined  to  a 
wicket.  Each  of  thefe  g.ites  is  defended  by  a  lorry 
piece  of  ordnance,  and  a  few  mulquetecrs,  who  never 
poll  centinels,  and  are  iiUial'y  afleep.  There  are  alfo 
two  other  gates  on  the  north  and  fouth  fides  of  the 
ilockade. 

The  houfes  of  the  inhabitants  of  Pegue  are  far  from 
commodious,  agreeably  to  European  notions  of  accom- 
modation ;  but  they  are  at  leaft  as  much  fo  as  the  houfes 
of  other  Indian  towns.  There  are  no  brick  buildings 
in  Pegue,  except  fuch  as  belong  to  the  king,  or  are  de- 
dicated to  Guadma.  The  king  has  prohibited  the  ufe 
of  brick  or  ftone  in  private  buildings,  from  the  appre- 
henfion,  that  if  people  got  leave  to  build  brick  houies, 
they  might  ereft  brick  fortifications,  dangerous  to  the 
fecurity  of  the  ftate.  The  houfes,  therefore,  are  all 
made  of  mats  or  fhcathing-boards,  fupportcd  on  bam- 
boos or  polls.  Being  compofed  of  fucli  combullible 
materials,  the  inhabitants  are  under  continual  dread  of 
tire,  againlt  which  they  take  every  precaution.  The 
roofs  are  lightly  covered  ;  and  at  each  door  ftando  a 
long  bamboo,  with  a  hook  at  the  end,  to  pull  down  the 
thatch  :  alfo  another  pole,  with  a  grating  of  fplit  bam- 
boo at  the  extremity,  about  three  feet  fquare,  to  fup- 
prefs  flame  by  preffure.  Almoft  every  houfe  has  earthen 
Suppt.  Vol.  II.  Part  I. 


pots  of  wflter  on  the  roof.     And  there  is  a  particular    fr' 
clafs  of  people,  whofe  bufinefj  it  is  to  prevent  and  ex- 
tinguKli  fires.  t 

PEISHCAR,  in  Bengal,  princip;d  in  office. 

PEISHCUSH,  a  fine,  tribute,  or  prefent. 

PELL  (Drjohn),  an  eminent  Englilh  mathenii'.i- 
cian,  delcended  from  an  ancient  family  in  Lincolnlliin-, 
was  born  at  Southwick  in  .Suffix,  March  1.  1610,  where 
his  father  was  minillcr.  He  received  his  grammar  edu- 
cation at  the  free  fchool  at  Stcnning  in  that  county. 
At  the  age  of  13  he  was  fent  to  Trinity  college  in 
Cambridge,  being  then  as  good  a  fcholar  as  moft  mat- 
ters of  arts  in  that  univerlity  ;  but  though  he  was  emi- 
nently (killed  in  the  Greek  and  Hebrew  languages,  he 
never  offered  himfelf  a  candidate  at  the  eledlion  of  Icho- 
lars  or  fellow  s  of  his  college.  His  perfon  was  hand- 
fome  ;  and  being  of  a  ftrong  conftitution,  ufing  little  or 
no  recreations,  he  profecuted  his  ftudies  with  the  more 
application  and  intenfenefs. 

In  1629  he  drew  up  the  "  Defcription  and  Ufeof  the 
Quadrant,  written  for  the  Ufe  of  a  Friend,"  in  two 
books  ;  the  original  manufcript  of  which  is  ftill  extant 
among  his  papers  in  the  Royal  Society.  And  the  fame 
year  he  held  a  correfpondence  with  Mr  Briggs  on  the 
fubjeft  of  logarithms. 

In  l6?0,  he  wrote  Modus  fupputand'i  Ephemer'tdcs 
AJlrononucas,  iyc.  ad.  an.  1630  accommodntus  ;  and,  A 
Key  to  unlock  the  meaning  of  Johannes  Trithemius,  in 
his  Difcourfe  on  Stcganograpliy  :  which  Key  he  impart- 
ed to  Mr  Samuel  Hartlib  and  Mr  Jacob  Homedx, 
The  fame  year  he  took  the  degree  of  Mailer  of  Arts  at 
Cambridge.  And  the  year  following  he  was  incorpo- 
rated in  the  LTniverlity  of  Oxford.  June  the  7th,  he 
wrote  A  Letter  to  i*lr  Edniond  Wingate  on  Loga- 
rithms :  and.  Oil.  5.  1631,  Commentaticnes  in  Cofmogra- 
fhlam  Aljlcdn. 

In  1632  he  married  Ithainaria,  fecond  daughter  of 
Mr  Henry  Rcginolles  of  London,  by  whom  he  had  four 
fons  and  four  daughters — March  6.  1634,  he  finiflied 
his  "  Ailronomical  Hillory  of  Obfervations  of  Heaven- 
ly Motions  and  Appearances  ;"  and  April  the  loth,  his 
Ecliptica  Prognojlua,ox  Foreknower  of  the  Eclipfes,  Sec. 
In  1634  he  tranflated  "  The  Everlafting  Tables  of  Hea- 
venly Motions,"  grounded  upon  the  Obfervations  of  all 
Times,  and  agreeing  with  them  all,  bv  Philip  Lanf- 
berg,  of  Ghent  in  Flanders.  And  June- the  12th,  the 
fame  year,  he  committed  to  writing  "^  The  Manner  of 
Deducing  his  Aftronomical  Tables  out  of  the  Tables 
and  Axioms  of  Pliilip  Lanfijcrg." — March  the  9th, 
1625,  he  wrote,  "  A  Letter  of  Remarks  on  Gellibrand's 
Mathematical  Difcourfe  on  the  Variation  of  the  Mag- 
netic Needle."  And  the  3d  of  June  following,  ano- 
ther on  the  fame  fubjeft. 

His  eminence  in  mathematical  knowledge  was  now 
fo  great,  that  he  was  thought  worthy  of  a  ProfelFor's 
chair  in  that  Icience  j  and,  upon  the  vacancy  of  one  at 
Amfterdam  in  1639,  Sir  William  Bofwell,  the  Englifn 
Refident  with  the  States  General,  ufed  his  intereft,  that 
he  might  fucceed  in  that  ProfefForfhip.  It  was  not  fill- 
ed up,  however,  till  1642,  when  Pell  was  chofen  to  it  ; 
and  he  read  with  great  applaufe  public  leftures  upoo 
DJophantus.  In  1644  he  printed  at  Amfterdam,  iti 
two  pages  4to,  "  A  Refutation  of  Longomontanus's 
Difcourfe,"  De  Vera  Circuit  Menfura. 
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Pel'.  In  1646,  01)  the  invitation  of  the  Prince  of  Orange, 

""V-"-  he  removed  to  the  new  college  ;\t  Breda,  as  ProfefTor 
of  Mathematics,  with  a  falavy  of  1 000  guilders  a  year. 
His  Idea  Mcithff.os,  which  he  had  addrefTed  to  Mr 
Hai-tlib,  who  in  163V  had  fent  it  to  Des  Cartes  and 
Merfenne,  was  printed  16  ;o  at  London,  in  izmo,  in 
Englifh,  with  tlie  title  of  An  Idea  of  Mathematics,  at 
the  end  of  Mr  John  Diirie's  Reformed  Library-keeper. 
It  is  ;ilfo  printed  by  Mr  Hook,  in  his  Philofophical 
Colleftions,  N"  5.  p.  127.  ;  and  is  cfleemed  our  author's 
principal  work. 

In  1652  Ptll  returned  to  England;  and  in  1654  he 
was"fcnt  by  the  Proteftor  Cromwell  agent  to  the  Pro- 
teftant  Cantons  in  Switzerland  ;  where  he  continued 
till  June  23.  165S,  when  he  fet  out  for  England,  where 
he  arrived  about  the  time  of  Cromwell's  death.  His 
regociations  abroad  gave  afterwards  a  general  fatisfac- 
tion,  as  it  appeared  he  had  done  no  fmall  fervicc  to  the 
intereft  of  Xing  Chailes  II.  and  of  the  church  of  Eng- 
land ;  fo  that  he  was  encouraged  to  enter  into  holy  or- 
ders :  and  in  the  year  1661  be  was  inftituted  to  the 
reiSory  of  Fobbing  in  Effex,  given  him  by  the  king. 
In  December  that  year,  he  brought  into  the  upper 
houfe  of  convocation  the  kalendar  reformed  by  him,  af- 
filled  by  Sancroft,  afterwards  archbilhop  of  Canter- 
bury. In  167:5  he  was  prefented  by  Sheldon,  bifhop 
of  London,  to  the  reflory  of  Laingdon  in  Euex  ;  and 
iipon  the  promotion  of  that  bilhop  to  the  fee  of  Can- 
terbury foon  after,  became  one  of  his  domeilic  chap- 
lains. He  was  then  doflor  of  divinity,  and  expefttd 
to  be  made  a  dean  ;  but  his  improvement  in  the  philo- 
fophical and  mathematical  fciences  was  fo  much  the  bent 
of  his  genius,  that  he  did  not  much  purfue  his  private 
advantage.  The  truth  is,  he  w*3  a  helplefs  man,  as  to 
wordly  affairs  ;  and  his  tenants  and  relations  impofed 
«pon  him,  cozened  him  of  the  profits  of  his  parfonage, 
and  kept  him  fo  indigent,  that  he  wanted  neceflaries, 
even  hik  and  paper,  to  his  dying  day.  He  was  for 
fome  time  confined  to  the  King's  bench  prifon  for  debt  ; 
but  in  March  16S2,  was  invited  by  Dr  Whitler  to  live 
in  the  college  of  pihyficians.  Here  he  continued 
till  June  following  ;  when  he  was  obliged,  by  his  ill 
ftate  of  health,  to  remove  to  the  houfe  of  a  grand-child 
of  his  in  St  Margaret's  church-yard,  Weflminfter.  But 
he  died  at  the  houfe  of  Mr  Cothorne,  reader  of  the 
church  of  St  Giles's  in  the  Fields,  December  the  i  zth, 
1685,  in  the  74th  year  of  his  age,  and'was  interred  at 
the  expence  of  Dr  Bulhby,  maffer  of  Weflminller  fchool, 
and  Mr  Sharp,  reftor  of  St  Giles's,  in  the  redtor's 
vault  under  that  church. — Dr  Pell  publifhed  fome  other 
things  not  yet  mentioned  ;  a  lift  of  which  is  as  follows, 
•viz, 

1.  An  Exercitation  concerning  Eafter  ;  1644,  in  410, 
2.  A  Table  of  10,000  fquare  numbers,  &c.  ;  1672, 
folio  3.  An  Inaugural  Oration  at  his  entering  upon 
the  ProfefforHiip  at  Breda.  4.  He  made  great  altera- 
tions and  additions  to  Rhonius's  Algebra,  printed  at 
London  1668,  4to,  under  the  title  of  An  Introduftion 
to  Algebra,  tranllated  out  of  the  High  Dutch  into 
Englifh  by  Thomas  Branker,  much  altered  and  aug- 
'mented  by  D.  P.  (Dr  Pell).  Alfo  a  Table  of  Odd 
Numbers,  lefs  than  100,000,  (hewing  thofe  that  are  in- 
compofite,  &c.  fupputated  by  the  fame  Thomas  Bran- 
ker.    5.  His   CoDtroverfy  with   Longomontanus  con- 
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cerning    the   Quadrature  of   the  Circle;   Amfterdam, 

1646,  4to.  ^^___- 

He   likewife   wrote  a  Demonftration  of  the  2d   and  ' 

JOth  books  of  Euclid  ;  which  piece  was  in  MS.  in  the 
library  of  Lord  Brereton  in  Chefhire  :  as  alfo  Archi- 
medes's  Arenarius,  and  the  greateft  part  of  Diophan- 
tus's  fix  books  of  Arithmetic  ;  of  which  author  he  was 
preparing,  Auguft  1 644,  a  new  edition,  in  which  he 
intended  to  correft  the  tran/lation,  and  make  new 
illullrations.  He  defigned  likewife  to  publifh  an  edi- 
tion of  Apollonius  ;  but  laid  it  afide,  in  May  1645,  ^^ 
the  dcfire  of  Golius,  who  was  engaged  in  an  edition  of 
that  author  from  an  Arabic  manufcript,  given  him  at 
Aleppo  1 8  years  before.  Letters  of  Dr  Pell  to  Sir 
Charles  Cavendifti,  in  the  Royal  Society. 

Some  of  his  nianufcripts  he  left  at  Brereton  in 
Chtfhire,  where  he  refided  fome  years,  being  the  feat  of 
William  Lord  Brereton,  who  had  been  his  pupil  at  Bre- 
da. A  great  many  others  came  into  the  hands  of  Dr 
Bnfby;  which  Mr  Hook  was  deiired  to  ufe  his  endea- 
vours to  obtain  for  the  Society.  But  they  continued 
buried  under  dull,  and  mixed  with  the  papers  and  pam- 
phlets of  Dr  Bufby,  in  four  large  boxes,  till  1755  ; 
when  Dr  Birch,  fecretary  to  the  Royal  Society,  pro- 
cured them  for  that  body,  from  the  truftees  of  Dr 
Bufby.  The  colleftion  contains,  not  only  Pell's  ma- 
thematical papers,  letters  to  him,  and  copies  of  thofe 
from  him,  &:c.  but  alfo  feveral  manufcripts  of  "Walter 
Warner,  the  mathematician  and  philofopher,  who  lived 
in  the  reigns  of  James  I.  and  Charles  I. 

Dr  Pell  invented  the  method  of  ranging  the  feveral- 
fteps  of  an  algebraical  calculus,  in  a  proper  order,  in 
fo  many  diftintt  lines,  with  the  number  affixed  to  each 
ilep,  and  a  ihort  defcription  of  the  operation  or  procefs 
in  the  line.  He  alfo  invented  the  charafter  -r-  for  di- 
vifion,  ^  for  involution,  1u  for  evolution*.  «  fjution's- 

PELLETIER  (Bertrand),  was  born  at  Bayonne  M;//jOTart. 
in  1761,  and  very  foon  began  to  difplay  an  infatiablc^"'  DiSlis* 
thirft  of  fcience.  It  frequently  happens,  however,  that"'"^' 
young  men,  fincerely  defirous  of  inllniftion,  have  no 
means  ur  place  where  they  can  be  affifted  in  the  deve- 
lopemcnt  of  their  natural  talents,  no  mafter  who  may 
point  out  the  direct  road  to  fcience,  and  that  order  and 
method,  without  which  the  efforts  of  the  individual  too 
often  lead  him  from  the  object  of  his  purfnit,  inflead  of 
bringing  him  nearer  to  it.  This  was  not  the  cafe  with 
young  Pelleticr.  He  found  every  advantage  in  his  fa- 
ther's houfe,  where  he  received  the  lirll  elements  of  the 
art  of  which  he  was  afterwards  the  ornament  ;  and  his 
fubfequent  progrefs  was  made  under  Darcet,  who  ha- 
ving remarked  in  him  that  fagacity  which  may  be  call- 
ed the  inftindl  of  fcience,  admitted  him  among  the  pu- 
pils attached  to  the  chemical  laboratory  of  the  college 
of  France.  Five  years  of  conftant  application  and  Itu- 
dy  under  fuch  a  mafter,  who  was  himlelf  formed  by  na- 
ture, perfedfed  by  experience,  and  affedtionately  difpo- 
fed  towards  his  pupil,  afforded  this  young  man  a  ftock 
of  knowledge  very  unufual  at  his  age.  He  foon  gave 
a  convincing  proof  of  this,  by  publKhing,  at  the  age  of 
21,  a  fet  of  very  excellent  obfervations  on  the  arfenical 
acid.  Macquer,  by  mixing  nitre  with  the  oxide  of  ar- 
fenic,  bad  difcovered  in  the  refidue  of  this  operation 
a  fait  foluble  in  water,  fufceptible  of  cryftallization  in 
tetrahedral  prifms,  which  he  denominated  the  neutral 

arfenical 
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arfenlcal  fait.      It  is  the  arfeniat  of  potafh.      Hi- was  of     tin.      His  fiid  experiments  wcic  tnailc  at  Paris  ;  after 
opinion  that  no  acid  could  decompole  it  ;   but  PcUcticr     which  he  repaired  to  the  foundjry  at  Romilly,  to  verify 


fhewed,  that  the  fulphuric  acid  diftillcd  from  it  docs 
difengage  the  acid  of  arfenic.  He  fhewed  the  true 
caiife  why  the  neutral  arfenical  fait  is  not  dccompofable 
in  clofed  velfcls  ;  and  particularly  the  order  ot  affinity 
by  which  the  fait  itfelf  is  formed  in  the  diilillation  of 
the  nitrate  of  potafli,  and  the  white  oxide  of  arfenic. 
He  explains  in  what  refpefls  this  ialt  difftrs  from  what 


them  in  the  large  way.  Tiic  following  year  he  was  re- 
ceived a  member  of  the  Academy  of  Sciences  at  Paris, 
and  fhortly  afterwards  went  to  _La  Fere,  wilii  Borda  and 
General  Dabovillc,  to  affift  in  experiments  njjon  a  new 
gunpowder.  Being  obliged,  in  order  to  render  his  ex- 
periments more  decifive,  to  pafs  great  part  of  the  day 
n  the   open  air  during  a  cold   and  luimid   feafon,   hia 


Pcndu'um, 
' >,— J 


Macquer  called  the  liver  of  arfenic.     Pclletier  had  been  health,  which  was  naturally  delicate,  became  confidera 

anticipated  in  this  work,  by  Scheele,   by  Bergman,  by  biy  impaired.   He  began  to  recover  his  health,  when  he 

the  academicians  of  Dijon,   and  by  BerthoIIet  ;   but  he  again  became  the  vitlim  of  his  zeal  for  the  fcience  he  fi> 

poffefled  at  lead  the  merit,  in  the  iirfl;  cffay  of  his  povv-  fuccefsfully  ciiltivated.      He  had  nearly  perifhed  by  re- 

ers,    of  having  clearly  developed  all  the  phenomena  of  fpiring  the  oxygenated  muriatic  acid  gas.      A   violent 

this  operation,   by  retaining  and   even  determining  the  attack  of  convulfive  althma,  wliich  returned  during  feve» 

quantity  of  gas  it  was  capable  of  affording.     After  the  ral  days,   was  the  tirll  conftquence  of  this  unhappy  ac- 


fame  principles  it  was  that  he  decompofed  the  arfenico- 
ammoniacal  fait,  by  (hewing  how,  in  the  decompolition 
of  this  laft,  the  pure  arfenical  acid  is  obtained  in  the 
form  of  a  deliquefcent  glafs.  In  this  work  we  may  ob- 
ferve  the  fagacity  with  which  he  was  enabled  to  deve- 
lope  all  the  phenomena  of  thefe  compofitions  and  de- 


cldent.  The  diforder  then  feemed  to  abate  ;  but  it  was 
incurable.  The  afliftance  of  art  was  infnfficient  to  fave 
him  ;  and  he  died  in  Paris,  on  the  2  i  ll  of  July  1797,  of 
a  pulmonary-  confumption,  in  the  flower  of  his  age. 

PENDULUM    (See  EncycL).      Bcfides  the  cffeds 
of  heat  and  cold  on  tlie  length  of  the  pendulum   rod, 


compofitions,  by  tracing  thofe  delicate  threads  of  fcien-  and  of  courfe  on   its   ifochronifm,   it  may  certainly  be 

tific  relation  which  conneft  the  feries  of  fadls,  and  arc  worth  while,  in  the  conftrudtion  of  clocks  intended  to 

imperceptible  to  ordinary  minds.  meafure  time  with  the  utmolt  poffible  exa<ftnefs,  to  take 

Encouraged  by  the  fuccefs  of  thefe  firft  works,  which  into  confideration  the  reliftance  of  the  air,  which,  by  its 

he  prefented  with  the  fenfibility  of  grateful  attachment  unequal  denfity,   varying  the  weight  of  the  pendulum^ 

to  his  inllruftor,  he  communicated  his  obfervations  on  mull  in  a  fmall  degree    accelerate   or  retard  its  motion. 


the  cryftallization  of  fulphur,  cinnabar,  and  the  deli- 
quefcent falts  ;  the  examination  of  zeolites,  particular- 
ly the  falfe  zeolite  of  Fribourg  in  Brifgavv,  which  he 
found  to  be  merely  an  ore  of  zinc  ;  obfervations  on  the 


The  celebrated  David  Rittenhoufe,  who  paid  particular 
attention  to  this  iubjeCi,  cllimates  the  extreme  difference 
of  velocity,  arifing  from  this  caufe,  at  half  ji  fecond  a 
day  ;  and  he  obferves,  that  a  remedy  dcpcn^ient  on  the 


dephlogirticated  or  oxygenated  muriatic  acid,   relative  barometer  will  not  be  llritty  accurate,  as  the  weight  of 

to  the  abforption  of  oxygen  ;  on  the  formation  of  ethers,  the  entire  column  of  air  does  not   precifely  correfpond 

particularly  the  muriatic  and  the  acetous  ;   and   feveral  with  the  denfity  of  its  bafc.      He  propofes,   therefi)re, 

memoirs  on  the  operation  of  phofphorus   made  in  the  as  a  very  fimple   and  eafy  remedy,   that  the  pendulum 

large  way  ;   its  converfion  into  phofphoric  acid,  and  its  fhall,    as  ufual,  confill  of  an  inflexible  rod  carrying  the 

combination  with  fulphur  and  moft  metallic  fubttances.  ball  beneath,  and  continued  above  the  centre  of  fulpen- 

It  was  by  his  operations  on  that  moil  aftonifhing  pro-  fion  to  an  equal  (or  an  unequal)  diftance  upwards.   At 

duClion  of  chemillry,   phofphorus,  that  he  burned  him-  this  extremity  is  to  be  fixed  another  ball  of  the  fame  di- 

felf  fo  dangeroufly  as  nearly  to  have  loil  his  life.  After  menfions  (or  greater  or  lefs,  according  as  the  continua- 

the   cure  of  his  wound,  which  confined  him  to  his  bed  lion  is  (horter  or  longer),  but  made  as  light   as  pofli- 

for  fix   months,   he  immediately  began  the   analyfis  of  ble.      The  ofcillations  of  this  upper  ball  will  be  acccle- 

the  various  plumbagos  of  France,  England,   Germany,  rated  by  its  buoyancy  by  ihi-  fame  quantity  as  thofe  of 

Spain,  and  America,    and  found  means  to  give  novelty  the  lower  would  be  retarded  ;  and  thus,    by  a  proper 

and  interell  to  his  work,   even  after  the  publication  of  adjullment,   the  two  effects  might  be  made  to   balance 

Scheele  on  the  fame  fubjedl.      The  analyfis  of  the  car.  and  correcl  each  other. 

bonet  of  barytes  led  him  to  make  experiments  on  ani-  Our  author   made  a  compound  pendulum   on   thefe 

mals  ;   which   prove   that    this  earth  is   a   true  poifon,  principles,  of  abaut  one  foot  in  its  while  length.      This 

whether  it  be  adminillered  in  the  form  of  the  native  car-  pendulum,  on  many  trials,  made  in  the  air  i;7  vibrations 

bonat  of  barytes,   or  whether  it  be  taken  from  the  de-  in  a  minute.    On  inimerfing  the  whole  in  water,  it  made 

compofition  of  the  fulphat,  even  though  again  combined  59  vibratio"ns  In  the  fame  time  ;  fhewing  evidently,  that 

with  another  acid.  its  returns  were  quicker  in  fo  denfe  a  medium  as  water 

Chemifts  have  given  the  name  oi  Jlrontian  to  a  new-  than  in  the  air.      (This  is  contrary  to  what  takes  place 

ly  difcovered  earth,    from  the  name  of  the  place   where  with   the  common   pendulum).      When   the  lower  bob 

it  was  firil  found.      Pelletier  anulyfed  it,  and  difcovered  or   pendulum  only  was  plunged   in  water,   it  made  no 

it  in  the  fulphat  of  barytes.      He  likewife  analyfed  the  more  than  44  vibiations  in  a  minute, 
verditer  of  England,  of  which  pauiters  and  paper-hang'-  PENNANT  (Thomas,  Efq.),  fo  well  known  in  the 

crs  make  fo  much    ufe.      He   difcovered  a  procefs  for  republic  of  letters  as  a  writer  of  travels  and  of  natural 

preparing  it  in  the  large  way,  by  treating  with  lime  the  hiilory,  was  an  ancient  Briton  by  birth,    having  drawn 

precipitate  obtained  from  the  decompofition  of  nitrat  of  his  firll  breath  in  Flintfhire,  in  1726.      His  family  has 

copper  by   lime.      By  his  procefs,    verditer  is  afforded  been  fettled  in  that  county  for  many  centuries  ;  we  learn 


•equal  in  beauty  to  that  which  comes  from  England. 
He  was  likewife  one  of  the  firil  chcmills  who  fhewed 
the  poffibility  of  refining  bell  metal,  and  feparating  the 


from  himfelf  that  he  received  the  rudiments  of  his  edu- 
cation at  Wrexham,   whence  he   was   removed   to   Fiil- 
liain.     Soon  after  this  he  was  fent  to  Oxford  ;  and  ha- 
U  u  2  ving 
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Ptnrotif.  vin^  made  a  confidcrable  proficiency  in  tlie  claflics,  he 
•  applied  himfelf  williiii  the  wtlls  ot"  tiiat  univcrfity  to  at- 

tain a  knowledge  of  jurifprudcnce  ;  but  we  do  nut  find 
that  he  ever  entered  himfelf  of  any  of  the  inns  of  court, 
or  followed  the  law  as  a  profcflion. 

The  ruling  paffions  of  rijankind  are  excited,  and  the 
future  current  of  their  lives  frequently  diredled,  by  tri- 
vial civcuir.itances.  One  of  the  grcatell  painters  ot  our 
age  was  atlrafted  with  an  irrefillible  impulfe  towards 
his  art  by  the  perufal  of  a  treatife  on  it  ;  and  we  have 
the  authority  of  the  fubicdt  of  this  memoir  for  afl'crt- 
ing-,  that  a  prefcnt  of  Willughby's  Ornithology,  at  an 
early  period,  firft  gave  hira  a  turn  for  natural  hiitory, 
Ivhich  has  never  once  abandoned  him  through  the  courfe 
of  a  very  long  life. 

Mr  Pennant  commenced  his  travels  with  great  pro- 
prictv  at  home,  where  he  made  himfelf  acquainted  with 
the  manners,  produ&ions,  and  curiufities,  of  his  native 
country,  before  he  fallied  forth  to  infpedl  thofe  of  other 
nations.  He  then  repaired  to  the  continent  ;  and  not 
only  acquired  confiderable  additional  knowledge  rela- 
tive to  his  favourite  ftudies,  but  became  acquainted,  and 
eftabliflicd  a  corrcfpundence,  with  fome  of  the  greateft 
men  of  the  age. 

On  his  return  he  married,  and  had  two  children,  but 
did  not  come  into  the  family  fortune  until  he  was  thirty- 
feven  years  of  age,  at  which  time  he  was  fettltd  at 
Downing. 

Having  loft  his  wife,  he  appears  to  have  fet  out  once 
Wore  for  the  continent,  and  to  have  formed  an  acquain- 
tance with  Voltaire,  Buffon,  Haller,  Pallas,  &c.  He 
•lad  by  this  time  acquired  confiderable  reputation  as  a 
fcientific  man,  having  commenced  his  career  as  an  au- 
«*our  volsji^r  fo  early  as  t'l^o.  His  Britilh  Zoology*  eftablifli- 
ed  his  reputation  as  a  naturalift  ;  and  this  received  a 
frefrt  acceflion  of  celebrity  in  confequence  of  his  ac- 
quaintance with  Linnaeus,  and  his  intercourfe  by  letters 
with  all  the  celebrated  naturalifts  in  Europe. 

Early  in  life  he  had  undertaken  a  moil  intereiling 
tour  to  Carnwall ;  and  he  now  entertained  an  ardent 
«lefire  to  furvey  the  works  of  nature  in  the  northern  ex- 
tremities of  the  ifland.  He  accordingly  fet  out  for 
Bcotfend,  and  in  1771  favoured  the  public  with  an  en- 
■tThieevo!s**'''*'n'ng  account  of  his  Tourf,  which  was  fo  well  re- 
fto.  ceivcd  as  to  pafs  through  feveral  editions.      Not  content 

with  the  main  land  of  Great  Britain,  he  was  ambitious 
to  furvey  the  iilands  in  the  vicinity,  and  accordingly 
penetrated  tu  the  Hebrides,  and  vifited  Man. 

It  is  not  to  be  kippofed  that  he  would  leave  his  own 
country  unexplored  ;  on  the  contrary,  he  minutely  de- 
fcribed  all  its  wonders.  He  did  not  fail  on  this  occa- 
fion  to  prefent  the  world  with  the  refult  of  his  enqui- 
ries, for  in  1778  he  commenced  the  publication  of  his 
5  Two  vol  "WeKh  Tourf 

*  "'  In  four  years  after  this  (  i  782  )  appeared  the  account 

4  Ont»ol.  of  the  Journey  ..om  Chefter  to  London  J,  in  which  he 
refutes  the  vulgar  opinion  that  it  is  uninterefting  ;  and 
in  two  years  more  his  Arftic  Zoology,  an  admirable 
work,  greatly  prized  both  here  and  in  other  countries. 

In  1790  appeared  a  quarto  volume,  finiply  entitled 
Of  London  ;  in  which  he  obferves  that  this  work  is 
compofed  from  obfervations,  originally  made  without 
any  view  of  publication.  "  Let  me  requeft  (fays  he  in 
the  preface)  the  good  inhabitants  of  London  and  Well- 
«iiiifter  uot  to  be  offended  at  my  having  fluffed  their 
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Iliad  into  a  nutthell  ;  the  account  of  the  city  of  Lon-  Pennant,- 
don    and   liberties   of  Wcflmiuiler   into    a  quarto    vo-  * "     ^ 

lunie.  I  have  condcnfed  into  it  all  I  could  ;  omitted 
nothing  that  fuggeiled  itfelf ;  nor  amplified  any  thing 
to  make  it  a  guinea  book.  In  a  word,  it  is  done  in 
iny  own  manner,  from  w  hich  I  am  growing  too  old  to 
depart. 

"  I  feel  within  myfelf  a  certain  monitor  that  warna 
me  (adds  he)  to  hang  up  my  pen  in  time,  before  its 
powers  are  weakened,  and  rendered  vifibly  impaired. 
I  wait  not  fcr  the  admonition  of  friends.  I  have  the 
Aioiibifhop  of  Grenada  in  my  eye  ;  and  fear  the  imbe- 
cdity  of  human  nature  might  produce  in  long  worn  age 
the  lame  treatment  of  my  kind  advifers  as  poor  Gil 
Bias  had  from  his  moil  reverend  patron.  My  literary 
bequcfts  to  future  times,  and  more  ferlous  concerns,  mull 
occupy  the  remnant  of  my  days.  This  clofes  my  pub- 
lic labours." 

Notwithftanding  his  parting  addrefs,  the  example  of 
the  Archbithop  of  Grenada,  and  the  concluding  fentencc 
of  "  Vaiete  isf  Plaudite,"  we  find  Mr  Pennant  ad- 
venturing once  more  in  the  ocean  of  literature,  at  a  late 
period  of  his  life,  and  trying  his  fortune  again  with  all 
the  eagernefs  of  a  young  author. 

He  accordingly  publiflied  the  Natural  Hillory  of  the 
parilhes  of   Holywell  and   Downing*,   within  the   pre- «0:!e  vol.- 
cindts  of  the  latter  of  which  he  had  refided  about  half  4'". 
a  century. 

He  alio  prefented  the  public,  a  very  fhort  time  before 
his  death,  with  a  fplendid  work,  confiiling  of  2  vols. 
4to.  entitled  The  View  of  Hindooftan  ;  in  the  preface 
to  which  he  candidly  Hates  his  motives  for  this  nevir 
attempt.  "  I  had  many  folicitations  from  private 
friends  (fays  he),  and  a  few  wilhes  from  perfons  un* 
known,  delivered  in  the  public  prints,  to  commit  to  the 
prefs  a  part,  in  the  form  in  which  the  pofthumous  vo- 
lumes might  hereafter  make  their  appearance.  1  might 
have  pleaded  the  imprudence  of  the  attempt  at  my  time 
of  life,  of  beginning  fo  arduous  an  undertaking  in  my 
yiil  year. 

"  I  happily,  till  very  lately,  bad  fcarcely  any  admo- 
nition of  the  advanced  feafon.  I  plunged  into  the  fea 
of  trouble,  and  with  my  papers  in  one  hand,  made  my 
way  through  the  waves  with  the  other,  and  brooghc 
them  fecure  to  land.  This,  alas  !  is  finite  boalling.  I 
inuft  fubmit  to  the  judgment  of  the  public,  aud  leani 
from  thence  how  far  I  am  to  be  cenfured  for  fo  grievous 
an  offence  againil  the  maxim  of  Ariilotle,  who  fixes  the 
decline  of  human  abilities  to  the  49th  vear. 

"  I  ought  to  ihudder,  when  I  confider  the  wear  and 
tear  of  22  years  ;  and  feel  lliocked  at  the  remai  k  of  the 
elegant  Delanty,  who  obferves,  '  that  it  is  generally 
agreed  among  wife  men,  that  few  attempts,  at  Icall  in 
a  learned  way,  have  ever  been  wifely  undertaken  and 
happily  executed  after  that  period  !' 

"  I  cannot  defend  t+>e  wifdom  :  yet  from  the  gootl 
fortune  of  my  life  I  will  attempt  the  execution." 

Thcfe  valuable  volumes  are  drawn  up  by  Mr  Pen- 
nant in  the  manner  of  his  introduftion  to  the  Artlic 
Zoology.  The  plates,  23  in  number,  are  admirably  en- 
graved, and  one  (the  Napaul  phealant)  is  beautifully 
coloured. 

In  addition  to  the  lift  of  literary  labours  already  enu- 
merated,  is  a  letter  on  an  earthquake  felt  at  Downing, 
iu  Fliutlhire,  Ln   1753  ;  another  iuferied  ia  the  fame 

publi- 
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Pennant,  publication*,  in  1756,  on  coralloid  bodies  (xifaxxoivjicj 
tniiaiula.  coi!i.£ted  by  him  :  his  Synopfis  of  Qiiadrupeds,  publifh- 
"77^1  cd  in  1771  ;  a  pamphltt  on  the  Milicia  ;  a  paper  on  the 
ram.'        Turkey  :  and  a  voUime  of  Mifcellanles. 

Mr  Pennant  attained  academical  honour?  of  all  kinds, 
having  had  the  degree  of  LL.  D.  conferred  on  him  by 
the  univerfity  in  which  he  was  educated,  he  was  a  Fel- 
low of  the  Royal  Society,  and  a  member  of  the  Society 
of  Antiquaries,  a  Fellow  of  the  Royal  Society  of  Upfal 
in  Sweden,  a  member  of  the  American  Philofophical 
Society,  an  honorary  member  of  the  Anglo  Linnaean 
Society,  &c. 

The  ample  fortune  left  him  by  his  father  enabled  Mr 
Pennant  to  keep  an  liolpitable  table,  and  alfo  to  prefent 
the  profits  of  feveral  of  his  works  to  public  inftitutions, 
particularly  the  Wellli  charity-fchool  in  Gray's-inn-lane. 
lie  encouraged  feveral  engravers  by  his  patronage,  and 
was  not  a  little  ferviceable  to  the  advancement  of  the 
fine  arts. 

In  1776  he  married  a  fecond  time  ;  on  which  occa- 
fion  he  became  united  to  Mifs  Moilyn,  fifter  of  his 
neighbour,  the  late  Sir  Roger  Moftyn,  in  Flintfhire. 
The  latter  part  of  his  life  was  chearful,  and  he  fcarcely 
felt  the  approaches  of  old  age.  He  died  at  his  feat  at 
Downing  in  his  7  2d  year. 

He  has  left  feveral  works  behind  him  in  MS.  under 
the  title  of  Outlines  of  the  Globe  ;  and  as  a  proof  that 
it  will  be  a  very  voluminous  and  interefting  publication, 
it  is  only  neceffary  to  oblcrvt,  that  the  View  of  Hin- 
dooftan  compoftd  the  xivth  and  xvth  volumes. 

Mr  Pennant  poffeiTed  a  well-compafted  frame  of  body, 
an  open  and  intelligent  afpecf,  an  aflive  and  chearful 
difpofition,  and  a  vivacity  which  rendered  him  always 
entertaining,  as  well  in  convcrfation  as  in  writing. 
Though  not  without  a  fhare  of  irrafcibility,  his  heart 
was  kind  and  benevolent.  He  was  examplary  in  the 
relations  of  domeltic  life,  and  fenfibly  felt  for  the  dif- 
trcffes  of  his  poor  neighbours,  whole  relief  in  feafons 
of  hardfhlp  he  promoted  with  great  zeal  and  liberality. 
His  candour  and  freedom  from  ordinary  prejudices,  are 
fufficlently  dilplayed  in  his  writings  ;  and  Scotland  was 
lovward  to  confcis,  that  he  was  the  firft  traveller  from 
this  (ide  the  Tweed,  wj)0  had  vifitcd  the  country  with 
no  unfriendly  fpirit,  and  had  fairly  prefented  it  under 
its  favourable  as  well  as  its  lefs  pleafnig  afpttts.  As  a 
writer,  his  {Ivlc  is  lively  and  txpreflive,  but  not  perfeft- 
ly  correct.  His  principles  ot  arrangement  in  zoology 
ate  judicious,  and  his  dclciiptions  charactercftic.  If  in 
fomc  of  his  later  works  a  little  vanity  appears,  and  a 
propenfity  to  think  that  important  to  the  world  which 
vas  fo  to  himfelf,  it  may  readily  be  pardoned  to  one 
who  has  afforded  fuel;  copious  and  valuable  entertain- 
ment to  the  public.  His  name  will  live  with  honour 
in  the  literary  hiilory  of  his  country,  and  his  memory 
■will  be  cheiiflied  with  refpcdt  and  affcftion  by  his  fur- 
viving  friends. 

PENNATULA  (See  £«f;.<r/.)  A  fpecies  of  this 
iMe  XLl. animal,  hitherto  undefcribed,  was  difcovered  by  La 
Martiniere  near  Nootka.  Its  body  is  of  a  cartilaginous 
fubftancc,  and  a  cylindrical  form  ;  its  head,  armed  with 
two  little  horns  of  the  fame  fubltance,  prefents  a  fphe- 
rical  figure  flatted  at  its  interior  extremity.  This  part 
is  covered  with  fmall  papilla-,  fome  of  which  are  viCble 
at  D,  and  which  ferve  the  purpofe  of  fmall  mouths,  by 
means  of  which  this  animal  fucks  the  blood  of  fifties. 


making  its  way  as  far  as  polTible  into  the  flefh  :  the  ex-     Pfpufch. 
trcmity  of  its  body,  which  always  proje£ls  from  the  filh,  v 

appears  like  the  feathers  ot  a  pen  ;  thefe  feather-like 
fubllances  ferve  as  excretory  vcfTtls  :  for  on  making  a 
flight  prefTure  on  the  animal,  from  the  greater  part  of 
thefe  cartilaginous  barbs  iflucd  fmall  drops  of  a  very 
limpid  liquor  :  at  the  bafe  of  thefe  barbs,  and  beneath 
the  body,  are  placed  two  large  cartilaginous  threads,  of 
which  our  author  could  not  imagine  the  ufe,  for  they 
are  not  univerfally  met  with  in  each  individual.  The 
circulation  of  its  blood  is  readily  obfcrved,  it  forms  a 
complete  revolution  about  once  in  a  minute.  It  is  pro- 
bable that  this  animal  is  only  able  to  make  its  way  into 
the  bodies  of  different  fifh  when  it  is  very  young  ;  iind 
when  it  has  once  buried  itfclf  there,  having  abundance 
of  nourifhment,  its  head  increafcs  confiderably,  and  the 
two  horns  with  which  it  is  furnilhed  ncceflarily  form  an 
obftacle  to  its  rcgrefs,  which  is  a  remarkable  inftance  iif 
the  forefight  of  Nature,  fince  it  is  deilined  to  be  iiour- 
ifhed  at  the  expence  of  another.  The  pennatula,  of 
which  we  have  given  from  Martiniere  a  figure,  was  found 
by  him  at  the  depth  of  more  than  an  inch  and  an  half 
in  the  body  of  a  diodon. 

PEPUSCH  (Johi.  Chriftopher),  one  of  the  greateft 
theoretic  muficians  of  modern  times,  as  we  are  told, 
was  born  at  Berlin  about  1667  5  ^^'^  became  fo  early  a 
proficient  on  the  harpfichord,  that  at  the  age  of  1 4  he 
was  fent  for  to  court,  and  appointed  to  teach  the  prince, 
father  of  the  late  King  of  Pruffia.  About  1700,  he 
came  over  to  England,  and  was  retained  as  a  performer 
at  Drury  Lane  :  It  is  fuppofcd  that  he  affilled  in  com- 
pofing  the  operas  which  were  performed  there.  While 
he  was  thus  employed,  he  forbore  not  to  prolecute  hii- 
private  ftudies  ;  and  thefe  led  him  to  enquire  into  the 
mufic  of  the  ancients,  and  the  perufal  of  the  Greek  au- 
thors upon  that  fubjeft.  The  abilities  of  Pcpufch,  as 
a  praftical  compofer,  were  not  likely  to  become  a  fource 
of  wealth  to  him  :  his  mufic  was  corrtdl,  but  it  wanted 
variety  of  modulation.  Bclides,  Handel  had  got  pof- 
ftllion  of  the  public  ear,  in  the  opinioji  of  whofe  fupe- 
rior  merit  he  readily  acquiefccd  ;  and  chofo  a  tracl  for  " 
himfelf,  in  which  he  was  almoil  fure  to  me^Jt  with  uc 
obilrutlion.  He  became  a  teacher  of  mulicv  not  the 
pradtice  of  any  particular  Iiillrument,  but  mufic  in  the 
abfolute  fenfe  of  the  word,  that  is  to  fay,  the  priiiciples  - 
of  harmony  and  the  fcience  of  practical  compoliiiun  ; 
and  this,  not  to  cliildrcn  or  novices,  but  in  very  many 
inllances  to  prufeflors  of  mulic  thrmfelves. 

In   1713,   he  was  admitted  to  the  degree  of  Doftor  ' 
in   Mufic   at  Oxford,  and  continued  to  profecute   his  . 
ftudies^vith  great  aiCduity.      in  1724,  he  accepted  an  • 
offer  from  Dr  Berkeley  to  accompany  him  to  the  Bur- 
mudas,  and  to  (ettle  as  profeflbr  of  mufic  in  his  intend.  • 
ed  college  there  ;  but  the  fliip  in  wliich  they  failed  be-  ■ 
ing   wrecked,   he   returned   to    London,    and    married. 
Francefca   Margarita  de  I'Epine.       This  perfon  was  a  . 
native  of  Tufcany,   and  a  celebrated    finger,   who  per- 
formed   in   lome  of  the  fird  of  the   Italian  operas  that  - 
were    reprefented  in    England.      She  came  hither  with 
one  Greber,   a  German,    and  from   this  connection  be- 
came dlltinguifhed  by  tise  invidious  appellation  of  Gre- 
itr^s  Pig.     Atterwhids  (he  commenced  a  new  connec- 
tion with  Daniel  Earl  of  Nottingham,  who  had  defend-. 
ed  the  orthodox  notion  of  the  Trinity  againlt  the  heietic 
Whillon  ;  and  to  this  connedlou  Rowe,  in  imitation  of 

Horace's  ■ 
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Horace's, 
,  ludes  : 


*  Bhg. 
Din.  new 
edit. 


'■  Ne  fit  anciUx  tibi  amor  pudori,"  thus  al- 

Did  not  baft  Gicber's  Peg  inflame 
The  fober  Earl  of  Nottingham, 

Of  fober  fire  defcciided  ? 
'      That,  carelefs  of  his  foul  and  fame. 
To  play-houfes  he  nightly  came, 

And  left  church  undefended. 

She  continued  to  fmg  on  the  ftage  till  about  1718; 
when  having,  at  a  modeft  computation,  acquired  above 
ten  thoufand  guineas,  (he  retired  from  the  theatre,  and 
afterwards  married  Dr  Pepufch.  She  was  remarkably 
tall,  and  remarkably  fwarthy  ;  and,  in  general,  fo  defti- 
tate  of  perfonal  charms,  that  Pepufch  feldom  called  her 
by  any  other  name  than  Hecate,  to  which  Ihe  is  faid  to 
have  anfwered  very  readily. 

The  change  in  Pepufch's  cireumftances  by  Marga- 
rita's fortune  was  no  interruption  to  his  ftudies :  he 
loved  mufic,  and  he  purfned  the  knowledge  of  it  with 
ardour.  At  the  inftance  of  Gay  and  Rich,  he  undertook 
to  compofe,  or  rather  to  correft,  the  mufic  for  the 
Beggar's  Opera.  His  reputation  was  now  at  a  great 
Height.  He  had  perufed  with  great  attention  thofe  fe- 
veral  ancient  treatifes  on  Harmonics,  publifhed  by 
Meibomius,  and  that  of  Ptolemy  by  Dr  Wallis  ;  and 
the  difficulties  which  occurred  to  him  on  the  perufal, 
were  in  a  great  meafure  removed  by  his  friend  De 
Moivre  the  mathematician,  who  afhfted  him  in  making 
calculations  for  dem.onilreting  thofe  principles  on  which 
the  harmonic  fcience  is  founded.  In  confequence  of 
thcfe  ftudies,  he  was  elteemed,  in  matters  of  theory, 
one  of  the  beft  mulicians  of  his  time.  In  1737,  he  was 
chofen  organift  of  the  Chartcr-houfe,  and  retired,  with 
his  wife,  to  that  venerable  manfion.  The  wife  died  in 
1  740,  before  which  he  loft  a  fon,  his  only  child  ;  fo  that 
lie  had  no  fource  of  delight  left,  but  the  profecution  of 
his  ftudies,  and  the  teacliing  of  a  few  favourite  pupils, 
who  attended  him  at  his  apartments.  Here  he  d.ew  up 
that  account  of  the  ancient  genera  which  was  read  be- 
.  fore  the  Royal  Society,  and  is  publifhed  in  the  Philofo- 
phical  Tranfaftions  for  Oftober,  November,  and  De- 
cember, 1746  ;  and,  foon  after  the  publication  of  that 
account,  he  was  chofen  a  Fellow  of  the  Royal  Society. 
He  died  the  2Cth  of  July,  1752,  aged  85  ;  and  was 
buried  in  the  chapel  of  the  Charter-houfe,  where  a  tablet 
with  an  infcriptiou  is  placed  over  him.* 

PERCUSSION,  Force  of  Percussion,  is  the 
name  by  which  mechanicians  diftinguiih  that  faculty  of 
producing  motion,  or  making  other  lenfible  mechanical 
impreffions  on  bodies,  by  means  of  the  ftroke  of  a  body 
in  motion.  It  is  nearly  the  fame  with  impulfe  ;  only, 
it  would  feem  that  the  very  fcrupulous  and  refined  effe6t 
to  limit  the  attention  to  the  immed'itile  caufe  of  the  mo- 
tion, or  other  effeft  produced  ;  to  the  fomething  that 
is  different,  both  from  the  force  fuppofed  to  be  inherent 
in  the  moving  body  (a  hammer  for  example),  and  the 
fubfequent  motion  and  penetration  of  the  nail  which 
is  driven  by  it.  We  may  venture  to  iay  that  it  is  need- 
lefs  to  attempt  any  inveftigation  of  this  objetl.  It  is 
hid,  with  all  other  caufes  of  all  other  efFcfts  in  the  uni- 
verfe,  in  impenetrable  darknefs.  If  we  refleft  on  the  con- 
ftitution  of  our  ov.n  mind,  fo  far  as  we  can  know  it  by 
experience  and  otil'ervation,  aiidon  the  manner  in  which 
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we  draw  conclufions,  we  muft  fee  that  the  knowledge ''ercufTi.iB. 
of  the  efficient  caufc  of  any  effed\  is  unattainable  ;  for  ' 
were  the  intervening  fomething  pointed  out  to  us,  and 
clearly  conceived  by  us,  we  fliould  find  it  jull  as  necef- 
fary  to  find  out  why  and  how  this  fomething  is  coo- 
neited  with  each  of  the  events  which  we  obferve  it  in- 
variably to  conneft. 

But  a  knowledge  of  the  force  of  percuflion,  in  as  far 
as  it  may  or  may  not  be  diftinguifhable  from  other 
forces,  is  not  unattainable.  We  can  learn  as  much,  and 
no  more,  concerning  this,  as  concerning  any  other  torce  ; 
and  we  can  contemplate  that  circumftance  which,  incur 
opinion,  is  common  to  it  with  all  other  forces,  and  may 
perhaps  dilcover  other  cireumftances  in  which  it  differs 
from  them.  But  in  all  this  difquifition,  it  is  plain  that 
it  is  only  events,  which  we  conceive  to  be  the  charatter- 
iilic  effects  of  the  caufe,  that  we  contemplate. 

PercufTion,  confidered  as  an  effetl,  charafteriftic  of  a 
particular  faculty  of  moving  bodies,  became  an  objeft  of 
anxious  refcarch,   almoft  as  foon  as  philofophers  began 
to  think  of  motion  and  moving  forces  at  all.     The  an- 
cients (as  has  been  obferved  in   the  article  Impulsion, 
Suppl.)  contented   themfelves  with  very  vague  fpecula- 
tions  on   the  fuhjeft.      Galileo  was  the  firft  who  confi- 
dered it  as  a  meafurable  thing,  the  objeft  of  mathemati- 
cal dilcuffion  ;  being  encouraged  by  his  precious  difco- 
very  of  the  laws  of  accelerated  motion,  and  the  very  re- 
fined meafure  which  thefe  gave  him  of  the   power  of 
gravity.      It  was  a  mealure  of  the  heavinefs,  not  of  the 
weight,  of  the  body  ;  and  this  was  meafured  by  its  acce- 
leration, and  not  by  its  preffure.      Encouraged  by  this, 
he   hoped   to   find  fome  fuch  meafure    of  the    force  of 
percuflion,   which  he  faw  fo  intimately  connefted  with- 
motion  ;   whereas   its  conneftion  with  preffure  was  far 
from  being  obvious.      He  therefore  tried  to  convert  the 
terms  ;  and  as  he  had  found  a  meafure  of  the  preilure 
of  gravity  in  the  acceleration  of  motion,  he  endeavoured 
to  find  in   preffure  a  meafure  of  the  force  of  purcuflion 
arifing  from  this  acceleration.      He  endeavoured  to  find 
the  number  of  pounds,   whofe  preffure  is  equal  to  the 
blow  of   a  given  body,    moving  with  a  given   velocity. 
The   velocity  was  known  to  him  with  great  precifion, 
by   means  of  the  height  from  which  the  ball  muft  fall 
in  order  to  acquire  it.      It  feems  pretty  clear  that  per- 
cuflion mav  be  meafured  in  this  way  ;   for  a  body  falling- 
from  a  height  will  pierce  an  uniformly  tenacious  body 
to  a  certain   degree,    and  no   further  ;  and  experiment 
fhews  that  this  degree  of  penetration  is  very  precife  and 
conftant.      The  fame  body,   being  merely   laid  on    the 
tenacious  body,   will  penetrate  to  a  fmall  depth    by  its 
weight.      Laying  more  weight  on  it,  will  make  it  pene- 
trate deeper  ;  and  a  certain  weight  will  make  it  pene- 
trate as   deep   as  the   fall  did,   and  no    deeper.      Thus, 
percuflion  feems   vei-y  eafily   meafurable   by  weight,  or 
by  any  preffure  fimilar  to  that  of  weight.      It  appears 
that  Galileo  made  experiments  with  this  view,  and  that 
he  was  difappointed,   and   obliged  to   acquiefcc  in  the 
opinion  of  Ariflotle,  that  percufTion  and  weight  are  in- 
comparable.    He  prop.jfi:!;,   therefore,   another  experi- 
ment,  namely,   to  drop  a  body  into  the  Icale  of  a  ba- 
lance from  greater  and  greater  heights,    till  at  laft  the 
blow   on  the  fcale  raifes  a  weight  that  lies  on  the  other 
fcale.     This  offers  itfelf  fo  plaufibly,   that  we  are  per- 
fuaded  that  Galileo  tried  it  :  but  as  he  makes  no  men-  , 
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iiflion.  tion  of  the  refults,  we  prefume  that  they  were  unfatis-  this  reafon,  the  impvovemcpts  made  on  it  by  Gravefanue  PercufHoiTi 

-y       '  faftory.  ■  are  of  no  vahie.     The  fame  reafon ing,  nearly,  may  be         <      ' ' 

Neither  of  thefe  experiments  could  give  us  a  meafure  applied  to  the  meafurements  of  the  force  of  perculTion 

of  the  force  of  percuffion,  if  this  force  be  any  thing  dif-  by  means  of  the  penetration  of  foft  bodies, 
ferent  from  the  forces  which  are  excited  or  brought  in-  Galileo  mentions  another  very   curious  experiment, 

to  aftion  by  percuihon,   in  the  manner  defcribed  in  the  by  which  he  thought  that   he  had  obtained  a  juft  mea- 

article   Impulsion,   Siippl.      When  the  ball  comes  into  fure  of  percuffion.      A  vcfTel,    filled    with   water,   was 

phyfical  contaft  with  the  fcale,  it  begins  to  comprefs  it.  fufpendtd  on  the  arm  of  a  balance,  with  another  veffel 

This  comprcffion  begins  to  ftretch  the  ftrings  by  which  hanging  from  it,  a  great  way  below.      All  was  exaflly 

the  fcale  is   fupported.      Thefe  pull  at  the  arm  of  the  balanced  by  a  weight  in  the  oppofite  fcale.      By  means 

balance,   and    caufe   it   to  prefs   the   centre-pin   a  little  of  a  fuitable  contrivance,  a  hole  was  opened  in  the  bot- 

harder  on  its  fupport,  and  to  bend  the  balance  a  little,  tom  of  the  upper  veffel,   without  diilurbing  the  cquili- 

and   caufe  it  to  pull  at  the  cords  which  fupport  the  brium.      As  foon  as  the  water  ilfued,  and  while  it  was 

other  fcale.      That  fcale  is  pulled  upwards,  diminifhing  falling  through  the  air,    that  end  of  the  balance  rofe  ; 

a  little  its  prefTure  on  the  ground,  and  prefling  it  harder  but  when  the  water  ftruck  the  lower  veffel,  the  equili- 

to  the  incumbent  weight.      Thefe  forces  are  excited  in  brium   was  rellored,   and  continued   during  the  whole 

fuccejjlon  from   the  one   fcale  to   the  other,    and  a  fmall  time  of  the  efflux.      Hence  Galileo  concluded,  that  the 

moment  of  time  elapfes.      The  readlion  of  the  fcale  di-  force  of  the  ftroke  was  equal  to  the  weight  of  the  fall- 

minifhes,   but  does   not  inftantaneoufly  annihilate,  the  ing  water.     But  we  apprehend   that  the  obfervations 

velocity  of  the  falling  ball.     It  therefore  compreffes  the  made  on  this  in  the  article  Impulsion,  Suppl.  will  con- 

fcale  liiU  more,   llretches  the  threads,   prefTes  the  ful-  vince  the  reader  that  this  conclufion   is  far  from  being 

crum,    and  bends  the  balance  ftill   more    (becaufe  the  legitimate.      Befides,   the  flroke,  in  any  one  inftant,   is 


weigiit  in  the  other  fcale  keeps  it  down).  The  veloci- 
ty of  the  falling  ball  is  rapidly  diminilhed  ;  the  balance 
is  more  bent,  and  pi»lls  more  ftrongly  upwards  at  the 
threads  of  the  other  fcale  ;  and  thus  prefTcs  that  fcale 
more  ftrongly  againft  the  incumbent  weight,  gradually 
communicating  more  and  more  motion  to  it,  removing 
it  farther  from  the  ground,  till,  at  laft,  the  motion 
becomes  fenfible,  or  fo  confiderable  as  to  difengage 
fome  delicate  catch  as  a  fignal.  The  experiment  is  now 
finilhed  ;  and  the  mechanician  fondly  thinks  that,  at  this 


made  by  thofe  particles  only  which  ilrike  in  that  in- 
ftant, while  the  whole  vein  of  water  between  the  veffcls 
is  neither  ading  by  its  weight  on  the  upper  vefTcl,  nor 
by  its  ftroke  on  the  lower  ;  and  we  fliould  conclude 
from  the  experiment,  that  the  force  of  percuffion  is  in- 
finitely greater  than  the  weight  of  the  ftriking  bodv. 
Indeed  this  is  the  inference  made  by  Galileo.  But  if 
we  have  recourfe  to  the  experiments  and  reafonings  of 
Daniel  Bernoulli,  in  the  article  Resistance  of  FluiJs, 
Encycl.  we  fliall   find  that   the  feeming   impulfe  on   the 


inftant,  the  preffure  excited  by  the  percuffion,  between  lower   vefTel  is  really  a  moft  complicated  pure  preflfure, 

the  oppofite  fcale  and  the  under  fide  of  the  incumbent  and  of  moft  uncertain  determination.      The  experiment 

weight,  is  juft  equal,  or  but  a  very  little  fuperior,  to  the  is  valuable,  and  gives  room  for  curious  reflections.      VVe 

prelliire  of  the  incumbent  weight  :   and,  lince  the  arms  have  repeated  it,   in  a  great  variety  of  forms,  and  with 

of  the  balance  are  equal,  and  therefore  the  pvefTures  on  great  changes  of  impulfe,  and  fometimes  in  fuch  a  man- 


the  two  fcales  are  equal,  he  imagines  that  that  weight 
exerts  a  preffure  equal  to  the  percuffion  of  the  falling 
ball. 

But  all  this  is  mifconception,  and  alfofalfe  reafoning. 
It  is  not  percuffion  that  we  are  meafuring,  but  the  preU 
fures  excited  by  percuffion,  on  the  two  fcales.  And 
thefe  preffures  are  the  forces  of  elafticity  or  expaiifivc- 
nefs,  belonging  to,  or  inherent  in,  the  particles  of  the 
.balls  and  the  fcales  ;  forces  which  are  brought  into 
aclion  by  the  approach  of  thofe  bodies  to  each  other. 
This  reafoning  is  alfo  erroneous  ;  and  we  ffiould  be  mifta- 
ken  if  we  think  that  the  preffure  aftually  exerted  is 
equal  to  that  of  the  weight  in  the  oppofite  fcale.  It  is 
greater  than  the  mere  prefTure  of  that  weight.  The 
re-aftion  of  the  oppofite  fcal::  on  its  load  was  precifely 
equal  to  that  weight  before  the  ball  was  dropped  from 


ner  that  no  impulfe  whatever  can  obtain,  while  at  tlie 
fame  time  a  quantity  of  water  was  filling,  unlupported 
by  either  veflel.  In  all  the  trials  the  equilibrium  re- 
mained undiilurbed.  We  were  obliged  to  conclude, 
therefore,  that  the  experiment  afforded  no  meafure  of 
percuffion.  Indeed  we  were  of  this  opinion  before  ma- 
king the  trial,  for  the  reafons  juft  now  given. 

We  cannot  fay  that  the  fubfequent  labours  of  phllo- 
fophers  have  added  much  to  our  knowledge  of  this  mat- 
ter. Mr  X.eibnitz  had  contrived  his  whimfical  dodrine 
oi  living  and  dead  iorcei.  The  adlion  of  gravity,  or  of 
a  fpring,  is  a  "vis  viva,  when  it  aclually  produces  motion 
in  the  body  on  which  it  a6ts  :  but  wjicn  a  ftone  lies  on 
a  taljle,  and  prefTes  on  it,  this  pr.-fTure  is  a  vis  n.crtua. 
Its  exertion  is  made,  and  in  the  fame  inftant  deftroved, 
by   an   oppofite  vis  mortiia.      Each  of  thefe  exertions 


the  hand  ;  and,  had  the  bail  been  equal  to  that  weight,  would  have  produced  a  beginning  of  motion  (fomething 

and  fimply  laid  into  the  fcale  on  which  it  falls,  it  would  different  from  any  of  the  fmalleit  local  motion  J  ;  and  the 

have    made   no  change  on  the  mutual  preffures  of  the  fum  of  all  would,   after  a  certain  time,   have  amounted 

fcale  and  the  other  weight  ;   it  would  only  have  relieved  to  a  fenfible   motion  and  velocity.     There  feems  no  di- 

the  ground  from  the  preffure  of  that  weight,  and  would  ftinft  conception  to  accompany,  or  that  can  accompany, 

have  brought  it  on  the  threads  which  fupport  its  fcale.  this  la.nguage.     And,   as  a  proof  that  Leibnitz   had  no 

The   prcflure  of  this  fcale   upwards  muft   be  increafed,  diftincl  conceptions  of  the  matter,  he  has  recourfe  to 

before  it  can  ftart  the  weight  fenfibly  from  the  ground,  this   very  experiment  of  Galileo  in  fupport  of  his  ge- 

How  much  it  muft  be  increafed  depends  on  the  fpringi-  iiefis  of  a  fenfible  motion  from  the  continual  exertions  of 

nefs  of  the  fcales,   cord,   and  beam.      By  a  proper  ad-  the  vis  nwrtua  ;  and  he  concludes  that  the  force  of  per- 

juftment  of  thefe  particulars,  the  apparatus  will  give  us  cuffion  is  infinitely,  or  incomparably,  greater  than  pref. 

almoft  any  meafure  of  percuffion  that  we  choofe.      For  fure,  becaufe  it  is  the  fum  total  of  an  infinity  of  indlvi. 

duul 
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Prrc';frnn.  dual  exertions  of  vis  morlun.  Notliinj^  but  the  autliori- 
""""^"■"'■ty  which  Leibnitz  has  acquired  on  the  continent,  by 
the  zealous  cfForts  of  his  parti/.ans,  could  cxcule  our  ta- 
king up  any  time  in  confidering  this  unintelligible  dil- 
courfe.  Surely,  if  there  is  fuch  a  thing  as  a  vis  viva, 
it  exifts  in  the  moving  water,  and  its  impulfions  are  not 
continual  exertions  of  a  -vis  morltia.  Nor  is  it  pofTible 
to  conceive  continual  impulfe,  nor  a  beginning  of  mo- 
tion that  is  not  motion,  Sec.  &.C.  It  is  paradoxical  (and 
Leibnitz  loved  to  raife  the  wonder  of  his  followers  by 
paradoxes)  to  fay  that  percuflion  is  infinitely  greater 
than  preffure,  when  we  fee  that  preluire  can  do  every 
thing  that  can  be  done  by  percuflion.  Nay,  Euler,  by 
far  the  moll  able  fupporter  of  the  doftrines  of  Leibnitz 
about  the  force  of  bodies  in  motion,  aftually  compares 
thefe  two  forces  ;  and,  in  his  Commentary  on  Robins'* 
Artillery,  demonftrates,  in  his  way,  that  when  a  mufiiet 
ball,  moving  with  the  velocity  of  i  700  feet  per  fecond, 
penetrates  five  inches  into  a  block  of  elm,  the  force  of 
its  percuffion  is  io7,';'6o  times  its  weight.  John  Ber- 
noulli reftriAs  the  infinite  magnitude  of  percuflion  to 
the  cafe  of  perfedlly  hard  bodies  ;  and,  for  this  reafon 
alone,  fays,  that  there  can  be  none  fuch  in  the  univerfe. 
But,  as  this  juftly  celebrated  mathematician  fcouts  with 
fcorn  the  notion  of  attraftions  and  repulfions,  he  mud 
allow,  that  an  ultimate  atom  of  matter  is  unchangeable 
in  its  form  ;  which  we  take  to  be  fynonymous  with 
faying  that  it  is  perfeftly  hard.  What  mud  be  rhe 
rcfult  of  one  atom  in  motion  hitting  another  at  reft  ? 
Here  muft  be  an  inftantaneous  production  of  a  finite 
velocity,  and  an  infinite  percuflion.  A  doftrine  which 
reduces  its  abettors  to  fuch  fubterfuges,  and  engages 
the  mind  in  fucli  puzzling  contemplations,  cannot  (to 
fay  the  bell  of  it)  be  ftyled  an  explanation  of  the 
laws  of  Nature.  The  whole  language  on  the  fubjeft  is 
full  of  paradoxes  and  obfcurities.  In  order  to  re- 
concile this  infinite  magnitude  of  percuflion  with 
the  oblerved  finite  magnitude  of  its  efiefts,  they  fay 
that  the  prefliire,  or  inftantaneous  effort,  has  the  fame 
relation  to  the  force  of  percuflion  that  an  element  has 
to  its  integral  ;  and  in  maintaining  this  affcrtion,  they 
continually  confider  this  integral  under  the  exprefs  de- 
nomination of  afum  total,  robbing  Leibnitz's  great  dif- 
covery  of  the  infinitefimal  calculus  of  every  fuperiority 
that  it  pofleflijd  over  Wallis's  Arithmetic  of  infinites, 
and  really  employing  all  the  eri'oneous  practices  of  the 
method  of  indivifibles.  We  look  upon  the  ftrange 
things  which  have  been  inculcated,  with  pertinacious 
zeal,  in  this  doftrine  of  percuflion  and  vires  viva,  as  the 
moft  remarkable  example  of  the  errors  into  which  the 
unguarded  ufe  of  Cavalerius'e  Indivifibles,  and  of  the 
Leibnitzian  notion  of  tht  infinitefimal  calculus,  have 
led  eminent  mathematicians.  It  is  not  true  that  the 
pren"ure,  and  the  ultimate  force  of  percuflion,  have  this 
relation  ;  nor  his  the  preffnre  and  the  refulting  motion, 
-jvhich  is  miilaken  for  the  meafure  of  this  ultimate  force, 
any  mathematical  relation  whatever.  The  relation  Is 
purely  phyfical  ;  it  is  the  relation  of  pure  caufc  and  ef- 
fedl  :  and  all  that  we  know  of  it  is  their  conftant  con- 
jundlion.  The  relation  of  fluxion  and  fluent  is  not  a 
mathematical  or  mcafurable  relation,  but  a  conneftion 
in  thought  ;  which  is  fuliicient  for  making  the  one  an 
indication  of  the  other,  and  the  meafures  of  the  pro- 
portions of  the  one  a  mean  for  obtaining  a  meafure  of 
the  proportions  of  the  other.     In   this  point  of  view, 


the  relation  of  prcfliire  to  motion,  as  the  meafut*  of  thePercBfllnn, 
force  ot  percuflion,  rejemlies  that  of  fluxion  and  fluent,  '~~~v~-- 
but  is  not  the  fame. 

Much  has  been  f.iid  by  the  parti/.ans  of  Mr  Leibnitz 
about  the  inconiparablcnefs  of  prefliu-e  and  percuflion, 
and  many  experimental  proofs  have  been  adduced  of 
the  incomparable  fuperiority  of  the  latter.  Bulringer 
fays,  tliat  the  prcfiurc  of  many  tons  will  not  caufe  a 
ipike  to  penetrate  a  block  of  hard  oak  hnlf  fo  far  as  it  _ 

may  be  driven  by  a  weak  man  with  one  blow  of  a  mal- 
let ;  and  that  a  moderate  blow  with  a  fmall  hammer 
will  Oliver  to  powder  a  diamond,  which  would  carry  3 
mountain  without  being  hurt  by  its  prciTure.  Nay,  eveir 
Mr  Camus,  of  the  Academy  of  Paris,  a  ftaunch  Carte- 
fian,  and  an  eminent  mechanician,  fays  that  he  beat  a 
leaden  bullet  quite  flat  with  a  hammer  of  one  pound 
weight,  without  much  force  ;  and  that  he  found  that  200 
pounds  weight  would  not  have  flattened  it  more  than  this 
blow  :  and  he  concludes  from  thence,  that  the  force  of 
the  blow  exceeded  200  pounds.  Thefe,  to  be  fure,  are 
remarkable  f.?ifls,  and  juttify  a  more  minute  confideration 
of  a  power  of  producing  certain  eflFefts,  which  is  fo  fre- 
quently and  fo  ufefuUy  employed.  But,  at  the  fame 
time,  thefe  are  all  very  vague  exprefiioi»s,  and  they  do 
not  authorife  any  precife  conclufions  from  them.  Mr 
Camus  faying  "  without  much  force,"  makes  his  pound 
weight,  and  his  200  pound  weight,  of  no  ufe  for  deter- 
mining the  force  of  the  blow.  He  would  have  given 
more  precife  and  applicable  data  for  hisdecifion,  had  he 
told  us  from  what  height  the  hammer  ftiould  fall  in 
order  to  flatten  the  bullet  fo  this  degree.  But  even 
then  we  fliould  not  have  obtained  any  notion  of  the 
force  in  aftual  exertion  during  the  flattening  of  the  bul- 
let ;  for  the  blow  which  could  flatten  the  bullet  in  a 
longer  or  a  fliorter  time,  would  unqueftionably  have  been 
lefs  or  greater. 

All  the  parodoxes,  obfcurities,  and  puzzling  difficul- 
ties, in  this  fubjeft  difappear,  if  we  leave  out  of  our 
confideration  that  unintelligible  force,  which  is  fuppofed 
to  preferve  a  body  in  motion  or  at"  reft  ;  and  if  we  con- 
fider both  of  thefe  ftates  of  body  as  conditions  which 
will  continue,  unlefs  fome  adequate  caufe  operate  a 
change  ;  and  if  we  farther  grant,  that  fuch  caufes  do 
really  exift  in  the  univerfe,  however  unknown  their  na- 
ture may  be  by  us  ;  and,  laftly,  if  we  acknowledge, 
that  the  phenomena  of  elafticity,  expanfivenefs,  cohe- 
fion,  gravity,  magnetlfm,  tleftricity,  are  indications  of 
the  ayency  of  fuch  caufes,  and  that  their  aftual  exer- 
tions,  and  the  motions  and  changes  confequent  on  thefe 
exertions,  are  fo  invariablv  connefted  with  particular 
bodies,  that  they  always  accompany  their  appearance 
in  certain  mutual  relations  of  diftance  and  pofition  : — if 
we  proceed  thus,  ail  the  phenomena  of  cullifior  will  be 
explained  bv  thefe  caufes  alone,  without  fuppofing  the 
cxiftence  and  agency  of  a  caufe  dltlindl  from  them  all, 
and  Incomparable  with  them,  called  the  force  of  per- 
cussion. 

For  it  has  been  fufficiently  demonftrated  iu  the  article 
Impulsion  {Suppl.^,  that  that  property  of  tangible  co- 
herent matter,  which  we  call  perfid  ehijliciiy,  operates  a(i 
a  prefTuve  during  a  certain  fmall  portion  of  time  on  both 
bodies,  diminlfliing  more  and  more  tlie  motion  of  the 
one,  and  augmenting  that  of  the  other,  as  the  compref- 
fion  of  one  or  both  increafes,  till  at  laft  they  feparate 
with  fenfible   velocities.     In  fome  very  fimple  or  per- 

fpicuous 
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yerculTion  fpi'cnous  cafes,  we  know  what  this  prffTure  is  in  every  tell  how   long  it  mull  be  rcfifted  by  this  force  before  P<'-"'''""i- 

'——y~—  I'nftant  of  the  aftion.      We  can  tell  how  many  pounds  its    initial    velocity   will  be   annihilated,  and  therefore  '— v--«^ 

weight,  at   rert,  will  exert  the  fame  j^refTure.      We  can  how   f;ir  it   will   penetrate.      We  have   tried   this  with 

ttll  the  whole  duration  of  this  prefTnre,  and   the   fpace  deal,  birch,   willow,  and  other  foft  woods  of  uniform 

along  which  it  is  exerted  ;    and,  in  fnch   a  cafe,  we  can  texture,    and    with   nails  having    the    body   fomewhat 

fay  with    procifion  what    motion    will   be  generated  by  flendcrer  than  the  end,   that  there  iniglit  not  be  an  irre- 

this  continued   and  varied   preflure   on  the  body  which  gularity    occafioned    by  a  friclion   on    the  fides  of  the 

was  at  red,  and  what  diminution   will  be  made   in  the  nail,  continually  inereahug  as  the  penetration  advanced, 

motion  of  the  other.      All  this  can  be  done  in  the  cafe  We  made   the   hammer  fall  from  a  confiderable  height, 

Plate  XLI.of  a  ball  A  (fig.   I.),  moving  like  a  pendulum  with  a  and  hit  the  nail  with  great  accuracy  in  the  direction  of 

fmall  velocity,  and   ilriking  a  fiender  clailic   hoop   B,  its  length,  by  fixing  it  to  the  end  of  a  long  latli,  move- 

all'o  fnfpended  like  a  pendulum.       We    can   alcertain  able  round  an  axis.      The  refidts  correfponded  w'ith  the 

by   experiment,    before  the  collifion,   what   preffure   is  calculation  with  all  the  precifion  that  could  be  defired, 
neceflary    tor   coniprefilng  it  one  inch,  one  half,  one-  But  it  does  not  refnlt  from   ail   this  agreement,  that 

fourth,    &.C.       Knowing  tin's,  and  the  weight  of  the  the  force,  exertion,  or  effcft,  of  a  blow  with  a  hammer 

hoop,    and  the   weight  and  velocity   of  the  ball,    we  is  equal  to  the  prelfure  of  any  number  of  pounds  what- 

can  tell  every  circumilance  of  the  collifion — how  long  ever.     They  are  things  that  cannot  be  compared  ;    and 

the  compreflion   continues — what  is  the  greatefl  com-  yet  the  force  operating  in  the  penetration  hy  a  blow  is 

preflion  —  hov/  far  the  bodies  have   moved  while  they  no  way  different   from   prefi"ure.      It  is  a  phj  fical  bluii- 

were  acting  on  each  other  — and  what  will  be  the  final  der  to   compare    the   area  of  the  curve,   whofe  abfciffa 

motion  of  each  : — in  (hort,  every  thing  that  affords  any  is  the  depth  of  penetration,  and  the  ordinates  are  as 

mark  or  meafure  of  a  force  of  pcrcuflion.      And  we  the  refillanccs,  with  any  preffure  whatever.     This  area 

know  that  all  this  Is  produced  by   a  force,   familiarly  exprefics     the    fquare    of    a    velocity,     and    its    flips, 

known  to  us  by  the  name  of  elaiticity.     Which  of  all  bounded    by    parallel  ordinates   indefinitely   near  each 

thefe  circumftances  (hall  be  called  the  precuflion,  or  the  other,  are  as  the   decrements  of  this  fqnare  of  a  velo- 

force  of  percufTion  ?   Is  it  the  ultimate  or  greateft  pref-  city,  occafioned  by  a  preffure,  afting  almoll  uniformly 

fure  occafioned  by  the  compreffion  ?  This  cannot   be,  along  a  very  fmall   fpace,   or  during  a  very  fmall  time, 

becaufe  this  a/one   will  not  be  proportional  to  the  final  It  is  an  abfurdity   therefore  to   fum  up  thefe  flips  as  fo 

change  of  motion,   which  is  generally  taken   as  a  mea-  many  prefTures,   and  to  confider  the  fum  total  as  capa- 

fure  of  the  percuflion  when  a  change  of  motion  is  its  ble  of  exprclTing  any  weight  whatever.  Such  a  p.irallo- 

only  obferved  effedt.  g'f"i  'S  peculiar  to  Leibnitz's  wav  of  conceiving  his  infi- 

We  know  that  another  perfectly  elaftic  body,  of  the  nitefimal  method,  and  it  could  luve  no  place,  in  the  ge- 

fame  weight,  and  fl:ruck  by  the   fame  blow,  and  acqui-  nuine    method   of  fluxions.     It    is  this  mifconception 

ring  the  fame  final  velocity  by  the  ftroke,  may  not  have  that  has  made  Mr  Leibnitz  an  J    his   followers  fuppofe 

fuftained  the  tenth  part  of  the  preffure,    in  any  one  in-  that  a  body,  accelerated  by  gravity,  retains   iu  it  a  fum 

ftant  of  the  collifion,  if  it   has  oijly  been   much  more  total  of  all  the  preffures  of  gravity  accumulated  during 

comprelfible.     The  greatefl  mutual  preffure  in  the  col-  its  fall,   and  now  forming  a  vis   •viva.     Suppofing  that 

lifion    of  a  billiard  ball  is  perhaps    looo  times  greater  it  requires  a  preffure  of  twenty   pounds  to   prefs  a  fix 

than  it  is  in  a  fimilar  collifion  of  a  foot  ball  of  the  fame  pound   fliot  (lowly  through  a  mafs  of  uniformly   refill- 


weight. 

We  alfo  know  what  degree  of  compreffion  will  break 
this  hoop,  and  what  preffure  will  produce  this  com. 
preffion.  Therefore,  ihould  the  fratture  of  the  body 
be  confidered  as  the  mark  and   meafure  of  the  percuf- 


ing  clay  ;  this  preffure  would  carry  it  from  the  top 
to  the  bottom  of  a  mountain  of  fuch  cLiy.  Yet  this 
bill,  if  difcharged  horizontally  from  a  cannon,  would 
penetrate  only  a  few  yards,  even  though  the  clay  fhould 
efid  by  tenacity  only,  independent  of  the  motion  loll  by 


fion,  we   know  what  blow  will  jufl  produce  it,  and  be  giving  motion  to  its  internal  parts.      In  this  experiment 

exhaulled  by  fo  doing.      In  fltort,  we  know  every  mark  the  utmoll  preffure  exerted  during  the  motion  of  the  ball 

and  meafure  of  perculTion  which  this  hoop  can  exhibit,  did  not  much  exceed  the  preffure  of  twenty  pounds.   In 

We  can  increafe  the  ilrength  of  this  hoop  till   it  be  this  comparifon,  therefore,  percnffionjfo  far  from  appear- 

comes  a  f^lid  difl(  ;  and  we  iee  clearly,  that  in  all  thefe  ing  infinitely  greater  than  preffure,  would  appear  much 

forms  the  mode  of  afting  is  the  fame.      We  fee  clearly  lefs.      But  there  is   perhaps  nobody  that   refills  pene- 

that  it  is  the  fame  when,   inllead  of  the  folid  di(k,  it  is  tration  with  perfetl  uniformity,  even  though  uniformly 

an  elaftic  ball  ;  therefore  every  thing  that   can   indicate  tenacious.     When    tlie    ball    has    penetrated   to  fome 

or  meafure  the  percuflion  of  an  elaftic  ball,  is  explained  depth,   the   particles  which  are  before  it  cannot  be  io 

without  the  operation  of  a  peculiar  force  of  percuflion.  eafily    difplaced,  even   although  they  had  no  tenacity, 

even  when  the  ball  is  fhivered  to  pieces  by  the  blow.  becaufe  the  particles  adjoining  are  more  hemmed  in  by 

Nor  is  the  cafe  materially  different  when   the  bodies  thofe  beyond  them.  We  have  always  obferved,  that  a  ball 

are  foft,  or  imperfectly  elaftic.     When  the  ftruck  body  impelled  by  gunpowder  through  water  rifes  toward  the 

is  uniformly  tenacio  is,  it  oppofes   a  uniform  refiilance  furface   (having   entered  horizontally  through  the  fide 

to  penetration,  and  its  motion  will  be  uniformly  acce-  of  the  veffel  at  fome  depth),  and  this  fo  much  the  more 

lerated   by  the   action   of  its  own  tenacity  during  the  rapidly  as  it  entered  nearer  to  the  furface.    The  rcafon 

whole  time  of  mutual  aAion,  except  a  trifling  variation  is  plain.     The  particles  which  muft  be  difplaced  before 

occafioned  by  the  mere  motion   of  the  internal  parts,  the  ball,  efcape  more  eafily  upwards  than  in  any  other 

independent  of  their  tenacity.     If  we  knew  the  weight  diredtion.     It  is  for  this  reafon   chiefly  that  a  greater 

neceffary   for    merely  penetrating  this    mafs,  and  the  weight  laid  on  the  head  of  a  nad  will  caufe  it  fink 

weight  and  velocity  of  the  penetrating  body,  we  can  deeper  into  the  wood;  and  thus  a  great  weight  appears 

SuFFL.  Vot.  IL  PartL  Xx                                         to 
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■Percuffion   to  be  commenfuiable  with  a  great  force  of  percuiTion.  in   the   remote  parts,  fo  as  to  fliare  the   derangement 

^""V"""  Alio  while  a  bullet  is  flattening  more  and  more  under  among  them   all,  in   fiitli  a  manner  that   it  may  he  fo 

a  hammer  dnrinn-  the  progrefs  of  a  blow,  it   is  fpread-  moderate  in  each  as  noi  to  amount  to  a  dilunion  in  any 

in"-  under  the  hammer  ;   more  particles  are  refilling  at  part  ol  the  diainond.      We  fee  many   inftances  of  this 

once    and  tliey   find   more  dilficulty   in  effecting  tlieir  in  the  abrupt  handling  of  bodies  of  tender  and  friable 

efcape,  being  iiarder  fqueezed  between  the  hammer  and  texture,      it  is  partly  owing  to  this  that  a  ball  difchar- 

the  anvil.      'J'he  fame  increafed  refillance   mull  obtain  ged  from  a  pillol  will  go  through  a  flieet  of  paper  (land- 

■while  it  is  flattening  more  and  more  under  the  quiet  ing  on  edge  without  throwing  it  down,  which  it  would 

prcffure  of  a  weight  ;  and  thus,   too,  a  great  weight  ccitainly    do  if  thrown    at  it   by  the  hand.     The  con- 

appears  to  be  commenfuiable  with  a  greater  blow.  nedling  forces,  having  time  to  acl  in  this  laft  cafe,  drag 

After  all,  however,  a  blow  given  by   a   falling  body  the  other  parts  of  the  paper  along  with  them,  and  tiieir 

mull  excite  a  preffure  greater  than  its  mere  weight  can  union  is  prefcrved.     Alfo,  when  a  great  weight  is  laid 

do,  and   this  in  any  degree.      Thus,  fuppofe  AB  (tig.  on  the  diamond,  it  is  gradually  dimpled  by  it  ;  and  thus 

2.)  to   reprefent  a  fpiral  fpring  in   its  natural  uncon-  inclofing  many  parts  together  in  the  dimple,  it  obliges 

flrained  dimenfions,   Handing   upright  on  a  table.     Let  them  to  a6l  in  concert,  and  the  derangement  of  each  is 

a   b  he  the  abfciffa  of  a  line  a  d  h  k,  whofe  ordinates  thus  diminilhed. 

c  d,  7  h,  i  i,  &.C.  are  as  the  elallic  reaftion  of  the  fpring  We  flatter  onrfelves  that   the  preceding  obfervations 

when  it  is  compreffed  into  the  lengths  c  i,  g  b,  i  i.  Sic.  and  reflections  will  contribute  fomewhat  towards  remo- 

iSnppofe  that,  when  it  is  comprefi'ed  into  the  form  CD,  ving  the  paradoxes  and  myfteries   which   difcredit,   in 

it  will  juft  fnpport  the  weight   of  a  ball  lying  on  C.  fome  degree,  our  mechanical  fcience.      If  we  will  not 

Then  c  d  will  be  a  reaition  equal  to  the  weight  of  the  pertinacioufly  conjure  up  ideal  phantoms,  which,  per. 

ball,  and  the  reftangle  a  c  ///'will  exprefs  the  fquare  of  liaps,  cannot  exill,  but  content  ourielves  with  the  ftudy 

the  velocity  which  this  ball  would   acquire  by  falling  of  that  tangible  matter  which  the  Author  of  Nature 

freely  through  u  c.     If  therefore  the  ball  be  gently  laid  has  prefented  to  our  view,   we  ftiall  have  abundant  em- 

€)n  the  top  of  the  fpring  at  A,  and  then  let  go,  it  will  ployment,   and  fhall  perceive  a  beautiful  harmony  thro' 

defcend,  comprcffing  the  fpring.    It  will  not  Hop  when  the  whole  of  natural  operations  ;  and  we  Ihall  gradually 

llie  fpring  has  acquired  the  form  CD,  which  enabled  it  diicover  more  and  more  of  thofe    mutual  adaptations 

to  carry  the  weight  of  the  ball  gently  laid  on  it.      For  which  enable  an  atom  of  matter,  although  of  the  fame 

in  this  lituation  it  has  acquired  a  vek'city  of  which  the  precife  nature  wherever  it  is   found,   to  ad  fuch  an  uu- 

fquare  is  reprefeutcd  by  the  figure  n  d f.     (See  Dyna-  fpeakable  variety  of  parts,  according  to  tlie  diverfity  of 

Mies,  Siippl.  n"  95.).      It  will  compreis  the  fpring  into  its  litiiations  and  the  fcene  on  which  it  is  placed,      if  a 

the  length  g  b,  fuch  that  the  area  eg  b  d  is  equal  to  the  mind  be  "  not  captivated  by  the  harmony  of  fuch  fweet 

zrt-i  a  d  f.    If  the  ball,  inttead  of  being  gently  laid  on  A,  founds,"  we  may  pronounce  it,   "  dark  as  Erebus,  and 

be  dropped  from  M,   it   will   compreis  the  fpring  into  not  to  be  trulled." 

fuch  a  length  i  b,  tliat  the  area  a  i  i  is  equal  to  the  red-  PERFECT  Number,  is  one  that   is  equal  to  the 

i\ng\e  m  c  d  >i  ;  and,   if  the  fpring  cannot  bear  fo  great  fain   of   all    its    aliqUk^t    parts    wiicn    added    together, 

comprcflion,  it  will  be  broken  by  this  very  moderate  fall,  liucl.  lib.  7,  def  22.     As  the  number  6,   which  is  = 

Thus  we  fee  that   a  blow  may   do  things  which   a  1   -|-  2  -]-   ^,   the  fum  of  all  its  aliquot  parts  ;  alfo  28, 

confiderable  prefTure  cannot  acxompliih.     The  accounts  f  )r  28=   i   +2  +  4+7  +  14,  the  fum   of  all   its 

which  are  given  of  thefc  remarkable  effeds  of  pcrcuf-  aliquot  parts.     It  is  proved  by  Euclid,  in  the  lall  prop, 

lion,  with  the  view  of  inipreffing  notions  of  its  great  of  book  the  9th,  that  if  the  common  geometrical  ferics 

efficacy,  are  generally  in  very  indefinite  terms,  and  of  numbers  i,  2,  4,  8,  16,  32,  &c.  be  continued  to  fuch 
often  without  mentioning  circumllances  which  are  ac- 
cetTury  to  the  tfTed.  It  would  be  very  unfair  to  con- 
clude an  almoft  infinite  power  of  percuflion,  from  ob- 
ierving,  that  a  particle  of  fand,  dropped  into  a  thick 
plafs  bottle  w  hich  has  not  been  annealed,  will  Ihiver  it  to 


PercuOion 

II  . 
Peikiiiifm, 


pieces.    When  Mr  Bultingrr  fays  that  a  moderate  blow 
will  break  a   diamond   which    could  carry  a  mountain, 


a  number  of  terms,  as  that  the  fum  of  the  faid  feries 
of  terms  (hall  be  a  prime  number,  then  the  produd  of 
this  fum  by  tlie  lail  term  of  the  feries  will  be  a  perfect 
number. 

PERGUNNA,  in  Bengal,  the  fubdivifion  of  a  di- 
ftrid. 

PERKINISM,  the  proper  name  of  what  we  muft 


be. not  only  fa^,  s  a  thing  of  which  he  cannot  demon-  think  an  impofition  attempted  to  be  put  upon  the  world 

Urate  the  truth,   and  which,  in   all  probability,   is  not  by  Dr  Perkins  of  North  America. 

true  ;  but  he  omits  noticing  a  circumllancc  which  he  Though  tlie  phenomena  of  elecVricity  had  been  long 
was  mechanician  enough  to  know  would  have  a  confi-  familiar  to  the  philofophers  of  Europe,  it  is  well  known 
derable  (hare  in  the  eiled.  We  mean  the  rapidity  with  that  a  philolophical  theory  of  theie  phenomena  was 
which  the  excited  preffure  increafes  to  its  maximum  in  firll  formed  by  a  tranfatlautic  philofopher.  In  like 
the  cafe  of  a  blow.  In  the  experiment  in  queftion,  this  manner,  though  the  difcovery  of  Galvani,  under  the 
happens  in  lefs  than  the  millionth  part  of  a  fecond,  if  the  name  of  animal  cledricily  (fee  Galvanism  in  this  Snp- 
velocity  of  the  hammer  lias  been  fuch  as  a  man  would  plemetit),  had  occupied  the  attention  of  many  of  the  firil 
'Ttnerate  in  it  by  a  very  moderate  exertion.  For  the  phyhcians  and  philofophers  of  the  old  world,  it  was  re- 
blow  which  win  drive  a  good  lath  nail  to  the  head  in  a  ferved  for  a  phyCcian  of  the  new,  to  apply  it  to  the 
piece  of  foft  deal  with  an  ordinary  carpenter's  hammer,  cure  of  a  number  of  difeafes.  Every  philofopher  ot 
Kiuft.  be  accounted  moderate.  This  we  have  learned  by  America,  however,  has  not  the  fagacity  of  the  Phila- 
experiment  to  be  above  23  feet  per  fecond.  The  con-  delphian  fage  ;  nor  inufl.  Dr  Perkins  or  his  admirers  be 
neding  forces  exerted  between  the  particles  of  the  dia-  furprifed,  if  we  treat  not  incomprehenfible  myfticifm 
inond  may  not  have  time  fufficient  for  their  excitation  with  the  refpeft  due  to  a  theory  founded  on  fads. 

We 


Pcfklnini 
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Wc  are  tolJ  by  the  fon  (a)  of  this  rival  of  Franklin,     teeth,  and  indeed  mod  kinds  of  painful  topical  afFeC  Perltimfii. 


\ 


that  before  the  news  of  Galvani's  difcovery  li.ul  read 
ed  America,  he  had  obferved  feveral  phenomena  point- 
ing; out  the  influence  of  metalu  in  cafes  of  pain.  Tiie 
firll  remarltable  incident  that  prefented  itfelt  to  his  no- 
tice was  the  fudden  contrailion  of  a  mulcle  wticn  !ie 
was  performing  a  chirurgical  operation.      This,  he  ob- 


tions,  excepting  where  the  oiganic  ftruftiire  of  the  part 
is  dellroyed,  as  in  wounds,  ulcers.  Sec.  and  excepting 
alio  where  oils  or  fonie  other  non-condu£ling  fubllances 
are  prefent. 

But  we  have  other  tcftimonies  than  tliofe  of  Dr  Per- 
kins  and  his  fon  for  tiie  influence  of  the  tratlors.      Mr 


ferved,  regularly  took  place   whenever  the  point  of  the     Meigs,  profeflor  of  natural  philofophy  at  Newhaven,  in 


metallic  inftrument  was  put  in  contaft  with  the  mnfcle. 
Struck  with  the  novelty  of  the  appearance  (Is  Mr  Per- 
kins fure  tiiat  the  appearance  was  new  ?),  he  was  indu- 
ced to  try  tiie  points  of  wood  and  other  fubfiiances  ; 
nnd  no  contraftion  taking  place  on  thefc  experiments, 
he  thence  inferred  that  the  phenomena  could  be  alcribed 
only  to  the  influence  of  the  metal.     About   the  fame 


a  letter  on  Dr  Perkins's  dilcovery,  conceives  the  prin- 
ciples of  metallic  irritability  as  fo  little  underftood,  that 
he  will  not  pretend  to  explain  how  the  traftors  produce 
their  effefts  ;  but  feems  fatistied  in  fmding  that  the  ef- 
fei^ts  are  produced.  After  Hating  an  experiment  on 
his  own  child,  eight  years  of  age,  very  dangeroufly  ill 
with    a    peripneumonic   complaint,  and   to    which  the 


time,  he  obferved  that,  in  one  or  two  cafes  (and  if  his  traftorS  gave  alnioll   inflantaneous  relief,  he  fays,  "  I 

practice  had  been  great  he  might  have  obferved  that  in  a  have  ufed  the  traftors  with  luccefs  in  feveral  other  cafes 

tlioufand  cafes),  a  ceflation   of  pain   had  enfued  when  in  my  own  family  ;  and  although,  like  Naaman  the  Sy- 

a  knife  or  lancet  was  applied  to  feparate  the  gum  from  rian,   I  cannot  tell  why  the  waters  of  Jordan  fiiould  be 

a  tooth  previous  to  extrafting  it  ;  and  in  the  lame  year  better  than  Abana  and  Pharpar,  rivers  of  Damafcus  ; 

he  difcovered,  that  m&mf/;^;;ry  eafe  was  given,, in  a  few  yet,   (\\\ce  experience  has  proved  them   fo,  no  reafoning 

inftances,  by  the  accidental  application  of  a  metallic  in-  can    change   the   opinion.      Indeed,    the   caufes  of   all 

ilrument    to  inflamed  and   painful  tumors  previous   to  common   faijls  are,  ive  think,  perfectly  well  known  to 

any  incifion.  us  ;  and  it  is  very  probable,   fifty  or  an  hundred  years 

Thefe  are  the  judicious  reafonings  and  affertions  of  hence,  we  (hall  as  well  know  why  the  metallic  traitors 

a  dutiful  child,  who,   having  probably  heard  of  Leib-  ihould    in   a  few  minutes  remove  violent  pains,   as  wc 


iiitz's  claims  to  fome  of  Newton's  difcoveries,  was  de- 
termined to  put  in  a  fimilar  claim  for  his  father,  to  a 
fliare,  at  leaft;,  of  the  difcovery  made  by  the  celebrated 
piofeffor  at  Bologna.  He  has  not,  however,  copied 
with  fervility  the  conduft  of  the  Leibnitziaus.  We  do 
not  remember  an  inllance  where  any  of  them  attempted 
to  elevate  the  tame  or  the  merits  of  their  mailer  above 
the  fame  and  merits  of  Newton  ;  but,  according  to  our 
author,  the  purfuits  of  Galvani  and  his  European  pu- 


now  know  why  cantharides  and  ojiium  will  produce op- 
pofne  effects  ;  viz.  we  fliall  know  but  ttery  little  about 
either,  exceptingyijif.'j." 

Mr  Woodward,  jirofcffor  of  natural  philofophy  at 
Dartmouth,  in  a  letter  alio  on  the  fame  fubjeft,  has  da- 
ted a  number  of  luecefsfid  experiments  in  pains  of  the 
head,  face,  teeth,  and  in  one  cafe  of  a  fprain. 

Dr  Vaughan,  a  member  of  the  Philadelphia  medical 
fociety,   has  lately  publilhed  an  ingenious  trad  on  Gal- 


]>ils  fink  into  infignificance,  wheli  compared  with  thofe  vanifm,  the  objetl  of  which  is   to  account  for  the  in- 

of  the  tranfatlantic  phylician.  flnence  of  the   traftors  in   removing  difeafes.      After  a 

This  is  evident;  for  when  the  phyliologilts  of  Europe  citation  of  numerous  experiments  made  on   the  nerves 

were  engaged  in  experimenting- on  the  denuded  nerves  and  muleles  of  animals,   he  obferves,   "  If  we  only  take 

and  mufcles  of  the  Imaller  animals,   wltli  a  view  to  af-  an  impartial  view  of  the  operations  of  Nature  herfelf, 

certain  the  agency  ot  this  incomprelienlible  property  in  and    attend   dih'gently  to    the  analytical   inveftigations 

them,  Dr  Perkins  was  prolecuting  a  feries  of  experi-  of  the  aforementioned  experlmentalifts  on  this  lublime 

ments,  which  confiftcd  in  applying  externally,  to  parts  fubjeft,   I  think  the  feeptic  mull  admit  that  the  prin- 

afteCled  with  difeale,   metals,   and  compounds  of  metals  ciple   of  nervous   energy   is   a   modification    of  eleClri- 

f  every  defcription  which  occurred  to  him,  and  con-  citv.    As  lenlation  is  dependant  on  this  energy,  a  plea- 


Rrutled  into  various  forms  and  fizes.  Tlie  refnlt  pro- 
ved, that  on  drawing  lightly  over  the  parts  aifeCled  cer- 
tain inllruments,  termed  tractors,  which  he  formed  from 
metallic  fubllances  into  pointed  (hapes,  he  could  remove 
mort  of  thofe  topical  difeafes  of  the  human  body,  where 
an  extra  degree  of  nervous  energy  or  vital  heat  was 
prefent  ;  unlefs  fuoh  difeafe  was  lituated  in  fome  of  the 


furable  lenlation,  or  what  may  be  termed  a  natural  or 
healthy  degree  thereof ;  then  certainly  pain,  or  fuperfen- 
fation,  can  only  depend  on  an  accumulation  of  the  elec- 
tric fluid,  or  extra  degree  of  energy  in  the  part  affe<it- 
ed.  On  this  principle  the  problem  admits  of  eafy  fo- 
lution  ;  namely,  that  the  metals,  being  fufeeptible  of 
this  fluid,  conduS  the  extra  degree  of  energy  to  parts 


infernal  vifcera,  too  remote  from  the  part  where  the  in.     where  it  is  diminilhed,  or  out  of  the  fyfttm  alrogether, 
llruments  could  be  applied. 

The  difeafes  which  have  been  found  moll  fufeeptible 
of  the  influence  of  the  traftors  are,  rheumatifm,  fome 
gouty  afleftions,  pleurify,  opthalniias,  eryllpelas,  vio- 
lent fpafmodic  convulfions,  as  epilejitic  fits  and  the 
locked  jaw,  the  pain  and  fwelliiig  attending  eontufions, 
inflammatory  tumors,  the  pains  from  a  recent  fprain, 
the  painful  efi'eCts  of  a  burn  or  fcahl,  pains  in  the  head, 


rciloring  the  native  law  of  eledric  equilibrium." 

We  trull  we  are  not  fceptics  ;  and  yet  we  feel  not 
ourfelves  inclined  to  admit  any  part  of  this  theory.  We 
have  feeu  no  proof  that  nervous  energy  is  a  modification 
of  electricity  ;  and  we  think  that  we  have  ourfelves 
proved,  that  g.jlvanifm  and  ehtii icily  are  in  many  refpefts 
dilFerent  ;  but  we  ihall  not  be  much  furprifed  if  we 
loon  fee  a  cUmonJlration  by   fome  American  or  German 

X  X   2  philofopher. 


Dou 


{a)   See  a  pamphlet,  entitled  The   Influence  of  Metallic  Tradlors  on  the  Human  Body,  &c.  by  Benjamin 
)uglas  Perkins,  A.  M.  fon  to  the  dlfcoverer ;  or  a  very  good  abridgement  of  it  in  the  firll  volume  of  the  Phi- 


lefophical  Maga2ine. 
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Perkinlfm   pliilofopher,    that   the  foul  of  man  is  a  compofition   of     reviewer)  with  a  (Iroiig  proof  of  the  confidence  placed  Pcrklnifm, 


lilver  and  zinc.  One  of  thele  fagts  has  lately  difcover- 
ed,  that  the  fymjitonis  (.<{ pi/trefoHiori  do  not  coiUlitute 
an  infallible  evidence  of  death,  but  that  the  application 
of  mf/rt// will  in  all  cafes  afcertain  it  beyond  the  poffi- 
bility  of  doubt  !  A  proper  application  certainly  will  ; 
for  when  the  Perkinill  is  doubtful  whether  his  patient 
be  dead  or  alive,  he  h;is  only  to  apply  the  mu/,/Ie  of  a 
loaded  piltol  to  his  temple,  and  blow  out  his  brauis  ;  af- 
ter which  he  may  fafely  fwtar  that  the  man  is  dead. 

From  the  Philofiphical  Magazine,  we  learn  that  Pro- 
felTor  Schumacher  at  Copenhagen  made  experiments 
with  traftors  of  brafs  and  iron  on  ten  patients  in  Fre- 
derick's hofpital   at   Copenhagen.      He  tried  alfo  trac- 


m  this  remedy  by  ieveral  tranfatlantie  philofophers.  Dr  * 
Willard,  it  feems,  applied  a  red  hot  piece  of  iron  to  a 
wart  on  his  finger,  and  burnt  himftlt  very  feverely,  in 
order  that  he  might  be  relieved  by  the  traijtors  ;  which 
are  laid  to  have  given  him  eafe  in  two  lucceiFive  expe- 
riments. The  author  adds,  '  many  have  fubmittcd  to 
fimilar  meafures,  in  order  to  experience  the  effects.  I 
once  formed  one  of  five,  who  burned  ourlelves  fo  that 
bliilers  were  raifed,  to  make  the  experiment  ;  we  all  ob- 
tained relief  in  a  few  minutes.' 

"  This  zeal  for  knowledge  is  truly  edifying  ;  efpe- 
cially  as  the  traftors  are  geueroully  prclented  to  the 
public  at  only  five  guineas  a  pair  ;   and   it    is  clear  that 


tors  of  ebony  and  ivory,  which  are  f.iid  to  have  cured  a  one  pair  would  luffice  to  cure  all  the  burns  and  fcalds 
pain  in  the  knee  ;  with  others  of  filver  and  zinc  ;  and  of  a  large  parilh.  Why  are  not  fuch  luculent  cxperi- 
fome  of  copper  and  lead.  By  the  two  bit,  pains  in  ments  repeated  here?  If  Mr  Perkins,  or  any  admirer 
the  knee  arm,  and  face,  are  faid  to  have  been  mitiga-  of  the  difcovery,  would  fubmit  to  have  a  red  hot  poker 
ted.  According  to  M.  Kllngberg's  experiments,  this  run  into  fome  part  of  his  body  not  necelTary  to  life 
remedy  was  of  ufe  in  malum  ijchiaucum  ,■  and  according  (into  that  part  where  honour's  lodged,  according  to  But- 
to  thofe  of  M.  Steffens,  in  tnalum  ifchiatiium  and  me-  ler,  for  example),  in  any  public  coffee  houfe  within  the 
grim.  According  to  M.  Bang,  the  pains  in  fome  cafes  bills  of  mortality,  and  would  afterward  heal  the  wound 
were  increafed,  and  in  others  allayed.  According  to 
M.  Blech,  the  tractors  were  of  ufe  in  hemicrania  and 
gouty  pains  in  the  head  ;  and,  according  to  M.  Hahn, 
in  rheumatic  pains  in  both  (houlders.  The  principal 
document  in  the  Danifh  colleflion  relating  to  Perkin- 
ifm,  appears  to  be  a  letter  of  ProfefTor  Abilgaard,  in 
whofe  opinion  Perkins's  traftors  will  never  acquire 
medicine,  and  fcarcely  even  have  the 


m  prefence  of  the  company,  in  ten  minutes,  or  iu  half 
as  many  hours,  by  means  of  the  trrtlors,  tlie  mofl  llony- 
hearted  infidel  could  not  refill  fuch  a  demonflration. 
Why  trifle  with  internal  inflammations,  when  fuch  an 
outward  and  vifible  fign  might  be  afioided  ? 

"  Mr  Perkins  has  taken  fome  pains,  in  the  firft  part 
of  his  pamphlet,  to  fhew  that  the  operation  of  his  rods 
is  not  derived  from  anim.al  magnetilm.     In  our  opinion, 


much   value   in                  .                       ,  _ 

merit  of  being  a  palliative  ;   but,  in  a  phyficol  point  of  this  is  an   unneceflary  piece    of    trouble    in   England, 

\iew,  he  thinks  they  deferve  the  attention  of  phyficians,  where  theie  is  a  contlaiit  fucceffion  of  fimilar  prctcn- 

and  particularly  of  phyfiologifts.      Mankind    (he  fays)  fions.      The -virgula  divinatoria,  zni.  xhe  iaguetle  oi  x\ie 

hitherto  have   paid  too  little  attention  to  the  influence  juggler,  are   the  genuine  prototypes  of  this  myfteiy. 


which  eleiftricity  has  on  the  human  body  ;  otherwife 
they  would  know  that  the  effefts  produced  on  it  by 
pur  beds  is  no  matter  of  indifference.  If  the  feather 
beds  and  hair  mattreffes,  &c.  are  perfeftly  dry,  the  per- 
fon  who  fleeps  on  them  is  in  an  infulated  ilate  ;  but  the 
^rontrary  is  the  cafe  if  they  are  moill.  He  three  times 
removed  a  pain  in  the  knee,  by  flicking  the  traftors, 
one  on  *ach  fide  of  the  knee,  fo  deep  through  the 
flockings  that  the  points  touched  the  fl<in.      He  remo- 


We  were,  indeed,  rejoiced,  on  Dr  Perkins's  account,  to 
find  that  the  Connettitut  Society  had  only  denounced 
him  as  a  Mefmerill:  we  trembled  leil  he  fhould  have  been 
put  into  the  inquifitorial  hands  of  the  old  women  as  a 
white  witch." 

This  may  be  thought  too  ludicrous  a  treatment  of  a 
difcovery  which  profeffes  to  benefit  mankind  ;  but  to 
have  treated  this  difcovery  with  ferioufnefs,  would  have 
degraded   the  profefTion    of  a  fcitntific   critic.     As  if 


ved  a  rheumatic  pain  in  the  head  from  a  lady  by  the  the  very  cures  pretended  to  have  been  performed  did 
fame  means.  M.  Kafn,  by  the  tradtors,  relieved,  in  not  of  themfelves  throw  fnfficient  ridicule  over  the  dif- 
©thtrs,  gouty  pains  of  the  head  and  megrim  :  and  in  covery,  Mr  Perkins  informs  us,  "  that  in  fomt  ii. fiances 
himfelf,  a  rheumatic  pain  of  the  back,  which,  accord-  the  metallic  influence,  when  excited  by  different  per- 
ing  to  his  fenfations,  was  like  a  conllridion  in  the  ccl-  fons,  produces  different  efi"edls.  Experiments  made  to 
lular  tifTue.  M.  Hertioldt,  from  his  experiments,  con-  afcertain  the  point,  proved  that  there  were  perfons  who 
fidersthe  effecft  of  the  traflors  as  indefinite  and  relative  might  ufe  the  traders  for  any  length  of  time,  in  dif- 
as  that  of  other  remedies.  He,  however,  faw  relief  eafcs  which  were  fuitable  for  the  operation,  and  pro- 
given  by  them  in  the  ftrangury  in  a  cafe  of  fyphilis.  duce  no  perceptible  cffedl  ;  when  by  placing  them  in 
M.  Bang  alfo,  at  Soroe,  freed  a  man  from  a  violent  the  hands  of  another  perfon,  who  fliould  perform  the 
gouty  pain  in  the  thigh,  by  drawing  the  tra6lors  200  operation  precifcly  in  the  fame  manner  as  before,  the 
times  over  the  aifefted  part.  M.  Jacobfen  likewife  pain  or  inflammation  would  be  removed  direftly." 
found  benefit  derived  from  thefe  tradlors  feveral  times  Hence  he  endeavours  to  prove  that  the  influence  of  the 
in  the  common  hofpital  at  Copenhagen.  M.  Tode  tradlors  is  Galvanic,  by  an  argument  as  abfurd  as  the 
tried  them  alfo  in  rheumatic  pains,  toothe-ache,  and  in-  pretcr.ded  fafl  on  which  it  is  founded, 
flammation  of  the  eyes  ;  aod  obl'trved  that  they  neither  "  On  the  application  (fays  he)  of  zinc  and  filver  to 
did  good  nor  harm.  the  tongue,  the  fenfation  of  tafle  is  very  flight  to  fome. 

On  fome  of  the  attefted  cures  mentioned  in  Mr  Per-  while  with  others  it  is  very  flrong  : — when  the  experi- 

kins's  pamphlet,  an  able  writer  in  the  Monthly  Review  ment  is  applied  to  the  fenfe  of  fight,  fome  are  hardly 

lias  made  remarks  fo  very  pertinent,  that  we  cannot  re-  fenfible  of  it,  while  others  obferve  a  flrong  flafli."   But, 

fufe  ourfelves  the  pleafure  of  tranfcribing  them.  not  to  mention  that  neither  ebony  nor   ivory  can   form 

"  At  page  54  of  the  pamphlet,  we  meet  (fays  the  part  of  the  excitatory  arc  in   Gahamfin,  though  wc 

have 


PER 


PfrkinJfm.  have  feen  them  both  employed  fuccefsfuHy  as  traftors  hy 
'— — V  '  a  DanilTn  Pfrkinift,  it  is  enough  to  oblcrve,  that  the  dif- 
ferent tfFoAs  of  the  Galvanic  metaU  nn  ditFerent  perfons 
depenii  upon  the  difference  of  llruclnre  of  tiie  organs  of 
fcnfation  in  the  palierils ;  whereas  the  different  effeds  of 
the  metalh'c  tractors  refult,  aceordiiif;  to  this  account, 
from  the  difference  of  llruAure  in  the  organs  of  fenfe 
of  the  various  operators!  Nay,  what  is  Itill  more  extra- 
ordinary, if  any  thing  can  be  more  extraordinary  than 
this,  is,  that  the  value  of  the  tradlors  depends,  not  up- 


[     349     ] 


PER 


which  have  been  employed  by  certain  interefted  perfons, Perlc'nJfm, 
I   have  to  mention  the  mean  attempt  to  circulateyij^    I'lroufe. 
trailors,  and   from   the  failure  of  theie  to  throw  dilcre-         * 
dit  upon  tiie  difcovery.     'I'hree   inftanccs  of  this  kind 
have  occurred  lately.     Complaints  having  been  made  to 
me  that  my   traftors  would  not  cure  the  difeafes  for 
which   they  are   recommended,  I  was   led  to  make  in- 
quiry refpefting  the  cafes  alluded  to  ;  and  conceiving 
them  tit  fubjctts   for  the  traftors,   I  called  on   the  pa- 
tients to  apply  them  myfclf.      Iji  both  iullances  (it  was 


on  the  m.-iti-rfii/s  of  which  they  are  made,  or  thcjiii'l  of    jull  now  in  ttree  iniXdnccn)  I  found  tliey  had  been  ullng 


•  Tie  EJi- 
:acy  of  Per. 
tins' s  Pa- 
enl  Mdiil- 
U  Trj.- 
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the  nunufaclurer,  but  upon  lome  inconceivable  virtue 
conveyed  bv  Mr  Perkins  to  the  perfo/i  ot  him  by  whom 
thev  are  foli/.  This  we  learn  from  a  pamphlet  pub- 
lilhed  by  Charles  CuTiningham  Longworthy,  furgcon 
in  ISatli  ;  win  informs  us,  that  he  lells  traftors  by  corn- 
imjfion  from  Mr  Perkins  the  original  mauufafturer  in 
London. 

After  this  article  was  fent  to  the  prefs,  and  thus 
much  of  it  printed,  we  received,  from  a  friend  in  Lon- 
don, a  copy  of  Mr  Perkins's  lall  publication  on  the 
lubjeft*  ;  in  which  he  endeavours  to  repel  ihe  objec- 
tions urged  by  Dr  Haygarth  and  others  againll  the  in- 
fluence of  the  metallic  traftors.  Had  we  not  been 
previoufly  convinced  of  the  faillty  ot  Perkinifm,  the 
perufal  of  this  pamphlet  would  have  removed  from  our 
minds  every  doubt  ;  for  we  will  venture  to  fay,  that  it 
is  not  in  the  power  of  Dr  Haygarth,  and  the  whole  fa- 
culty united,  to  bring  more  complete  proof  than  Mr 
Perkins  has  here  brought,  that  what  he  calls  his  fa- 
ther's diftovcry  has  no  claim  to  rank  otherwife  than 
with  the  difcovery  of  Mefmer.  See  /Immal  Magus.- 
TisM,  Encvcl. 

He  gives  indeed  250  cafes,  which  are  attefted  to 
have  been  fuccefsfully  treated  by  the  traftors  ;  but  at 
leaft  an  equal  number  of  cafes  were  attefted  to  have 
been  fuccefsfully  treated  by  Mefmer  and  his  partifans  ; 
and  fix  times  tfiat  number  of  cures  were  laid  to  have 
been  miraculoufly  performed  at  the  tomb  of  the  Abbe 
Paris  (See  Paris  in  this  Suppl.)  We  would  willingly 
allow,  however,  that  thefe  atteftations  ought  to  draw 
the  attention  of  men  of  fcience  to  the  fubjeft,  did  not 
the  author  himlelf  betray  a  want  of  confidence  in  the 
traftors,  by  his  own  arguments  in  their  favour,  and  by 
his  caution  to  the  public  againfV.  counlerfeils .  lie  fecnis 
indeed  to  confider  their  fanative  influence  as  refulting 
entirely  from  \\\%  patent. 

Dr  Haygarth  having  faid  that  he  performed  cures  of 
the  fame  kind  with  tliofe  of  which  Mr  Perkins  boalfs, 
by  the  proper  application  of  traftors  made  of  luood ; 
and  having  added,  that  "  if  any  perfon  would  repeat 
thefe  experiments,  it  Ihould  be  done  with  due  folem- 
nity,"  in  order  to  work  upon  the  imagination  ;  our 
author  replies,  by  putting  the  following  queition  :  "  Is 
there  a  fingle  poffcffor  of  the  patent  metallic  traftors  in 
England,  who  has  frequently  ufed  them,  and  will  fay 
that  this  fraud  is  neceffary  to  make  them  perform  cures?" 
Inftead  of  anfwering  for  the  Englifh  pofTetfors  of  thefe 
valuable  inftruments,  we  beg  leave,  in  our  turn,  to  afli, 
If  there  be  a  fmgle  expert  chemifl  in  Great  Britain  who 
can  underftand  this  queftion  in  any  other  fenfe  than  as 
implying  that  the  virtue  of  the  traftors  relides  in  the 
patent?  This,  however,  appears  (fill  more  palpable  ia 
the  caution  to  the  public. 


coumerj'ck  traftors.  Had  not  this  been  difcovered,  the 
merit  of  the  patent  traftors  mull  have  futfered  extreme- 
ly !" 

riu's  is  very  extraordinary.  The  charuHer  or  fame 
of  any  thing  may  indeed  be  injured  by  a  counterfeit  ; 
but  we  believe  this  is  the  tii  It  intfance  of  the  merit  or 
diinerit  ot  one  inanimate  fubllance  being  increafcd  or 
dimiiiiihed  by  another  at  a  diltance  from  it, — of  the 
hardnefs  of  Iteel,  for  inltance,  being  diminilhed  by  the 
fottnefs  of  lead  !  But  we  beg  Mr  Perkins's  pardon. 
The  merit  of  his  traftors  conlilfs  in  their  putting  mo- 
ney into  liis  pocket  ;  and  thai  merit  might  certainly  be 
injured  by  the  uk  oi  counterfeits.  Hence,  with  great 
propriety,  he  informs  the  public,  that  every  genuine  fet 
is  flamped  with  the  words  Perkins's  patent  trac- 
tors, accompanied  with  a  receipt  for  the  live  guineas, 
numbered  and  llgned  in  the  handwriting  of  the  paten- 
tee. From  thefe  fafts  we  inter  (and  he  mull  acknow- 
ledge the  inference  to  be  jull),  that  the  virtue  of  the 
tradlors  relides  in  the  patent,  rellrifting  the  making  of 
them  to  Benjamin  Douglas  Perkins,  and  not  to  the  me- 
tal of  which  they  are  made.  This  is  indeed  moll  ob- 
vious ;  for  he  cannot  be  fnch  a  ifranger  to  the  Hate  of 
chemical  fcience  in  this  country,  as  to  fuppofe  that  his 
traftors  may  not  be  analyled  into  their  compon^-i.t  prin- 
ciples, and,  of  cotirfe,  that  others  may  not  be  made 
poffciling  all  their  virtues  except  fuch  as  refult  trom  the 
patent. 

We  (hall  conclude  this  article  in  the  words  of  the  re- 
viewer  already  quoted  :  "  To  trace  the  relations  and 
dependencies  of  projtfts  fimilar  to  that  of  Dr  Perkins, 
would  now  be  a  work  of  more  labour  than  utility.  The 
fund  of  public  credulity  is  an  inexhaullible  relource  for 
thole  who  can  refolve  to  levy  contributions  on  it.  In 
vain  is  the  fpirit  of  quackery  exorcifed  in  one  form;  it 
rites  again  immediately,  '  with  twenty  ghallly  murders 
on  its  head,  to  pulh  us  from  our  llools.'  We,  who 
have  contemplated  the  progrcfs  of  real  knowledge  du- 
ring a  long  courfe  of  years,  have  feen  many  bubtiles  like 
this  glitter  for  a  moment,  and  then  difappear  for  ever. 
People  may  talk  of  Mefmcrifm,  or  Perkinifm,  but  we 
conlider  all  fuch  varieties  as  belonging  to  the  old  and 
extenfive  clafs  of  Charlatanifm." 

PEROUSE  (John  Francis  Giloup  de  la),  the  cele- 
brated, though  unfortunate,  French  navigator,  was  burn 
at  Albi  in  1741.  Of  the  rank  or  condition  of  his  la- 
ther, M.  Milet-Mureait  has  given  us  no  information  in 
that  meagre  eulogy  of  Peroufe  which  he  has  inlertedin 
the  introduftion  to  his  laft  voyage.  It  appears,  how- 
ever, that  he  intended  to  make  his  loa  a  teaman,  and 
fent  him,  at  a  very  early  period  of  life,  to  the  marine 
fchool,  where  the  young  man  became  enthuliallically 
fond  of  his  profeffion,  and  laudably  ambitious  to  emiu 


•  Among  the  various  artifices  (fays  Mr  Perkins)    late  the  fame  of  the  moft  celebrated  navigators 


Being; 
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I'.ioulc.  Being  appointed  a  miiifliipman  nn  tlie  19th  of  No- 
»  veniber  1756,  he  behaved,  we  are  told,  with  ftieat  bra- 
very in  that  llation,  and  was  feverely  wounded  in  the 
engagement  between  the  admirals  Hawke  and  Con- 
flans,  on  the  20th  of  Novendier  1759.  Tile  Formida- 
ble, in  which  he  ferved,  was  taken,  after  a  vigorous  re- 
liltanee  ;  and  it  is  probable  that  Peroide  reaped  fome 
advantage  from  his  acquaintance  with  Britilh  officers. 

On  the  ill  of  Oflober  1764  he  was  promoted  to  the 
rank  of  lieutenant  ;  and  defpihng  a  life  of  cafe  and  idle- 
nefs,  he  contrived  to  be  employed  in  fix  diftcrent  rtiips 
of  war  during  the  peaee  that  fubfilled  between  Great 
Britain  and  France.  In  1767  be  was  promoted  to  the 
rank  of  what,  in  our  navy,  is  called  majler  and  command- 
er. In  1779  he  commanded  \}\e  Aiiia^oiie,  belonging 
"to  the  fquadron  of  Vice-admiral  Count  d'Eftping  ;  and 
when  that  officer  engaged  Admiral  Byron,  the  poll  of 
La  Peroufe  was  to  carry  his  Admiral's  orders  to  the 
whole  of  the  line.  He  afterwards  took  the  lloop  Ariel, 
and  contributed  to  the  capture  of  the  Experiment  ~e\- 
ploits  which  his  eulogill  feems  to  confider  as  inllances 
of  very  uncommon  heroifm  ;  but  he  foon  after  perform- 
ed a  greater. 

Being,  on  the  4th  of  April  1 780,  appointed  captain 
of  the  frigate  AJirea,  and  being  on  a  cruife  with  the 
Hermione,  thefe  two  frigates  attacked  fix  Englifh  vefieh 
of  war,  of  from  28  to  14  guns  each,  and  took  two  of 
them.  The  French  certainly  reaped  more  laurels  about 
that  period  than  they  have  been  arcullomed  to  do  in 
naval  wars  with  Great  Britain  :  but  as  we  have  com- 
pletely forgotten  the  particular?  of  this  fight,  we  ful- 
petl  that  it  was  not  altogether  fo  very  brilliant  a  buli- 
iiefs  as  M.  Milet-Mureau  is  pleafed  to  reprefcnt  it. 

In  the  year  1782,  La  Peroufe  was  difpatched  with 
the  Sceptre  of  74  gvuis,  and  two  frigates  of  36  guns 
each,  having  fome  ti-oops  and  field  pieces  on  board,  to 
deilroy  the  -Englilh  fettlements  in  H%dfon's  Bay.  This 
talk  was  eafily  accomplilhed  ;  for  when  he  had  fur- 
mounted  the  difficulties  of  navigation  in  a  frozen  tea, 
be  found  nothing  on  fhore  to  oppofe  the  fmallell  force. 
Having  deftroyed  the  fettlements,  he  learned  that  fome 
of  the  Engiidi  had  fled  at  his  approach  into  the  woods; 
and  his  eulogill.  confiders  it  (fucli  are  the  difpolitions  of 
French  republicans)  as  a  moll  wonderful  inllance  of  lui- 
inanitv,  that  he  left  to  thefe  unfortunate  men  provifions 
to  preferve  them  from  perifliing  by  hunger,  and  arms 
tJ)  proteft  them  from  the  fury  of  the  favages  !  peroufe, 
we  dare  anfwer  for  him,  was  conicious  ot  nothing  he- 
roic or  extraordinary  in  this  adt  of  beneficence,  which 
lie  certainly  could  not  have  omitted,  without  incurring 
both  infamy  and  guilt. 

In  the  year  1785,  he  was  appointed  to  the  command 
of  a  voyage  round  the  world  ;  which  was  unfortunate- 
ly deftined  to  be  his  lall.  Of  this  voyage,  as  far  as  it 
was  acconiphThed,  there  is  a  lull  account  in  the  hands 
of  every  French  and  Englilli  reader  ;  and  from  that  ac- 
count It  appears,- that  Peroufe  was  admirably  qualified 
to  difcharge  fuch  a  trull.  He  feems  to  have  been  an 
experienced  and  fliilful  4eaman  ;  a  man  of  confiderable 
mathematical  and  pliyfical  Icieiice,  uncorrupted  by  that 
philofophifm  which  difgraeed  many  of  his  attendants  ; 
and  capable  of  the  utnioll  perfeverancc  in  every  lauo'- 
able  purl'uit.  To  thefe  qualities  he  united  a  proper 
combination  of  caution  and  courage,  with  a  difpofition 
truly  benevolent  to  the  various  tribes  of  favages  whom 


he  vilited.  The  diiallers  which  occurred  on  the  voy- 
ages were  all,  except  the  lall,  of  which  nothing  ia  known, 
occalioned  by  the  difobedicnce  of  his  officers,  or  their 
neglecting  tu  follow  his  advice. 

The  lall  dilpatches  of  this  great  and  good  man  were 
dated  from  Botanvl  Bay,  February  the  7th,  1788  ;  and 
lince  that  period,  lio  aecuiint  of  him  has  been  received 
which  is  intitled  to  the  fmallell  confidence.  M.  Milet- 
Mureau  has  indeed  given  us,  at  fome  length,  the  child- 
ilti  conjedlures  of  the  Society  of  Natural  Hiftory  re- 
fpefling  his  fate,  which,  in  language  equally  childifh, 
were  delivered  at  the  bar  of  the  National  Afiembly  ; 
and  he  has  added  the  ridiculous  decree  which  that  bo- 
dy of  legiflative  leiohlls  palTed  in  conlequence  of  lo  ex- 
traordinary a  fpeech.  We  will  net  difgrace  our  pages, 
or  liilult  the  memory  of  Peroufe,  by  contributing  to  the 
circulation  oi  nonfenfe,  which,  we  are  perluaded,  would 
have  made  him  blulh  for  his  country. 

PERPENDICULAR,  in  gunnery,  is  a  fmall  in- 
llrument,  ufed  for  finding  the  centre  line  of  a  piece  in 
the  operation  of  pointing  it  to  a  given  objetl. 

PERSIAN  or  Persic,  in  architeClure,  a  name  com- 
mon to  all  llatues  of  men,  ferving  inllead  of  columns  to 
fnpport  entablatures. 

PERWANNAH,  in  the  language  of  Bengal,  an 
order  of  government,  or  a  letter  from  a  perfon  in  au- 
thority. 

PETERSBURGH  (St),  the  capital  of  Ruffia,  is 
a  city,  of  which  a  pretty  full  hillorical  detail  has  been 
given  in  the  Er.cyclopisiia.  It  is  introduced  here  iriere- 
ly  on  account  of  its  police,  which,  according  to  the 
anonymous  author  of  the.  life  of  Catharine  II.  has  a 
very  fimple  and  competent  organization,  and  deferves  to 
be  adopted  in  other  great  capitals.  Excepting  the  go- 
vernor, whofe  office  naturally  extends  to  all  objedis  of 
public  welfare,  the  head  police  mailer  is  the  proper 
chief  of  the  whole  fyllem  of  police-  His  office  takes  in 
the  great  compafs  of  this  department,  but  confined  to 
the  general  objects  of  public  fecurity  and  order.  He 
is  not  here,  as  in  fome  large  towns,  the  formidable  co- 
partner of  family  fecrets,  and  the  invilible  witnefs  of 
tlie  atlions  of  the  private  man.  Under  the  head  po- 
lice-mailer is  the  police-office,  where  fit  a  police-mafter, 
two  prefidenta,  the  one  for  criminal,  the  other  for  civil 
cafes,  and  two  conlultcrs,  chofen  from  the  burgher  clafs. 
To  this  is  committed  the  care  to  maintain  decorum, 
good  Older,  and  morals  :  alfo  it  is  its  biififlefs  to  fee  to 
the  obfervance  of  the  laws,  that  the  orders  ili'ued  by  go. 
vernmeiit,  and  the  dccifions  ot  the  courts  of  jullice, 
are  put  in  force.  The  attainment  of  thele  purpofes  is 
efledled  by  the  follovv  ing  mecbanilm  : 

The  rcfidence  is  divided  into  ten  departments.  Each 
of  thefe  has  a  prefident,  appointed  to  watch  over  the 
laws,  the  fecurity,  and  the  order  of  his  dillritt.  The 
duties  and  rights  of  this  office  are  not  lefs  extenfive 
than  important.  A  prefident  mull  have  exadl;  know- 
ledge of  the  inhabitants  of  his  department,  over  which 
a  fort  of  parental  authority  is  committed  to  him  ;  he  is 
the  cenfor  moriim  of  his  department  ;  his  houfe  mufl  not 
be  bolted  or  barred  by  night  or  day,  but  mutl  be  a  place 
of  refuge,  continually  open  to  all  that  are  in  danger  or 
dillrefs  ;  he  himfelf  may  not  quit  the  town  for  the  fpace 
of  t\vo  hours,  without  committing  the  difcharge  of  his 
office  to  fome  other  perfon.  The  police-commando 
(coullables),  and  the  watchmen  of  Uij  department,  are 
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Pttcrf-     under  his  orders ;  and  he-is  attended  on  all  affairs  of 
burgh,     jijg  office  by   two  ferjeants.      Complaints  agaiiift  unjiifl 
"^^~~^  behaviour  in  the  prefident  may  be  brought  to  the  po- 
lice-office. 

Eacli  department  is  again  divided  Into  three,  four,  or 
five  fubdivifions,  called  quarters,  of  which,  in  the  whole 
refidence,  are  42.  Each  of  thefe  has  a  quarter-infpcc 
tor,  in  fubordination  to  whom  is  a  quarter-lieutenant. 
The  duty  of  thefe  police-officers  is  in  harmony  with 
that  of  the  prefident,  only  that  their  aftivity  is  confi- 
ned to  a  fmallcr  circle.  They  fettle  low  affairs  and 
flight  altercations  on  the  fpot,  and  keep  a  watchful  eye 
on  all  that  paffcs. 

The  number  of  the  nightly  watch  in  the  city  amounts 
to  500.  They  have  their  ilations  affigned  them  in 
watch-houfes  at  the  corners  of  ftreets  ;  and,  befides  their 
proper  dellination,  are  to  affill  in  the  taking  up  of  of- 
fenders, and  in  any  fervice,  by  day  or  night,  as  their 
commanders  fliall  require.  Befides  thefe,  for  the  exe- 
cution of  the  police  orders,  and  to  aft  as  patroles,  there 
is  alfo  a  commando  of  120  men,  who,  in  cafes  of  emer- 
gency,  are  fupported  by  a  company  of  kofaks,  or  a  re- 
giment of  huffars. 

This  machine,  confiding  of  fo  many  fubordinate 
parts,  prtferves  in  its  orderly  courfe  that  fucurity  and 
peace  which  excite  the  admiration  of  all  foreigners. 
The  activity  of  every  individual  member  is  unobferved  in 
the  operation  of  the  whole  ;  and  by  fuch  a  dillribution 
alone  is  the  attainment  of  fo  complicated  an  aim  prafti- 
cable. — All  the  quarter-infpeftors  of  a  department  re- 
pair every  morning,  at  fevcn  o'clock,  to  their  infpec- 
tor's  houfe,  to  lay  before  him  the  report  of  all  that  has 
happened  in  their  quarters  during  the  lail  24  hours  ; 
and  at  eight  o'clock,  all  the  infpeftors  bring  together 
thefe  fevcral  reports  into  the  police-ofSce,  whereupon 
they  firll  and  immediately  take  into  examination  the 
cafes  of  perfons  taken  into  cullody  during  the  night. 
On  urgent  occafions,  the  police-office  affembles  at  all 
hours. 

This  organization,  and  the  extraordinary  vigilance  of 
the  police,  which  is  found  competent  to  the  bulinefs  of 
a  numerous  and  reillels  people,  render  all  fecret  inqui- 
fitions  unneceffary.  The  pcdice  has  knowledge  of  all 
perfons  in  the  refidence  ;  travellers  who  come  and  go 
are  fubjeft  to  certain  forinalitiet^,  which  render  it  ex- 
tremely difficult  to  conceal  their  place  of  abode,  or  their 
departure  from  the  city.  To  this  end,  every  houie- 
holder  and  innkeeper  is  obliged  to  declare  to  the  police 
who  lodges  with  him,  or  what  llrangers  have  put  up  at 
his  houfe.  If  a  ilranger  or  lodger  Itays  out  all  night, 
the  landlord  mud  inform  the  police  of  it  at  latcll  on  the 
third  day  of  his  abfence  from  his  houfe.  Tlie  cautiona- 
ty  rules,  in  regard  to  travellers  quitting  the  town,  are 
ftill  more  ftricl.  Thefe  mull  pul)lini  in  the  newfpapers 
their  name,  their  quality,  and  their  place  of  abode,  three 
feveral  times,  and  produce  the  newf[)apers  containing  the 
advertifement,  as  a  credential  in  the  government  from 
which  they  then  received  their  paffi)ort ;  without  which, 
it  is  next  to  impoffible  to  get  out  of  the  empire.  This 
regulation  not  only  fecures  the  creditor  of  the  perfon 
about  to  depart,  but  alfo  enables  the  police  to  keep  a 
clofer  infpeftion  over  all  fufpetted  inhabitants. 

If  individuals  may  be  fufpefted  by  the  government, 
becaufe  their  means  of  fupport,  the  company  they  keep, 
and  their  whole  courfe  of  aftion,  are  clofcly  wrapped 
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up  in  myRety  ;  fo  llkewife  may  whole  focleties  be  lefs  Petorf. 
indifferent  to  it,  if  they  carefully  conceal  the  objeft  of  „"  .^  ' 
their  conneftion,  or  their  very  cxillence,  from  the  eye  '  ■ 

of  the  public.  The  police  watches  here,  with  laudable 
attention,  over  fecret  focieties  of  all  kinds  ;  and  fre- 
quently as  the  fanatical  fpirit  of  religious  or  political 
fedarics,  or  the  rinthufiafm  of  pretended  myftagogues, 
have  attempted  to  neftle  here,  thty  have  never  been 
able  to  proceed,  or  only  for  a  very  fliort  time.  Ani- 
mal magnetifm,  Martinifm,  Rofycrutianifm,  and  by 
whatever  other  name  the  conceits  of  diftempcred  imagi- 
nations may  be  called,  have  always  been  attended  with 
the  fame  bad  fuccefs  on  this  llage. 

From  this  fketch  it  will  be  readily  imagined,  that  the 
number  of  impoftors  and  difturbers  of  the  public  peace 
can  be  but  fmall.  Quarrels  and  affrays  in  the  ftreets  or 
in  the  cabaks  but  fcldom  happen.  T  he  perfon  attack- 
ed calls  the  neareft  watchman  ;  and  in  a  moment  both 
tlie  aggreffor  and  the  aggrieved  are  taken  into  cuftody, 
and  led  to  the  next  ficja  (poliee-watch-houfe),  where 
the  caufe  of  their  quarrel  is  inquired  into,  and  tlie  ag- 
greffor is  puniflied.  For  matters  of  fome  defcriptions,. 
there  is  a  peculiar  tribunal,  under  the  denomination  of 
the  oral  court,  which,  on  account  of  its  lingularity,  de- 
fervcs  to  be  briefly  noticed. 

In  each  quarter  of  the  town  are  one  or  more  judges 
of  the  oral  court,  who  are  cliofen  from  the  clafs  of 
burghers,  and  with  whom  are  affociated  a  few  jurats. 
This  court  fits  daily  in  the  forenoon,  and  proceeds  oral- 
ly in  all  the  differences  that  come  before  it.  It,  how- 
ever, keeps  a  daybook,  in  which  are  entered  all  the 
caufes  and  decifions  of  the  court,  and  which  mull  be 
every  week  laid  before  the  magillrate.  When  a  charge 
is  brought,  the  court  declares  it  orally  to  the  prclidt  nt 
of  the  quarter  :  whereupon  the  accufed  mull  not  delay 
his  appearance  before  the  police  longer  than  one  day 
after  he  has  received  the  fummons.  livery  caufe  mull 
he  determined  in  one  day,  or,  if  the  examinations  require 
more  time  in  collcAing,  in  three  days.  The  oral  court 
communicates  the  decifion  to  the  prefident  of  the  (juar- 
ter  by  means  of  his  day-book,  in  order  to  its  ratifica- 
tion. If  either  party  is  not  fatisfied  with  the  fentcnce, . 
he  may  appeal  to  the  court  as  appointed  in  the  regula- 
tions. 

This  is  a  very  favourable  account  of  the  police  of  St 
Pcterfburgh  ;  but  it  is  differently  re))iefented  in  Biau- 
jolin's  Trui'els  of  two  Frenchmen  through  RujTn,  in- 
1793 — 1792.  According  to  him,  the  police  of  the 
capital  of  that  empire  is  far  from  being  oa  the  moft  re- 
fpetbible  footing.  Thtfre  happen,  indeed,  but  few  ac- 
cidents in  the  night  ;  yet  fometimes  murders  are  com-- 
mitted,  and  cfpecially  thefts  ;  for  which,  according  to 
our  author,  it  is  exceedingly  rare  to  obtain  jullice. 
When  a  perfon  has  been  affaffinated  in  fome  place  of 
bad  repute,  the  police-officer  is  engaged  to  fecrecy  by 
means  of  a  few  rubles  ;  fo  that  the  affair  is  foou  luilhcd 
up,  unlels  the  decealed   belonged  to  fome  powerful  {^.  * 

mily,  whofe  interell  makes  it  neceffary  that  inquiries 
ffiould  be  inllituted.  When  two  perfons  quarrel,  either 
in  the  Itreet  or  in  a  public  houie,  he  who  pays  the  in- 
quirer  is  always  in  the  right  :  the  inferior  police-officers 
are  never  proof  againll  money  ;  and  x\\e  poor  individual, 
whether  he  be  in  the  right  or  wrong,  is  almoft  fure  of 
a  beating. 

PETiVER  (James),  a  famous  Englifh  botanift,  was 

con- 
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contemporary  with  Plukt-net  ;  bvit  the  exnft  time  of  lied,  in  point  of  general  habit  or  appearance,  was  the 
his  birth  is  not  known,  nor  is  much  intelligence  con-  phafianus  curv'irnjlris,  or  Tnipeyan  pheafant  ;  an  Eaft 
Ci."iHiiig  him  at  pvefent  to  be  obtained.  His  profeffion  Indian  bird,  dei'cribed  and  figured  both  in  Mr  Latiiam's 
was  that  of  an  apothecary,  to  which  he  was  apprenticed  Ornithulogy,  and  in  the  Mulcum  Leverianum.  From 
under  Mr  Felthani,  then  apothet-ary  to  St  Ikrtholo-  that  bird,  however,  it  differs  very  coniiderably.  The 
'new's  hofi)ital  *.  When  he  entered  into  bufinefs  for  tail  of  the  latter  beii>g  in  a  mutilated  Hate,  it  was  fcarce 
himfelf,  he  lettled  in  Aiderfgate  llrcet,  and  there  con-  poflible  to  determine,  with  abfolute  prccifion,  whether 
tinned  for  the  remainder  of  his  life.  He  obtained  con-  it  Ihould  be  referred  to  that  lubdivifion  of  pheafants 
fiderable  bufniefs,  and  after  a  time  became  apothecary  which  contains  thofe  with  long  or  cuneiform  tails,  or 
to  the  charter-houfe.  After  the  Tradescants,  lie  ap-  thofe  with  rounded  ones,  as  in  the  Impeyan  pheafant. 
pears  to  have  been  the  only  pcrfon,  except  Mr  Courten  The  general  colour  ot  tin's  moft  elegant  bird  was  black, 
and  Sir  Hans  Sloane,  who  made  any  coiifiderable  col-  with  a  glofs  of  blue,  or  what,  in  the  language  of  natu- 
leflion  i  1  natural  hiltory,  previous  to  thofe  of  the  pre-  ral  hillory,  may  be  termed  chalybean  black,  or  black 
fent  day.  He  engaged  the  captains  and  iurgeons  of  accompanied  by  a  fteel  blue  luftre.  The  lower  part  of 
ftiips  to  bring  him  home  fpecimens,  and  enabled  them  the  back  was  of  a  peculiarly  rich  colour,  which,  ac- 
to  feleft  proper  objcfts,  by  printed  directions  which  he  cording  to  the  different  diredions  of  the  light,  ap- 
diftribuled  among  them.  By  thefe  means  his  coUec-  peared  either  of  a  deep  ferruginous  or  of  the  brighteft 
tion  became  lo  valuable,  that  fome  time  before  his  death  fiery  orange  red.  This  beautiful  colour  paffcd  in  the 
Sir  Hans  Sloane  offered  him  L.4000  for  it.  After  his  manner  of  a  broad  zone  round  the  whole  body  ;  but 
death,  it  was  purchafed  by  the  fame  coUeftor.  His  on  the  abdomen  was  of  a  much  more  obfcure  appear- 
mufeum  extended  his  fame  both  at  home  and  abroad,  ance  than  on  the  back,  as  well  as  fomewhat  broken  or 
He  was  elected  into  the  Royal  Society  ;  and  becoming  irregular,  efpecially  on  the  fides.  The  throat  was  fur- 
acquainted  with  Ray,  affilled  him  in  arranging  the  fe-  niflicd  with  a  large,  and  fomewhat  angular,  pair  of 
cond  volume  of  his  Hiftory  of  Plants.  He  died  April  wattles,  uniting  with  the  bare  Ipaces  on  the  cheeks. 
20.  1718  ;  and  much  honour  was  fhewn  to  him  at  his  The  feathers  on  the  top  of  the  head,  which  was  of  a 
funeral,  by  the  attendance  of  Sir  Hans  Sloane,  and  lengthened  form,  ran  a  little  backward,  fo  as  to  give 
other  eminent  men,  as  pall  bearers,  &c.  By  future  bo-  the  appearance  of  an  indiftindt  occipital  creft.  The 
tanifts,  his  name  was  given  to  a  plant.  See  Petive-  beak  was  remarkable  for  a  more  lengthened  and  curved 
RIA,  Encycl.  afpeft  than  in  any  other  bird  of  this  genus,  except  the 
He  gave  the  world  feveral  publications  on  various  Impeyan  pheafant.  The  feathers  on  the  neck,  back, 
fubjedts  of  natiu-al  hiftory  :  I.  Mufci  Petiverumi  Cctilu-  and  breaft,  were  rounded,  and  of  the  fame  fhell  like  or 
rite  ilecem,  1692 — '7-3>  8vo.  2.  Gavcophylacii  Natura:  fcaly  habit  as  thofe  of  the  turkey.  The  legs  very  ftout, 
et  jlrtis,   Decaihs  decern,    folio,    1702,  with  loo  plates,  and  were  armed  with  a  pair  of  extremely  ihong,  large, 

3.  A  Catalogue  of  Mr  Ray's  Englilh  Herbal,  illuftra-  and  iharp  fpurs.  Both  legs  and  beak  were  of  a  pale 
ted  with  figures,   folio,  171^,  and   continued  in  17  15.  colour.      Whether  this  bird  be  really  new  or  not  to  the 

4.  Many  fmall  publications,  which  may  be  found  enu-  ornithologifts  of  Europe,  it  may  at  leall  be  affirmed  with 
nierated  in  Dr  Pultney's  book.  5.  Many  papers  in  tiie  fafety,  that  it  had  never  been  properly  delcribed  ;  nor 
Philofophical  Tranfaftions,  and  a  material  article  in  the  can  the  charaftcr  of  any  ipecies,  hitherto  introduced  in* 
third  volume  of  Rav's  work,  entitled,  Plantx  Ranores  to  the  books  of  any  fyllematic  naturalill,  be  confidered 
Chinenfes  Madrafpaiane,  et  s!fncanit,  a  Jacobo  Petivero  as  a  jull  or  competent  ipecific  charafter  ot  the  pretent 
ad  opus  Confummamhim  Collata,  &c.  Many  of  his  fmall-  bird.  It  may  be  called  \.\\t  Jire-baiked phtafani ;  and  its 
er  tra£ts  having  become  very  Icarce,  his  works  were  effential  character  may  be  delineated  in  the  following 
coUefled  and  publilhed,  exclufive  of  his  papers  in  the  terms:  Black  pheafant  with  a  fteelblue  glofs;  the  fides 
Tranfaftions,  in  2  vols  folio,  and  one  8vo,  in  the  year  of  the  body  rufons  ;  the  lower  part  of  the  back  fiery 
\lf>\  ferruginous  ;  the  tail  rounded  ;  the  two  middle  feathers 

PH  AS  I  ANUS  (See  Encycl.)    A  fpecies  of  this  ge-  pale  yellow  brown. — Sir  George  Stauulon's  Account  of  an 

nu3  of  birds,  formerly  not  dei'cribed,  was  fent  from  Ba-  Emlajfy  to  China,  &c. 

tavia  to  England  by  Lord  Macartney,   or  fome  of  his         PHILOSOPHIST,  a  lover  of  fophiftry  or  falfe  rea- 

attendants,  when  they  were  on  their  voyage  to  China,  foning,  in  coatradlllindtion  to  philofopbcr ,  who  is  a  lover 

The  fpecies  to  which  it  feemed   to   be  moll  nearly  al-  of  found  reafoning,  true  fciencc,  and  practical  wifdom. 


Philofo. 
phill. 


Critical   PHILOSOPHY. 


Origin  of  /Critical  PHILOSOPHY,  is  the  appellation  given 
thefcicDcc.  *^'  to  a  lyflem  of  fcience,  of  which  the  founder  is  Im- 
manuel  Kant,  regius  profeffor  of  logic  and  mctaphyfics 
in  the  univerfity  of  Koenigfherg.  Of  this  fyftem,  which 
is  very  generally  admired  in  Germany,  we  promifed,  in 
our  profpcdtus,  to  gratify  our  fpeculative  readers  with 
a  fhort  view  ;  and  that  promife  we  are  enabled  to  ful- 
fil, by  the  kind  communication  of  an  illuftrious  foreign- 
er, who,  after  acting  a  confpicuous  part  on  the  theatre 
of  the  world,  and  ftriving  in  vain  to  ftera  the  torrent  of 


democratic  innovation,  is  now  living  an  exile  from  his 
wretched  country,  and  ctilfrivating  the  fciences  and  the 
arts  of  peace. 

"  To  explain  (fays  he)  the  philofophy  of  Kant  in  all  Q^c^y^j J 
its  details,   would  require  a  long  and  a  painful   ftudy,  of  its  Ian 
without  producing  any   real  advantage  to  the  reader,  guage. 
The  language  of  the  author  is  equally  oblcure,  and  his 
reafonings  equally  fubtle,  with  thofe  of  the  commenta- 
tors of  Ariltotle  in  the  15th  century. 

The  truth  of  this  affertion  will  be  denied  by  none, 

who 


Critical  PHILOSOPHY. 

who  have  endeavoured  to  make  thcmfelves  mailers  of 
the  works  of  IViUich  and  Nilfch  on  the  critical  philofo- 
phy  ;  and  the  fjiirce  of  this  obfcurity  feems  to  be  fufii- 
ciently  obvious.  Bclides  employing-  a  vail  number  of 
words  of  his  own  invention,  derived  froin  the  Greek 
langnai:;e,  Ksnt  ufes  exprefTions,  whiih  have  long  been 
familiir  to  nietaph\  llcians,  in  n  fenfe  dfferciit  from  that 
in  which  thev  are  i^cner  illy  received  ;  and  he;ice  a  large 
portion  of  time  is  requilite  to  enable  the  moll  fagacious 
mind  to  afcertain  with  precilion  the  i(nport  of  his  phra- 
feology. 

Tlie  difficiil'y  of  comprehending  this  philofophy  has 
contributed,  we  believe,  more  than  any  thing  elfe,  to 
bring  it  into  vogue,  and  to  raife  the  tame  of  its  author. 
Men  are  afhamed,  alter  fo  liborious  and  fatiguing  a  ilu- 
dy,  to  acknowledge  that  all  their  labour  has  been  thrown 
away  ;  and  vanity  prompts  almoll  tverv  man  to  raife 
the  importance  of  that  branch  ot  Icience  which  is  un- 
derllood  but  by  a  few,  and  in  which  he  is  confcious 
that  his  own  attainments  have  been  great.  "  We  ac- 
knowledge, however,  that  in  the  fyllem  of  Kant  there 
is  ditplayed  much  genius,  combination,  and  lyllematic 
arrangement  ;   but  this  only  affords  one  of  the  many 


they  appear  unfuerful  and  nterjfary;  or,  I'n  other  words, 
they  adnu't  of  no  exception,  and  their  converfi  is  impof- 
fible.  Ideas  which  we  derive  from  experience  have  no 
luch  charafters.      We  can  fuppofe,   that  what  we  have 

■  ken,  or  telt,  or  heard  onte,  we  may  fee,  or  feel,  or  hear 
again  ;  hut  we  do  not  peri-eive  any  impoflibility  in  its 
being  otherwife.  For  inllance,  a  houfe  is  on  fire  in  my 
view  :  I  am  certaiji  of  this  fad  ;  but  it  affords  me  no 
genmil  or  necejary  knowledge.  It  is  altogether  a  pop' 
riori ;  the  materials  are  fur.iifhed  by  the  individual  im- 
preflion  which  I  have  received;  and  that  impreffiou 
might  have  been  very  different. 

"  But  if  I  take  twice  two  fmall  balls,  and  Itnrn  to 
call  twice  two  four,  I  fhall  be  immediately  convinced, 
that  any  two  bodies  whatever,  when  added  to  any  two 
other  bodies,   will   conllantly  make   the   fnm  of  budieg 

four.  Experience  has  indeed  afforded  me  the  apporlu- 
nity  of  acquiring  this  knowledge  ;  but  it  has  not  given 
it  to  me  ;  tor  how  could  experience  prove  to  me  that 
this  truth  fliall  never  vary  >.  Experience  mud  always 
be  limited ;  and  therefore  cannot  teach  us  that  which  is 
necejary  and  univerfal.  It  is  not  experience  which  dif- 
covers  to  us,   that  we   ihall  always  have  the  furface  of 
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reafor.s  which   it   prefents,   for  our  regretting  that  the  the  whole  pyramid  by  multiplying  its  bafe  by  the  third 

author  has  not   directed   his  mind  to   more  ufeful   re-  part  of  its  height  ;  or  that  two  parallel  lines,  extended 

fearches,  and  that  he  has  wafted  the  ftrength  of  his  ge-  in  irifinitiim,  fiiall  never  meet. 

nius  in  rendering  uncertain  the  moll  comfortable  truths,         "  All  the  truths  of  pure  mathematics  are,  in  the  lan- 

and  in  giving  the  appearance  of  novelty  to  opinions  for  guage  of  Kant,  a  priori.      Thus,   that  a  ftraight  line  is 

the  moll  part  taught  long  before  his  day.  the  (hortcft  of  all  poffible  lines  between  two  fixed  points; 

The  following  analyfis,  we  believe,  will  fufficiently  that  the  three  angles  of  a  triangle  are  always  equal  to 

enable    any    one,    at  all  converfant   with   metaphylical  two  right  angles;   that  we  have  the  fame  fum,  whether 


iviOon  of 
jman 


fcience,  to  form  a  judgment  of  this  celebrated  fyllem; 
and  our  correfpondent,  on  whofe  word  the  reader  may 
rely,  affures  us,  that,  in  detailing  the  principles  of  Kant, 
he  has  taken  fpecial  care  to  exhibit  them  with  the  ut- 
moil  poffible  exaftnefs,  having  feveral  times  preferred 
the  obfcurity  of  the  author's  reafonings  and  language, 
to  the  danger  of  a  falfe,  though  more  perfpicuous,  in- 
terpretation. 

"  Kant  divides  all  our  knowledge  into  that  which  is 
a  priori,  and  that  which  is  a  pojlerlori.  Knowledge 
lowleilgc d  ^r/oW  is  conferred  upon  us  by  our  nature.  Know- 
ledge a  pofleriori  is  derived  from  our  fenfations,  or  from 
experience;  and  is  b-  our  author  denominated  empyric. 
One  would  at  iirll  be  induced,  by  this  account  of  the 
origin  of  human  knowledge,  to  believe  that  Kant  in- 
tended to  revive  the  fyllem  of  innate  ideas ;  but  we  very 
quickly  difcover  that  fuch  is  not  his  fyftem.  He  con- 
fiders  all  our  knowledge  as  acquired.  He  maintains, 
that  experience  is  the  occafwnal  caufe  ox  produBrice  of 
all  our  knowledge  ;  and  that  without  it  we  could  not 
have  a  fingle  idea.  Our  ideas  a  priori,  he  fays,  are  pro- 
duced luith  experience,  and  could  not  be  produced  with- 
out it  ;  but  they  are  not  produced  by  ft,  or  do  not  pro- 
ceed//-om  it.  They  exifl  in  the  mind  ;  they  are  the 
forms  of  the  mind.  They  are  diilinguiihed  from  other 
ideas  by  two  marks,  which  are  eafily  difcerned  ;  i.  e. 
SoppL.  Vol.  11.  Parti. 


we  add  j  to  7  or  7  to  5  ;  and  that  we  have  the  fame 
remainder  when  we  fubtraft  3  from  10  as  when  we  fub- 
tradl  10  from  15 — are  fo  many  propofitions,  which  are 
true  a  priori. 

"  Pure  knowledge  a  priori,  is  that  which  is  abfolutely  Purek.iow- 
without  any  mixture  of  experience.  Two  and  two  men  ledge  a/ri- 
make  four  men,  is  a  truth,  of  which  the  knovi'kdge  is"''- 
a  priori;  but  it  is  not  pure  knowledge,  bccaufe  the 
truth  is  particular.  The  ideas  oi  fubjlance,  and  of  caufe 
and  eJcB,  are  a  priori  ;  and  when  they  are  feparatcd 
from  the  objefls  to  which  they  refer  (we  fuppofe  from 
this  or  that  particular  uh]<tij,  they  form,  in  the  lan- 
guage ot  Kant,  void  ideas  (a)  It  is  our  knowledge 
a  priori,  i.  e.  that  knowledge  which  precedes  cxperii-nce 
as  to  its  origin,  which  renders  experience  poffible  (b). 
Our  faculty  of  knowledge  has  an  effeft  on  our  ideas  of 
fenfation  analogous  to  that  of  a  veffel,  which  gives  its 
own  form  to  the  liquor  with  which  it  is  filled.  Thus, 
in  all  our  knowledge  a  pnflerinri,  there  is  fomcthing  a 
priori  derived  from  our  faculty  of  knowledge.  All  the 
operations  of  our  minds  ;  all  the  impreffions  which  our 
external  and  internal  fenfes  receive  and  retain, are  brought 
into  effedl  by  the  conditions,  \.\\t  forms,  which  exiil  in  us 
by  the  pure  ideas  a  priot  i,  which  alone  render  all  our 
other  knowledge  certain. 

"  Time  and  Jpace  are  the  two  effential  forms  of  the    .    ^ 

v  _•    J    Time  and 


fpactu 


(a)  In  the  language  of  Lock  abflraS  ideas, 

(b)  In  our  correfpondent's  manufcript,  this  fentence  runs  thus  :  "  It  is  our  knowledge  a  priori,  or  that  know- 
ledge which  entirely  precedes  experience  as  to  its  origin,  which  experience  renders  poffible  ;"  but  here  mull  be  fome 
miilake,  either  by  the  tranflator  or  by  the  amanuenfis.  Kant's  philofophy  is  abundantly  obfcure  and  paradoxical; 
but  it  furely  never  entered  into  his  head  to  reprefent  the  effedt  as  prior  in  its  origin  to  the  very  caufe  which  alone 
renders  it  poffible.  The  context,  too,  feems  to  us  to  agree  better  with  the  meaning  of  the  fentence  as  we  have 
printed  it  in  the  text. 
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6 
ExtenfioD, 


Itnpenetra. 
bility,  &c. 


Origin  of 

arithmetic 
and  geo- 
metry. 

9 

Unifying 
power  of 
the  mind. 


lO 

Analytic 
judgment- 


n 

Synthetic 
^dgments. 


II 
Forms  of 
the  under- 
ftanding. 


mind  :  the  former  for  impreffions  received  by  the  inter- 
nal fenfe  ;  the  fecond  for  thofe  received  by  our  external 
fenfes.  Time  is  necelTary  in  all  tlie  immediate  (perhaps 
intuitive)  perceptions  of  objcfts  ;  and  ipace  in  all  exter- 
nal perceptions. 

"  Exienfion  is  nothing  real  but  as  the  form  of  our 
fenfations.  If  extenfion  were  known  to  us  only  by  ex- 
perience, it  would  then  be  poffible  to  conceive  tiiat 
there  might  be  fenfiblc  objefls  without  fpace. 

"  It  is  by  means  of  the  form  fpace  that  we  are  ena- 
bled, a  priori,  to  attribute  to  external  objects  impenetra- 
bility,  JiviJItilily,  molilily,  &c.  ;  and  it  is  by  means  of 
the  form  time  that  we  attribute  to  any  thing  duration, 
fuccejfion,  ftmult.ineity,  permanence,    &c. 

"  Arithmetic  is  derived  from  the  form  of  our  internal 
fenfe,   and  geometry  from  that  of  our  external. 

"  Our  underllanding  coUefts  the  ideas  received  by 
the  impreffions  made  on  our  organs  of  fenfe,  confers  on 
thefe  ideas  unity  by  a  particular /orcf  (we  fuppofe  ener- 
gy )  a  priori;  and  thereby  forms  the  teprefentation  of 
eacli  objeft.  Thus,  a  man  is  fuccefllvely  llruck  with 
the  impreffions  of  all  the  parts  which  form  a  particular 
garden.  His  underftanding  unites  thefe  impreffions,  or 
the  ideas  refuhing  from  them  ;  and  in  the  unity  produ- 
ced by  that  unifying  aft,  it  acquires  the  idea  of  the  gar- 
den. If  the  objefts  which  produce  the  impreffions  af- 
ford alfo  the  matter  of  the  ideas  (c),  then  the  ideas  are 
empyric  ;  but  if  the  objefts  only  unfold  theybrmj  of  the 
thought,  the  ideas  are  a  priori.  The  a6t  of  the  under- 
ftanding whichunitesthe  perceptions  of  the  various  parts 
of  an  objeft  into  the  perception  of  one  whole,  is  the  fame 
with  that  which  unites  the  attribute  with  its  fubjecl. 

"  Judgments  are  divided  into  two  fpecics  ;  analytic 
ani  fynthetic.  An  analytic  judgment  is  that  in  which 
the  attribute  is  the  mere  developement  of  the  fubjeft, 
and  is  found  by  the  fimple  analyfis  of  the  perception  ; 
as  bodies  are  extended ;  a  triangle  has  three  Jules. 

"  A  fynthetical  judgment  is  that  where  the  attribute 
is  connefted  with  the  fubjeft  by  a  caufe  (or  bafis)  ta- 
ken from  the  faculty  of  knowledge,  which  renders  this 
conneftion  neceffary  :  as,  a  body  is  heavy  ;  wood  is  com- 
bujiible  ;  the  three  angles  of  a  triangle  are  equal  to  tmo  _ 
right  angles.  There  are  fynthefes  a  priori  and  a  pojle- 
riori  ;  and  the  former  being  formed  by  experience,  we 
have  the  fure  means  of  avoiding  deception. 

"  It  is  a  problem,  however,  of  the  utmoft  import- 
ance, to  difcover  how  fynthetic  judgments  a  priori  are 
poffible.  How  comes  it,  for  example,  that  we  can  af- 
firm that  all  the  radii  of  a  circle  are  equal,  and  that 
two  parallel  lines  will  never  meet  ?  It  is  by  ttudying  the 
forms  of  our  mind  that  we  difcover  the  poffibility  of 
making  thefe  affirmations.  In  all  objefts  there  are 
things  which  mud  neceflarily  be  thought  (be  fupplied 
by  thought)  ;  as,  for  example,  that  there  is  lifubjlance,  an 
accident,  a  cauft,  and  certain  effeds. 

"  The/wOTj  of  the  uaderitanding  zxe.,,quantily,  qua- 
lity, relation,  modality. 

•'  Quantity,  Kant  diftinguifties  mto general, particular, 
and  individual ;  quality,  into  ajirmalicn,  negaticn,  infi- 
nite ;  relation,  into  categoric,  hypothetic,  and  dijjunfiive ; 
and  modality,    into  problematic,  certain,    and    neceffary. 


He  adds  alfo  to  thefe  properties  of  the  four  principal 
forms  of  the  underftanding,  a  table  of  categories  or  fun- 
damental ideas  a  priori.  '3 

"  Quantity,  gives  unity,  plurality,  totality.  Quality,  C="«gof'ci 
gives  reality,  negation,  limitation.  Relation,  gives  inhe- 
rence, fulflance,  caufe,  dependence,  community,  reciprocity , 
Modality,  gives  pnjfihility,  impojfihility,  exiflence,  nothing, 
neceffiiy,  accident.  Thefe  categories  can  only  be  applied 
to  experience.  When,  in  the  confideration  of  an  ob- 
jeft,  we  abllraft  all  that  regards  fcr.fation,  there'  remain  j, 

only  the  pure  ideas  of  the  underftanding,  or  the  catego-  ,'■ 

ries,  by  which  a  thing  is  conceived  as  a  thing. 

"  Pure  reafon  is  the  faculty  of  tracing  our  know- 
ledge a  priori,  to  fubjeft  it  to  principles,  to  trace  it 
from  its  neceffary  conditions,  till  it  be  entirely  with- 
out condition,  and  in  complete  unity.  This  pure 
reafon  has  certain  fundamental  rules,  after  which  tlie 
neceffary  conneftion  of  our  ideas  is  taken  for  the  de- 
termination of  the  objefts  in  themfclves  ; — an  ilUifion 
which  we  cannot  avoid,  even  when  we  are  acquainted 
with  it.  We  can  conclude  from  what  we  know  to 
what  we  do  not  know  ;  and  we  give  an  oijeSive  rea- 
lity to  thefe  conclufions  from  an  appearance  which  leads 
us  on.  14 

"  The  writings  of  Kant  are  multifarious  ;  but  it  Is  Critique 
in  his  work  entitled  the  Critique  of  Pure  Reafon  thatj?'^?""''*' 
he  has  chiefly  expounded  his  lyftem.  This  work  is  a 
treatife  on  a  pretended  fcience,  of  which  Kant's  fcho- 
lars  confider  him  as  the  founder,  and  which  has  for  its 
objefts  the  natural  forces,  the  limits  of  our  reafon,  as  the 
fource  of  our  pure  knowledge  a  priori,  the  principles  of  all 
truth.  Kant  does  not  propofe  to  give  even  an  expoli- 
tion  of  thefe  branches  of  knowledge,  but  merely  to 
examine  their  origin  ;  not  to  extend  them,  but  to  pre- 
vent the  bad  ufe  of  them,  and  to  guard  us  againft  error. 
He  denominates  this  fcience  tranfcendental  critidfm  ;  be- 
caufe  he  calls  all  knowledge,  of  v.hich  the  objeft  is  not 
furniftied  by  the  fenfes,  and  which  concerns  the  kind 
and  origin  of  our  ideas,  tranfcendental  knowledge.  The 
Criticifm  of  Pure  Reafon,  which  gives  only  the  funda- 
mental ideas  and  maxims  a  priori,  without  explaining 
the  ideas  which  are  derived  from  them,  can  lead  (fays 
Kant)  to  a  complete  fyftem  of  pure  knowledge,  which 
ought  to  be  denominated  tranfcendental  philofophy,  of 
which  it  (the  Criticifm,  Sic.)  prefents  the  architeSonic 
plan,  ('.  e.  the  plan  regular  and  well  difpofed. 

"  The  work  entitled  The  Critique  of  Pure  Reafon, 
is  divided  into  feveral  parts  or  feftions,  under  the  ridi- 
culous titles  of  Mflhetic  tranfcendental ;  of  tranfcendental 
logic  ;  of  the  pure  ideas  of  the  tmderjlanding ;  of  the 
tranfcendental  Judgment  ;  oi  the  paralogifm  of  pure  reafon  ; 
of  the  ideal  tranfcendental ;  of  the  criticifm  of  fpeculative 
theologies  ;   of  the  difcipline  of  pure  reafon,    &c.  15 

"   But  to  proceed  with  our  abftraft  of  the  fyftem.  We  cannot 
We  know  objefts  only  by  the  manner  in  which  they   "P"  °''" 
affeft  us  ;  and  as  the  impreffions  which  they  make  upon'^    \^       ' 
us  are   only  certain  apparitions  or  phenomena,  it  Is  Im-themlelvej 
poffible  for  us-  to  know  what  an  objeS  is  in  itfelf.     In 
confequence  of  this  aflertion,  fome  have  fuppofed  that 
Kant  is  an    idealifl  like  Berkeley  and  fo  many  others, 
who  have  thought  that  fenfations  are  only  appearances, 
*  and; 


(c)  This  is  wonderful  jargon  ;  but  the  reader  will  refleft.that  it  is  not  ours. 
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and  ihcU  tliere  is  no  truth  but  in  our  rcafon  ;  but  fuch 
is  not  the  opinigu  of  Kant  (d).  According  to  him, 
our  underftanding,  when  it  confiders  the  apparitions  or 
plienoniena,  ackn.)wledges  the  exijlcnce  of  the  objeitls  in 
themfelvcs,  inafmuch  as  they  ferve  for  the  bafes  ot  thofe 
appMritions  ;  though  we  know  nothing  ot  tlieir  reahiy, 
and  tliough  we  can  liave  no  certitude  but  in  experience. 

"  When  we  apply  the  forms  of  uur  underitanding, 
fuch  as  ««//)',  loialily,  fubjlance,  cufua'ity,  e>.yii,nce,  to 
certain  Ideas  which  have  no  objeiA  in  fp^ici:  and  limi:,  we 
make  a  fallacious  and  arbitrary  application.  All  thcfe 
forms  can  bear  only  on  leulible  objed.s,  and  not  on  the 
'vjorld  of  ihiiigs  in  itflf\  of  which  ue  can  thins,  but 
whicli  we  CAN  NLVER  KNOW.  Beyond  things  lenfible 
we  can  only  have  opinions  or  a  belief  oi  our  realon. 

"  The  motives  to  coiifider  a  propofition  as  true,  are 
either  objetl:ve,  i.  c  taken  irom  an  external  obje^it,  lo 
that  each  man  fliall  be  obliged  to  acknowledge  them  ; 
and  then  there  is  a  truth  c-uulent  and  fufceptible  of  de- 
monflration,  and  it  may  be  fald  that  we  are  convinced : 
or  the  motives  zxt  fubjcdive,  i.  e.  they  enili  only  in  the 
mind  of  him  who  judges,  and  he  h  perfUided. 

"  Tkuth,  then,  coniiils  in  the  agrjfement  of  our  no- 
tions  with  the  objecls,  in  fuch  a  manner  as  that  all  men 
are  obliged  to  form  the  fame  judgment  ;  belief  con- 
fills  in  holding  a  thing  for  true  in  dt  fubjedive  mannsr, 
in  confequence  iii  a  pcrfuafion  which  is  entirely  per. 
fonal,  and  has  not  its  bafis  in  an  objeft  fubmitted  to  ex- 
perience. 

"  There  is  a  belief  of  doSrine,  of  which  Kant  gives, 
as  an  example,  this  aflertion — '  there  are  inixabitants  in 
the  planets.'  We  mull  acknowledge  (he  adds)  that 
the  ordinary  mode  of  teaching  the  exillence  of  God  be- 
longs to  the  belief  of  doBrine,  and  that  it  is  the  fame 
with  the  immortality  of  the  foul.  The  belief  of  dodrine 
(he  continues)  has  in  itfelf  iomnhmgjlaggering  ;  but  it 
is  not  the  fame  with  tnoral  belief.  In  moral  belief  there 
is  fomething  necejfury  ;  it  is  [fays  he),  that  1  fliould 
obey  the  law  of  morality  in  all  its  parts.  The  end  is 
ftrongly  eftablilhed  ;  and  1  can  perceive  only  one  condi- 
tion, by  means  of  which  this  end  may  be  in  accord  with 
all  the  other  ends,  i  e.  that  there  is  a  God.  I  am  certain 
that  no  man  knows  any  other  condition  whlcii  can  con- 
duft  to  the  fame  unity  of  end  under  the  moral  law  ; 
which  law  is  a  law  of  my  reafon.  I  will  confequently 
believe  certainly  the  MJ^e/icc  o/"  Go^,  and  ^.  future  life  ; 
becaufe  this  periuafion  renders  immoveable  my  moral 
principles — principles  which  I  cannot  rejeft  without 
rendering  myfelf  contemptible  in  my  own  eyes.  I  vv'iih 
for  happinefs,  but  I  do  not  wifh  for  it  without  mora- 
lity ;  and  as  it  depends  on  nature,  I  cannot  wilh  it  with 
this  condition,  except  by  believing  that  nature  depends 
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on  a  Being  who  caufes  this  eonneftion  between  mora- 
lity and  happinefs.  This  fuppofition  is  founded  on  the 
•want  (or  nercjjiiy)  of  my  reafon,  and  not  on  my  duty. 

"  We  have,  however,  no  certainty  (fays  Kant)  in 
our  knowledge  of  God,  becaufe  certainty  cannot  exift 
except  when  it  is  founded  on  an  objeft  of  experience, 
i'he  philofopher  acknowledges,  that  J>urc  reafon  is  too 
weak  to  prove  the  exillence  of  a  being  beyond  the 
reach  of  our  ienfes.  The  neceffity  of  believing  in  God 
is  therefore  only  fubjeSive,  although  nectlfary  and  ge- 
neral  for  all  thole  beings  who  conform  to  their  duty. 
This  is  not  knowltge ,  but  only  a  belirf  oi  reafon,  which 
fupplies  the  'place  of  a  knowledge  which  is  impof- 
iible  (e). 

"  The  proofs  of  natural  theology  (fays  our  philo- 
fopherj  taken  from  the  order  and  beauty  of  the  uiu- 
verfe,  &c.  are  proofs  only  in  appearance.  They  rcfolve 
themfelvesiinto  a  bias  ot  our  reafon  io  fuppofe  an  Infi- 
nite Intelligence  as  the  author  of  all  that  is  polfiblc  ; 
but  from  this  bias  it  does  not  follow  that  there  really  is 
fuch  an  Author.  To  fay,  that  whatever  cxills  mull  have 
a  caufe,  is  indeed  a  maxim  a  priori  ;  but  it  is  a  maxim 
applicable  only  to  experience,  for  one  knows  not  how 
to  fubjetl  to  the  laws  of  our  perceptions  that  which 
is  abfolutely  independent  of  them.  It  is  as  it  we  were 
to  fay,  that  whatever  exills  in  experience  muft  have  an 
experience  ;  but  the  world,  taken  as  a  whole,  is  with- 
out experience  as  well  as  its  caufe.  It  is  much  better 
to  draw  the  proof  of  the  exillence  of  God  from  mora- 
lity, than  to  weaken  it  by  fuch  reafon ing.  This  proof 
is  relative.  It  is  impoflible  to  know  that  God  exifts  ; 
but  we  can  comprehend  how  it  is  poffible  to  ait  morally 
on  the  fuppofition  of  the  exillence  (although  incompre- 
henfible)  of  an  intelligent  Creator — an  exillence  which 
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adopt.  This  proof  not  only  perfuades,  hut  even  atSii  on 
the  CONVICTION,  in  proportion  as  tlie  motives  ot  our 
adlions  are  conformable  to  the  law  of  morality. 

"  Religion  ought  to  be  the  means  ot  virtue  and  not 
itsobjedt.  Man  has  not  in  himfelf  the  idea  ot  religion  as 
he  has  that  of  virtue.  The  latter  has  its  principle  in  the 
mind  ;  it  exills  in  itfelf,  and,  not  as  the  means  of  happi- 
nefs ;  and  it  may  be  taught  without  the  idea  oi  a  God, 
for  the  pure  law  of  morality  is  a  jriori.  j^ 

"  He  who  does  good  by  inclination  does  not  aft  Morality, 
morally.  The  converle  of  the  principle  ot  morality  is 
to  make  perfonal  happincis  the  balls  ^f)  of  the  will. 
There  are  compalfionate  minds  which  teel  an  internal 
pleafure  in  communicating  joy  around  them,  and  who 
thus  enjoy  the  fatisfaftion  ot  others  ;  but  their  actions, 
however  juft,  however  good,  have  no  moral  merit,  and 
may  be  compared  to  other  inchnations  ;  to  that  of 
Y  y  2  honour 


355 


(d)  We  muft  requeft  the  reader  to  obferve  that  this  is  the  language  of  our  correfpondent.  We  have  (hewn 
elfewhere,  that  Berkeley  did  not  deny  the  reality  of  fenfations  ;  and  we  hope  to  thew  by  and  bye,  that  Kant  is  as 
much  an  idealifl  as  he  was,  if  this  be  a  fair  view  of  the  Critical  Philofophy. 

(e)  We  have  here  again  taken  the  liberty  to  alter  the  language  of  our  correfpondent.  He  makes  Kant  fay, 
"  It  is  not  this  knowledge,  but  a  belief  oi  reafon,  &c. ;"  but  this  is  furely  not  the  author's  meaning.  From  the 
context,  it  is  apparent  that  Kant  means  to  fay,  that  we  have  net,  and  cannot  have,  what  can  be  properly  called 
a  knoivledge  of  the  exillence  of  God,  but  only  fuch  a  belief  of  his  exillence  as  fupplies  the  place  of  this  impoflible 
knowledge. 

(f)  This  is  a  very  abfurd  phrafe.  We  fuppofe  Kant's  meaning  to  be,  that  the  principles  of  bim  whole  ao 
tions  and  volitions  are  influenced  by  the  profpeft  of  perfonal  happinefs,  are  the  rcverfe  of  the  pure  principlet.  ot 
morality. 
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honour  (for  example),  wViicli,  whilft  It  meets  with  that 
which  is  juft  and  ufcful,  is  worthy  of  praife  and  encou- 
ragement, but  not  of  any  high  degree  of  efteem.  Ac- 
cording to  Kant,  we  ouglit  not  even  to  do  good,  either 
for  the  plcafure  wc  feel  in  doing  it,  or  in  order  to  be 
happy  or  to  render  others  hapjiy  ;  for  any  one  of  tliele 
additions  (perhaps  motives)  wouid  be  empyric,  and  in- 
jure the  purity  of  our  morals.  A  realonablc  being 
ought  to  dcfue  to  be  exempted  from  all  inclinations,  and 
never  to  do  his  duty  but  tor  his  cUiiy's  f.\ke. 

"  We  ought  to  acl  after  the  maxims  derived  a  priori 
from  the  faculty  ol  knowledge,  which  carrj*  with  them 
the  idea  of  neceffity,  and   are  independent  of  all  expe- 
rience ;   after    the   maxims  which,    it   is  to   be  wi(hed, 
tould  be  ereifted  into  ginekal  laws  for  all  beings  en- 
no       dowed  with  reaf<jn." 
Futility  of        If  this   be  a  correft  view  of  the  objcft  and  the  re- 
fhis  fyftem  fults  of  the   critical   philoluphy,  and    the  charafter  of 
him  from  whom  we  received  it  permits  us  not  to  doubt 
of  its  being  nearly  correft,  we  confcfs  ourlclves  unable 
to  difcover  any  motive  which  (hoiild  induce  our  coun- 
trymen, in  their  refcarches  after  truth,  to  prefer  the 
dark  lantern  of  Kant  to  the  luminous  torch  of  Bacon. 
The  metaphyfical  reader  will  perceive,  that,  in  this  ab- 
flradt,  there  is  little  which  is  new  except  the  phraieology  ; 
and  that  what  is  new  is  neither  unilcliigible  or  untenable. 
Of  which         T^lie    diilinttion    between   knowledge    a  priori    and 
the  funda-  knowledge  a  pojleriuri,  is  as  old  as  fpeculation   itfclf; 
mental        a„J  i\x^  mode  in  which  Kant  illuftrates  that  dillinftion 
Tri^not'"    differs  not   from  the  illullrations    of  Arillotle  on  the 
new.  fame  fubjeft.      The   Stagyrite  XzWtA  o{  general  forms, 

or  format  caufes,  in  the  mind,  as  well  as  the  profeffor  iX 
Koenigfberg  ;  and  he  or  his  difciples  (for  we  quote 
from  memory )  compared  them  to  the  form  of  the  fta- 
tue  ia  the  rough  block  of  marble.  As  that  form  is 
brought  into  the  view  of  the  fpcftator  by  the  chiffel  of 
the  ftatuary,  fo,  faid  the  peripatetics,  are  the  general 
forms  in  the  mind  brought  into  the  view  of  confciouf- 
nefs  by  fenfation  and  experience. 

Such  was  the  dofttine  of  Ariftotle  and  his  difciples, 
and  fuch  feems  to  be  the  doftrine  of  Kant  and  his  fol- 
lowers ;  but  it  is  either  a  falfe  doftrine,  or,  if  it  be  true, 
a  doctrine  foolilhly  exprcfftd.  A  block  of  marble  is 
capable  of  being  cut  into  any  form  that  the  ftatuary 
plenfes  ;  into  the  form  of  a  man,  a  horfe,  an  ox,  an  afs, 
a  fifli,  or  a  ferpent.  Not  one  of  tnele  forms  therefore 
can  be  inherent  in  it,  or  efTenlial  to  it,  in  oppufiii^n  to 
the  reft  ;  and  a  general  form,  including  all  the  animals 
under  it,  is  mconceivable  and  impoffible.  In  like  man- 
ner, the  human  mind  is  capable  of  having  the  ideas  of  a 
circle,  a  triangle,  a  fquare,  of  black,  white,  red,  of  four, 
fweet,;  bitter,  of  the  odour  of  a  rofc,  and  the  ftench  of 
a  dunghill,  of  proportion,  of  mufical  founds,  and  cf  a 
thoufa;id  other  things.  None  of  thefe  ideas  therefore 
can  be  eifential  to  the  mind  in  oppblitron  to  the  reft  ; 
and  every  man,  who  is  not  an  ablv/lute  ftrar.ger  to  the 
operations  of  his  own  intellcft,  knows  well  that  he 
cannot  think  of  a  thoufand  things  at  once  ;  or,  to  ufe 
the  language  of  philofophers,  have  in  his  mind  a  general 
idea,  comprehending  miUtr  it  a  thoufand  things  fo  dif- 
cordant  as  colours  and  founds,  figures,  and  imclls.  If 
therefore  Kant  means  to  affii  m,  with  Plato,  that,  pre- 
vious to  all  experience,  there  are  oSually  in  the  mind 
general  forms,  ox  general  ideas,  to  which  fenfation,  or 
experience,  gives  au  opportunity  of  coming  into  vieui', 


he  affirms  what  all  men  of  reflexion  know  to  be  falfc. 
If  he  means  only  to  affirm,  what  feems  to  have  been 
the  meaning  of  Ariftotle,  that  particular  f.nfatlons  give 
occafion  to  the  intiUed  to  form  general  ideas,  he  ex- 
predcs  himfelf  indeed  very  ftrangely  ;  but  his  doftrlne 
on  this  iubjeiiL  differs  not  cirentially  from  that  of  Locke  " 
and  Reid,  and  many  other  eniinent  metapliyficians  of 
modern  times.  Of  abftradlon  and  general  ideas  we 
have  given  our  own  opinion  elfewhere  (See  MfirAPHr- 
sics,  Encyrl.  Part  I.  Chap,  iv.),  and  ftiall  not  here  re- 
fume  the  fubjedl. 

But  when  Kant  fays  that  his  Ideas  a  priori  are  ur.i-  fniproper 
•verfal  and  necejfary,  and  that  their  coiiverfe  is  impoJJlu!e,»ic  li 
he  feems  by  the  word  idea  to  mean  what  more  accurate ''•''"'' ' 
writers  exprcfs  by  the  term  propojilion.  There  are  in- 
deed two  kinds  of  propofitions,  of  which  both  may  be 
true,  though  the  one  kind  expreffes  necefldry  and  uri- 
verfal  truths,  and  the  other  fuch  truths  as  are  contin- 
gent  and  particular.  (See  Met.^ph  ysics,  Encycl. 
Part  I.  Chapter  vli.)  Propofitions  dircdiy  contrary  to 
tliofe  which  exprefs  particular  and  contingent  truths 
may  be  eafdy  conceived  ;  whilft  fuch  as  are  contra- 
ry to  neceflary  and  univerfal  truths  are  inconceive- 
able  and  impoffible  ;  but  we  doubt  whether  any  idea, 
in  the  proper  fenfe  of  the  word,  has  a  contrary  or,  as 
he  expreffes  it,  a  converfe.  Nothing  is  not  contrary  to 
fitljiunce,  nor  b/ack  contrary  to  txihAtt,  udv  four  contrary 
to  fweet,  nor  an  ijich  contrary  to  an  ell.  Nothing  is 
the  negation  of  iubftance,  and  black  the  negation  of 
white  ;  four  is  different  from  fweet,  and  an  inch  is  lefs 
than  an  ell;  but  between  thefe  different  ideas  we  perceive 
no  contradiftion. 

That  Kant  ufes  the  term  idea  inftead  of  propojition, 
or  fome  word  of  fimilar  Import,  Is  farther  evident  from 
his  inftances  of  the  houfe  on  Jlre,  and  the  manner  in 
which  we  learn  that  any  two  bodies  added  to  any  two 
other  bodies  will  conftantly  make  the  fum  oi  four  bo- 
dies. If  it  be  his  will  to  ufe  the  terms  a  priori  and  a 
prfleriori  in  the  fenfe  in  which  other  metaphyfieians  ufe 
the  terms  ncctjfary  and  contingent,  we  can  make  no  other 
objeftion  to  his  diftlndtion  between  thefe  two  propofi- 
tions, but  that  it  is  exprefied  in  very  improper  lan- 
guage. The  houfe  might  ceitainly  be  onjire  or  not  on 
fire  ;  but  twice  two  bodies  mufl  always  make  the  fum 
of  four  bodies,  and  cannot  poliibly  make  any  other  fum. 

The  truth  of  this  laft  propofitlon  (he  fays)  we  can- 
not have  learned  from  experiitice,  becaufe  experience, 
being  always  limited,  cannot  poffibly  teach  us  what  is 
neceJJ'iry  and  univerfal.  But  this  is  egregious  trlfilrg. 
Tlie  experience  employed  here  is  not  limited.  A  child 
unquertlonably  learns  the  Import  of  the  terms  of  nu- 
meration, as  he  learns  the  import  of  all  other  terms,  by 
experience.  By  putting  two  little  balls  to  two  little 
balls,  he  learns  to  call  the  fum  four  balls.  After  two 
or  three  leflbns  of  this  kind  with  different  bodies,  his 
own  reflutlion  fuggefls  to  him,  that  the  fum  four  has 
r.o  dependance  upon  the  fhape  or  confiftence  of  the  bo- 
dies, but  merely  upon  the  individuality  of  each  or  their 
r.umerleal  difference  ;  and  individuality,  or  numerical 
cift'crence,  is  as  compI>.tely  exemplified  in  two  bodies 
of  any  kind  as  in  two  thouiaiid. 

All  the  truths  of  pure  mathematics  (fays  Kant)  are  With  its 
a  piiori.      If  he  means  that  they  are  all  neceffary,  andconfe- 
that    the  contrary  of  any  one   of  them    is /ntoncf <W3/f ,  1" w** 
he  affirms  nothing  but  what  is  true,  and  has  beeu  known 

to 
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to  all  mathematicians  tlufe  two  tlioufand  years.  But, 
it  he  means  that  they  arc  iiinilc  truths,  not  dilcovticd 
by  induft.'on  or  ideal  iiieaturemeiit,  his  meaning  is  de- 
nionftrably  falfe.  (See  I.\duction  in  this  SuppLmnU.) 
When  he  fays,  that  it  is  not  cxperkiue  \vhi>.h  dilcovers  to 
us  th.it  we  fliall  always  have  the  fiirface  of  the  pyramid, 
by  multipl\ing  its  bafc  by  the  third  part  of  its  height, 
he  is  right,  if  by  txpcritnce  he  means  the  adtnal  mea- 
furement  of  all  poflible  pyramids  ;  but  lurcly  he  cannot 
mean  that  the  truth  of  this  meafiircment  is  innate  in 
the  mind,  for  it  is  in  faCl  not  a  true  but  a  falfe  mea- 
fnrement  (o).  The  bafe  of  a  pyramid  multiplied  by 
the  tl'.ird  part  of  its  height  gives,  not  the  furface,  but 
the  foHd  contents  of  the  pyramid;  and  he  who  under- 
Uands  the  piopolition  on  which  this  truth  is  immediate- 
ly built,  knows  perfetUy  that  Euclid  proved  it  by  a 
fcries  of  ideal  meufurements  of  thoie  particulars  in  which 
all  pyramids  neceffarily  agree. 

Kar.t  fecms  often  to  confound  fcnfalion  with  expe- 
rience ;  and  if  by  experience  he  mea.is  ffvfatwn,  when 
he  iays  that  /•»/■* /v;6a.'/r(4^f,  a  prion,  is  that  which  is 
abfolutely  without  any  mixture  of  experience,  he  talks 
nonfenfe  ;  for  the  moft  fpiritual  notions  which  men  can 
form  are  derived  from  the  operations  of  the  mind  on 
ideas  of  fenfaiion.  To  the  retl  of  the  paragraph,  re- 
fpefting  pure  knowledge,  we  have  hardly  any  objcttion 
to  make.  Locke,  the  great  enemy  ol  innate  ideas, 
taught,  before  Kant  was  born,  that  our  knowLdge  de- 
pends upon  our  organization  a.id  the  faculties  of  our 
minds,  as  much  as  upon  imprefTions  made  on  the  fenfes 
ah  extra ;  th;.t  if  our  organs  of  feufe  were  different 
from  what  they  are,  the  tafte  of  fugar  might  be  bitter, 
and  that  ot  wormwood  fweet  ;  and  tlrat  if  we  had  not 
memory,  and  could  not  modify  and  arrarige  our  ideas, 
»4  all  prcg.els  i  i  knowledge  would  be  impoifible. 
■oundltfs  When  our  author  talks  of  lime  Ttn^fpace  as  the  two 
.  ^'"  efTential  forms  of  the  mind,  we  are  not  fure  that  we 
underftand  him.  We  have  (hewn  clfewhere,  that  a 
confcious  intelligence  may  be  conceived  which  has  no 
ideas  either  of  fpace  or  of  time  (fee  Metaphysics, 
Encycl.  n"  182,  &c.  and  209,  &c.)  ;  and  he  who  can 
aifirm,  that  if  extcnGon  were  known  to  us  only  by  ex- 
p.rknce,  it  would  be  polTiblc  to  conceive  fenfible  objects 
iL'ithout  fp tec,  has  never  attended  to  the  force  of  w-hat 
philolophcrs  call  th^  oJfucuxUon  of  :deas  of  the  mind.  But 
what  is  here  meant  by  fenhble  objects?  Are  they  ob- 
jtfls  of  touch,  tafte,  orfmcU  ?  Objedls  of  touch  cannot 
ii;deed  be  conceived  without  fpace;  but  what  extent  of 
fpace  is  fuggellcd  by  the  tafte  of  fugar  or  the  odour  of 
a  rofe  ? 

When  Kant  talks  of  l\\e  form  fpace  enabling  us  to 
attribute  to  external  obj^tts  impenetrab'.lity,  mobility,  &c. 
he  talks  at  random  ;  and  another  man  may,  with  as 
much  propiicty,  and  perhaps  more  truth,  affirm  the 
converfe  of  his  propofitions,  and  fay,  that  it  is  the  im- 
penetrability and  mobility,  &c.  of  external  objects  that 
crnable  us  to  form  the  idea  cilKd  fpace,  and  the  fuccef- 
iion  of  fome  objcdts,  compared  with  the  permanence  of 
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others,  that  enables  us  to  form  tlie  notion  or  mode  call- 
ed time. 

On  the  two  or  three  next  paragraphs  it  is  not  worth 
while  to  detain  the  reader  with  many  remarks.  They 
abound  wiih  the  fame  uncouth  and  obfcure  phrafeolo- 
gy,  and  the  iainc  idle  diftiiidions  between  ideas  a  priori 
■a.ui\  a  pojUriori.  In  n^  1  I.  he  affirms,  that  the  three 
following  propofitions  (a  body  is  heavy,  -wood  is  comLuf-  ^^^  logic. 
lible,  and  the  three  ati^'is  of  a  triangle  are  equal  to  tv/o 
right  angles)  are  all  necedary  judgments.  In  one  fenfe 
this  aflirmation  is  ti  uc,  and  in  aiiothe.-  it  is  falfe.  We 
cannot,  without  Ipcaking  unintelligibly,  give  the  name 
body  to  any  lubftance  which  is  not  Iseavy  ;  and  we  are 
not  acejuainted  with  any  kind  or  wc/o^/ which  is  not  com- 
builible  ;  but  fureiy  it  is  not  iinpo01ble  to  conceive  a 
fuhlldiice  exit  iided  and  divifible,  and  yet  not  heavy,  to 
which  tiie  name  Lady  might  be  given  without  ahfurdity, 
or  to  conceive  wood  as  inconibullible  as  the  mineral 
ca\Wi\  ajbejlos.  I'hat  the  three  angles,  however,  of  a 
plane  tnanglc  can  be  either  more  or  Icfs  than  equal  to 
two  right  angles,  is  obvioufly  impoffible,  and  nuift  be 
jjerceived  to  be  fo  by  every  inltlligence  from  the  Su- 
preme down  to  the  human.  The  three  propofitions,, 
therefore,  a;e  not  of  the  fame  kind,  and  ftiould  not 
have  been  clalfed  under  the  fame  genus  of  neccjjliry  fyn- 
thctic  judgments. 

In  the  critique  of  pure  rcafon,  Kant  feems  to  teach, 
thit  all  demonllrative  fcicnce  mull  proceed  from  gene- 
ral principles  to  paitlcular  truths.  Hence  \\\s  forms  of 
the  Uiideiilanding,  euiJ  iiis  categories,  which,  according 
to  one  of  his  pupils*,  "  lie  in  our  underftanding  as*  Dr  Wil 
pure  notions  a  priori,  or  the  foundation  of  all  our  know- 
ledge. They  are  necijfiiry  fjrnis,  radical  notions,  of 
which  all  our  kiiov.'lcdgc  n:iijl  be  compounded.''  But 
this  is  ditettly  contrary  to  the  progicis  of  the  human 
mnid,  which,  as  we  have  ftiewn  in  ihe  article  Induc- 
tion, already  referred  to,  proceeds,  in  the  acquifiiiou 
of  every  kind  of  knowledge,  from  particular  truths  to 
general  principles.  This  IranfcendeiHal  philofuphy  of 
Kant's,  therefore,  inverts  the  order  of  nature,  and  is  as 
little  calculated  to  promote  the  progrcfs  of  feience  as 
the  f)logiftic  fyftem  of  Ariftolle,.  which  was  hkewife 
built  on  categories  or  general  forms.  His  truufcendeutal 
njlhtiic,  which,  according  to  Dr  Willich,  is  tlie  know- 
ledge a  ftiori  of  the  rules  of  fif  tiun,  feems  to  be  a 
contradidlory  exprellion,  as  it  implies  that  a  man  may 
know  the  laws  of  lenfation,  without  paying  the  fmalleft 
attention  to  the  organs  of  fenie. 

That  we  know  objects  only  by  the  manner  in  \?hich 
they  afietl  us,  and  not  as  they  are  in  themfelves,  is  a 
truth  adn.itted,  we  believe,  by  all  philofophers,  and 
ceitainly  by  Locke  and  Reid  ;  but  wlien  Kant  fays 
that  we  know  nothing  of  the  reality  of  the  objedls 
which  affeft  our  fenfes,  he  feems  to  be  Angularly  para- 
doxical. Berkeley  himfelf,  the  moft  ingenious  idealift 
perhaps  that  ever  wrote,  contends  Ihenuoufly  for  the 
exillence  of  a  caufe  of  our  feufations  diftindl  from  our 
own  minds;  and  becaufe  he  thinks  inert  n.atter  a  caufe 

inadequate 


(g)  This  may  look  like  cavalling,  as  the  blunder  may  be  either  Kant's  or  our  correfpondent's,  though  neither 
of  them  can  be  fuppofed  ignorant  of  the  method  of  meafuring- the  furface  of  a  pyramid.  We  affure  the  reader, 
however,  that  we  do  not  mean  to  cavil.  We  admit  that  both  Kant  and  our  correfpondent  know  perfectly  well 
ht-w  to  racafure  the  furface  of  a  pyramid  ;  but  had  that  knowledge  been  innate  in  their  minds,  we  cannot  con- 
ceive the  poflibility  of  their  falling  into  the  blunder.  The  blunder,  therefore,  thoitgh  the  offspring  of  mere  in-. 
advertence,  feems  to  be  a  complete  confutation  of  the  doftrine. 
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inadequate  to  this  effe£\,  he  concludes,  that  every  fen- 
fation  of  whicli  we  are  confcious  is  a  proof  of  the  im- 
Diediate  agencv  of  the  Deity.      But  Kant,  as  we   fliall 
perceive  by  and  bye,  makes  the  exiilcnce  of  God  and 
of  mitter  equally  problematical.      Indeed   he   fays  ex- 
prefsly,  that  beyond  things  fenlilile  we  can  only  have 
opinions    or    belief;    but    things  fcnfible,  as  every   one 
*'        knows,  are  nothing  more  than  the  qualilies  of  objects. 
Tendency         jj  (y,j,|,]j  fVem  that  the  greater  number  of  wonders 
tern  to-        which  Kant  has  for.nd  in  our  primitive   knowUdgc  and 
wards  athe- in   the   faculties   of  our  mind,  the   greater  number  of 
•fn*.  proofs  ought  he  to  have  found  of  the  exillence  and  at- 

tributes of  one  Firll  Caufe  ;  but  fo  far  is  this  from  be- 
ing the  cafe,  that  we  have  feen  him  refting  the  evi- 
dence of  this  mod;  important  of  all  truths,  either  upon 
the  moral  fenfe,  which  our  paffions  and  appetites  fo  ea- 
fily  alter,  or  upon  the  intuitive  perception  of  ahjlrall 
moral  re^ilude  ;  a  perception  which  thoufands,  as  vir- 
tuous and  as  orofound  as  he,  have  coniidered  as  impof- 
lible.  Our  philofopher's  proof  of  a  God  is  nothing 
more  than  his  perfuafion  that  happinefs  is  conncdled 
'  with  virtue  by   a  being  upon   whom  nature  depends  ; 

and  he  fays  exprcfsly,  that  this  proof  carries  convittion 
to  the  mind  in  proportion  as  the  motives  of  a  man's  ac- 
tions are  conformable  to  the  law  of  morality.  This  be- 
ing the  cafe,  the  reader  cannot  be  much  furprifed,  when 
he  is  informed  that  fcveral  of  Kant's  dilciples  on  the 
continent  have  avowed  themfelves  Atheifts  or  Spino- 
zlfts.  We  have  ellewhere  (fee  Illuminati,  n"  37.) 
mentioned  one  of  thofe  gentlemen  who  was  lately  dif- 
milTed  from  his  profcfTorial  chair  in  the  univerfity  of 
Jena,  for  making  God  notliing  more  than  an  abjlra^ 
idea,  derived  from  our  relations  with  the  moral  world. 
His  luccefTor,  a  Kantift  likewife,  when  it  was  told  in 
his  prefeiicc,  that,  during  one  of  the  mafTacres  in  Paris, 
David  the  Painter  fat  with  his  pencil  in  his  hand,  en- 
joying the  fufferings  of  the  unfortunate  wretches,  and 
trying  to  paint  the  exprefGons  ot  their  agonies,  exclaim- 
ed— "  What  force  of  charatler !  What  fubliniity  of 
foul !"  That  this  wretch  mull  be  an  Atheill,  likewife, 
follows  of  cQurfe  from  Kant's  principles  ;  for  it  is  not 
conceivable  that  he  perceives  any  connection  between 
happinefs  and  virtue. 

Tliat  Kant  is  an  atheift  himfelf,  we  have  not  learn- 
ed, though  his  dnrtriue  leads  thus  naturally  to  atheifm, 
and  though  in  his  work  called  Tugi-nd  Lr hre,  page 
180,  he  makfs  the  following  ftrange  obfervatlon  upon 
oaths  :  "  As  it  would  be  abfurj  to  iwear  that  God 
exifts.  It  is  rtiil  a  queftion  to  be  determined,  whether  an 
oath  would  be  poffihle  and  obligatory  if  one  were  to 
make  it  thus — I  five  ar  on  thd  j'upfojition  that  God  exi/ls. 
It  is  extremely  probable  (fays  he),  that  zWfmcere  oaths, 
taken  with  reJleSion,  have  been  taken  in  no  other 
fenfe  !" 

It  is  not  our  Intention  to  plunge  deeper  into  this 
mire  of  atheifm,  or  to  enter  into  a  formal  confutation 
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of  the  deteltable  doftrlnes  which  have  been  dragged 
from  its  bottom.  Enough  has  been  faid  elfcwhere  to 
convince  the  theoretical  reafon  of  the  found  minds  of 
our  countrymen  of  the  exillence  of  one  omnipotent,  in- 
finitelv  wife,  and  perfeftly  good  Being,  the  author  and 
upholder  of  all  things  (See  Encycl.  Metaphysics, 
Part  III.  Chap.  vl.  and  Theology,  Part  I.  Sedl.  i.) 
It  may  not,  however,  be  altogether  uickfs  to  point  out 
to  the  reader  how  completely  Kant  confutes  himfelf, 
even  in  the  (hort  abllraft  that  we  have  given  of  his 
fyftem.  ,^ 

Among  his  allegories,  or  fundamental  ideas,  which  Kant  con- 
are  necejforih  formed  In  the  mind,  he  exprcfsly  reckons f"'"  him. 
caufe  and  e^'eH  :  but  in  various  articles  of  this  work,  it 
has  been  proved  beyond  the  poffibility  of  contiadiftion, 
that  no  fenjible  objeiS  is  the  true  metaphyfual  caufe  of 
any  one  event  in  nature  ;  and  indeed  Kant  himlelf  is  at 
much  pains  to  (hew  that  his  categories  or  Ideas  a  priori 
are  not  ideas  of  fenfation.  ^.  There  muft  therefore,  upon 
his  own  principles,  be  caufts  which  are  not  the  objetts 
ol  fenfe  or  experience  ;  and  by  tracing  thefe  caufes  back- 
ward, if  there  be  a  fucceflion  of  them,  we  muft  arrive 
at  one  felf-exiftent  caufe,  by  a  demonftration  as  com- 
plete as  that  by  which  Euclid  proves  the  equality  of 
the  three  angles  of  a  plane  triangle  to  two  right  angles. 
We  have  no  other  evidence  for  the  truth  of  geometrical 
a-xioms  than  the  laws  of  human  thought,  which  compel 
us  to  perceive  the  impoffibility  of  luch  propofitions  be-  J 

ing  falfe.      According  to  our  philofopher,   we  have  the  " 

very  fame  evidence  for  the  reality  of  caufes  and  effedts 
which  are  not  the  objetts  of  fenfe.  The  confequcuce 
is  obvious.  2S 

Kant's  political  opinions  are  faid  to  be  tolerably  mo  His  ni.ira. 
derate,  though  he  betrays,  what  we  muil  think,  an  ab -'"'''*  "^^ 
furd  confidence   in   the   unlimited perfedibility  of  the  hu.  °      ' 

man  mind.  On  his  morality  our  valued  correfpondent 
has  beftowed  a  much  larger  (hare  of  his  approbation 
than  we  can  allow  it  of  ours.  Kant  feems  to  contend, 
that  the  actions  of  men  (hould  be  direfted  to  no  end 
whatever  ;  for  he  exprcfsly  condemns,  as  an  end  of  ac- 
tion, the  purfait  either  of  our  own  happinefs  or  of  the 
happinefs  of  others,  whether  temporal  or  eternal  ;  but 
actions  performed  for  no  purpofe  are  furely  indications 
of  the  very  cfTence  of  folly.  Such  aftions  are  indeed 
impoirible  to  beings  endued  with  reafon,  pafTions,  and 
appetites  ;  for  if  there  be  that  beauty  in  ablb.aft  virtue, 
for  which  Kant  and  the  Stoics  contend,  it  cannot  be 
but  that  the  virtuous  man  muft  feel  an  internal  pleafure 
when  he  performs  a  virtuous  attlon,  or  refleits  upon  his 
paft  conduct.  He  who  makes  his  temporal  inteieft  the 
fole  rule  of  his  conduft,  has  indeed  no  pretenfions  to 
the  character  of  a  virtuous  man  ;  but  as  the  morality 
of  the  golpcl  has  always  appeared  to  us  fufficlently  pure 
and  dilintereftcd,  we  think  a  man  may,  without  devia- 
ting into  vice,  have  refpect  unto  "  the  recoinpence  of 
future  reward." 


•«SS3a^€S^£^S^S£«>»— 
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PHOSPHORUS  (See   Chemistry  Index,   Supple- 

iment,)   has  lately  been   employed  as  a  medicine  by  Al- 

phonfus  Leroi,  profeflbr  at  the  Medical  School  of  Paris. 

Its  cffeAs,  in  a  variety  of  cafes,  are  thus  defcribed  in 

the  Bulletin  de  la  Societe  Philomatique,   1 798. 
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I.   Phofphorus  admlniftered  internally  in   confunip-  Phofpho- 
tive  difeafes  appears  to  give  a  certain  degree  of  adlivity        rus. 
to  life,   and  to  revive  the  patients,  without  raifing  their  '■     v      ' 
pulfe  in  the  fame  proportion.     The   author  relates  fe- 
veral  inftances  that  occurred  to  him  in  the  courfe  of  his 

praftice  j 
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Phcfpho-  prafiice  ;  one  of  which  is  as  follows  :  Being  cnllcd  to  at- 
■■"'■  tend  a  woman,  at  the  point  of  diath,  wlio  was  quite 
'  worn  out    by  a   confiimptive  difoider,   with  which   (lie 

had  been  afflidcd  for  three  years,  in  ciiinph'ance  with 
the  earned  d^hre  of  her  hufband,  who  rtqiitftcd  him  to 
give  her  fome  medicine,  he  compofcd  one  of  a  portion 
of  fyriip  diluted  with  water,  in  which  a  few  fticks  of 
phofphonis  had  been  kept.  Next  day  the  w  oman  found 
iierfeif  much  better.  She  was  revived  for  a  tew  days  ; 
and  did  not  die  till  about  a  fortnight  after. 

,2.  He  hinilclf,  as  he  acknowledges,  was  fo  impru- 
dent as  to  take  two  or  three  grains  ot  folid  phofphovus 
combined  only  with  treacle,  and  experienced  the  moll 
dreadful  fyniptoros.  At  firll  he  felt  a  burning  heat  in 
the  whole  region  of  the  itomach.  Th.it  organ  fteined 
to  be  tilled  with  gas  wdiich  efcapcd  by  the  mouth.  Be- 
in(T  dreadfully  tormented,  he  tried  to  vomit,  but  in 
vain  ;  and  found  relief  only  by  drinking  cold  water  horn 
time  to  time.  His  uneafy  fenl.4tions  were  at  length  al- 
layed :  but  next  morning  he  ftemed  to  be  endowed 
with  an  allonifhing  niufcular  force,  and  to  be  urged, 
with  an  almoll  irrelillible  impulfe  to  try  its  energy. 
The  effcft  of  this  medicine  at  length  ceafed,  adds  the 
author,   a  la  fuite  d'un  priapijme  violent. 

3.  In  many  cafes  the  autlior  employed,  and  ftill  em- 
ploys, phofphorus  internallv,  with  great  benefit,  to  re- 
ftore  and  revive  young  perlons  exhauftcd  by  exctfFes. 
He  divides  the  phofphorus  into  very  fmall  particles,  by 
{baking  it  in  a  glals  tilled  with  boiling  water.  He 
continues  to  (hake  the  bottle,  plunging  it  into  cold  wa- 
ter, and  thus  obtains  a  kind  of  precipitate  of  phofpho- 
rus, exceedingly  fine,  which  he  bruifes  flowly  with  a 
little  oil  and  fugar,  or  afterwards  employs  as  liquid 
tlefluary,  by  diluting  the  whole  in  the  yoke  of  an  egg. 
By  means  of  this  medicine  he  has  effefted  aftonifliing 
cures,  and  reftored  the  ftrengthof  his  patients  in  a  very 
fhort  time. 

4.  In  malignant  fevers  the  ufe  of  phofphorus  internally, 
to  check  the  progrefs  of  gangrene,  has  fucceeded  be- 
yond expeftation.      The  author  relates  feveral  inftances. 

5.  Pelletier  told  him,  that  having  left,  through  ne- 
gligence, fome  phofphorus  in  a  copper  bafon,  that  metal 
was  oxidated,  and  remained  fufpended  in  the  water. 
Having  thoiightlefsly  thrown  out  the  water  in  a  fmall 
court  in  which  ducks  were  kept,  thefe  animals  drank 
of  It,  and  all  died.  Mais  le  male  (fays  the  author) 
couvrit  tvules  fcs  femeUes  j'lfque  au  dernier  injlant  de  fa 
vie.  An  obfervation  which  accords  with  the  efieft  ex- 
perienced by  the  author. 

6.  The  author  relates  a  faft  which  proves  the  aflo- 
nilhing  divifibih'ty  of  phofphorus.  Having  adminiller- 
ed  to  a  patient  fome  pills,  in  the  compofition  of  which 
there  was  not  rhore  than  a  q\iarter  of  a  grain  of  phof- 
phorus, and  having  had  occalion  afterwards  to  open 
the  body,  he  found  all  the  internal  parts  luminous  ;  and 
even  the  hands  of  the  perfon  who  had  performed  the 
operation,  though  wafhed  and  well  dried,  retained  a 
phofphoric  fplendor  for  a  long  time  after. 

7.  The  phofphoric  acid,  employed  as  lemonade,  has 
been  ferviceable  to  the  author  in  the  cure  of  a  great 
number  of  difeafes. 

8.  Leroi  affures  us  that  he  oxidated  iron  with  phof- 
phorus, and  obtained,  by  the  common  means,  a  white 
oxide,  almoft  irreducible,  which  he  thinks  may  be  era- 
ployed  with  advantage  in  the  arts,  and  particularly  in 


painting  wfh  oil,  and  in  enamel,   iiiftead   o.f  the  white   Phf>r|hr). 
oxide   of  lead.     This  white  oxide   of  iron  occ.jfioneii  _,''""' 
violcnt  retchmgs  to  the  aullior,   who  ventured  to  place        ^^^ 
a  very  fmall  particle  ol  it  on  his  tongue.      He  does  not  ■        ,      .  • 
hefitate,   therefore,  to  confider  this  oxide  as  a   terrible 
poifon.      He    was  not  able  to  reduce  it    but  by  fixed 
alkali  and  the  glafs  of  phofphorus. 

9.  The  author  affcrts  that,  by  means  of  phofpho- 
rus, he  decompofcd  and  feparated  from  their  bafcs  the 
iulphuric,  n.uriatic,  and  nitric  acids  ;  that  by  help  of 
the  phofphoric  acid  he  tranfmuted  earths  ;  and  that 
with  calcareous  earth  he  can  make,  at  pleafure,  confi- 
deiable  quantities  of  magntfia.  He  declares,  that  to 
his  labours  on  phofphorus  he  is  indebted  for  procefies 
by  which  he  effefts  the  difTipation  {ff,re  iu  frite)  of 
rubies,  the  lufiou  of  emeralds,  and  the  vitrification  of 
mercury. 

We  agree  with  the  editor  of  the  refpeftable  Mifcel- 
lany  *,  from  which  we   have  immediately  taken  this  ar- *  PtH'/'- 
ticlc,  that  Britifh  practitioners  will  do  well  to  ufe  \ht:\vt'''"''' ^'" 
wonted  caution  in  ile  application  of  fo  powerful  a  re-'^"^";;'' 
medy.      Indeed  we  confider  it  as  fo  very  hnvzarduus  a 
remedy,   that   we  had   rcfolved  to  make  no  mention  of 
it,  till  we  found  it  tranferibed  into  various  journals,  both 
foreign  and  domeftic,   arid  thence  began  to  fufpeift  that 
we   might  be  accufcd  of  culpable  negligence,   were   we 
to   pdlb  unnoticed  what  had  attrafled  tlie  attention   of 
fo  many  of  our  fellow-labourers  in  the  field  of  fcience. 
Ph(1sphor.us,   in  aflronomy,  is  the  morning  liar,  or 
the  planet  Venus,   when  file  rifes  before  the  fun.     The 
Latins  call  it  Lucifr,  the    French  Eloile  de  berger,   and 
the  Greeks  Phofphorus. 

PHOTOMETER,  an  apparatus  for  meafuring  the 
inttniity  of  light,  and  likcwife  the  tranfparency  of  the 
medium  through  which  it  paffes.  Inftruments  for  this 
purpofe  have  been  invented  by  Count  Rumford,  M. 
de  SaufUire,  that  eminent  mathematician  and  philo- 
fopher  Mr  John  Lcfiie,  and  others.  We  (hall  content 
ourfelves  with  defcribing  in  this  place  the  photometer  of 
Count  Rumford,  and  the  inllrument  to  which  Sauffure 
gives  the  name  of  flVa/i/^nnomf/cr.  Mr  Leflie's  is  indeed 
the  fimplell  inflrurfient  of  the  kind  of  which  we  have 
anywhere  met  with  a  defcription  ;  but  it  meafures  only 
the  momentary  intenfities  of  light  ;  and  he  who  wifhes 
to  be  informed  of  its  conflrudlion,  will  find  that  infor- 
mation in  the  third  volume  of  Nichi^lfou's  Philolophical 
Journal. 

Count  Rumford,  when  making  the  experiments  which 
we  have  noticed  in  the  article  Lamp  [Sufpl),  was  led, 
flcp  by  ftep,  to  the  conftrudtion  of  a  very  accurate/>/6o- 
tometer,  in  which  the  fliadows,  inilcad  of  being  thrown 
upon  a  paper  fprcad  out  upon  the  wainfcot,  or  fide  of 
the  room  (See  page  64  ot  this  volume),  arc  projected 
upon  the  infide  <jf  the  back  part  of  a  wooden  box  7^ 
inches  wide,  lo-J  inches  long,  and  3,  inches  deep,  in 
the  clear.  The  light  is  admitted  into  it  through  two 
horizontal  tubes  in  the  front,  placed  fo  as  to  form  an 
angle  of  60"  ;  their  axes  meeting  at  the  centre  of  the 
field  of  the  inllrument.  In  the  middle  of  the  front  of 
the  box,  between  thefe  two  tubes,  is  an  opening  thro' 
which  is  viewed  the  field  of  the  photometer  (See  fig.  Plate  XLIf 
I.).  This  field  is  formed  of  a  piece  of  white  paper, 
which  is  not  faftened  immediately  upon  the  infide  of 
the  back  of  the  box,  but  is  palled  upon  a  fmall  pane 
of  very  fine  ground  glafs  ;  and  this  glafs,  thus  covered, 
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Photonic-  Islet   (lown   into  a  groove,  made  to  recive   it,  in   the  dows  touch  this  lad  mentioned  line,  the  ll^'hta  are  at  a  Phr 

'<=>■■       back  of  the  box.      The  whole  infu'.e  of  the  box,  except  proper  height  :   and  farther,  when  the  two  (liiidow?  are 

^    >        '  tt),.  field  of  the  in(l:u;iie:it,   is  painted  of  a  d-ep  black  in  contatl  with  each  other  in  the   middle  of  the  field, 

dead  colour.     To  the  under  parts  of  the  box  is  fitted  a  the  hgl.ts  are  tluii  in  their  proper  directions, 
ball   and    focket,    by   which   it  is  attached  to  a  (land  Wc    have  laid  that  the  cylinders,  by  which  tlie  (ha- 

nd the  top  or   lid  of  it   is   fitted 


which    fupports  it  ;  an 

with  hinges,  in  order  that  the  box  may  be  hid  quite 
open,  as  often  as  it  is  neceP.ary  to  alter  any  part  of  tiie 
machinery  it  contains. 

The  Count  had  found  it  very  inconvenient  to  com- 
pare two  (hadows  projefted  by  the  fame  cylinder,  as 
thtfe-were  either  nece(rarily  too  far  from  each  other  to 
be  compared  with  certainty,  or,  when  they  were  near- 
er, were  in  part  i)id  from  the  eye  by  the  cylinder.  To 
remedy  this  inconvenience,  he  now  makes  ufe  of  two 
cylii.dc  rs,  which  are  placed  perpendicularly  in  the  bot 


dows  are  projefted,  are  placed  pcrpeiidicnlnrly  in  the 
bottom  of  tlie  box  ;  but  as  the  diameters  of  the  (hadows 
of  thefe  cylinders  vary  in  fonie  degrte,  In  proportion  as 
the  lights  are  broader  or  narrower,  and  as  they  are 
brought  nearer  to  or  removed  farther  from  the  photo- 
meter, in  order  to  be  able  in  all  caiVs  to  bring  thefe  (lia- 
d'lvvs  to  be  of  the  fame  diameter,  which  is  very  adian- 
tagcous,  in  order  to  judge  with  greater  facility  and  cer- 
tainty when  they  are  of  the  lame  denlitv,  the  Count 
renders  the  cylinders  moveable  about  their  axes,  and 
adds  to  each  a  vertical  wing  {^  of  an  inch  wide,  ^  of 


torn  of  the  box  jull  defcribed,  in  a  line  parallel  to  the  an  inch  thick,  and  of  equal  height  with  the  cyh'nder 
back  part  of  it,  diRant  from  this  back  2/5  inches,  and  itfelf,  and  firmly  fixed  to  it  from  the  top  to  the  bot- 
from  each  other  3  inches,  meafuring   from  the  centres     torn.      This  wmg  commonly  lies  in  the  middle  of  the 


of  the  cylinders  ;"  when  the   two  lights  made  ufe  of  in  (hadow  of  the  cylinder,  and  as  long  as  it  remains  in  that 

the  experiment  are  properly  placeu,  thefe  two  cylinders  fituation  it  has  no  effeft  whatever  ;  but  when   it   is  ne- 

projed  four  (hadows  upon  the  white  paper  upon  the  in-  celfary  that  the  diameter  of  one  of  the  (hadows  be  in- 

fide  of  the  back  part  of  the  box,   or  the/<7</  of  the  in-  crca(ed,  the  correfponding  cylinder   is  moved  about  its 

ftrument  ;  two  of  which  (hadows  are    in  conlaft,  pre-  axis,  till  the  wing  juft  defcribed,  emerging  out   of  the 

cifely  in  the  middle   of  that   field,  and  it   is    thefe  two  fiiadoiv,  and  intercepting  a  portion  of  light,  brings  the 

alone  that  are  to  be  attended  to       To  prevent   the  at-  (hadow    projedcd  upon  the   field  of  the  indrument  to 

tention  being  diftrafted   by  the  prefence  of  unnece(rary  be  of  the  width  or  diameter  required.      In  this  opera- 

objeas,  the  two  outfide  fhadows  are  made  to  difappear  ;  tion  it  is  always  neceffary  to  turn  the  cylinder  outwards, 

which  'is  done  by  rendering  the  field  of  the  inftrument  or  in   fuch  a    manner  that    the    augmentation  of  the 

fo  narrow,   that  they  fall  without  it,  upon  a  blackened  width  of  the  fhadow  may  take  place  on  that  fide  of  it 

furface,  upon   which   they  are  not  vilible.      If  the  cy-  which   is  oppofite  to  the  (hadow  correfponding  to  the 

linders  be  each  -rw  of  an  inch  in  diameter,  and  l^\  inches  other  light.     The  neceffity  for  that  precaution  will  ap- 

in  height,  it   w  il°l  be  quite  fufficient   that  the   field  be  pear  evident   to  any  one  who  has  a  juft  idea  of  the  in- 

2t-  inches  wide  ;  and  as  an  unneceflary  height  of  the  ilrument  in  queftion,   and  of  the  manner  of  making  ufe 

field  is  not  only  ufefefs,  but  difadvantageons,  as  a  large  of  it.      They  are  turned   likewife  witliout  opening  the 

furface  of  white  paper  not  covered  by  the  (hadows  pro-  box,   by  taking  hold  of  the  ends  of  their  axes,   which 

duces  too  ftrong  a  glare  of  light,  the  field  ought  not  to  projcrt  below  its  bottom. 

be  more   th,in  -,%  of  an   inch  higher  than   the  tops  of  As  it  is  ab(olutcly  neceffary  that  the  cylinders  (liould 

the  cylinders.     That  its  dimenfions,  however,   may  be  conftantly  remain  prccifely  perpendicular  to  the  bottom 

•occafionally    augmented,    the   covered    glafs  (hould  be  of  the  box,  or  parallel  to  each  ether,   i'.  will  be  beft  to 

made  C-J-  inches  long,  and  as  wide   as  the  box    is  deep,  conftruft  theiu  of  brafs  ;  and,  inrtead  of  fixing  them  im- 

viz.  3'  inches;  fince  the  field  of  the  iniuument  can  be  mediately  to  the  bottom  of  the  box    (which,  being  of 

reduced  to  its  proper  fize  by  a  fcreen  of  black  pafteboard,  wood,   may  warp),  to  fix  them  to  a  ftrong  thick  piece 

!nterpof<.-d   before  the  anterior  furface  of  this  covered  of  well-hammered  plate  brafs;  which  plate  of  brafs  may 

glafs,  and  vetting  immediately  upon   it.      A  hole  in  this  be  afterwards  faftened   to  the  bottom  of  the  box   by 

pafteboard,   in  the  form  of  an  oblong  fqnare,    i~o  inch  meai.s  of  one  (Irong  fcrew.      In  this  manner  two  of  the 

wide,  and  two  inches  high,  determines  the  dimenfions.  Count's  beft  inftruments  are  conftruCled  ;  and,  in  order 

and   forms    the    boundanes  of  the  field.     This  fcreen  to  fecure  the  c)  linders  ftill  more  firndy  in  their  vertical 

ftiould  be  laro-e  enough  to  cover  the  whole  infide  of  the  pofition;^,  they  are   furnilhed   with  broad  flat  rings,  or 

back  of  the   box,  and  it   maybe   fixed  in  its  place  by  pi  ojctlions,  wlicre  they  reft  upon  the  brafs  plate  ;  which 

means  of  grooves  in  the  fides  of  the  box,   into  which  it  rings  are  -rV  of  an  inch  thick,  and  equal  in  diameter  to 

may  be  made  to  enter.      The  pofition  of  the  opening  the  projection  of  the  wing  of  the  cylinder,  to  the  bot- 

above  mentioned  is  determined  by  the  height   of  the  turn  ol    which  they  afford   a  firm    fupport.      Thefe  cy- 

cylinders;  the  top  of  it  being  xV  of  an   inch  higher  linders   aie   likewife   forcibly  puflied,  or  rather  pulled, 

than  the  tops  of  the  cylinders  ;  and  as  the  height  of  it  againft  tne  brafs  plate  upon  which  they  reft,  by  means 

is  only  two  inches,  while  the  height  of  the  cylinders  is  of  compreffed  fpiral  fprings  placed  between  the  under 

2-     inches    it  is  evident  that  the  (hadows  of  the  lower  fide  of  that  plate  and  the  lower  ends  of  the  cylinders. 

Of  whatever  material  the  cylinders  be  conftruiled,  and 
whatever  be  their  forms  or  dimenfions,  it  is  abfolutely 
necelfary  that  they,  as  well  as  every  other  part  of  the 


parts  of  the  cylinders  do  not  enter  the  field.  No  in- 
convenience arifes  from  that  circu  '..ftance  ;  on  the  con- 
trary, feveral  advantages  are  derived  from  that  arrange- 
ment. 

That  the  lights  may  be  placed  with  facility  and  pre- 
cifion,  a  fine  black  hue  is  drawn  through  the  middle  of 


photometer,  except  the  field,  (liould  be  well  painted  of 
a  deep  black  dead  colour. 

In  order  to  move  the  lights  to  and   from  the  photo- 


the  field,  from  the  top  to  the  bottom  of  it,  and  another  meter  with  greater  eafe  and  precifion,  the  obferver 
(horizontal)  line  at  right  angles  to  it,  at  the  height  of  ftiould  provide  two  long  and  narrow,  but  very  ftrong 
the  top  of  the  cylinders.     When  the  tops  of  the  (ha      and   fteady,   tables  ;   in  the  middle  of  each  of  which 

tbere 
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hotonif.  there  is  a  fliaight  groove,  in  which  a  Aiding  carriage, 
•"'■  upon  which  the  light  is  placed,  is  drawn  along  by 
»  means  of  a  cord  which  is  fallened  to  it  before  and  be- 
hind, and  which,  pafTiiig  over  pulleys  at  each  end  of 
the  table,  goes  round  a  cylinder  ;  which  cylinder  is  fur- 
iiiftied  with  a  wincli,  and  is  fo  placed,  near  the  end  of 
the  table  adjoining  the  photometer,  that  the  obferver 
can  turn  it  about,  without  taking  his  eye  from  tlie  field 
of  the  inftruinent. 

Many  advantages  are  derived  from  this  arrangement: 
FIrll,  the  obferver  can  move  the  lights  as  he  finds  ne- 
ccfTary,  wltliout  the  help  of  an  afiiilant,  and  even  with- 
out removing''  his  eye  from  the  fliadows  ;  fecondly,  each 
light  is  always  prccifely  in  the  line  of  direftion  in  which 
it  ought  to  be,  in  order  that  the  (hadows  may  be  in 
contaft  in  the  middle  of  the  vertical  plane  of  the  pho- 
tometer;  and,  thirdly,  the  Hiding  motion  of  the  lights 
being  perfeflly  foft  and  gentle,  that  motion  produces 
little  or  no  efleft  upon  the  lights  themfelves,  either  to 
increafe  or  diminlfli  their  brilliancy. 

Thefe  tables  mull  be  placed  at  an  angle  of  6o  de- 
grees from  each  other,  and  in  fuch  a  fituation,  with  re- 
fpeft  to  the  photometer,  that  lines  drawn  through  their 
middles,  in  the  direflion  of  their  lengths,  meet  in  a 
point  exaftly  under  the  middle  of  the  vertical  plane  or 
field  of  the  photometer,  and  from  that  point  the  diftan. 
ces  of  the  lights  are  meafured  ;  the  fides  of  the  tables 
being  divided  into  Engliih  inches,  and  a  vernier,  (hew- 
ing tenths  of  inches,  being  fixed  to  each  of  the  fliding 
carriages  upon  which  the  lights  are  placed,  and  which 
are  fo  contrived  that  they  may  be  raifed  or  lowered  at 
pleafure  ;  fo  that  the  lights  may  be  always  in  a  hori- 
zontal line  with  the  tops  of  the  cylinders  of  the  photo- 
meter. 

In  order  that  the  two  long  and  narrow  tables  or  plat- 
forms, juft  defcribed,  may  remain  immoveable  in  their 
proper  pofitions,  they  are  both  firmly  fixed  to  the  ftand 
which  fupports  the  photometer  ;  and  in  order  that  the 
motion  of  the  carriages  which  carry  the  lights  may  be 
as  foft  and  gentle  as  poilible,  they  are  made  to  Aide 
upon  parallel  brafs  wires,  9  inches  afunder,  about  -rV  °^ 
an  inch  in  diameter,  and  well  polifhed,  which  are  ftretch- 
cd  out  upon  the  tables  from  one  end  to  the  other. 

The  ftrufture  of  the  apparatus  will  be  clearly  under- 
flood  by  a  bare  infpedion  of  Plate  XLI.  where  fig.  1. 
is  a  plan  of  the  infide  of  the  box,  and  the  adj6ining 
parts  of  the  photometer.  Fig.  2.  Plan  of  the  two 
tables  belonging  to  the  photometer.  Fig.  3.  The  box 
of  the  photometer  on  its  ftand.  Fig.  4.  Elevation  of 
the  photometer,  with  one  of  the  tables  and  carriages. 

Having  fufficiently  explained  all  the  effential  parts 
of  this  photometer,  it  remains  for  us  to  give  fome  ac- 
count of  the  precautions  neceflary  to  be  obferved  in 
ufing  it.  And,  firft,  with  refpett  to  the  diilance  at 
which  lights,  whofc  intenfities  are  to  be  compared, 
fhould  be  placed  from  the  field  of  the  inftrument,  the 
ingenious  and  accurate  inventor  found,  that  when  the 
weakeft  of  the  lights  in  queltion  is  about  as  ftrong  as  a 
common  wax  candle,  tliat  light  may  moft  advantageoufly 
be  placed  from  30  to  36  inches  from  the  centre  of  the 
field  ;  and  when  it  is  weaker  or  ftronger,  proportionally 
nearer  or  farther  off.  When  the  lights  are  too  near, 
the  fhadows  will  not  be  well  defined  ;  and  when  they 
are  too  far  off,  they  will  be  too  weak. 

It  will  greatly  facilitate  the  calculations  neceflary  in 
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fome  Iteady  tight,  of  a  proper  degree  of  ftrength  for  Phor  m*. 
that  purpofe,   be  aflumed  as  a  ftandard   by    which  all        "^i"- 
others   may   be  compared.      Our  author  found  a  good  """v— "^^ 
Argand's  lamp  much  preferable  for  this  j)urpofe  to  any 
other  lamp   or  candle    whatever.      As  it   appears,   he 
fays,   from  3  number  of  experiments,  that  the  quantity 
of  light  emitted    by  a  lamp,   which   burns  in  the  fame 
manner  with  a  clear  flame,  and  -without  fmoke,   is   In  all 
laies   as  the  quantity  of  oil   confumed,  there   is  much 
rcafon  to  fujjpofe,  that,  if  tlie  Argand's  lamp  be  fo  ad- 
jufted  as  always  to  coiifunie  a  given  quantity  of  oil  in  a 
given  time,  it  may  then  be  depended  on  as  a  juft  ftand- 
ard of  light. 

In  order  to  abridge  the  calculations  necefTary  in  thefe 
inquiries,  it  will  always  be  advantageous  to  place  tlie 
ftandard-lamp  at  the  diftiinre  of  100  inches  from  the 
photometer,  and  to  alTume  the  inteiifity  of  its  light  at 
its  fource  equal  to  unity;  in  this  cafe  (calling  this  ftand- 
ard light  A,  the  intenfity  of  the  light  at  its  fource 
=  K  =  I,  and  the  diftance  of  the  lamp  from  the  field 
of  the  photometer  =1  m  =   100),   the  intenlity  of  the 

illumination  at  the  field  of  the  photometer  f  =  — '}  f  See 
Lamp,  p.  67.  of  this  volume)  will  be  exprefled  by  the 
fraftion  z^,  =  ts^o  ;  and  the  relative  intenfity  of 
any  other  light  which  is  compared  with  it,  may  be 
found  by  the  following  proportion  :  Calling  this  light 
B,  putting  ji  =  its  intenfity  at  its  fource,  and  n  =  its 
diftance  from  the  field  of  the  photometer,  exprcffed  in 

Englilh  inches,  as  it  is  —  =  —„  as   was   fliewn   in  the 
n  m 


article  Lamp  referred  to  ;  or,  inftead  of  — ,  writintr  its 

value  =  Tijiso.  't  will  be  •''-  =  Trylcrs!  and  confequent- 

ly^  is  to  I  as  «'  is  to  loooo  j  or  the  intenfity  of  the 
light  B  at  its  fource,  is  to  the  intenlity  of  the  ftandard 
light  A  at  its  fource,  as  the  fquare  of  the  diftance  of 
the  light  B  from  the  middle  of  the  field  of  the  inftru- 
ment,  exprefled  in  inches,  is  to  loooo  ;  and  hence  it  is 

n^ 

■^         loooo- 

Or,  if  the  light  of  the  fun,  or  that  of  the  moon,  be 
compared  with  the  light  of  a  given  lamp  or  candle  C, 
the  refult  of  fuch  comparifon  may  beft  be  exprefled  in 
words,  by  faying,  that  the  light  of  the  celeftial  luminary 
in  queftion,  at  the  fiirface  of  the  earth,  or,  which  is  the 
fame  thing,  at  the  field  of  the  photometer,  is  equal  to 
the  light  of  the  given  lamp  or  candle,  at  the  d'ljlance 
found  by  the  experiment ;  or,  putting  a  =:  the  intenfity 
of  the  light  of  this  lamp  C  at  its  fource,  and  *  =  its 
diftance,  in  inches,  from  the  field,  when  the  Ihadows 
correfponding  to  this  light,  and  that  correfponding  to 
the  celeilial  luminary  in  queftion,  are  found  to  be  of 
equal  denfities,  and  putting  2  =  the  intenfity  of  the 
rays  of  the  luminary  at  the  furface  of  the  earth,  the  re- 
fult of  the  experiment  may  be  exprefled  thus,  a  :zz  -• 

or  the  real  value  of  a  being  determined  by  a  particular 
experiment,  made  exprefsly  for  that  purpofe  with  the 
ftandard-lamp,  that  value  may  be  written  inftead  of  it. 
When  the  ftandard-lamp  itfelf  is  made  ufe  of,  inftead 
of  the  lamp  C,  then  the  value  of  A  will  be  1. 


^  ^        .  -   /  —  The  Count's  firft  attempts  with  his  photometer  were 

drawing  conclufions  from  experiments  of  this  kind,  if    to  determine  how  far  it  might  be  poffible  to  afcertain, 
SuppL.  Vol.  IL  Part  L  Z  z  by 
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by  direfl  experiments,  the  certainty  of  the  aiTiimtd  law 
of  the  diminution  of  the  inteiifuy  of  the  light  emitted 
hy  luminous  bodies  ;  namely,  that  the  intenfity  of  the 
light  is  everywhere  as  the  fquares  of  the  diilances  from 
the  luminous  liody  inverfely.  As  it  is  obvious  that  thi* 
law  can  hold  good  only  when  the  light  is  propagated 
through  perfectly  tranfparent  fpaces,  fo  that  its  inten- 
fitj  is  weakened  merely  by  the  divergency  of  its  rays, 
he  ialtituted  a  fct  of  experiments  to  alcertaiu  the  tranf- 
paieiicy  of  the  air  and  other  mediums. 

With  this  view,   two  equal  wax  candles,  well  trim- 
med, and  which  were  found,  by  a  previous  experiment, 
to   burn   with  exaftly  the    fame  degree   of  brightncfs, 
were  placed  together,  on  one  fide,  before  the  photome- 
ter, and  tlicir  united  light  was  counterbalanced  by  the 
light  of  an  Argand's  lamp,   well  trimmed,  and  burning 
very  equally,  placed  on  the  other  fide  over  agalnft  them. 
The  lamp  was  placed  at  the  diftance  of  100  inches  from 
the  field  of  the  photometer,  and  it  was  found  that  the 
two  burning  candles   (which  were  placed  as  near  toge- 
ther as   poffible,    without   their   flames   affefting   each 
ether  by  the  currents  of  air  they  produced)  were  juft 
able  to  counterbalance   the  light  of  the    lamp  at  the 
field  of  the  photometer,   when  they  were  placed   at  the 
dillance  of  60,8  inches  from  that  field.     One  of  the 
candles  being  now  taken  away   and  extinguiihed,  the 
other   was   brought   nearer   to  the    field  of  the  inllru- 
ment,  till  its  light  was  found  to  be  juft  able,  fingly,  to 
counterbalance   the   light   of  the   lamp ;  and   this  was 
found  to  happen  when  it  had  arrived  at  the  diftance  of 
43,4  inches.      In  this  experiment,  as  the  candles  burnt 
with  equal  brightnefs,  it   is  evident  that  the  intenfities 
of  their  united  and  fi.igle  lights  were  as  2  to  1,  and  in 
that  proportion  ought,   according  to  the  alTumed  theo. 
ry,  the  fquares  of  the  diftances,  60,8   and  43,4  to  be; 
and,  in  fad,   6c, 8'  =  3696,64  is  to  43,4^  =  1883,56 
as  2  is  to  I  very  nearly. 

Again,  in  another  experiment,  the  diftances  were, 
"With  two  candles  =  54  inches.      Square  =:  3916 
"With  one  candle  =  38,6        .         -  =  1489,96 

Upon  another  trial. 
With  two  candles  =:  54,6  inches.    Square  =  2981,16 
With  one   candle   =  39,7         -         -  =   1576,09 

And,  in  the  fourth  experiment. 
With  two  candks  =  58,4  inches.     Square  =:  3410,56 
With  one  candle   =42,2  -  -  =   1780,84 

And,  taking  the  mean  of  the  refults  of  thefe  four 
•*xperiments, 

Squares  of  the  Diftances 
With  two  i_?.r  dies.     With  our  Candle. 
-         1883,56 


ia  the  Experiment 


NO  I. 
N"  2. 
N"  3. 
N»4. 


3696,64 
2916 
2981,16 
3410,56 


—  i4!<9,96 

—  1576,09 

—  1780,84 


4)  laoo'Ksfi       4)  6730,45 

Means     3251,09     and        1682,61 
which  again  are  very  nearly  as  2  to  i. 

With  regard  to  thefe  experiments,  it  may  be  ob- 
ferved,  that  were  the  refiftance  of  the  air  to  light,  or 
the  diminution  of  the  light  from  the  imperfeft  tranf- 
parency  of  air,  fenfible  within  the  limits  of  the  incon- 
fiderable  diftances  at  which  the  candles  were  placed 
from  the  photometer,  in  that  cafe  the  diftance  of  the 


two  equal  lights  united  ought  to  be,  to  the  diftance  of  Plinfnni 
one  of  them  iingle  in  a  ratio  lefs  than  that  of  the  fquare       ''^'"* 
root  of  2  to  the  fquare  root  of  i.      For  if  the  intenfity         *"^ 
of  a  light  emitted   by  a  luminous  body,  in  a /pace -void 
of  all  rejijl.ivce,  be  diminiflied  in   the  proportion  of  the 
fqnares  of  the  diftances,   it   muft  of  neceflity  be  dimi- 
niftied  in  a  llill  higher  ratio  when  the  light  palTes  thro' 
a  refifting  medium,  or  one  which  is  not  perfcftly  tranf- 
parent ;   and  from  the  difference  of  thofe  ratios,  name- 
ly, that  of  the  fquares  of  the  diftances,  and  that  other 
higher  ratio  found  by  the  experiment,  the  refiftance  of 
the  medium  might  be  afcertained.      This  he  took  much 
pains  to  do  with  rcfpe^t   to  air,   but  did   not  fucceed  ; 
the  tranfparcncy  of  air  being  fo  great,  that  the  dimi- 
nution   which   light  fuffers   in   paljng  through   a  few        -- 
inches,  or  even  through  feveral  feet  of  it,  is  not  fen-         ■ 
fible.  ^ 

Having  found,  upon  repeated  trials,  that  the  light 
of  a  lamp,  properly  trimmed,  is  incomparably  more  equal 
than  that  of  a  candle,  whofe  wick,  continually  growing 
longer,  renders  its  light  extremely  flnftuating,  he  fub- 
ftituted  lamps  to  candles  in  thefe  experiments,  and 
made  fueh  other  variations  in  the  manner  of  conducing 
them  as  he  thought  bid  fair  to  lead  to  a  difcovery  of 
the  refiftance  of  the  air  to  light,  were  it  poffible  to  ren- 
der that  refiftance  fenfible  within  the  confined  limits  of 
his  machinery.  But  the  refults  of  them,  fo  far  from  af- 
fording means  for  afcertaining  the  refiftance  of  the  air 
to  light,  do  not  even  indicate  any  refiftance  at  all  ;  on  -nj 
the  contrary,  it  might  almoft  be  inferred,  from  fome  of  T 
them,  that  the  intenfity  of  the  light  emitted  by  a  lu- 
minous body  in  air  is  dlminiftied  in  a  ratio  lefs  than  that 
of  the  fquares  of  the  diftances  ;  but  as  fuch  a  conclu- 
fion  would  involve  an  evident  abfurdity,  namely,  that 
light  moving  in  air,  its  abfolute  quantity,  inftead  of  be- 
ing dlminiftied,  aftually  goes  on  to  increafe,  that  con- 
clufion  can  by  no  means  be  admitted. 

Why  not  ?  Theories  muft  give  place  to  fafts  ;  at»d 
if  this  faif  can  be  fairly  alccrtained,  inftead  of  rejefting 
the  conclufion,  we  ought  certainly  to  reftify  our  no- 
tions of  light,  the  nature  of  which  we  believe  no  man 
fully  comprehends.  Who  can  take  it  upon  him  to 
fay,  that  the  fubftance  of  light  is  not  latent  in  the  at- 
mofphere,  as  heat  or  caloric  is  now  acknowledged  to  be 
latent,  and  that  the  agency  of  the  former  is  not  called 
forth  by  the  paftage  of  a  ray  through  a  portion  of  air, 
as  the  agency  of  the  latter  is  known  to  be  excited  by 
the  combination  of  oxygen  with  any  combuftible  fub- 
ftance ?   See  Chemistry,  n°  293,  Stippl. 

The  ingenious  author's  experiments  all  confpired  to 
ftiew  that  the  refiftance  of  the  air  to  light  is  too  incon- 
fiderable  to  be  perceptible,  and  that  the  aft^umed  law  of 
the  diminution  of  the  intenfity  of  liglit  may  be  depend- 
ed upon  with  fafety.  He  admits,  however,  that  means 
may  be  found  for  rendering  the  air's  refiftance  to  light 
apparent  ;  and  he  feems  to  have  thought  of  the  very 
means  which  occurred  for  this  purpofe  to  M.  de  Sauf- 
fure. 

That  eminent  philofopher,  wlihing  to  afcertain  the 
tranfparcncy  of  the  atmofphere,  by  meafuring  the  di- 
ftances at  which  determined  objeAs  ceafe  to  be  vifible, 
perceived  at  once  that  his  end  would  be  attained,  if  he 
ftiould  find  objefts  of  which  the  difappearance  might 
be  accurately  determined.  Accordingly,  after  many 
trials,  he  found  that  the  moment  of  difappearance  can 
be  obferved  with  much  greater  accuracy  when  a  black 
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objeft  15  phced  on  a  white  ground,  than  when  a  white 
objefl  is  placed  on  a  bbck  ground  ;  that  the  accuracy- 
was  llill  greater  when  the  obfervation  was  made  in  the 
fun  than  in  the  (hade  ;  and  that  even  a  Hill  greater  de- 
gree of  accuracy  was  obtained,  when  the  white  fpace 
furrounding  a  black  circle,  was  itfelf  furrounded  by  a 
circle  or  ground  of  a  dark  colour.  This  laft  circum- 
ftance  was  particularly  remarkable,  and  an  obfervation 
<juite  new. 

If  a  circle  totally  black,  of  about  two  lines  in  dia- 
meter, be  failencd  on  tlie  middle  of  a  large  (beet  of  pa- 
per or  paiteboard,  and  if  this  paper  or  padeboard  be 
placed  in  fuch  a  manner  as  to  be  expofed  fully  to  the 
light  of  the  fun,  if  you  then  approach  it  at  the  diftance 
of  three  or  four  feet,  and  afterwards  gradually  recede 
from  it,  keeping  your  eye  conftantly  diretled  towards 
the  black  circle,  it  will  appear  always  to  de^reafe  in 
fize  the  farther  you  retire  from  it,  and  at  the  diftance 
of  33  or  34  feet  will  have  the  appearance  of  a  point. 
If  you  continue  ftill  to  recede,  you  will  lee  it  again  en- 
large itfelf;  and  it  will  feem  to  form  a  kind  of  cloud, 
the  darknefs  of  which  decreafes  more  and  ,f,ore  accord- 
ing as  the  circumference  becomes  enlarged.  The  cloud 
will  appear  ftill  to  increafe  in  fizc  the  farther  you  re- 
move from  it  ;  but  at  length  it  will  totally  difappear. 
The  moment  of  the  difappearance,  however,  cannot  be 
accurately  afcertained  ;  and  the  more  experiments  were 
repeated  the  more  were  the  relults  different. 

M.  de  SaufTure,  having  reflefted  for  a  long  time  on 
the  means  of  remedying  this  inconveniency,  faw  clear- 
ly, that,  as  long  as  this  cloud  took  place,  no  accuracy 
could  be  obtained  ;  and  he  difcovered  that  it  appeared 
in  conlequence  of  the  contvafl  formed  by  the  white 
pirts  which  were  at  the  greateil  di(f  ance  from  the  black 
circle.  He  thence  concluded,  that  if  the  ground  was 
left  white  near  this  circle,  and  the  parts  of  the  palle- 
board  at  the  greateft  diilance  from  it  were  covered  with 
a  dark  colour,  the  cloud  would  no  longer  be  vifiblc,  or 
at  lead  almoft  totally  difappear. 

This  conjefture  was  confirmed  by  experiment.  M.  de 
Suudure  left  a  white  fpace  around  the  black  circle  equal 
in  breadtli  to  its  diameter,  by  placing  a  circle  of  black 
paper  a  line  in  diameter  on  the  middle  of  a  white  circle 
three  lines  in  diameter,  fo  that  the  black  circle  was  on- 
ly lurrourvded  by  a  white  ring  a  line  in  breadth.  The 
whole  was  paftcd  upon  a  green  ground.  A  green  co- 
lour was  chofeu,  becauie  it  was  dark  enough  to  make 
the  cloud  difappear,  and  the  eafieftto  be  procured. 

The  black  circle,  furrounded  in  this  manner  with 
white  on  a  green  ground,  difappeared  at  a  much  lels 
diilance  than  when  it  was  on  a  white  ground  of  a  large 
fize. 

If  a  perfectly  black  circle,  a  line  in  diameter,  be 
palled  on  the  middle  of  a  white  ground  expofed  to  the 
open  light,  it  may  be  ohferved  at  tlie  diftance  of  from 
44  to  4;  feet  ;  but  if  this  circle  be  furrounded  by  a 
white  ring  a  line  in  breadth,  while  the  rell  of  the 
ground  is  green,  all  fight  of  it  is  loft  at  the  diftance  of 
only  15  i  feet. 

According  to  thefe  principles,  M.  de  Saulfure  deli- 
neated fevcral  blick  circles,  the  diameters  of  which  in- 
creafed  in  a  geometrical  progrcfiion,  the  exponent  of 
which  was  \.  His  fmalleft  circle  was  f  or  o*2  of  a 
line  in  diameter;  the  fccond  O'^;  the  third  0-45  ;  and 
fo  on  to  the  fixteenth,  which  was  87-527,  or  about  7 
ioches  34  lines.     Each  of  thcfe  circles  was  furrounded 
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by  a  wliite  '  ing,  the  breadth  of  which  was  equal  to  the  Photnmr- 

diametcr  of  the  circle,  and  the   whole  was  pafted  on  "' 

a  green  ground. 

M.  de  SaufTure,  for  his  experiments,  felc£leJ  a  (Iraight 
road  or  plain  of  about  1200  or  1500  feet  in  circumfe- 
rence, which  towards  the  north  was  bounded  by  trees 
or  an  afcent.  Thofe  who  repeat  them,  however,  mud 
pay  attention  to  the  following  remarks:  When  a  petfon 
retires  backwards,  keeping  his  eye  conftantly  fixed  on 
the  palleboard,  the  eye  becomes  fatigued,  and  foon 
ceafes  to  perceive  the  circle  ;  as  foon  therefore  as  it 
ceafes  to  be  diftinguifliable,  you  muft  fuffer  your  eyes 
to  reft;  not,  however,  by  ftiutting  them,  for  they 
would  when  again  opened  be  dazzled  by  the  light,  but 
by  turning  them  gradually  to  fome  lefs  illuminated  ob- 
ject in  the  horizon.  When  you  have  done  this  for  about 
half  a  minute,  and  again  direfted  your  eyes  to  the 
paiteboard,  the  circle  will  be  again  viiible,  and  you 
muft  continue  to  recede,  till  it  difappear  once  more.  You 
muft  then  let  your  eyes  reft  a  fecond  time  in  order  to 
look  at  the  circle  again,  and  continue  in  this  manner  till 
the  circle  becomes  adlually  iiivifible. 

If  you  wifti  to  find  an  accurate  exprefTion  for  the 
want  of  tranfparency,  you  mult  employ  a  number  of 
circles,  the  diameters  of  which  increafe  according  to  a 
certain  progreffion  ;  and  a  comparifon  of  the  dillances 
at  which  they  difappear  will  give  the  law  according  to 
which  the  tranfparency  of  the  atmofpherc  decreafes  at 
different  diftances.  If  you  wifli  to  compare  the  tranf- 
parency of  the  atmofpherc  on  two  days,  or  in  two  dif- 
ttrent  places,  two  circles  will  be  fufficient  for  the  expe- 
riment. 

According  to  thefc  principles,  M.  de  SaufTure  caufed 
to  be  prepared  a  piece  of  white  linen  gloth  eight  feet 
fquare.  In  the  middle  of  this  fquare  he  fewed  a  pcr- 
feiil  circle,  two  feet  in  diameter,  of  beautiful  blacfc 
wool  ;  around  this  circle  he  left  a  white  ring  two  feet 
in  breadth,  and  the  reft  of  the  fquare  was  covered  with 
pale  green.  In  the  like  manner,  and  of  the  fame  ma- 
terials, he  prepared  another  fquare  ;  which  was,  how- 
ever, equal  to  only  -j-V  of  the  fize  of  the  former,  fo  that 
each  fide  of  it  was  8  inches  ;  the  black  circle  in  the 
middle  was  two  inches  in  diameter,  and  the  white  fpace 
around  the  circle  was  two  inches  alio. 

If  two  fquarcs  of  this  kind  be  fufpended  verticaliy 
and  parallel  to  each  other,  fo  that  they  may  be  both  iU 
lumiiiated  in  an  equal  degree  by  the  fun  ;  and  if  the  at- 
mofpherc, at  the  moment  when  the  experiment  is  made, 
be  perftdly  tranfparer.t,  tlie  circle  of  the  large  fquare, 
which  is  twelve  times  the  fize  of  the  tither,  muft  be 
fcen  at  twelve  times  the  diftance.  In  M.  de  Sauffure's 
experiments  the  fmall  circle  difappeared  at  the  diftance 
of  314  feet,  and  the  large  one  at  the  diftance  of  358 j 
feet,  whereas  it  fhould  have  difappeared  at  the  diftance 
of  3768.  The  atmofpherc,  therefore,  was  not  perfect- 
ly tranfparent.  This  arofe  from  the  thin  vapours  which 
at  that  time  were  floating  in  it.  M.  de  SaufTure,  as  we 
have  ohferved,  calls  his  inftrument  a  diaphanometcr ;  but 
as  it  anfwers  one  of  the  purpofes  of  a  photometer,  we 
tvu'.l  our  readers  will  not  confider  tljls  account  of  it  as 
a  digrefFion. 

To  return  to  Count  Rumford.  From  a  number  of 
experiments  made  with  his  photomder,  he  found  that, 
by  palfing  through  a  pane  of  fine,  clear,  well  poliihed 
glafs,  fuch  as  is  commonly  made  ufe  of  in  the  conflruc- 
tion  of  lookin^-glafTef,  light  lofcs  ,1973  of  its  whole 
Z  z  S  quanlitVj 
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quantity,  /.  e.  of  the    quantity  which  Impinged  on  the 
.  glafs ;  that  when   light  is   made  to  pals  througli  two 

'  panes  of  fuch  glafs  (landing  parallel,   but   not  touciiing 

each  other,  the  Icfs  is  ,31^4  of  the  whole  ;  and  that  in 
palling  tlirough  a  very  thin,  clear,  colourlefs  pane  of 
window.gldfs,  the  lofs  is  only  ,1263.  Hence  he  infers 
that  this  apparatus  might  be  very  ufefuUy  employed  by 
the  optician,  to  determine  the  degree  of  tranl'parency 
of  glals,  and  direct  his  choice  in  the  provifion  of  that 
important  article  of  his  trade.  The  lofs  of  light  when 
reflcded  from  the  ve.y  bed  plain  glafs  mirror,  the  au- 
thor afcertaiiitd,  by  five  experiments,  to  be  jd  ot  the 
whole  which  fell  upon  the  minor. 

PHYSIOGNOMY  is  a  fcience,  if  it  be  entitled  to 
that  name,  on  which  we  may  be  thought  to  have  laid 
enough  in  the  Encycloptedia.  Since  that  period  we  have 
been  favoured  with  a  fliort  view  of  a  new  fyftem  by  Dr 
Gall  of  Vienna,  who  calls  It  the  Craiiioguomic  fyllem, 
becaufe  he  infers  the  powers  and  difpofitions  of  the  mind 
from  the  exterior  form  of  the  cranium. 

Having  obferved  that  the  brain  is  the  material  organ 
of  the  attion  of  the  mind,  and  that  It  increafes  in  diredl 
proportion  to  the  faculties  of  animals,  he  endeavours  to 
prove  that  the  faculties  are  dtJlmS  and  independent  on 
each  other  ;  that  each  has  its  proper  material  organ  ; 
and  that  the  expanfion  of  the  organ  is  in  proportion  to 
the  ilrength  of  the  faculty.  This,  which  Is  the  foun- 
dation of  his  fyftem,  looks  very  like  malerlallfm  ;  and 
aftords  one  of  many  proofs  that  might  be  brought  of  the 
readinefs  of  the  German  philofophers  to  teach  fciences 
which  they  have  never  learned.  Let  us  attend,  however, 
to  the  reafoning  by  which  he  endeavours  to  fupport  this 
foundation. 

"  The  internal  faculties  do  not  always  exift  in  the 
fame  proportion  to  each  other.  There  are  forae  men 
who  have  a  great  deal  of  genius  without  having  a  me- 
mory, who  have  courage  without  circumfpeftion,  and 
who  poflefs  a  metaphyfical  fpirit  without  being  good 
obfervers.  Befides,  the  phenomena  of  dreaming,  of 
fomnambulifm,  of  delirium,  &c.  prove  to  us  that  the 
internal  faculties  do  not  always  aft  together  ;  that 
there  Is  often  a  very  great  aftivity  of  one,  while  the 
reft  are  not  fenlible.  Thus  in  old  age,  and  fometimes 
in  difeafe  (fuch,  for  example,  as  madnefs),  feveral  fa- 
culties are  loft,  while  others  fubfift  ;  befides  a  continued 
employment  of  the  fame  faculty  fenfibly  diminllhes  its 
energy  :  if  we  employ  another,  we  find  It  has  all  the 
force  of  which  it  Is  fufceptible  :  and  if  we  return  to  the 
former  faculty.  It  is  obferved  that  it  has  refunied  its 
ufual  vigour.  It  is  thus  that,  when  fatigued  with  read- 
ing an  abftraft  phllofophical  work,  we  proceed  with 
pleafure  to  a  poetical  one,  and  then  refume  with  the 
fame  attention  our  former  occupation.  All  thefe  phe- 
nomena prove,  continues  our  author,  that  the  faculties 
are  dillintt  and  Independent  on  each  other ;  and  we  are 
inclined  to  believe  that  the  cafe  is  the  fame  with  their 
•  /"Ai/.Mijf. material  organs  *." 

vol.  xiv.  Have  Dr  Gall  and   his   friend  Dr  Bojanus,   the  au- 

f.  77,&c.  thor  of  this  view,  never  paid  attention  to  their  own 
confcioufnefs  ?  or  do  they  fuppofe  that  the  teftimony 
of  conicioufnefs  is  not  to  be  regarded  ?  To  us  nothing 
can  be  more  evident  than  that  the  fame  individual  be- 
ing fees,  and  hears,  and  reafons,  and  reinembers,  and 
conceives,  fometimes  fober  truths,  and  fometimes  para- 
doxical abfurdities.     If  they  think  otherwife,  it  would 
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be  extremely  kind  in  them  to  explain   the  procefs  by  Pliyfug. 
which   the    thirty-tivo   di/iiiul   and    independent  faculties, ,    "*-"'>••    ^ 
which   operate  in   the   cranium   of  Dr  Gall,   came  to         * 
unite  In  the  compofitlon  of  this  fyftem  of  fcience  ;  to 
compare  their  difterent  operations  together  ;  or  indeed 
to  know,    each,    that  his  one-and-thlrty  brothers   have 
any  exiftence  !   To  us    fuch  a  union  In  fyilem-building, 
an.ong  dlllinit  and  independent  beings,  in  the  fame  cra- 
nium, appears  juft  as  impofllble  as  a  mutual  confciouf- 
nels  among  fo  many  men,  diftant,  each  from  the  others, 
a  thoufand  miles  ;  and  it  would  be  as  eafy  to  perfuade 
us  that  Dr  Gall  is  pivy  to  the  thoughts  ot  the  Empe- 
ror of  China,  as  that  a  collcdtion  of  mdependent  facul- 
ties, refiding  in  his  Ikull,  know  what  each  other  is  do- 
ing- 

If  we  examine  the  reafoning  upon  which  this  abfurd 
theory  Is  built,  nothing  will  appear  lefs  conclufive. 
Granting  that  there  may  be  a  great  deal  of  genuis 
without  memory,  that  there  may  be  courage  without  cir- 
cumlpeflion  ;  a  metaphyfical  fpirit  without  a  talent  for  ob- 
fervatlon;  and  that,  in  old  age  and  madnefs,  feveral  facul- 
ties may  fee  ii  to  be  loft,  while  others  remain  in  full  vigour 
— may  not  all  this  relult  from  the  perfedtion  or  Imper- 
fedtlon  of  the  material  organs  in  the  brain  ?  If  one  por- 
tion of  the  brain  be  the  organ  of  genius,  and  another 
the  organ  of  memory,  and  if  the  former  of  thefe  organs 
be  in  a  llate  of  high  perfeftlon  when  compared  with  the 
other — It  is  obvious  that  the  inan,  whofe  brain  is  fo 
conftltuted,  muft  appear  to  poffels  a  great  deal  of  ge- 
nius with  little  memory,  though  his  tlforts  of  genius 
and  memory  be  the  eftbrts  of  one  individual  being.  A 
man  with  his  left  hand,  aided  by  a  lever  in  the  propor- 
tion of  three  to  one,  will  raife  a  much  greater  weight 
than  he  could  raife  with  his  right  hand,  aided  by  a  le- 
ver equally  divided  ;  but  it  would  be  very  ridiculous, 
from  this  taft,  to  Infer,  that  the  mufcular  ftrength  of 
his  left  arm  is  greater  than  that  of  his  right. 

His  next  principle  Is,  that  "  the  expanfion  of  the  or- 
gans contained  in  the  cranium  is  in  the  direil  ratio  of  the 
force  of  their  correfponding  faculties.  1'his  principle  (he 
fays),  diftated  by  analogy,  reils  on  this  axiom,  that 
throughout  all  nature  the  faculties  are  always  found  to 
be  proportioned  to  their  relative  organs."  This  feems 
to  be  reafoning  In  a  circle  ;  and  it  takes'  for  granted 
what  we  have  proved  to  be  falfe.  The  mind  does  not 
confift  of  fo  many  diftinft  and  independent  faculties  ; 
and  It  It  did,  the  alTertion  which  Is  here  ftylcd  an  a>.iom 
would  authorife  us  only  to  infer  the  ilrength  of  the  fa- 
culty from  the  fize  of  the  organ,  and  by  no  means  the 
fize  of  the  organ  from  the  ilrength  of  the  faculty. 

But  how  does  our  author  know,  that  throughout  all 
nature  the  faculties  are  always  found  to  be  proportion- 
ed to  their  organs  \  Why,  he  does  net  know  it;  for  he 
admits,  that  "  exercile  has  a  great  influence  on  the 
force  ot  the  faculties  ;  and  that  an  organ  moderately 
expanded,  but  often  exercifed,  can  give  a  faculty  fupe- 
rlor  to  that  which  accompanies  a  very  extenfive  organ 
never  put  In  aftlon."  If  this  be  true,  there  feems  to 
be  an  end  of  the  fyftem  ;  for  its  obje<5t  is  to  afcertain, 
from  the  external  appearance  of  the  cranium,  the  inter-  " 
nal  powers  and  difpofitions  of  the  mind.  Now,  the  ex- 
ternal appearance  or  conformation  of  the  cranium  de- 
pends on  that  of  the  brain.  "  Obfervatlon  (fays  the 
author  of  the  View)  has  proved  to  Dr  Gall,  that  we 
cannot  judge  of  the  ftrength  of  the  faculties,  but  by 
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the  (levelopeiucnt  of  \.he  fifarute  crgrns  ivhich  form  t/i- 
Jlin£!  eiu'inrnccs  in  the  cniNium  ;  ;ind  tiiat  a  cranium  pcr- 
"  fedly  rounJ,  of  whatever  iize  it  may  be,  is  never  a 
proof  of  many  or  of  great  faculties."  But  if  it  be  true 
that  an  organ  moderately  expanded,  but  often  extrcifed, 
indicates  a  faculty  fuperior  to  that  which  accompanies 
a  very  cxteiifive  organ  never  put  in  ailion,  it  follows 
incontrDvertibly,  that  no  man,  however  well  acquaint- 
ed with  the  organic  ftrufture  of  the  brain,  can  infer 
with  certainty,  from  the  eminences  of  the  cranium, 
what  faculties  or  difpofitions  predominate  in  'the  mind. 
Nay  it  foUows,  that  a  cranium  perfcdly  round  (it  there 
be  fucli  a  cranium)  may  contain  many  and  great  facul- 
ties ;  for  if  tlie  moderately  expanded  organs  be  moil 
exerciied,  their  faculties  will  acquire  Itvength,  vfhlU 
the  prelTure  on  the  fl<ull  is  equally  balanced  on  all  fides. 

PI^NO  FORTE,  otherwife  called  Forte  Piano,  a 
well  known  mufical  inllrument,  of  which  we  need  make 
.no  apology  for  confidering  the  peculiarities  with  fomc 
attention.  If  we  look  on  mufic  from  no  higher  point 
of  view  than  as  the  laborum  dtrice  lenimen,  the  innocent, 
the  foothing,  the  cheering  fweetener  of  toil,  we  mull  ac- 
knowledge that  it  is  far  from  being  the  meanell  of  thoie 
enjoyments  with  which  the  Bountiful  Father  of  Men 
has  embtUifhed  this  fcene  of  our  exiilence.  But  there 
is  a  fcience  in  mufic,  independent  of  that  artificial  half 
mathematical  doftrine  which  we  have  contrived  to  unite 
with  it,  and  which  really  enables  us  to  improve  pure 
mufical  pleafure.  Hence  in  the  Englifli  univerfities 
degrees  are  conferred  in  mufic. 

The  voice  is  the  original  mufical  inllrument,  and  all 
others  are  but  imitations.  The  voice  of  man  L-beys  the 
impulfe  of  the  heart  with  wonderful  promptitude,  and 
ftill  more  wonderful  accuracy.  A  very  coarfe  ear  is 
hurt  by  an  error  in  its  tone,  amounting  to  what  is  called 
2i  comma.  A  very  limited  voice  can  execute  melodies  ex- 
tending to  12  notes,  or  an  o<Saveand  a  fifth.  The  mo- 
tion of  the  glottis  between  thefe  extremes  does  not 
amount  to  Vith  of  an  inch.  This  muft  therefore  be  di- 
vided, by  the  mod  ordinary  finger,  into  more  than  a 
thoufand  parts  ;  and  this  mufl  be  done  in  an  inllant, 
and  repeated  with  rapidity,  without  ever  miftaking  otie 
of  thefe  divifions  ;  and  this  is  done  everywhere,  and 
without  any  feeming  effort  or  thought.  The  mA;ha- 
nifm  of  the  human  organ  for  effecting  this  with  cafe 
and  precifion  is  very  remarkable,  and  feems  to  prove 
that  the  Autho»  of  our  being  meant  to  give  us  this 
pleafure. 

When,  in  the  cultivation  of  this  fruit  of  our  own 
foil,  the  moderns  difcovered  the  beauties  of  harmony  or 
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ment,  every  degree,  as  well  as  every  kind  of  emotion, 
with  which  the  heart  was   agitated.     The  pleafures  of 
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confonance,  and  inftruments  of  fixed  founds  were  em- 
ployed, by  means  of  which  thtfe  beauties  could  be  ex- 
hibited in  their  utmoil  richntis  and  variety  ;  and  parti 
cularly  when  the  organ,  that  "  magic  world  of  found," 
was  invented,  the  immenfe  advantages  of  the  ingeniou.-i 
fpeculations  of  the  ancient  Greeks  about  the  division 
of  the  monochord  were  now  perceived,  and  mufic  be- 
came a  deep  intelleClual  ftudy.  It  fell  into  the  hands  of 
men  of  letters,  and,  for  a  long  while,  counterpoint  oc- 
cupied all  their  attention.  Inftruments  of  fixed  founds 
were  now  made,  not  only  with  pipes,  but  with  firings, 
bells,  rings,  and  every  thing  that  could  make  a  noife  in 
tune. 

But  all  thefe  Inftruments  were  far  inferior  to  the 
voice,  the  fpontaneous  gift  of  Nature,  in  prompti- 
tude, and  in  the  power  of  obeying  et^ry  call  o£  fenti- 


harmony,  though  great,  were  monotonous,  and  could 
not  exprefs  the  momtntary  variationsof  fentiment,  which 
are  as  fleeting  as  the  ligiit  and  (hade  of  a  profpttl  while 
the  dappled  clouds  fail  acrols  the  Iky.  The  violio,  and 
a  fmall  number  of  the  fimple  wind  inftruments,  were 
found  to  be  the  only  ones  which  could  fully  exprefs 
thofc  momentary  gradations  of  fentiment  that  give  mu- 
fic its  pathos,  and  enable  it  to  thrill  the  very  foul. 

Attempts  were  made  to  remove  this  defeft  of  the 
harmonic  inftruments,  and  the  swr.ll  was  added  to  the 
organ.  The  cffeA  was  great,  .atid  encouraged  the  ar- 
tifts  to  attempt  fimilar  improvements  on  other  inftru- 
ments of  the  lan.c  kind.  This  was  firft  done  in  the 
fjnie  way  as  in  tlie  organ.  The  harpfichord  was  (luit 
up,  like  the  f«ell  organ,  and  was  opened  by  means  of 
pedals  when  the  performer  wifhed  t.i  enforce  tjie  found. 
But  the  efiedt  was  far  inicrior  to  that  of  the  fvvcll  or- 
gan ;  for  this  was  (at  lead  in  all  great  organs)  a  real 
addiiion  of  another  properly  felciSied  found.  But  the 
eftecl  of  tlie  pedal  on  the  harpfichoid  could  not  be  mi- 
ftaken  ;  it  was  juft  Jike  opening  tlie  dour  of  a  room 
where  mufic  was  performing.  Other  methods  were 
tried  with  better  cfftdt.  Unifons  were  added  to  each 
note,  which  were  brought  on  either  by  means  of  pe- 
dals or  by  another  fet  of  keys. 

This  method  iucceeded  perfcdlly  well,  and  the  power 
of  the  harpfichord  was  greatly  improved.  But  ftill  it 
was  imperfedl,  bccaufe  it  was  only  the  more  confiderable 
changes  of  force  which  could  be  exhibited,  and  this 
only  in  one  or  two  degrees.  Other  artifts,  therefore, 
attempted  to  conftruft  the  inftvument,  fo  that  tlie  jacks 
(the  moveable  upright  pieces  which  carry  the  quills) 
can  be  made  to  approacli  nearer  to  the  wires,  fo  that 
the  quills  fhall  give  them  a  ftronger  twang.  The  me- 
chanlfm  was  luch,  that  a  very  confiderable  motion  of 
the  pedal  produced  but  a  mofl  minute  motion  of  the 
quill  ;  fo  that  the  performer  was  not  reftrifted  to  the 
utmoft  precifion  in  the  degree  of  preffure.  Some  of 
thofe  inftruments,  when  frefh  from  the  hand  of  the  ar- 
tift,  gave  full  fatisfaAion.  But,  though  made  in  the 
moft  accurate  manner,  at  in  enormous  expence,  they 
very  iuon  become  unfit  for  the  purpofe.  The  hundredth 
part  of  an  Inch,  more  or  lefs,  in  the  place  of  the  qiiill, 
will  make  a  great  odds  in  the  force  of  the  found.  Nor 
does  the  fame  change  of  diftance  produce  an  equal  al- 
teration of  found  on  ditterent  qullis.  Other  inftiument 
makers  luive  therefore  tried  baked  or  prepared  leather 
(buffalo  hide)  in  place  of  quills  ;  and  it  is  found  much 
more  uniform,  in  the  tone  which  it  produces,  and  alfo 
remains  longer  in  the  fame  flate  ;  but  the  tone  is  not  fo 
powerful,   nor  in  general  fo  much  rclifhed. 

But  all  thefe  contrivances,  both  in  the  organ  and 
harpfichord,  were  ftill  very  deficient.  Whatever  change 
they  could  produce  In  the  ftrength  of  the  found,  was 
produced  through  the  whole  inllrument,  or  at  leaft 
through  two  or  three  oftaves.  But  the  captivating  ex- 
preffion  of  mufic  frequently  refults  from  the  momentary 
fwelling  or  fottening  of  a  fingle  plirafe,  or  a  fingle  note, 
in  one  of  the  parts.  Hence  arife  the  unrivalled  powers 
of  the  harp,  and  the  acknowledged  fuperiority  of  the 
theorbo,  the  lute,  and  even  the  guitar,  over  all  keyed 
inftruments,  notwithflanding  their  great  limitations  in 
harmony  and  in  prafticable  melodies.  Thefe  inftru- 
ments fgeak,  vyhile  the  harpfichord  only  plays. 
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Many  attempts  have  been  m«de  to  enshle  the  per- 
former to  produce,  bv  the  intervention  of  the  key,  all 
the  gradations  of  Ikrength,  and  even  the  varieties  of 
found,  winch  the  finger  can  bring  forth  by  the  different 
manner  of  pinching,  briifhing,  or,  as  it  were,  carefllng 
the  ftring  ;  but  we  have  no  dillinft  account  of  any  at- 
tempt that  has  fuccceded.  Such  a  thing  would  quick- 
ly fpread  over  Europe.  The  compiler  of  the  article 
LuTHiER,  in  the  Encyclopcd'ie  Methodique,  fays  a  great 
deal  about  a  harpfichord  fitted  with  prepared  buffalo  lea- 
ther inlfead  of  crow  quills;  and  afferts  exprefsly,  that, 
bv  the  mere  pretTure  on  the  key,  without  the  affiflance 
of  pedals  or  flops  of  any  kind,  the  leather  is  made  to 
att  with  greater  or  lefs  force  on  the  firing.  But  he 
gives  no  account  by  which  we  can  comprehend  how 
this  is  brought  about  ;  and  indeed  he  writes  in  terms 
which  fliew  plainly  that  he  has  not  feen  the  inftrutnent, 
and  is  merely  puffing  fomethir.g  that  he  does  not  under- 
ftand. 

The  attempt  has  been  made  with  more  fuccefs  on 
■keyed  inftruments,  when  the  firings  are  not  pinched, 
but  are  rubbed  by  a  wheel  or  band,  in  the  manner  of  the 
vielle  (hurdygurdy),  or  flruck  with  a  plcftrum,  like  the 
dulcimer.  The  cklestina  (defcribtd  by  Merfennus 
by  the  name  of  archiviola)  is  of  this  kind.  A  fine 
band  of  horfe  hair  or  filk,  filled  with  rofin,  is  extended 
under  the  firings,  and  drawn  fmoothly  :i'ong  by  a  wheel. 
By  a  particular  mechanifm  of  the  keys,  this  band  is 
made  to  prefs  or  rub  on  any  firing  tranfverfely,  as  the 
firings  of  a  violin  are  touched  by  the  bow.  The  pref- 
fure  on  the  key  regulates  the  ilieugtii  of  the  tone. 
This  inflrument  is  not  without  conliderable  beauties, 
and  will  execute  foft  canlML-  mufic  in  eafy  modulation, 
with  great  expreffion  and  jullnefs.  But  the  artills  have 
r!Ot  yet  been  able  to  give  it  either  clearncfs  or  brillian- 
rv  of  tone  ,nor  fufficient  force  for  concert  mufic,  nor 
that  promptitude  of  touch  that  is  indifpenfibly  necef- 
fary  for  figurative  mufic  or  quick  movements. 

The  fame  improvements  have  been  made  on  the  pul- 
fatile  inftruments  ;  and  indeed  they  are  here  the  moll 
obvious  and  eafy.  When  the  key  is  employed  merely 
as  the  means  of  caufing  a  pleftrum  to  give  a  blow  to 
the  firing,  the  performer  will  hardly  fail  to  give  that 
degree  of  force  which  he  feels  proper  for  his  intended 
rxpreflion.  Accordingly,  many  inflruments  of  this  kind 
have  been  made  in  Germany,  where  the  artills  have 
long  been  eminent  for  mechanical  knacks.  But  all  their 
inflruments  of  the  dulcimer  kind  are  feeble  and  fpirit- 
lefs,  and  none  of  them  have  been  brought  into  general 
ufc,  if  we  except  the  clavichord.  This  is  indeed  an 
inftrument  of  feeble,  and  not  the  mofl  pleafing  found  ; 
hwX.  is  well  fitted  for  giving  every  momentary  gradation 
of  flreiigth  by  the  preffure  of  the  finger.  It  is  there- 
fore a  good  inflrument  for  forming  the  niufical  tafle  by 
chamber  praiSice,  and  was  mvich  ufed  by  compofitorsin 
their  (Indies.  It  is  alfo  an  ingenious,  though  feeming- 
Iv  an  ohvious  and  fimple  contrivance,  and  is  capable  of 
much  more  force,  and  even  brilliancy  of  found,  thau 
has  generally  been  given  to  it. 

The  conflruflion  is  lliortly  this.  The  inner  end  of 
the  key  is  furniflied  with  an  upright  piece,  which  ter- 
minates in  an  edge  of  brafs,  fomewhat  like  the  end  of 
a  narrow  blunt  chifel,  whole  line  of  direftion  is  athwart 
the  filings.  AVhen  the  key  is  preffed  down,  this  edge 
ftrikes  the  firing,  and  forces  it  out  of  the  ftraight  line 
in  which  it  is  ilretched  between  its  pins.     Thus  the 


firing  is  fhiken  or  jogged  into  vibration,  in  the  fame 
manner  as  we  oblerve  a  tight  rope  fet  a  vibrating  by  a 
fuddcn  jerk  given  to  any  part  of  it.  The  firing,  thus 
agitated,  gives  a  found,  which  will  continue  for  fome 
little  time  if  the  key  be  held  down.  As  the  tone  de- 
pends on  the  length  of  the  vibrating  firing,  as  well  as 
on  its  tenfion,  it  is  of  importance  that  the  flroke  be 
made  on  the  precife  point  of  the  firing  which  termi- 
nates the  proper  length.  The  firing  does  not  give  the 
note  correfponding  to  its  whole  length,  but  that  which 
is  produced  by  the  part  between  the  edge  and  the  pin. 
And  becaufe  the  parts  of  the  firing  on  each  fide  of  the 
edge  are  equally  thrown  into  vibration,  the  (hotter  por- 
tion of  it  mufl  be  wrapped  up  in  a  lid  of  cloth,  to  pre- 
vent it  from  dillurbing  the  ear  by  its  fonorous  vibra- 
tions. This,  however,  greatly  diminiflies  the  fweetnefs 
of  the  found  given  by  the  other  part. 

The  clavichord  gives  a  fretful  wafpifh  kind  of  found, 
not  at  all  fuited  to  tender  exprefTion.     If  the  bridge 
(for  the  end  of  the  key  is  really  a  bridge  during  the 
found)   were  placed  at  an  exaft  third  of  the  length  of 
the  firing,  and  if  both  parts  were  free,  and  if  the  flroke 
be  of  a  proper  ftrength,  the  firing  would  found  its  twelfth 
with  great  fweetnefs,  and  with  much  more  force  and 
brilliancy  than  it  does  by  the  prefent  conllruftion,  and 
the   clavichord  would   be  a  charming  inflrument  for  a 
leffon  and  for  private  (tudy.     We  fay  this  from  expe- 
rience of  the  power  of  one  conflruiSled  under  the  direc- 
tion of  the  great  mathematician  Euler,  who  was  alfo  an 
excellent  judge  of  mufic  and  mufical  compofition.    The 
tones  of  the  upper  part  of  that  inilrumeni  had  a  fort  of 
pipe  or  vocal  found,  and  were  fuperior  in  clearnefs  and 
fweetnefs  to  any   flringed  inflrument   we    ever   heard. 
But  as  this  conflruAion  required  every  firing  to  be  one 
half  longer  than   a  harpfichord  wire  of  the  fame  pitch, 
and   as  this  would  have  made  the  inflrument  of  a  moft 
inconvenient  fize,  the  baffcs  were  made  fliorter,  by  pla- 
cing the  bridge  at  one-fixth  of  the  length,  and  loading 
the  fhorter  portion  of  the  firing  with  wire  twilled  round 
it.   But  althcnigh  this  was  executed  by  a  mofl  dexterous 
artifl,  the  tones  were  far  inferior  to  thofe  of  the  trebles, 
and  the  inftrument  was  like  the  junftion  of  a  very  fine 
one  and  a  very  bad  one,  and  made  but  hobbling  mufic. 
This  was  probably  owing  to  the  impoffibility  of  con- 
nefling  the  metal  wire   and  its  covering   with  fuflicietit 
clofenefs  and    folidity.      An  upright  clavichord,   where 
the  length  would  be  no  inconvenience,  would  be  indeed 
a  capital  inftrument  for  mufical  iludy.      It  is  worthy  of 
remark,  that  Mr  Euler  tried  other  divifions  of  the  firing 
by  the  bridge.     When  it  is  ftruck  precilely  in  the  mid- 
dle, it  fhunld  found  its  oClave  ;  when  it  is  ftruck  at  one- 
fourth,  it  (lioidd  give  the  double  o6lave,   &c.      But  the 
maker  found  that   thefe  divifions  give  very  indifferent, 
and  even   uncertain  tones  ;  fometimes  not  founding  at 
all,   and  fometimes  founding  beautifully.      Our  readers 
will   tind  this  well  exj)lained  in  a  future  article  of  this 
Supplement,  (Tro  mpft,  iWaWwc).      They  may  pleafe  to 
rtfleCl  on   the  very   different  tone  of  the  violin  as  it  is 
bowed  on  different  parts  of  the  ftring,  and  on  the  very 
difTerent  tones  of  the  fort  and  back  unifons,  and  parti- 
cularly of  the   Cornet  flop  of  tiie   harpfichord.     The 
harpfichords  of  Rucker  are  noted  for  the  grand  fulnefs 
of  their  tone  ;  thofe  of  Haffe  of  Drefden  i<.yr  their  mel- 
low fweetnefs,  and   thofe  of  Kirkmann  of  I^ondon  for 
their    unequalled    brilliancy.       Thefe    makers    differed 
greatly  in  the  placiug  of  their  quills.  , 
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But  the  EngliHi  Piano  Forte,  by  its  fupeiior  force  pared  leather. 
of  tone,  its  adequate  fweetnefs,  and  tl>e  great  variety  of 
voice  of  which  our  artifts  have  made  it  iiifceptihle,  has 
withdrawn  all  farther  attention  from  the  clavichord,  fo 
that  it  is  no  longer  probable  that  the  learned  contribu- 
tion of  the  great  Euler  to  public  aniuftmunt  will  be 
followed  up.  The  Piano-forte  correfponds  to  its  name 
with  great  precilion  :  For,  without  any  other  attention 
or  effort  than  what  fentireent  fpontancoufly  dlilates, 
jnd  what  we  praftife  (without  knowing  it)  on  the 
harpfichord,  where  it  is  inefFeftual,  we  make  the  Piano- 
forte give  every  gradation  of  ftrength  to  the  found  of 
the  ftring,  and  give  it  every  expreffion  that  an  inftru- 
ment,  purely  pulfatile,  is  capable  of.  It  is  alfo  fufcep- 
tible  of  a  very  confiderable  variety  of  tone  by  the  cloth- 
ing of  the  mallets,  which  may  be  acute  or  obtufe,  hard 
or  foft.  And  we  fee,  by  the  cffeft  of  what  are  called 
the  grand  Piano  fortes,  that  they  are  fully  equal  to  the 
harpfichord  in  fulnefe  or  body  of  tone.  Nothing  feems 
to  be  wanting  to  it  but  that  Aiding,  or  (as  the  French 
call  it)  carejfing  touch  of  the  ftring,  by  which  a  delicate 
finger,  guided  by  fine  talle,  caufes  the  harp  or  lute  to 
melt  the  heart,  and  excite  its  fineft  emotions.  We  truft 
that  the  ingenuity  of  our  Britilh  artifts  will  accomplilh 
even  this,  and  make  this  national  inftrument  rival  even 
the  violin  of  Italy. 

We  call  it  a  national  inftrument,  not  doubting  but 
that  this  is  a  recommendation  to  a  Britiih  heart,  and 
.becaufe  we  are  very  well  aflured  that  it  is  an  Engliili 
contrivance  ;  the  invention  of  a  moft  excellent  man  and 
celebrated  poet,  Mr  William  Mafon.  His  Caraflacus 
and  Elfrida  may  convince  any  perfon  who  is  a  judge  of 
mufic,  that  he  had  a  mind  exquifitcly  fcnfible  of  all  its 
charms  ;  and  we  cannot  be  furprifed  that  it  was  one  of 
his  chief  delights^  No  man  enjoyed  the  pleafures  of 
mufic  with  more  rapture;  and  he  ufed  to  fay,  that  his 
fpeedieft  recruit  from  the  fatigue  of  a  long  walk  was 
to  fit  down  for  a  few  minutes  to  the  harpfichord.  He 
had  feen  feveral  of  the  German  attempts  to  make  keyed 
dulcimers,  which  vv-erc,  in  fomc  meafure,  fufceptible  of 
the  forte  and  piano  :  But  they  were  all  on  one  prin- 
ciple, and  required  a  particular  touch  of  the  linger,  of 
difficult  acquiiition,  and  which  fpolled  it  for  harpfichord 
jjrattice.  We  have  alio  feen  of  thofe  inllrunients, 
(bme  of  very  old  date,  and  others  of  modern  improve- 
ment. Some  had  very  agreeable  tones  ;  but  all  were 
deficient  in  delicacy  and  juftiicfs.  The  performer  was 
by  no  means  certain  of  producing  the  very  ftrength  uf 
found  that  he  intended.  And,  as  Mr  Mafun  obfcrvcd, 
they  all  required  an  artificial  peculiarity  of  fingering  ; 
without  which,  either  the  intended  ftrength  of  lone  was 
not  brought  out,  or  the  tone  was  deftroyed  by  repeat- 
ed rattling  of  the  mallet  on  the  wire. 

Mr  Mafon  removed  all  thofe  imperfections  by  de- 
taching the  mallet  entirely  from  the  key,  and  giving 
them  a  connexion  quite  momentary.  The  fitetch  in  Plate 
XL.  will  give  the  reader  a  clear  view  of  Mr  Mafon's 
general  principle,  by  which  the  Englifti  piano  forte  is 
diftinguiflied  from  all  others.  The  parts  are  reprefent- 
ed  in  their  ftate  of  inaction.  The  key  ABK  turns,  as 
ufual,  on  the  round  edge  of  the  bar  B,  and  a  pin  b, 
driven  into  the  bar,  keeps  it  in  its  place.  The  dot  F 
reprefents  a  feftion  of  the  ftring.  ED  is  the  mallet, 
having  a  hinge  of  vellum,  by  which  it  is  attached  to 
the  upper  furface  of  the  bar  E.  At  the  other  end  is 
the  head  D>  of  wood,  covered  with  fome  folds  of  pre- 
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The  mallet  lies  in  the  pofitlon  rfpre- 
fented  in  the  figure,  its  lower  end  refting  on  a  culhion- 
bar  K,  which  lies  horizontally  under  the  whole  row  of 
mallets.  The  key  A  R  has  a  pin  C,  tipt  with  a  bit  of  the 
fofteft  cork  or  buckflcin.  This  reaches  to  within  rsth  of 
an  inch  of  the  ftiank  of  the  mallet,  but  muft  not  touch 
it.   The  diftance  Ef  is  about  -J-d  or  3th  of  the  length  of 
the    (hank.     When   the  end  A  of  the  key  is  prcfild 
down  on   the   ftuffing   (two  or  three  thickneftes  of  the 
moft  elallic  woollen  lift)   it  raifes  the  mallet,  by  means 
of  the  pin  C,  to  the   horizontal  pnfition  E  d,  within 
■^\.h  or  V^th  of  an  inch  of  the  wire  F  ;   but  it  cannot  be 
fo  much  preffed  down  as  to  make  the  mallet  touch  the 
wire.      Ac  the  fame  time  that  the  key  raifes  the  mallet 
by  means  of  the  pin  C,  it  alfo  lilts  off  the  damper  G  (a  ■ 
bit  of  fpunge)   from  the  wire.      This  damper  is  fixid 
on  the  end  of  a  little  wooden  pin  G  g,  conncfted  with 
the  lever  ^  H,  which  has  a   vellum  hinge  at  H.      This 
motion  of  the  damper  is  caufed  by  the  pin  I,  which  is 
fixed  into  the  key  near  to  R.     Thcfe  pieces  are  fo  ad- 
jufted,  that  the  firft  touch  of  the  key  lifts  the  damper, 
and,  immediately  after,   the  pin  C  afts  on  the  ftiank  of 
the  mallet.     As  it  afts  fo  near  to  its  centre  of  motion, 
it  caufes  the  head  D  to  move  brifkly  through  a  confider- 
able arch  D  d.     Being  made  extrem.tly  moveable,  and 
very  light,  it  is  thus  /o^J  beyond   the  horizontal  pofi- 
tion  E  d,  and  it  ftrikes  the  wire  F,  which  is  now  at  li- 
berty to  vibrate  up  and  down,  by  the  previous  removal 
of  the  damper  G.      Having  made  its  ftroke,  the  mallet 
falls   down   again,  and  refts  on  the  foft   fubftance  on 
the  pin  C.     it    is    of  effential    importance    that    th'S 
mallet  be  extremely  light.     Were  it  heavy,  it  would 
have  fo   much  force,  after  rebounding  from  the  wire, 
that  it  would  rebound  again  from  trie  pin  C,  and  again 
ftrike  the  wire.    For  it  will  be  recollefted,  that  the  key 
is,  at  this  time,  down,  and  the   pin  C  ralfed  as  high  a; 
poffible,  fo  that  there  is  very  little  room   for  this  re- 
bound.    Leffening  the  inomentum  of  the  mallet  by  ma- 
king  it  very  light,   making  the  cufliion  on   the  top  of 
the  pin  C  very  foft,  and  great    precifion   in    the   ftiape 
and  figure  of  all  the  parts,  are  the  only  fecurities  agdintl 
the   difagreeable  rattling  which    thcfe  rebounds  would 
occafion.      In  rcfpett  to  the   folidity  and   precifion   cf 
workmanfhip,  the  Britiih  inftniuients  are  unrivalled,  and  ■ 
vaft  numbers  of  them  are   fent  to  all  parts  of  the  coii-  ■ 
tinent. 

As  the  blow  of  fo  light  a  mallet  cannot  bring  much 
found  from  a  wire,  it  has  always  been  found  oiicefTary 
to  have  two  ftrings  for  each  note.  Another  circum-  - 
ftance  contributes  to  enfeeble  the  found.  The  me- 
chaiilfin  necelfary  for  producing  it  makes  it  altnofl:  Im- 
poflible  to  give  any  confiderable  extent  to  the  belly  or 
found  board  of  the  inftrument.  There  is  feldom  any 
more  of  it  than  v/hat  occupies  the  fpace  between  the  , 
tuning  pins  and  the  bridge.  This  is  the  more  to  be 
regretted,  becaufe  the  baftes  are  commonly  covered 
ilrings,  that  they  may  be  of  a  moderate  length.  The 
bats  notes  are  alfo  of  brafs,  which  has  a  confider.ibly 
lower  tone  than  a  fteel  wire  of  the  fame  diameter  ami 
tenfion.  Yet  even  this  fubftitutioii  for  fteel  in  the  bufs 
ftrings  is  not  enough.  The  higljtft  of  them  are  much 
too  flack,  and  the  loweft  ones  mult  be  loaded,  to  com- 
penfate  for  want  of  length.  This  greatly  dimiurflics 
the  fulnefs,  and  itill  more  the  mellownefs  and  diftrncl- 
nefs  of  the  tone,  and  frequently  makes  the  very  luwcll 
notes  hardly  appreciable.  This  incquaUty  of  tone  about 
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PlqmentJ.  the  middle  of  the  iiiftniment  is  fomewhat  diminifhed  by  PITCH.      See    Encycl. — The    bed  black  pitch  i$    Pitch, 

*~~'V—  conllruAing  th^-  inlliunient  with  two  bridges;  one  for  made  of  the  refufe  of  rolin  and  turpentine,  fuch  as  will     *''^f"'' 

the  Heel,  and  the  other  for  the   brafs  wires.      But  Hill  not  pafs  tlnough  the   ilraw  filter,  and  the  cuttings  a-         ''~~ 

the  bafs  notes  are  very  much  inferior  to  the  treble.     It  round  the  inciiion  on   the  tree.     Tliefe  materials   aie 

would  furelv  be  worth  while  to  conlbuft   fome    piano  put-intoa  boiler  fix  or  feven  feet  in  circumference,  and 

fortes,  of  full   fi/.e,   with  naked  balTes.      If  thefe  were  eight  or  ten  high.   Fuel  is  laid  around  the  top,  and  the 

made  with  all  the  other  aJrantagee  of  the  grand  piano  materials  as  tiiey  melt    flow  through  a  channel  cut  ia 

forte,   they  would  furpafs  all  other  inftruments  for  the  the   tire  place  into  a   tub  half  filled  with  water.      It  is 

regulating  power  of  their  thorough  bafs.   We  wifli  that  at  that  time  very  red,  and  almoll  liquid.     To  give  this 

the  artifts  would  alfo  try  to  conllruft  them  with  the  a  proper  confifttnce,  it  is  put   in  a  cauldron  placed  in  a 

mechaiiifm    of    mallets,    &c.    above    the  found  board,  furnace,  and  boiled  down  in  the   fame   manner  as  rofin. 

This  would  allow  to  it  the  full  extent   of  the  inilru-  but  it  requires   mucii   Icfs   precaution   and  double  the 

ment,  and  greatly  improve  the  tone.      It  does  not  feem  time.      It  is  then    poured    into   moulds  of  eartli,  and 

impoilible,   nor  (we  think)  very  dilEcult.  forms  the  bell  kind  of  black    pitch.      See   K.0S1N  and 

For  diredtions  how  to  tune  this  pleafing  inftrument,  Turpentine  in  this  Siippl. 

fee  Temperament  in  this  Supplement.  Bastard  PITCH,  is  a  mixture  of  colophony,  black 

PIGMENTS,  or  Pain-^s,  are  furnilhed  by  both  the  pitch,    and    tar   boiled    down    together,    and    call    in 

mineral  and  vegetable  kingdoms.     The  former  are  the  moulds. 

moll    durable,  and    are    generally    prepared  from  the  PLAGUE   (fee  MEDiciNE-Zn^fx,    Encycl.),    is  a 

Oxides   of  metals  (fee  CHEMisTRv/n^f-v  in  this  Suppl.  difeafe  which  has  been    lately  afferted  by   Dr  Mofeley 

and  CoLOUK-Mtriing,   Encycl.)  ;  but   Fourcroy  thinks  to  be  not  contagious.      In  fuppoit  of  this  opinion,  he 

that  chemillry   furniflies  a  method  of  fixing  vegetable  quotes  many  paflages  from  medical  writers,  ancient  and 

colours  completely.      From  a  number  of  experiments,  modern  ;   but  he  feems  to  place  the  greateft  confidence 

which  we  need  not  detail,  as  they  will  be  noticed  in  the  (as  is  indeed  natural)  in  his  own  obkrvations  on  pelli- 

article   Fegetable  Substjncrs;  he  draws   the   following  lential  fevers  in  the  Weft  Indies,  and  on  what  is  faid  of 

conclufions  :  the  plague  in  Berthier's  account  of  Buonaparte's  expe- 

1.  That  oxygen,  when  combined  with  vegetable  fub-  dition  into  Syria. 

fiances,  changes  their  colour.  "  At  the   time   of  our   entry  into    Syria  (fays  this 

2.  That  different  proportions  of  this  principle  pro-  Frenchman),  all  the  towns-were  infedled  by  the  plague; 
duce  different  fhades  in  coloured  vegetable  matter.  a  malady  which  ignorance  and  barbarity  render  fo  fatal 

3.  That  thefe  (hades  pafs,  by  a  fort  of  degradation,  in  the  Eaft.  Thofe  who  are  affedled  by  it  give  them- 
from  the  darkell  colours  to  the  lighteft  ;  and  that  the  felves  up  for  dead  ;  they  are  immediately  abandoned  by 
extreme  poiut  of  the  latter  may  be  confidered  as  a  com-  every  body  (a),  and  are  left  to  die,  when  they  might 
plete  deprivation  of  colour.  have  been  faved  by  medicine  and  attention. 

4.  That  in  many  vegetable  fubffances  this  degrada-  "  Citizen  Degenettes,  principal  phyficlan  to  the  ar- 
tion  does  not  take  place,  as  M.  BerthoUet  has  obfer-  my,  difplayed  a  courage  and  chara£ter  which  entitle 
ved.  him  to  the  national  gratitude.     When  our  foldlers  were 

5.  That  many  red,  violet,  purple,  chefnut,  and  blue  attakcd  by  the  leail  fever,  it  was  fuppofed  that  they 
■vegetable  colours,  are  produced  by  different  proportions  had  caught  the  plague,  and  thefe  maladies  were  con- 
of  oxygen  ;  but  that  none  of  thefe  are  completely  fatu-  founded.  The  fever  hofpitals  were  abandoned  by  the 
rated  with  this  principle.  officers  of  health  and  their  attendants.     Citizen  Dcge- 

6.  That  the  complete  faturatlon  here  fpoken  of  ge-  nettes  repaired  in  ptrfon  to  the  hofpitals,  vifited  all  the 
nerally  produces  yellow  tolours,  which  are  the  leaft  patients,  felt  the  glandular  fwelllngs,  dreffed  them,  de- 
changeable  of  all.  dared  and   maintained   that   the  diftemper  was  not  the 

7.  That  vegetable  fubftances  coloured  by  oxygen,  plague,  but  a  malignant  fever  with  glandular  Iwellings, 
not  only  change  their  colour  according  to  the  propor-  which  might  eafily  be  cured  by  attention,  and  keeping 
tion  of  oxygen   they  have   imbibed,  but  that  they  alfo  the  patient's  mind  eafy." 

change  their  nature  in   the  fame  proportion,  and  ap-  Degcnettc's   views  in   making  this   diftinftion  were 

proach  more  to  a  refinous  ftate  as  they  become   nearer  highly  commendable  ;   but  certainly,  fays  Dr  Mofeley, 

to  a  yellow  colour.  this  fever  was  the  plague.       The  phyfician,   however, 

Laftly,  that   the  caufe  of  the  changeability  of  the  carried  his   courage  fo   far,  as  to   make   two  incifions, 

red,  brown,  and  violet  colours,  procured  frcmi    vege-  and  to  Inoculate   the  fuppurated  matter   from    one   ot 

tables.   Is  fuch  as  has  been  Hated  above  ;  thnt  there  ex-  thefe  buboes   above   his  brealt   and  under  his  arm-pits, 

ifts  a  method  of  fixing  them,  or  rendering  them  perma-  but  was  not  affected  with  the   malady.      He  thus  eafed 

nent,  by  impregnating  them  with  a  certain  quantity  of  the  minds  of  the  foldlers,  the  firft  ftep  to  a  cure  ;  and, 

oxygen,  by    means  of  the    oxygenated  muriatic    acid  ;  by  his  afliduity  and   conftant   attendance  in    the  hofpi- 

imltating,  by  this  procefs,  the  method  purfued  by  na-  tals,  a  number  of  men   attacked  witii  the  plague  were 

ture,  who  never  forms  fixed  and  permanent  colours,  ex-  cured.      His  example  was  followed  by  other  officers  of 

cept  In  fubftances  which  have  been  long  expofed  to  the  health. 

open  air.  The  lives  of  a  number  of  men  Citizen    Degenettes 
was 

(a)  This  can  hardly  be  true.     Every  one  knows  that  Mahometans  are  fatallfts  in  the  ftrifteft  fenfe  of  the 

■word  ;  and  Mr  Browne,  whofe  knowledge  of  Syria  and  its  inhabitants  muft  be  at  leaft  equal  to  that  of  Berthier, 
aflures  us,  that,  far  from  abandoning  his  friend  in  the  plague,  "  the  Moflem,  awe-ftruck,  and  refigned  to  the  un- 
alterable decrees  of  fate,  hangs  over  the  couch  of  his  expiring  relative." 
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P'aguf.  was  thus  indrumcntal  of  faving.  He  di'fminVd  tlioft;  who 
■ '  »  had  been  ill  with  tlie  fever  and  buboes,  without  the  lead 
contagion  being  communicated  to  the  aiiny. 

"  There  aie  (fays  Dr  Mofeley)  annual  or  feafonal 
diforders,  more  or  lefs  fevere,  in  all  countries  ;  but  the 
plague,  and  other  great  depopulating  epidemics,  do  not 
always  obey  the  feafons  of  the  year.  Like  comets,  their 
courfe  is  eccentric.  They  have  their  revolutions  ;  but 
from  whence  they  come,  or  whither  tliey  go  after  they 
have  made  their  revolutions,  no  mortal  can  tell. 

"  To  look  for  the  caufe  of  an  epidemic  in  the  prefent 
ftate  of  the  air,  or  weather,  when  it  makes  its  appear- 
ance, is  a  very  narrow  contraftcd  method  of  fcrutiny. 
The  caufe  of  peflilential  epidemics  cannoL  be  confined, 
and  local.  It  mull  lie  in  the  atmofphere,  which  fur- 
rounds,  and  is  in  contatl  with  every  part  of  us ;  and  in 
which  we  areimmerfed,  as  bodies  in  fluids. 

"  Thefe  difeafes  not  appearing  in  villages  and  thinly 
inhabited  places,  and  generally  attacking  only  great 
towns  and  cities,  may  be,  that  the  atmolphere,  wliich 
I  conceive  to  be  the  univerfal  propagator  of  peftilence, 
wants  a  commixture,  or  union,  with  fome  compounded 
and  peculiar  air,  fuch  as  is  generated  in  populous  com- 
munities, to  releafe  its  imprifoned  virulence,  and  give  it 
force.  Like  the  divided  feminal  principles  of  many 
plants,  concealed  in  winds  and  rains  until  they  find 
fuitable  materials  and  foil  to  unite  their  feparated  a- 
tonis,  they  then  aflume  vilible  forms  in  their  own  pro- 
per vegetation. 

"  Difeafes  originating  in  the  atmofphere  feize  fome, 
and  pais  by. others  ;  and  aft  exclulively  on  bodies  gra- 
duated to  receive  their  impreifions  ;  otherwife  whole 
nations  would  be  deftroyed.  In  iome  coi'ftitntions  of 
the  body  the  acctfs  is  eafy,  in  fome  difficult,  and  in 
others  impoffible. 

"  The  air  of  confined  places  may  be  fo  vitiated  as  to 
be  unfit  for  the  purpofes  of  the  healthy  exillence  of  any 
perfon.  Hence  gaol,  hoipltal,  and  fhip  fevers.  But,  as 
thefe  diftempers  are  the  offspring  of  a  local  caufe,  that 
local  caufe,  and  not  the  dillempered  people,  communl- 
cate  the  difeafe. 

''  Plagues  and  peflilences,  the  produce  of  the  great  at- 
mofphere, are  conveyed  in  the  fame  manner,  by  the  body 
being  in  contaft  with  the  caufe  ;  and  not  by  its  being 
in  contaft  with  the  efFeft.  If  peftilences  were  propaga- 
ted by  contagion,  from  infcfted  perfons,  the  infeftion 
muft  iffue  from  their  breath  or  excrements,  or  from  the 
exhalations  of  the  bodies  of  the  difeafed.  The  infeftion, 
if  it  were  not  in  the  atmofphere,  would  he  confined 
within  very  narrow  limits  ;  have  a  deierminate  fphere 
of  aftion  ;  and  none  but  phyficians  and  attendants  on 
the  fick  would  fuffer  ;  and  thefe  muft  fuffer  ;  and  the 
caufe  and  the  effefls  would  be  palpable  to  our  fenfes. 
Upon  this  ground  the  precaution  of  quarantine  would 
be  rational.  But  who  then  would  vifit  and  attend  the 
fick,  or  could  live  in  hoipitals,  prifons,  and  lazarettos?" 

From  thefe  reafonings  and  fafts,  the  author  is  con- 
vinced, that  the  bubo  a:id  carbuncle,  of  which  we  hear 
■fo  much  in  Turkey,  and  read  fo  much  in  our  own  hif- 
tory  of  plagues,  arife  from  heating  food  and  improper 
treatment  ;  that  they  contain  no  infeftion  ;  and  confe- 
quently  that  they  are  not  the  natural  depofit  of  the 
morbific  virus  (eparated  from  the  contagion. 

He  is  equally  confident  that  no  peftilential  or  pande- 
mic fever  was  ever  imported  or  exported  ;  and  hence 
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he  confidsrs  the  fuimigating  of  finp-lt'tlcr-,  :^nd  fliurtinj:;    Pig"*   ^ 
up  the  crews  and  paHengers  of  velFcb,   on  their  arrival  * 

from  foreign  placcf,  fevcral  weeks,  for  fear  they  fliould 
give  difeafes  to  others  which  they  have  not  themfelves, 
as  an  ignurant  barbarous  cnftom.  Whence  was  the  im- 
portation of  the  plague  at  Naples  in  1656  ;  by  which 
20,000  people  died  in  one  day  ?  Can  any  perfon,  for  a 
moment  reflcfting,  believe,  that  the  great  plague  of 
London  in  i66j,  which  imagination  traced  trom  the 
Levant  to  HollanJ,  and  from  Holland  to  Kngland,  was 
caufed  by  opening  a  bag  of  cotton  in  the  city,  or  in 
Long  Acre  j  or  a  package  of  hemp  in  St  Giles's  pa- 
rlfh  ?  Quarantine,  always  expenfive  to  commerce,  and 
often  ruinous  to  individuals,  is  a  refleftion  on  the  good 
fenfe  of  countries. 

That  Dr  Mofeley  is  a  rr.an  of  learning,  and  a  lively 
writer,  is  known  to  every  one  who  has  looked  into  his 
works,  and  is  not  himfelfa  (hanger  to  letters.  On  this 
account,  and  (till  more  on  account  of  the  opportunities 
which  he  has  pofilfFed  of  making  accurate  obfervations 
on  various  kinds  of  peftilential  dileafes,  we  have  detailed 
at  fome  length  his  notions  of  the  plague  ;  but  as  it  does 
not  appear  that  he  ever  faw  the  difeafe  which  is  tno'wn 
by  the  name  of  ihe phigue,  jullice  requires  that  we  give 
fome  account  of  it  from  a  man  who  had  the  beft  pof- 
fible  opportunities  of  obtaining  corrcft  information  oa 
the  fubjeft. 

"  The  fafts  that  appear  to  be  chiefly  afcertained  re- 
lative to  the  plague   (fays  Mr  Browne),   are,   i.  That 
the  infeftion  is  not  received  but  by  aftual  contaft.      In 
this  particular,  it  would  feem  lefs  formidable  than  feve- 
ral  other   difordcrs.      2.  That   it  is   comniunicared   by 
certain  fubftances,  by  others  not ;  as  by  a  woollen  cloth, 
or  rope  of  hemp,  but  not  by  a  piece  ot  ivory,  wood,  or 
rope  made  of  the  date  tree  ;  nor  by  any  thing  that  has 
been  completely  inimerfed   in  water.     It  vvoidd  appear 
from  the  report  of  the  Kahirines  *,  that  no  animal  but  '  The  i«< 
man  is  aff'efted  with  this  diforder  ;  though,  it  is  faid,  a^^'\'""" 
cat  paffing  from  an  infefted  lioufe  has  carried  the  ct>u-which  Mr' 
tagion.      3.  That  perfons  have  often  remained  together  flrown  uni- 
in  the  fame  houfe,  and  entirely  under  the  fame  circum- formly  c»M» 
ftances,  of  whom  one  has  been  attacked  and  died,  and  the  ^''^<'''- 
others  never  felt  the  fmalleft  inconvenience.     4..  That  3 
perfon  may  be  affcfted  any  number  of  times.      5.  That 
it  is  more  fatal  to  the  young  than  the  old.     6.  That  no 
climate  appears  to  be  exempt  from  it  ;  yet,  7.  That  the 
extremes  of  heat  and  cold  both  appear  to  be  adverfe  to 
it.    In  Conftantinople  it  is  often,  but  far  from  being  al- 
ways, terminated  by  the  cold  of  winter,  and  in  Kahira 
by  the  heat  of  fuinmer ;  both   circumftances  being,  as 
may  be  conjeftured,  the  cfFeft  of  indifpofition  for  ab- 
forption  in  the  fl<in,  unlefs  it  be  fuppoted   that  in  the 
latter  cafe  it  may  be  attributed  to  the  change  the  air 
undergoes  from  the  increafe  of  the  Nile. 

"  The  firft  fymptoms  are  faid  to  be  thirft;  2.  Cepha- 
lalgia ;  ^.  A  llift  and  uneafy  fenfation,  with  rednefs 
and  tumor  about  the  eyes  ;  4.  Watering  of  the  eyes  ; 
5.  White  puftules  on  the  tongue.  The  more  advanced 
fymptoms  of  buboes,  fcEtor  of  the  breath,  &c.  &c.  arc 
well  known  ;  and  I  have  nothing  authentic  to  add  to 
them.  Not  uncommonly,  all  thefe  have  fucctfTivcly 
fhewn  themfelves,  yet  the  patient  has  recovered  ;  in 
which  cafe,  where  fuppuration  has  had  place,  the  fl<in 
always  remains  difcoloured,  commonly  of  a  purple  hue. 
Many  who  Lave  been  bleeded  in  an  early  ilage  of  the 
J  A  diforder, 
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Piague.  diforder,  liave  recovered  without  any  fatal  fymptoms  ;  muft  be  performed  by  means  of  a  fpoiige,  and  fo  fpeedi- 
'—'>r~—'  l,Qt  whether  from  that  or  any  other  caufe,  does  not  ap-  ly  as  not  to  lad  more  than  ahout  three  niiinites.  2.  The  *" 
pear  certain  (b).  The  fame  operation  is  reported  to  interval  between  tlie  firft  and  tlie  fecond  rubbing,  if  a 
have  been  conimo'ily  fatal  in  a  late  ftage.  It  13  faid  fecond  be  necelTary,  mud  be  determined  by  circumftan- 
that  embroca'.In.^  the  bubcts  continually  with  oil  has  ces,  as  the  fecond  muft  not  be  performed  till  the  firll 
fomttimcs  wvo'.i,fht  a  cure  ;  but  this  remedy  is  fo  diffi-  perfpiration  is  over,  and  this  will  depend  on  the  con- 
cult  and  dancreroiis  for  the  operator,  that  it  would  ap-  ititution  of  the  patient.  If  any  fwcat  remains  upon  the 
pear  experiments  mult  yet  be  very  defcftive."  ftin,  it  muft  be  wiped  off  with  a  warm  cloth  before  the 

They  are  not,  perhaps,  fo  defefiive  as  Mr  Browne     fecond  nibbing  takes  place.      This  iirong  friftion  with 
fuppofts.      In  the   hofpital  of  St  Anthony  at  Smyrna,     oil  may  be  continued  for  fcveral  days  fucceffively,  until 
it  his  been  t'ne  praftice  for  many  years  paft  to  rub  over     a  favourable  change  is  remarked    in   the  difcafe  ;  after 
with  warm  olive  oil  the  bodies  of  perfoiis  infetled  by     which  the  rubbing   may  be  performed  in  a  more  gentle 
the  ijlacjue  ;   and  that  praftice  has  been  attended  with     manner.      The  quantity  of  oil  requifite  each  time  can- 
wondertul  fuccefs.      It  was  tirft  fuggelled  by  Mr  Bald-    not   be   determined  with   accuracy  ;  but,  in  general,  a- 
win  the  Ene'lih  coriful  ;  and  from  him  adopted   by  P.    pound  may  be  fufiicient.     The  pnreft  and  frelheft  oil  is 
Luin  di  Pav'ia,  who  for  upwards  of  27  years  has  expo-    the  bell  for  this  operation  :   it  muft  not  be  hot,  but  on- 
fed  himfelf  to  infefti<m  bv  his  unremitting  attendance     ly  lukewarm.      The  breaft  and  privities  muft  be  rubbed 
on  thofe  who  are  labouring  under  this  dreadful  diilrefs.     foftly.      In  a  cold  climate  fuch  as  ours,  thofe  parts  on- 
This   excellent   man,   whofe   philanthropy    equals   that     ly  into  which  the  oil  is  rubbed  muft  be  expofed  naked. 
even  of  "  Marfcilles'  good  biftiop,"   declares,  that  du-     The  other  parts  muft  be  covered  with  warm  clothing, 
ring  the  long  period  mentioned,  he  has  found  no  reme-     In  this  manner  each  part  of  the  body  muft  be  rubbed 
dy  compa'-able  to  that   of  rubbing   olive  oil,  with  the     with  oil  in  fucceflion,  as  quickly  as  poffible,  and  be  then 
itronTeft  fridtion,   into  the  whole  body  of  the  infefled     inftantly  covered.      If  the  patient  has  boils  or  buboes, 
perfon.     Wlien  the  body  is  thus  rubbed,  the  pores  be-     they  muft  be   rubbed  over  gently  with  the  oil  till  they 
ing  t)pened,    imbibe  the  oil,  and  a  profufe  perfpiration     can  be  brought  to  fuppurate  by  means  of  emollient  pla- 
takcs  place,  Ly  which  the  poifonous  infc£lion  is  again     fters.      The  pcrfons  who  attend  the  patients  to  rub  in 
thrown  out.      This  operation   mull   be  performed   the    the  oil  muft  take  the  precaution  to  rub  themfelves  over 
firft  day  of  the  infection  ;  and  if  only  a  weak  perfpira-     in   the  like  manner,  before  they  engage  in   the  opera- 
tion enlues,  it  muft  be  repeated  till  it  is  obferved  that     tion.      They  muft,    if  pofiible,   avoid  the  breath  of  the 
every   particle  of   infcftion   is  removed,    and   that  the     patient,  and  not  be  under  any  apprehenfions  of  catching 
whole  body  of  the  patient   is  covered  with  a  profuie     the  infcdtion, 

fweat.  Neither  the  patient's  (hirt  nor  bed  clothes  muft  P.  Lulgi  then  fays:  "  In  order  to  prevent  the  pa- 
be  changed  till  the  perfpiration  has  entirely  ceafed.  The  tients  from  lofing  their  ftrength,  I  prefcribed  for  them, 
operation  muft  be  performed  in  a  very  clofe  apartment;  during  four  or  five  days,  foup  made  of  vermicelli  boiled 
and  at  every  feafon  of  the  year  there  muft  be  kept  in  it  in  vinegar  without  fait.  I  gave  them  fix  or  feven  times- 
a  fire-pan,  over  which  fngar  and  juniper  muft  be  thrown  a-day  a  fmall  fpoonful  of  preferved  four  cherries  ;  prc- 
from  time  to  time,  that  the  vapour  which  thence  ariies  ierved  not  wiih  honey,  but  with  fugar,  as  the  former 
may  promott  the  perfpiration.  The  whole  body  of  tlie  might  have  occafioned  a  diarrhoea.  When  convinced 
patient,  the  eyes  alone  excepted,  muil  in  this  manner  that  the  patients  were  getting  better,  I  ufually  gave 
be  anointed,  or  rather  rubbed  over,  with  the  greateft  them  the  fifth  morning  a  cup  of  good  Mocha  coffee, 
i-are.  with  a  piece  of  toafted  bilcuit  (lifcolln)   prepared  with 

This  praftice  of  the  pious  monk   is  mentioned  by     fugar ;  and  I  doubled  the  latter  according  to  the  ftrength 
Mr  Howard  in  his  work  on   Lazarettos  ;  but  a  more     and  improvement  of  my  patients." 

iatisfaftory  account  of  it  is  given  L\y  Count  Leopold  •von  In   the   courfe   of  five   years,   during   which   friition 

Jierchtold,  who  adds  the  following  remarks   by  way  of    with  oil  was  employed,  in   the  holnilal  at  Smyrna,  of 
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the   oil     250  jWrfons  attacked  b) 


the  plague   the  greater  part 
were 


(b)  Dr  Mofeley,  we  think,  has  affigned  a  very  fufficicnt  reafon  why  bleeding  fliould  generally  prove  effcftnal, 
if  rccourfe  be  had  to  it  at  tlie  commencement  of  the  diftafe.  "  In  the  common  order  of  peftilential  fevers  (fays 
be),  they  commence  with  colduefs  and  Ihivering  ;  limply  demonftating,  that  lomething  unufual  has  been  in  con- 
lait  with  the  fkin,  agonizing  cutaneous  ienfibility.  Sicknels  at  the  ftomach,  and  an  immoveable  preffure  about 
the  pr-.ecordia,  follow.  Thefe  demonftrate,  that  the  blood  cannot  pervade  the  extremities  of  the  body,  and  that 
the  quantity  which  ought  to  dilate  through  the  whole  machine  is  confined  to  the  larger  organs,  and  is  crowding 
and  diftending  the  heart  and  central  veftcls. 

"  Thfe  reflraining  power  of  the  remoter  blood  vefTcls  being  deftroyed,  the  thinner  parts  of  the  blood  efcape 
their  boundaries  ;  he. ice  arifes  yellownefs  in  the  fkin  in  fome  climates  ;  in  others,  the  extravafated  groffer  parts 
of  the  blood  ttagnate,  forming  black  lodgements,  bubo,  anthrax,  and  exanthetnata. 

"  The  objeA  in  thefe  fevers  is,  to  decide  the  conteft  between  the  folids  and  the  fluids  ;  and  this  appears  to  me 
to  be  only  practicable,  when  fpontaneous  fweats  do  not  happily  appear,  or  cannot  be  raifed  by  a  cooling  regi- 
men ;  and  by  draining  the  vital  parts,  by  bleeding  and  purging,  before  the  fluids  have  burft  their  confines,  and 
diftblved  their  bond  of  union  with  the  folids.  The  next  ftep  is  to  regain  the  loft  energy  of  the  furface  of  the 
body,  by  exciting  perfpiration  ;  and  then  of  the  whole  fyftem,  by  tonics. 


ttng. 
bark, 
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PUirttnry-  werf  ciireJ  ;  and   this  wnulj   have  been  the  cafe  witii 

hours,     jjjg  r^.|t  liail  (hoy  not  neglcftcd  the  operation,  or  haii  it 

■  PUr.ets.    ij^j  l^^^ij  employed  too   late   after  their  nervous    fyi'ciu 

*  had  been  weakened  by  the  dileale  fo  as  to  render  them 

ineurable.      Immenfe  numbers  of  people  have  been  pre- 

fervcd   from  the  efFeiSs  of  this  malady  by   the   above 

means  ;  and  of  all  thole  who  have  anointed   theralclvcs 

with  oil,  and  rubbed  it  well   into  their  bodies,  not  one 

has  been  attacked  by  the  plague,  even  though  they  ap- 

preached  perfons  already  infeded,  provided  they  abilain- 

ed  from  heavy  and  indigelUble  food. 

Thus  we  fee,  if  this  account  may  be  depended  on, 
that  oil  rubbed  into  the  fivin  afts  as  a  preventative,  as 
well  as  a  cure.  When  the  operation  is  performed  to 
prevent  infeftion,  and  it  is  fuccefsfnlly  performed  with 
that  view  at  Smyrna,  as  often  as  the  plague  makes  its 
appearance  in  the  city,  as  it  is  not  done  for  the  pur- 
pole  of  promoting  peripiration,  it  is  not  requifite  that  it 
thould  be  performed  with  the  fame  tpeed  as  when  for 
curing  the  diforder;  nor  is  it  neceffary  to  ablfain  from 
flelh  and  to  ufe  foups  ;  but  it  will  be  proper  to  ufe  on- 
ly fowls  or  veal  for  ten  or  twelve  days,  boiled  or  roail- 
ed,  without  iny  addition  or  feafoning  (conclimtnto).  In 
the  laft  place,  it  will  be  neceffary  to  guard  againll  tat 
and  indigeftible  food,  and  fuch  liquors  as  might  put  in 
motion  or  inflame  the  mafs  of  the  blood. 

This  important  difcovery  deferves  the  ferious  confi- 
deration  of  all  medical  men  ;  for  if  olive  oil  has  been 
found  efficacious  in  curing  or  prefervmg  againft  one 
fpecics  of  infetfion,  it  is  not  abfurd  to  fuppofe  that  the 
fame  or  other  kinds  of  oil  nu'ght  be  productive  of  much 
benefit  in  other  malignant  mfetlious  dilcafcs.  We  hope 
t  loon  to  hear  of  fome  trial  being  made   with  it  in  thij 

Jp  country.      Would  it  be  of  any  fervice  in  the  yellow  fe- 

♦er,  fo  prevalent   in   the  wcftcrn  world  ?  See  the  Ph'ilo- 
fnph'ical  Magazine,  Vol.  II. 

PLANETARY  hours,  are  twelfth  parts  of  the 
artificial  day  and  night  ;  being  each  double  in  length 
to  the  hour  ufed  in  civil  computation  iu  Europe.  They 
are  dill  ufed  by  the  Jews  as  they  were  among  their 
forefathers  ;  and  hence  are  called  jfeiui/h  hours.  The 
reafon  of  their  being  called  planetary  hours,  is,  that  ac- 
cording to  the  allrologers,  a  new  planet  comes  to  pre- 
dominate every  hour,  and  that  the  day  takes  its  deno. 
mination  from  that  whicli  predominates  the  lirft  hour 
of  it  ;  as  Monday  from  the  moon,  &c. 

PLANETS  have  been  fufficiently  defcribed  in  the 
articles  Astronomy  in  the  Encyclopedia  and  this 
Supplement.  The  word  is  introduced  here  merely  to 
notice  the  difcovery  of  two  new  planets  lince  thofe  ar- 
ticles were  written.  The  tirft  was  difcovered  in  January 
i?oi,  by  Piazzi  of  Palermo;  and  the  other,  if  it  be 
indeed  a  planet,  on  the  28th  of  March  1802,  by  Mr 
Olbars  an  aitronomer  of  Bremen.  Of  the  exllleiice  of 
Piazzi's  planet  there  is  no  doubt,  as  it  has  been  ob- 
Hrved  by  almoft  all  the  eminent  aftronomers  of  Europe. 
its  orbit  is  between  that  of  Mars  and  Jupiter,  and  its 
appearance  like  that  of  a  ftar  of  the  feventh  or  eighth 
magnitude.  It  has  been  called  'Juno,  Hera,  and  Ceres 
Ferdinandea.  The  lall  of  thefe  names  feetiis  to  be  ge- 
,      -  nerally  adopted  ;  and  it  was  impnfcd  by  the  difcoverer 

I  in  allufion  to  Sicily,  and  the  monarch  who  reigns  over 

I  that  country.      Dr  Hevfthel  does  not    think   the  liar 

I  of  Olbars  intitled  to  the  rank  of  a  planet  ;  and  hither. 

to  we  believe  it  has  received  no  naiije.     Ceres  FerJinan- 
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dea  revolves  in   four  years  ;  and   the   followinjr  are  the     P'»"^- 
elements  found  by  Bruckhardt  and  Gauls,  and  admitted  """* 
by  Lalande  : 

Inclir.ation       io''3C'57" 
Mode  2'  21     o  44. 


Inelinaiiou 

Node 

Aphelion 

PalTage  of  the  Aph. 

Jan.  1.  I  801 
Eceentiicity 
Semi-axis 
Revolution 


10-47 
20    Jt^ 

9     o 


Epoch  2  16  j8  o 
Mean  anom.  ^  I  ?  5  i 
.Aphelion  )0  26  27  J"! 
Eccentricity  0.0825CI  7 
Equation  9^  2S' 

Oillance  7-7^55? 


8  hours 
C.0364 

»574 
4.13  years 

PLANTS,  organifed  bodie's,  of  which  a  full  account 
has  been  given  in  the  Encycl.  under  the  title  Botany, 
Plants,  Sexes,  i^c.  The  efl.iblilhment  of  the  fexual 
lyllein  in  vegetables,  and  the  acknowledged  analogy  be- 
tween vegetable  and  animal  bodies,  has  fuggeiled  a  me- 
thod of  improving  plants,  as  animals  are  coiifcfTcdly  im- 
proved, by  what  is  called  cr:ijj]rg  the  breed.  Thi» 
thought  incurred  firfl,  we  believe,  to  Andrew  Knight, 
Efq;  and  in  the  Tranfaef  ions  cf  the  Royal  Society  for 
1799,  "'"^  ''''^^  ■"'  account  of  fonie  very  curious  experi- 
ments made  by  him,  with  the  view  of  alcertainlng  whe- 
ther the  improvement  which  he  had  conceived  be  ac- 
tually pradticable.  Thofe  were  chiefly  made  on  the 
garden  pea,  of  which  he  had  a  kind  growing  in  hi» 
yard;  which  having  been  long  cultivated  in  the  fame 
foil,  had  ceafed  to  be  produftive,  and  did  not  appear  to 
recover  the  whole  of  its  former  vigour  when  removed 
to  a  foil  of  a  fomewhat  diflerent  quality.  On  this  hi» 
iirft  experiment  in  17S7  was  made.  Having  opened  a 
dozen  of  its  immature  bloffouis,  he  deltroytd  tlie  male 
parts,  taking  great  care  not  to  injure  the  female  ones  ; 
and  a  few  days  afterv\ards,  when  the  blolFoins  appeared 
mature,  he  introduced  the  farina  of  a  very  large  and 
luxuriant  grey  pea  into  one  half  of  the  bloffoms,  leaving 
the  other  half  as  they  were.  The  pods  of  each  grew 
equally  well  ;  but  he  foon  perceived  that  of  thofe^intu 
whole  bloffoms  the  farina  had  not  been  introduced,  the 
feed  remained  nearly  as  they  were  before  the  blolFooi 
expanded,  and  in  that  ilate  they  withered.  Thofe  in 
the  other  pods  attained  maturity,  but  were  not  iu  any 
fenfible  degree  different  from  thofe  afforded  by  other 
plants  ot  the  fame  variety  ;  owing,  he  imagines,  to  the 
external  covering  of  the  feed  (as  he  had  found  in  other 
plants)  being  furniflied  entirely  by  the  female.  In  the 
iuccceding  Ipring,  the  difference,  however,  became  ex- 
tremely obvious  ;  for  the  plants  from  them  arofe  witU 
exceflive  luxuriance,  and  the  colour  of  their  leaves  and 
flems  clearly  indicated  that  they  had  all  exchanged 
their  whitencfs  for  the  colour  of  the  male  parent  :  the 
feeds  produced  in  autumn  were  dark  grey.  By  intro- 
ducing the  farina  of  another  white  variety  (or  in  fome 
inflances  by  fimple -culture),  he  found  this  colour  was 
eatily  difcharged,  and  a  numerous  variety  of  new  kinds 
produced  ;  many  of  which  were  in  lize  and  every  other 
refpei;t  much  fuperior  to  the  original  white  kind,  and 
grew  with  excelTive  luxuriance,  fome  of  them  attaining 
the  height  of  more  than  twelve  feet. 

The  dlffimilarity  he  obferved  in  the  offspring,  afford- 
ed by  different  kinds  of  farina  in  thefe  experiment*, 
pointed  out  to  him  an  cafy  method  of  at'certaining  whe- 
ther fupcrfoctation  (the  cxiilcnce  of  which  has  been  ad- 
mitted among  animals)  could  alio  take  place  in  the  ve- 
getable world.  F(M-  as  the  offspring  of  a  white  pea  is 
always  white,  unkfs  the  farina  of  a  coloured  kind  be 
3  A  2  introduced 
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introduced  into  the  blofTom,  and  as  the  colour  of  the 
prey  one  is  always  transferred  to  its  offspring,  though 
the  female  be  wlilte,  it  readily  occurred  to  Mr  Knight, 
that  if  the  farina  of  both  were  mingled  or  applied  at 
the  fame  moment,  the  ofiipring  of  each  could  be  eafily 
diftingiiifiied. 

His  firll  experiment  was  not  altogether  fiiccefsful  ; 
for  the  offspring  of  five  pods  (the  whole  whicii  efcaped 
the  birds)  received  their  colour  from  the  coloured  male. 
There  was,  however,  a  ftrong  refemblance  to  the  other 
male  in  the  growth  and  character  of  more  than  one  of 
the  plants  ;  and  the  feeds  of  feveral  in  the  autumn  very 
tlofcly  refeaibled  it  in  every  thing  but  colour.  In  this 
experiment  he  ufed  the  farina  of  a  white  pea,  which 
poffelfed  the  remarkable  property  of  flirivtlling  cxcef- 
flvely  when  ripe  ;  and  in  the  fecond  year  he  obtained 
white  feeds  from  the  grey  ones  above  mentioned,  per- 
feftlv  fimilar  to  it.  He  is  therefore  ifrongly  difpofed 
to  believe  that  the  feeds  were  here  of  common  paren- 
tage ;  but  doth  not  conceive  himfelf  to  be  in  poflcffion 
ef  fa6ts  fufficient  to  enable  him  to  fpeak  with  deciiion 
on  this  queftion.  We  have  no  right  to  form  a  decided 
opinion  on  this  part  of  the  fubjedt,  having  paid  to  it 
very  little  attention  ;  but  at  prefent  we  are  inclined  to 
think  differently  from  the  author.  We  admit,  indeed, 
that  if  the  female  afford  the  firfl  organized  atom,  and 
the  rpale  aft  only  as  a  ilimuhis,  it  is  by  no  means  im- 
pofTible  that  the  cxplofion  of  two  velicles  of  farina,  at 
the  lame  moment  (taken  from  different  plants),  may 
afford  feeds  of  common  parentage  ;  but  whether  the 
female  or  the  male  affor^ls  the  firll  organized  atom,  is 
the  queftion  which  to  us  :ippears  not  yet  decided. 

Another  fpecies,  however,  of  fuperfcetation,  in  which 
©ne  feed  appears  to  have  been  the  offspring  of  two 
males,  has  occurred  to  Mr  Knight  fo  often,  as  to  re- 
move, he  fiiys,  all  pofTibility  of  doubt  as  to  its  exiff- 
ence.  In  17971  the  year  after  he  had  feen  the  refult 
«f  the  laft  mentioned  experiment,  having  prepared  a 
great  many  white  bloffoms,  he  introduced  the  farina  of 
a  white  and  that  of  a  grey  nearly  at  the  fame  moment 
into  each  ;  and  as  in  the  laft  year  the  character  of  the 
coloured  male  had  prevailed,  he  ufed  its  farina  more 
fparingly  than  that  of  the  white  one  ;  and  now  almoft 
every  pod  afforded  plants  of  different  colours.  The 
majority,  however,  were  white  ;  but  the  charafters  of 
the  two  kinds  were  not  fufHciently  diftinfl  to  allow  him 
to  judge  with  precifion  whether  any  of  the  feeds  were 
produced  of  common  parentage  or  not.  In  tlie  year 
179s  he  was  more  fortunate;  having  prepared  blof- 
iorns  of  the  little  early  frame  pea,  he  introduced  its  own 
farina,  and  immediately  afterwards  that  of  a  very  large 
and  late  grey  kind,  and  fowed  the  feeds  thus  obtaijied 
in  the  end  of  fuinmcr.  Many  of  them  retained  the  co- 
lour and  character  of  the  fmall  early  pea,  not  in  the 
ffighteft  degree  altered,  and  blofTomed  before  they  were 
eighteen  inches  high  ;  whilft  others  (taken  from  the 
fame  pods),  whofe  colour  was  changed,  grew  to  the 
height  of  more  than  four  feet,  and  were  killed  by  the 
froft  before  any  bloffoms  appeared. 

It  is  evident,  that  in  thefe  inftances  fuperfcetatlon 
took  place  ;  and  it  is  equally  evident  that  the  feeds 
Wert  ]iot  all  of  common  parentage.  Should  fubfequent 
experience  evince,  that  a  fingle  plant  may  be  the  off- 
fpring  of  two  males,  the  analogy  between  animal  and 
YCgttable  nature  may  induce  fome  curious  conjeftures 
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relative  to  the  procefs  of  generation  in  tTie  animal 
world — It  certainly  may  ;  but  either  we  do  not  per- 
fedly  underlland  the  author's  meaning,  or  this  experi- 
ment  is  not  conclulive.  There  were  here  feeds  of  dif. 
ferent  colours  produced  by  the  fariua  of  different  males,' 
operating  on  tiie  i^une  female  plant  ;  and  there  are  well 
attefted  inftances  of  twin  children  being  born  of  difte- 
rent  colours,  in  confcquence  of  the  coition  of  different 
males,  a  negro  and  a  white  man,  with  the  fame  woman. 
Had  Mr  Knight  difcovered,  not  that  the  fame  pod, 
but  that  the  fame  individual  pea,  was  the  offspring  of 
two  males,  his  difcovery  would  indeed  have  led  to  fome 
curious  conjectures  refpefting  animal  generation.  But 
to  proceed  with  his  experiments. 

By  introducing  the  farina  of  the  largeft  and  moll 
luxuriant  kinds  into  the  bloffoms  of  the  moft  diminu- 
tive, and  by  referving  this  procefs,  he  found  that  the 
powers  of  the  male  and  female,  in  their  effeils  on  the 
offspring,  are  exadlly  equal.  The  vigour  of  the  growth, 
the  fize  of  the  feeds  produced,  and  the  feafon  of  matu- 
rity, were  the  fame,  though  the  one  was  a  very  early 
and  the  other  a  late  variety.  He  had  in  this  experi- 
ment a  tlriking  inftance  of  the  ftimulative  effefts  of 
crofUng  the  breeds  ;  for  the  fmallett  variety,  whofe 
height  rarely  exceeded  two  feet,  was  increafed  to  fix 
feet  ;  whilft;  the  height  of  the  large  and  luxuriant  kind 
was  very  little  diminifhed.  By  this  procefs  it  is  evi- 
dent, that  any  number  of  new  varieties  may  be  obtain- 
ed ;  and  it  is  highly  probable,  that  many  of  thefe  will 
be  found  better  calculated  to  correft  the  defefts  of  dif- 
ferent foils  and  fituatious  than  any  we  have  at  prefent. 

The  fikccefs  of  Mr  Knight's  experiments  on  the  pea 
induced  him  to  make  fimilar  experiments  on  wheat  ; 
but  thefe  did  not  anfwer  his  expectations.  The  varie- 
ties indeed  which  he  obtained,  efcaped  the  blights  of 
1795  and  1796;  but  their  qualities  were  not  other- 
wife  good,  nor  were  they  permanent.  His  experiments 
on  the  apple,  the  improvement  of  which  was  the  firlt 
objeft  of  his  attention,  have,  as  far  as  he  could  judge 
'  fro?n  the  cultivated  appearance  of  trees  which  had  not 
borne  fruit  wlien  he  wrote  liis  memoir,  been  fully  equal 
to  his  hopes.  The  plants  which  he  obtained  from  his 
efforts  to  unite  the  good  qualities  of  two  kinds  of  apple, 
feem  to  poffefs  the  greateil  health  and  luxuriance  of 
growth,  as  well  as  the  moft  promifing  appearance  in 
other  refpefts.  In  fome  of  thefe  the  character  of  the 
male  appears  to  prevail  ;  in  others  that  of  the  female  ; 
and  in  others  both  appear  blended,  or  neither  is  diltin- 
guifhable.  Thefe  variations,  which  were  often  obfer- 
vable  in  the  feeds  taken  fr.om  a  fingle  apple,  evidently 
arife  from  the  want  of  permanence  in  the  character  of 
this  fruit,  when  raifed  from  feed.  Many  experiments 
of  the  fame  kind  were  tried  on  other  plants  ;  but  it  is 
fufficient  to  fay,  that  all  tended  to  evince,  that  impro- 
ved varieties  of  every  fruit  and  of  efculent  plants  may  be 
obtained  by  this  procefs,  and  that  Nature  intended  that 
a  fexual  intercourfe  fliould  take  place  between  neigh- 
bouring  plants  of  the  fame  fpecies.  For  the  nutrition 
of  plants,  fee  Vegetable  Substances  in  this  Suppl. 

PLATINUM,  or  Platina  (See  Chemistry, 
Suppl.  Part  I.  Chap.  iii.  Seft.  3  ),  is  a  metal,  of  which 
every  chemift  regrets  the  difficulty  of  making  it  raaU 
leable.  Of  the  different  proceffes  adopted  to  accom- 
plifh  this  end,  we  have  reefon  to  believe  that  of  Mr 
Richard    Knight  the  moft  fuccefsful ;    and,  with  the 

fpirit 


POL  [     373     ]  P    O    S 

Flatinum  fpirit  of  a  true  phildfopher,  he  wifhcs  to  make  tliat  pro-  degrees  of  finencfs,  tlic  third  is  the  pollards.     There  is  Porreljin. 

p.,"  ,  cefs  as  generally  known  as  pofiible.  Wc  fhall  give  it  in  nothing  between  it  and  the  bran.  Pofition. 
■  '  '.  his  own  words  :  PORCELAIN,  a  kind  of  earthen  or  ftone  ware,  of  ' 
"  To  a  given  qnantity  of  crude  platinum,  I  add  (fays  the  majuifaaure  of  which  a  full  account  is  given  in  the 
he)  15  times  its  weight  of  nitro-muriatic  acid  (compo-  Encyclopdcdia  from  Grofier  and  Rcaum\ir.  It  may  ho 
fed  of  equal  parts  of  nitric  and  muriatic  acids)  in  a  tubu-  proper,  however,  to  add  here,  from  Sir  George  Staun- 
latcd  glafs  retort,  with  a  tubulated  receiver  adapted  to  it.  ton,  that  one  of  the  principal  ingredients  in  the  Chinefe 
It  is  then  boiled,  by  means  of  an  Argand's  lamp,  till  porcelain  called  pe-tun-lfc,  is  a  fpecies  of  fine  granite, 
the  acid  has  afTumed  a  deep  faffron  colour  :  it  is  then  or  compound  of  quartz,  feldfpath,  and  mica,  in  which 
poured  off  ;  and  if  any  platina  remains  undiflblved,  the  quartz  bears  the  largell  proportion.  "  It  appears 
more  acid  is  added,  and  it  is  again  boiled  until  the  whole  (fays  Sir  George)  from  feveral  experiments,  that  /<•- 
is  taken  up.  The  liquor,  being  fuifercd  to  relt  till  quite  tun-tfe  is  the  fame  as  the  growan-ftone  of  the  Cornifli 
clear,  is  again  decanted  :  a  folution  of  fal-ammoniac  is  miners.  The  micaceous  part  in  fome  of  this  granite 
then  added,  by  little  and  little,  till  it  no  longer  gives  a  from  both  countries,  often  contains  fome  particles  of 
cloudinefs.  By  this  means  the  platina  is  thrown  down  iron  ;  in  which  cafe  it  will  not  anfwer  the  potter's  pur- 
in  the  form  of  a  lemon-coloured  precipitate,  which  having  pofe.  This  material  can  be  calcitied  and  ground  much 
fubfided,  the  liquor  is  poured  off,  and  the  precipitate  re-  finer  by  the  improved  mills  of  England,  than  by  the 
peatedly  wafhed  with  diftilled  water  till  it  ceafes  to  give  very  imperfeft  machinery  of  the  Chinefe,  and  at  a 
an  acid  tafte  (too  much  water  is  injurious,  the  precipi-  cheaper  rate,  than  the  prepared  pe-tun-tfe  of  their  own 
tate  being  in  a  certain  degree  foluble  in  that  liquid)  ;  country,  notwithftanding  the  cheapnefs  of  labour  there, 
the  water  is  then  poured  off,  and  the  precipitate  evapo-  The  kaolin,  or  principal  matter  mixed  with  the /"f/ un- 
rated to  drynefs."  tfe,  is  the  growan  clay  alfo  of  the  Corniih  miners.  '1  he 
Thus  far  our  author's  method,  as  he  candidly  ob-  wha-Jlje  of  the  Chinefe  is  the  Englifh  foap  rock  ;  and 
fSrves  himfelf,  differs  not  from  that  which  has  been  fol-  \.\\ejhe  kan  is  affcrted  to  be  gypfum. 
lowed  by  many  others  ;  but  the  remainder  of  the  pro-  "  The  manufafture  of  porcclainisfaid  to  be  precarious, 
cefs  is  his  own.  "  A  ilrong,  hollow,  inverted  cone  of  from  the  want  of  fome  precile  method  of  alcertaining  and 
crucible  earth  being  procured,  with  a  correfponding  regulating  the  heat  within  the  furnaces,  in  confequenc*-' 
ftopper  to  fit  it,  made  of  the  fame  materials,  the  point  of  which,  their  whole  contents  are  baked  fometimes  into 
of  the  latter  is  cut  off  about  three-fourths  from  the  one  folid  and  ufelefs  mafs."  If  this  be  fo,  Wedge- 
bafe.  The  platina,  now  in  the  flate  of  a  light  yel-  wood's  thermometer  would  be  a  prefent  highly  valuable 
low  powder,  is  preffed  tight  into  the  cone,  and,  a  to  the  Chinefe  potter,  if  that  arrogant  and  conceited  peo- 
cover  being  fixed  flightly  on,  it  is  placed  in  an  air  fur-  pie  would  condefcend  to  be  taughtby  a  native  of  Europe. 
nace,  and  the  fire  raifed  gradually  to  a  ftrong  white  POSITION,  Centre  of,  is  a  point  of  any  body, 
heat.  (The  furnace  ufed  by  Mr  Knight  is  portable,  or  fyllem  of  bodies,  fo  feledted,  that  we  can  eftimate 
with  a  chamber  for  the  fire  only  eight  inches  in  dia-  with  propriety  the  fituation  and  motion  of  the  body  or 
meter.)  In  the  mean  time  the  conical  ftopper,  fixed  fyileni  by  the  fituation  and  motion  of  this  point.  It 
in  a  pair  of  iron  tongs  fuitable  for  the  purpofe,  is  is  very  plain  that,  in  all  our  attempts  to  accurate  dlf- 
brought  to  a  red,  or  to  a  bright  red,  heat.  The  cover  cuflion  of  mechanical  queflions,  efpecially  in  the  prefent 
being  then  removed  from  the  cone,  the  tongs  with  the  extended  fenfe  of  the  word  mechanifm,  fucli  a  felettion  ■ 
heated  ftopper  is  introduced  through  a  hole  in  the  cover  is  neceffary.  Even  in  common  converfation,  we  fre- ■ 
of  the  furnace,  and  preffed  at  firtf  gently  on  the  pla-  quently  find  it  neceffary  to  afcertain  the  diftance  of  ob- 
tina,  at  this  time  in  a  Hate  nearly  as  foft  as  dough,  till  it  jeds  with  a  certain  precifion,  and  we  then  perceive  that ' 


at  length  acquires  a  more  folid  confillcnce.  It  is  then 
repeatedly  ftruck  with  the  Hopper,  as  hard  as  the  na- 
ture of  the  materials  will  admit,  till  it  appears  to  re- 
ceive no  farther  imprcffion.  The  cone  Is  tlien  removed 
from  the  furnace  ;  and  beinc;  flruck  lightly  with  a  ham- 


we  mull  make  fome  fuch  fclettion.  We  conceive  the 
diftance  to  be  mentioned,  neither  with  refpeft  to  the 
neareft  nor  the  remoteft  point  of  the  object,  but  as  a 
fort  of  average  diftance;  and  we  conceive  the  point  fo  af- 
ccrtained  t»  be  fomewhere  about  the  middle  of  the  ob- 


mcr,   the  platina  falls  out  in   a  metallic  button,   from  jtd.      The  more  we  refleft  on  this,  we  find  it  the  more 

which  ftate  it  may  be  drawn,  by  repeatedly  heating  and  necelTary  to  attend  to  many  circiimftances  which  we  had 

gently  hammering,  into   a  bar  fit  for  Halting,  drawing  overlooked.     Were   it  the  queftion,  to  decide  in  what 

into  wire,   planifiiing,   &c.  precife  part  of  a  country  parilh   the  church   (hould   be 

"   Belides  the  comparative  facility  of  this  procefs,  it  placed,  we  find  that   the  geometrical   middle  is  not  al- 

has  the  farther  advantage  of  rendering  the  platina  much  ways  tlie  molt  proper.      We  mull   confider   the   popu- 

purer  than  whenredhot  iron  is  obliged  to  be  had  recourfe  loufnefs  of  the  different  quarters  of  thcpariia,  and  fckcl 

to  ;  for  platina,  when  of  a  white  heat,  has  a  ftrong  af-  a  point   fuch,  that  the  diftances  of  the-  inhabitants  on 

finity  for   iron,  and,   with  whatever  care  it   may   have  each  fide,   in   every  diredion,  {hall  be  as  equally  balan- 

becn  previoufly  feparated  from  that  metal,  will  be  found  oed  as  pofTible. 

to  have  taken  up  a  portion  of  it,  when  it  is  employed  of  a  In   mechanical   difcuffions,  the  point  by  whofe  pofi- 


red  heat,  to  ferve  to  unite  the  particles  of  the  platina." 
PLATONIC  Bodies,  fee  Rfgulak  Bodies,  Suppl. 
PLUVIAMETER,   a  machine   for  mcafiiring  the 

quantity  of  rain  that  falls,  otnerwife  called  Ombrome- 

TOR  ;   which  fee,  Encycl. 

POLLARDS,  the  name  of  a  coarfe  kind  of  wheaten 


tion  and  diftance  we  eftimate  the  pofition  and  diftance 
of  the  whole,  muft  be  fo  felected,  tliat  its  pofition  and 
diftance,  eftimated  in  any  direction  whatever,  fhall  be 
the  average  of  the  pofitionsand  diftances  of  every  parti-, 
cle  of  the  afTiinblage,  eitima.nl  in  that  diredion. 
This  will  be  the  cite,  if  the  point  be  fo  felededthat. 


flour.     When  the  flour  of  wheat  is  feparated  into  tiiiee    when  a  plane  is  made  to  pais  through  it  In  any  direc. 


o   s 


Pfit'on. 


.PU(c  XL. 


/;■</«  whitti-Vfr,  and  perpendiculars  are  drawn  to  this 
plane  from  every  particle  in  the  hody  or  fyliem,  the 
liim  of  all  the  perpendiculars  on  out  fide  of  this  plane 
is  equal  to  the  fuin  of  all  the  perpendiculars  on  the 
other  fide.  If  there  he  Uich  a  point  in  a  body,  the 
pudiion  and  motion  of  this  point  is  the  average  of  the 
politions  and  motions  of  all  the  particles. 

For  if  P  (lig.  I.)  be  a  point  fo  filuated,  and  if  QR 
be  a  plane  (perpendicular  to  the  paper)  at  any  dillance 
from  it,  the  dillance  P/>  of  the  point  from  this  plane  is 
the  average  of  the  diftances  of  all  the  particles  trom  it. 
For  let  the  plane  APB  be  pafled  through  P,  parallel  to 
Qli.  The  diftance  CS  of  any  particle  C  from  the 
plane  Q]l  is  equal  to  DS— DC,  or  to  P/.— DC.  And 
the  dillance  GT  of  any  particle  G,  lying  on  the  other 
r.de  of  APB,  is  equal  to  HT  +  GH,  or  to  P/.  +  GH. 
Let  n  be  the  number  of  particles  on  that  fide  of  AB 
which  is  neareft  to  Q^,  and  let  o  be  the  number  of 
thofe  on  the  remote  fide  of  AB,  and  let  m  be  the  num- 
ber of  particles  in  the  whole  body,  and  therefore  equal 
to  n+o.  It  is  evident  that  the  fum  of  the  diftances  of 
all  the  particles  fuch  as  C,  is  n  times  P/>,  after  deduc- 
ing all  the  diftances,  fuch  as  DC.  Alfo  die  fum  of  all 
the  diftances  of  the  particles,  fuch  as  G,  is  o  times  V p, 
together  with  the  fum  of  all  the  diftances,  fuch  as  GH. 
Therefore  the  fum  of  both  fets  is  n  -f-  o  X  ?/>  4-  fum 
of  GH-fum  of  DC,  or  mXPp+  fum  of  GH— 
fum  of  DC.  But  the  fuift  of  GH,  wanting  the  fum 
of  DC,  is  nothing,  by  the  fuppoled  property  of  the 
]5oint  P.  Therefore  m  X  P/  is  the  fum  of  all  the  di- 
ilances,  and  P/  is  the  »ntli  part  of  this  fum,  or  the 
average  diftance. 

Now  fuppofe  that  the  body  has  changed  both  its 
place  and  its  pofrtion  with  refpett  to  the  plane  Q_R, 
and  that  P  (fig.  2.)  is  ftill  the  fame  point  of  the  body, 
and  "  P  /3  a  plane  parallel  to  Q^.  Make  p  t  equal  to 
*  P  of  fig.  I .  It  is  plain  that  Pp  is  ftill  the  average 
diftance,  and  that  m  X  P  f>  is  the  fum  of  all  the  prefent 
diftances  of  the  particles  from  QR,  and  that  m  X  " p  is 
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nifti  Uie  fum  of  the  lines  DC,  arjd  increafe  the   fum  of  P"(ition 
the  lines  GH.     We  may  do  this  till  the  funis  are  equal.      ,  v~- ■ 

In  like  manner  we  can  do  thij  with  refpedf  to  a 
plane  LM  (alio  perpendicular  to  the  paper),  perpendi- 
cular to  the  plane  AB.  The  point  vvantc<l  is  fome- 
where  in  the  plane  Ali,  and  lomewhere  in  the  plane 
LM.  Therefore  it  is  fomewhere  in  the  line  in  which 
thefe  two  planes  iiiterfcdl  each  other.  The  line  pafTes 
through  the  point  P  ot  the  paper  where  the  two  lines 
AB  and  I^M  cut  each  other.  Thefe  two  lines  rcpre- 
fent  planes,  but  are,  in  fart,  only  the  iiilerie<flion  of 
thofe  planes  with  the  plane  of  tlie  paper.  Part  of  the 
body  mull  be  conceived  as  being  above  the  paper,  and 
part  of  it  behind  or  below  the  paper.  The  plane  of 
the  paper  therefore  divides  the  body  into  two  parts.  It 
may  be  lo  fituated,  therefore,  that  the  fum  of  all  the 
diftances  from  it  to  the  particles  lying  above  it  Ihall  be 
equal  to  the  fum  of  all  the  diftances  of  thofe  which  arc 
below  it.  Therefore  the  fituation  of  the  point  P  ii 
now  determined,  namely,  at  the  common  interfeftion  of 
three  planes  perpendicular  to  each  other.  It  is  evident 
that  this  point  alone  can  have  the  condition  requited 
in  refpeft  to  thefe  three  planes. 

But  it  ftill  remains  to  be  determined  whether  the 
fame  condition  will  hold  true  for  the  point  thus  found, 
in  refpcA  to  any  other  plane  palTing  through  it  ;  that 
is,  whether  the  fum  of  all  the  perpendiculars  on  one 
fide  of  this  fourth  plane  is  equal  to  the  fum  of  all  the 
perpendiculars  on  the  other  fide.     Therefore 

Let  AGHB  (fig.  3.),  AXYB,  and  CDFE,  be 
three  planes  interfering  each  other  perpendicularly  ia 
the  point  C  ;  and  let  CHvL  be  any  other  plane,  inter- 
fering the  rirft  in  the  line  CI,  and  the  fecond  in  the 
line  CL.  Let  P  be  any  particle  of  matter  in  the  body 
or  fylleni.  Draw  PM,  PO,  PR,  perpendicular  to  the 
firil  three  planes  refpcclively,  and  let  PR,  when  produ- 
ced, meet  the  oblique  plane  in  V  ;  draw  MN,  ON,  per- 
pendicular to  CB.  They  will  meet  in  one  point  N. 
Then   PMNO    is  a  rectangular    parallelogram.     Alio 


the  fum  of  all  the  former  diftances.      Therefore  m  X  P  :r  *  draw  MQ^perpendicular  to  CE,   and  therefore  parallel 

to  AB,  and  meeting  CI  in  S.  Draw  SV  ;  alfo  draw  S  P 
perpendicular  to  VP.  It  is  evident  that  SV  is  parallel 
to  CL.tand  that  STRQ^and  STPM  are  reftangles. 

All  the  perpendiculars,  fuch  as  PR,  on  one  fide  of 
the  plane  CDFE,  being  equal  to  all  thofe  on  the  other 
fide,  they  may  be  confidered  as  compenlating  each 
other  ;  the  one  being  confidered  as  pofitive  or  additive 
quantities,  the  other  are  negative  or  fubtraftive.  There 
is  no  difference  between  their  fums,  and  the  fum  of 
both  fets  may  be  called  o  or  nothing.  The  fame  muft: 
be  affirmed  of  all  the  perpendiculars  PM,  and  of  all  the 
perpendiculars  PC). 

Every  line,  fuch  as  RT,  or  its  equal  QS,  is  in  a  cer- 
tain invariable  ratio  to  its  correfponding  QC,  or  its 
equal  PO.  Therefore  the  pofitive  lines  RT  are  com- 
pcnfated  by  the  negative,  and  the  fum  total  is  nothing. 

Every  line,  fuch  as  TV,  is  in  a  certain  invariable  ra- 
tio to  its  correfponding  ST,  or  its  equal  PM,  and  there- 
fore  their  fum-total  is  nothing 

Therefore  the  fum  of  all  thclines  PV  is  nothing  ;  but 
each  is  in  an  invariable  ratio  to  a  correfponding  perpen- 
dicular from  P  on  the  oblique  plane  CIKL.  There- 
fore  the  fum  of  all  the  pofitive  perpendiculars  on  this 
plane  is  equal  to  the  fum  of  all  the  negative  perpendi- 
culars, and  the   propofition  is  demonftrated,  -viz.  that 

ia 


is  the  fum  of  all  the  changes  of  diftance,  or  the  whole 
(piantity  of  motion  eftimated  in  the  direftion  ^  P.  P  " 
is  the  mth  part  of  this  fum,  and  is  therefore  the  average 
motion  in  this  direAion.  The  point  P  has  therefore 
been  properly  felefted  ;  and  its  pofition,  and  diftance, 
and  motion,  in  refpeft  of  any  plane,  is  a  proper  repre- 
fcntation  of  the  fituation  and  motion  of  the  whole. 

It  follows  from  the  preceding  difcuflion,  that  if  any 
particle  C  (fig.  I.)  moves  from  C  to  N,  in  the  line 
CS,  the  centre  of  the  whole  will  be  transferred  from  P 
to  Q__,  fo  that  PQ_^is  the  mth  part  of  CN';  for  the  fum 
of  all  the  diftances  has  been  diminiftied  by  the  quantity 
CN,  and  therefore  the  average  diftance  mull  be  dimi- 

CN, 
nllhed  by  the  mth  part  of  CN,   or  PQjs  =  -  — 

But  it  may  be  doubted  whether  there  is  in  every  bo- 
dy a  point,  and  but  one  point,  fuch  that  if  a  plane  pals 
through  it,  in  any' dire9ion  luhatever,  the  fum  of  all  the 
diftances  of  the  particles  on  one  fide  of  this  plane  is 
equal  to  the  fum  of  all  the  diftances  on  the  other. 

It  Is  eafy  to  flicw  that  fuch  a  point  may  be  found, 
with  refped  to  a  plane  parallel  to  QR-  For  if  the  fum 
cif  all  the  diftances  DC  exceed  the  fum  of  all  the  di- 
ftances GH,  we  have  only  to  pafs  the  plane  AB  a  little 
nearer  to  QJ^j  but  lliU  parallel  to  it.     This  will   dimi- 
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PoCtioa    in  every  body,  or  fyftem  of  bodies,  there  is  a  point  gallon  of  the  motions  and  aftlons  of  bodies  incompa-    Pofitii 

■"""V  fuch,  that  if  a  plane  be  paffed   tlirougli   it  in  any  dirfc-  rably  more  fimple  and  eafy,  freeing  our  difeuflions  from  '"""*" 

Hon  IV  hat  ever,  the  fum  of  all  the  perpendiculars  on  one  numberlefs    intricate   complications   of  motioH,    which 

.  fide  of  the  plane  is   equal  to  the  fum  of  all  the  pcrpcn-  vould  frequently  make  our  progrefs  almoft  impoflible. 
diculars  on  the  other  lidt.  Position,  in   arithmetic,  called   alfo  Falfs  Pofitian, 

The  point  P,  thus  feleded,  may,  with  great  proprie-  or  Suppofit'wn,  or  Rule  of  Falfe,  is  a  rule  fo  called,  be- 

ty,  be  called  the  centre  of  rosirioN  of  the  body  or  caufe  it  confifts  In  calculating  by  falfe  numbers  fuppo- 

fyftem.  fed  or  taken  at  random,  according  to  the  procefs  de- 

If  A  and  B  (fig.  4)  be  the   centres  of  pofitlon  of  fcribed  in  any  queftion  or  problem  propofed,  as  if  they 

two  bodies,   whofe  quantities  of  matter  (or  numbers  of  were  the  true  numbers,  and  then  from  the  refults,  com- 

f  qual  particles)  are  a  and  b,  the  centre  C  lies  in   the  pared  with  that  given  in  the  qucllion,  the  true  numbers 

ftraight  line  joining  A  and  B,  and  AC  ;  CB  =:  b  :  u,  are  found. 

or  its  diftance  from  the  centres  of  each  are  inverfcly  as  Thus,  take  or  affume  any  number  at  pleafure  for 

their  quantities  of  matter.      l"or  let  «  C  (3  be  any  plane  the  number  fought,  and  proceed  with  it  as  if  it  were 

pafling  through  C.     Draw  A  a,  B /!,  perpendicular  to  the  true  number,  that  is,  perform  the  fame  operations 

this  plane.     Then  we  have  Vj  X  A  «  1=  ^  X  B  p,   and  with  it  as,  in  the  queftion,  are  dcfcrlbed  to  be  pcrform- 

A  a  :  B  /3  =  i  :  J,  and,  by  fimilarity  of  triangles,  CA  :  ed  with  the  number  required  :  then  if  the  refult  of  tliofe 

CB  :=  i>  :  a.  operations  be  the   fame  with  that  mentioned  or  given 

If  a  third  body  D,  whofe  quantity  of  matter  is  tl,  in  the  queftion,  the  fuppofed  number  is  the  fame  as  the 

be  added,  the  common  centre  of  pofition  E  of  the  three  true  one  that  was  required  ;  but  if  it  be  not,  make  this 

bodies  is  in  the  ftraight  line  DC,  joining  the  centre  D  proportion,  -viz.  as  your  refult  is  to  that  In  the  queftion^ 
of  the  third  body  with  the  centre  C  of  the  other  two, 
and  DE  :  EC  =  a  +  i  :  d.  For,  paffing  the  plane 
E  «  through  E,  and  drawing  the  perpendiculars  D  S, 
C  «,  the  fum  of  the  perpendiculars  from  D  is  J X  D  i  ; 
and  the   fum   of  the  perpendiculars  from   A  and  B  is 


ij  +  *  X  C  V,  and  wc  have  ^XDJ'  =  <j  +  ixC«;and 
therefore  DE  :  EC  =  a  +  i  :  J. 

In  like  manner,  if  a  fourth  body  be  added,  the  com- 
rnon  centre  is  in  the  line  joining  the  fourth  with  the 
centre  of  the  other  three,  and  its  <liftance  from  this 
centre  and  from  the  fourth  Is  inverfely  as  the  quantities 
of  matter  ;  aiid  fo  on  for  any  number  of  bodies. 

If  all  the  particles  of  any  lyftem  be  moving  uniform- 
ly. In  ftraight  lines,  in  any  direiftions,  and  with  any  ve- 
loclties  whatever,  the  centre  of  the  fyftem  is  either  mo- 
ving uniformly  in  a  ftraight  line,  or  is  at  reft 

For  let  m  be  the  number  of  particles  in  the  fyftem. 
Suppofe  any  particle  to  move  uniformly  in  any  direc- 
tion. It  is  evident,  from  the  reafoniiig  in  a  former  pa- 
ragraph, that  the  motion  of  the  common  centre  Is  the 


fo  Is  your  fuppofed  falfe  number  to  the  true  one  required. 
Example.   What  number  is  that,   to  which  if  we  add 
\,  y,  i>  and  f  of  itfelf,  the  fum  will  be  240  ? 
Suppofe  99 

49-5     =  4 
33-       =  r 


Then,  as  222.75 


24-71  =  f 

■6-5     =  ff 
222.75  :=  refult 
240  :  :iJ9  •■  106.6  =  Anfwer. . 

53-3  =  i 

35.5  =  T 

26.6  =  i 

'7-7=^ 


240.    ■=  proof. 

This  \sjtngle  pofition. 

Sometimes  It  Is  neccffary  to  make  two  different  fiip- 

pofitions  or  affumptlons,  when  the  fame  operations  niuft  ' 
n!th  part  of  this  motion,  and  Is  In  the  fame  direction,  be  performed  with  each  as  In  the  fuigle  rule.  If  neither 
The  fami  muft  be  faid  of  every  particle.  Therefore  of  the  fuppoftd  numbers  folve  the  queftion,  find  the 
the  motion  of  the  centre  is  the  motion  which  is  com-  differences  between  the  refults  and  the  given  number  ; 
pounded  of  the  mth  part  of  the  motion  of  each  par-  multiply  eacli  of  thefe  differences  into  the  other's  pofi- 
tide.  And  becaufe  each  of  thefe  was  fuppofed  to  be  tlon  ;  and  if  the  errors  In  both  iuppofitions  be  of  the 
uniform  and  rectilineal,  the  motion  compouuded  of  fame  kind,  /'.  e.  if  both  fuppofitions  be  either  Icfs  or 
them  all  Is  alfo  uniform  and  reftillneal  ;  or  it  may  hap-  greater  than  the  given  number,  divide  the  differences 
pen  that  they  will  fo  conipenfate  each  other  that  there  of  the  products  by  the  differences  of  the  errors.  If 
will  be  no  diagonal,  and  the  common  centre  will  remain  the  errors  be  not  of  the  fame  kind,  i.  e.  if  the  one  be 
at  reft.  greater  and  the  other  Icfs  than  the   given  number,  di- 

Cor.  I.   If  the  centres  of  any  number  of  bodies  move     vide  the  fum  of  the  produdls  by  the  lum  of  the  errors, 
uniformly  in    ftraight   lines,   whatever  may   have  been     The  quotient,  In  either  cafe,  will  be  the  anfwer. 


the  motions  of  each  particle  of  each  body,  by  rotation 
or  otherwife,  the  motion  of  the  common  centre  will  be 
uniform  and  reftllineal. 

Cor.  2.  The  quantity  of  motion  of  fuch  a  fyftem  is 
the  fum  of  the  quantities  of  motion  of  each  body,  re- 
duced to  the  direction  of  the  centre's  motion.  And  it 
is  had  by  multiplying  the  quantity  of  matter  in  the 
fyftem  by  the  velocity  of  the  centre. 

The  velocity  of  the  centre  Is  had  by  reducing  the 
motion  of  each  particle  to  the  direction  of  the  centre's 
motion,  and  then  dividing  the  fum  of  thofe  reduced  mo- 
tions by  the  quantity  of  matter  In  the  fyftem. 

By  the  feleftion  of  this  point,  we  render  the  invefti- 


Example.   Three  partners,  A,    B,  and  C,  bought   a 
fugar-work  which  coft  them  L.  2000  ;  of  which  A  paid 
a  certain    fum  unknown  ;   B  paid  as  much  as   A,  and 
L.  50  over;   C  paid  as  much  as  them  both,   and  L,.  2C, 
over  :   What  fum  did  each  pay  ■' 
(i.)  Suppofe  A  paid  L.  500 
B  — 
C  — 


550 

1075, 

t 

2X1$: 

- 

2000 

a  25 

= 

error 

of 

excefs. 
.}  Sup 

POT 

Potttry.  (2.)  Snppofe  A  paid  L.40O 

B  450 

125      =:  excefs.     C  875 
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POT 


400  =s  2d  pofition. 


50000 


ift  error,  125 
2d  275 


172s 

2000 

375     =  error  of  defcA. 
500=  ill  pofilion. 

137500 
30000 


400         )  187500 


Aiifwers. 


468.75  :=  fum  paid  by  A. 
B. 
C. 


,  =  proof. 


2000 
This  is  called  double  pofition. 

POTTERY  is  an  art  of  very  confiderable  importance; 
and  in  addition  to  what  has  been  faid  on  it  in  the  Ency- 
tlopttdia,  the  following  refleftions,  by  that  eminent  che- 
mift  Vauquelin,  will  probably  be  acceptable  to  many  of 
cur  readers. 

Four  things  (fays  he)  may  occafion  difference  in  the 
qualities  of  earthen-ware  :  ijl.  The  nature  or  compo- 
fition  of  the  matter  ;  id,  The  mode  of  preparation  ;  T^d, 
The  dimenfions  given  to  the  veifels ;  4//',  The  baking 
to  which  they  are  fubjefted.  By  compoiitlon  of  the 
matter,  the  author  underftands  the  nature  and  propor- 
tions  of  the  elements  of  which  it  informed.  Thele  ele- 
nienlf,  in  tlie  greater  part  of  earthen  ware,  either  va- 
luable or  common,  are  filex,  argil,  lime,  and  fometimes 
a  little  oxide  of  iron.  Heqce  it  is  evident  that  it  is  not 
fo  much  by  the  diverfity  of  the  elements  that  good 
earthen-ware  differs  from  bad,  as  by  the  proportion  in 
which  they  are  united.  Silex  or  quartz  makes  always 
two-thirds  at  leaft  of  earthen-ware  ;  argil  or  pure  clay, 
from  a  fifth  to  a  third  ;  lime,  from  5  to  20  parts  in  the 
hundred;  and  iron  from  o  to  12  or  15  parts  in  the 
hundred.  Silex  gives  hardnefs,  infufibility,  and  un- 
alterability  ;  argil  makes  tlie  pafte  pliable,  and  ren- 
ders it  fit  to  be  kneaded,  moulded,  and  turned  at  plea- 
fure.  It  ponefles  at  the  fame  time  the  property  of  be- 
ing partially  fufed  by  the  heat  which  unites  its  parts 
with  thofe  of  the  filex  ;  but  it  muft  not  be  too  abun- 
dant, as  it  would  render  the  earthen-ware  too  fufible  and 
too  brittle  to  be  ufed  over  the  fire. 

Hitherto  it  has  not  been  proved  by  experience  that 
lime  is  necefiary  in  the  compofition  of  pottery  :  and  if 
traces  of  it  are  conftantly  found  in  that  fubftance,  it  is 
becaufe  it  is  always  mixed  with  the  other  earths,  from 
which  the  wafliings  and  other  manipulations  have  not 
been  able  to  fcpaiate  it.  When  this  earth,  however, 
.does  not  exceed  five  or  fix  parts  in  a  hundred,  it  ap- 
pears that  it  is  not  hurtful  to  the  quality  of  the  pot- 
tery ;   but  if  more  abundant,  it  renders  it  too  fufible. 

The  oxide  of  iron,  befides  the  inconvenience  of  com- 
municating a  red  or  brown  colour,  according  to  the  de- 
gree of  baking,  to  the  vefiels  in  which  it  forms  a  part, 
lias  the  property  of  rendering  them  fufible,  and  even  in 
a  greater  degree  than  lin.e. 

As  fome  kinds  of  pottery  are  deftined  to  melt  very 


penetrating  fubftances,  fuch  as  falts,  metallic  oxides, 
ghfs,  &c.  they  require  a  fine  kind  of  palle,  which  is  *■ 
obtained  only  by  reducing  the  earths  employed  to  very 
minute  particles.  Oihcrs  dcllincd  for  melting  meUils, 
and  fubllances  not  very  penetrating,  and  which  muib 
be  able  to  inpport,  without  breaking,  a  iudden  tranfi- 
tion  from  great  heat  to  great  cold,  require  for  their 
fabrication  a  mixture  of  calcined  argil  with  raw  argil. 
By  thefe  means  you  obtain  pottery,  the  coarfe  palle  of 
which  refembles  brache,  or  fmall  grained  pudding-ftoue, 
and  which  can  endure  fudden  changes  of  temperature. 

The  baking  of  pottery  is  alfo  an  objeft  of  great  im- 
portance. The  heat  mull  be  capable  ot  expelling  hu- 
midity, and  agglutinating  the  parts  which  enter  into 
the  compofition  of  the  parte,  but  not  llrong  enough  t» 
produce  fufion  ;  which,  if  too  far  advanced,  gives  to 
pottery  a  homogenuoufnefs  that  renders  it  brittle.  The 
fame  effeft  takes  place  in  regard  to  the  fine  pottery, 
becaufe  the  very  minute  divifion  given  to  the  earths  re- 
duces them  nearly  to  the  fame  ilate  as  if  this  matter 
had  been  fufed.  This  is  the  reafon  why  porcelain 
llrongly  baked  is  more  or  lefs  brittle,  and  cannot  eafily 
endure  alternations  of  temperature.  Hence  coarfe  porce- 
lain, in  the  compofition  of  which  a  certain  quantity  of 
calcined  argil  is  employed,  porcelain  retorts,  crucibles, 
tubes,  and  common  pottery,  the  palle  of  which  is  coarfe, 
are  much  lefs  brittle  than  difhes  and  faucers  formed  of 
the  fame  fubftance,  ground  with  more  labour. 

The  general  and  refpeclive  dimenfions  of  the  different 
parts  of  velTels  of  earthen-ware  have  alfo  confiderable  in-, 
fluence  on  their  capability  to  Hand  the  fire. 

In  fome  cafes  the  glazing  or  covering,  efpecially 
when  too  thick,  and  of  a  nature  different  from  the  body 
of  the  pottery,  alfo  renders  them  liable  to  break.  Thus, 
in  making  fome  kinds  of  pottery,  it  is  always  effential, 
ij},  To  follow  the  bell  proportion  in  the  principles  ;  id. 
To  give  to  the  particles  of  the  palle,  by  grinding,  a 
minutenefs  fuited  to  the  purpofe  for  which  it  is  intend, 
ed,  and  to  all  the  parts  the  fame  dimenfions  as  far  as 
poflible  ;  3^/,  To  carry  the  baking  to  the  higheft  de- 
gree that  the  matter  can  bear  without  being  fuled  j  4/A, 
To  apply  the  glazing  in  thin  layers,  the  fufibility  of 
which  ought  to  approach  as  near  as  poflible  to  that  of- 
the  matter,  in  order  that  it  may  be  -more  intimately 
united.  ' 

C.  Vauquelin,  being  perfuadcd  that  the  quality  of 
good  pottery  depends  chiefly  on  ufing  proper  propor- 
tions of  the  earthy  matters,  thought  it  might  be  of 
importance,  to  thofe  engaged  in  this  branch  of  manu- 
facture, to  make  known  the  analyfis  of  different  natural 
clays  employed  for  this  purpofe,  and  of  pottery  produ- 
ced by  fome  of  them,  in  order  that,  when  a  new  earth 
is  difcovered,  it  may  be  known  by  a  fimple  analyfis 
whether  it  will  be  proper  for  the  fame  object,  and  to 
what  kind  of  pottery  already  known  it  bears  the  great- 
eft  refemblance. 

Heflian       -Vgil  of     Porcelain  Wedgwood's 
Crucibles.    Drenx.       Cajifules.     Pyroinetcr'i 
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Pnrerlain,       Raw  kaolin   100  parts. — Silex  74,  argil  r6'5,  lime 

Poulcs.     2,    water  7.      A  hundred  parts  of  this  earth  gave  eight 

'         of  alum,  after  being  treated  with  the  fulpluiuc  acid 

Wafhed  kaolin  100  parts.  — Silex  55,  argil  27>  lime 
2,  iron  O',-,  water  14.  i'his  kaolin,  treated  with  the 
fulphuiii:  acid,  gave  ahoiit  45  or  50  />f/-  renl.  uf  alum. 

Petuiitze. — Silex  74,  argil  14-?,  lime  5-5.  lofs  6.  A. 
hu:idred  parts  of  this  fiibltance,  treated  with  the  fill- 
phuric  acid,  gave  fcven  or  eight  parts  i>f  ahim.  Bi>t 
■this  quantity  docs  not  equal  the  lofs  lulianicd. 

Porcelain  of  retorts. — Silex  64,  argil  2~<rf,  lime  4*5  :, 
iron  c'jo,  lots  i"jj.  Treated  with  the  fulphuric  acid, 
this  porcelain  gave  no  alum. 

There  is  a  kind  of  e?rt!ien  velTels,  called  /Ikarrezfs, 
ufed  in  Spiin  for  cooling  the  water  intended  to  be 
drunk.  Thefe  vefTels  contitl  of  60  parts  of  calcareous 
taith,  mixed  with  aUiniina  and  a  little  oxvd  of  iron, 
and  ^6j  of  filiceoiis  earth,  alfo  mixed  with  alumna  and 
the  fan.e  oxide.  The  quantity  of  iron  may  be  eltima- 
ted  at  almull  one  hundiedth  part  of  the  whole.  i  his 
earth  is  firft  kneaded  into  ?.  tough  parte,  being  for  that 
purpofe  previoudy  diluted  with  water  ;  formed  into  a 
cake  of  about  lix  inches  in  thicknefs,  and  left  in  that 
ftate  till  it  begin  to  crack.  It  is  then  kneaded  with 
the  feet,  the  workman  gtadually  adding  to  it  a  quantity 
of  fea  fait,  in  the  proportion  of  ftvtn  pounds  to  a 
hundred  and  fifty;  after  which  it  is  applied  to  the  lath, 
and  baked  in  any  kind  of  furnace  ufed  by  potters.  The 
alcarrezes,  however,  are  only  about  half  as  much  ba- 
ked as  the  better  kinds  of  common  earthen  ware  ;  and 
being  exceedingly  porous,  water  oozes  through  them 
on  all  fides.  Hence  the  air,  which  comes  in  contaft 
with  it  by  making  it  evaporate,  carries  oft  the  caloric 
contained  in  the  water  in  the  veffel,  which  is  thus  ren- 
dered remirkably  cool. 

POULES,  or  FouL<iUES,  one  of  the  principal  na- 
tions which  inhabit  the  banks  of  the  Senegal.  They 
poflcfs  an  extent  of  more  than  fixty  leagues  along  the 
river,  and  exaft  heavy  cuftoms  from  the  Senegal  tra- 
ders with  the  interior  of  the  country.  They  are  not 
fo  black  as  the  other  negroes,  but  of  a  copper  colour, 
much  inclining  to  red  It  is  remarkable,  however,  that 
their  children  who  are  fent  to  .Senegal,  and  refide  there 
for  fome  years,  become  much  blacker.  The  females 
are  very  handfome,  and  the  whites  of  Senegal  generally 
take  care  to  procure  fome  of  them.  But  they  are  of 
a  bad  difpofition,  and  utterly  incapable  of  attachment. 
When  a  man  has  a  miHrefs  of  this  nation,  he  mull 
watch  her  conduft  very  narrowly,  and  even  chaftife  her, 
that  (he  may  not  be  guilty  of  infidelity  to  him  whom 
{he  honours  with  her  favours.  The  dread  of  the  balli- 
nado  will,  in  fuch  cafe,  efFeA  what  attention  and  coni- 
plaifance  can  never  bring  about. 

Although  the  Poules  inhabit  one  of  the  fined  fpots 
in  Africa,  they  are  neveithekfs  a  wretched  people  ; 
they  are  bafe,  cruel,  thievilh,  and  fanatic  in  the  extreme. 
They  are  commanded  by  a  chief  of  their  religion, 
which  is  a  contemptible  mixture  of  Mahometauifm  and 
idolatry.  This  chief  is  called  the  Almamy  ;  he  is  al- 
ways chofen  from  among  the  Tamofirs,  who  are  twelve 
io  number.  The  Tampfits  are  the  interpreters  of  the 
law,  and  are  the  moft  learned,  or  rather  the  mod  fana- 
tical among  them.  The  Almamy  has  the  power  of 
life  and  death  over  his  fubjefts;  yet  he  may  be  depofed 
by  an  aflembly  of  Tampfirs  :  it  is  therefore  his  intereft 
SuppL.Voi,.  II.  Part  I. 


to  keep  on  good  terms  with  them,    The  payment  of  cuf-   Primini; 
toms  is   made  to  the    Almamy,    and   is  afterwards  di- '  "     v        ' 
(liibuted  among  the   Tampfirb  ;  and  although  a  part  be- 
longs to  the  former,  he  ncverthelefs  requires  a  leparate 
prefeiit  for  hiinftlf. 

PRINTING.  (S.e  that  afticle,  £myc/.  and  Typo- 
GR-iPHV  in  this  Supplement.)  We  fliall  here  only  de- 
fcr^be  a  PkiivTiNc  Pr.'fs,  for  the  invention  of  which  a 
patent  w.is  granted,  in  179c,  to  Mr  William  Nicholfon 
of  New  North-ilrcct,  Reel  Lion  Square,  Londni.  Thia 
machine,  with  fome  flight  varieties,  is  adapted  forprint- 
ing  on ^<>.;*cr,  /,■»<;;,  ci.t:;n,  -tvooUen,  and  other  articles,  in 
a  more  neat,  cheap,  and  accuiate  method,  the  author 
thinks,  than  the  printing  preffes  no*  in  ufs. 

The  invention  confiiU  in  three  particulars,  1^,  The 
manner  of  preparing  and  placing  the  types,  engraving?,  \ 

or  carvings,  from  which  the  impreffion  is  to  be  made; 
2c!ly,  In  applying  the  ink  or  colouring  matter  to  types 
or  engravings;  and.  .^"'/y.  In  taking  off  the  impitfTi  ni. 

'ijl,  Mr  Nicholfon  m-ikes  his  moulds,  punches,  and 
matrices,  for  catting  letters,  in  the  fame  manner,  and 
with  the  fame  materials,  as  other  letter  founders  do, 
excepting  that,  inilead  o'  leaving  •.:  Ipace  in  the  mould 
for  the  item  of  one  letter  only,  he  leaves  foaces  for  two, 
three,  or  more  letters,  to  be  calt  at  one  pouring  of  the 
mctah;  and  at  the  lower  extremity  of  each  of  thofe 
fpacei  (which  communicate  by  a  common  groove  at 
top)  he  places  a  matrix,  or  piece  ot  copper,  with  the 
letter  punched  upon  its  face  in  the  rfual  way.  And 
moreover,  he  biings  the  Item  of  his  letters  to  a  due  form 
and  finifti,  not  only  by  rubbing  it  upon  a  (tone,  and 
fcraping  it  when  arranged  in  the  ;ini(hing.Rick,  but  like- 
wife  by  fciaping  it,  on  one  or  more  fides,  in  a  iinilhinor. 
flick  whofe  hollowed  part  is  lefs  deep  at  the  inner  than 
the  outer  fide.  He  ctlls  that  fide  of  the  groove  which 
is  neareft  the  face  ol  the  difpoled  letter,  the  outer  fide  ; 
and  the  purpofe  accomplilhed  by  this  method  of  (cra- 
ping is,  that  of  rendering  the  tail  of  the  letter  gra- 
dually fmaller  the  more  remote  it  is,  or  f?.rther  from  the 
face.  Such  letters  may  be  (irmly  impokd  upon  a  cy- 
lindrical furface,  in  the  fame  manner  as  common  letters 
are  i.mpofeJ  upon  a  flat  (lone. 

^Jly,  He  applies  the  ink  or  colouring  matter  to  the 
types,  forms,  or  plates,  by  caufing  the  Turface  of  a  cy-  •  , 
lin;^er,  fmeared  or  wetted  with  lUe  colouring  matter,  to 
roll  over  the  fui faces  of  the  fnid  ibrms  or  pkteo,  or  by 
caufing  the  forms  or  plates  apply  themfclvcs  fucselTively 
to  the  furface  of  the  C)linder.  The  furface  ot  this  co- 
louring  cylinder  is  covered  with  leather,  or  with  wool- 
len, linen,  or  cotton-cloth.  When  the  colour  to  be 
u(ed  if  thin,  as  in  calico  printing,  and  in  almolt  every 
cate,  the  covering  is  fupparted  by  a  firm  elallic  ituffing, 
confiding  o(  hair,  or  wool,  or  woollen  cloth  wrapped 
one  or  more  folds  round  the  cylinder.  When  the  co- 
vering confids  of  woollen  cloth,  the  duffing  mud  be  de- 
fended by  leather,  or  oildiin,  to  prevent  its  i'nbibing 
too  much  colour,  and  by  that  menus  lofing  its  eladicity. 
It  is  abfolutely  neceffary  that  the  colouring  matter  be 
evenly  diftributed  over  the  fuiface  of  the  cyluidcr  ;  and 
for  this  purpofe,  when  the  colour  is  thick  and  (li(F,  as 
in  letter-prefs  printing,  he  applies  two.  uiree,  u.  more 
fmall  cylinders,  calhd  didributing-roUers,  longitudinally 
againd  the  colouring  cylinders,  fo  that  they  may  be 
turned  by  the  motion  of  the  latter ;  and  the  effeA  of 
this  application  is,  that  every  lump  or  mafs  of  colour 
3  B  which 
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Priniinjr.  which  may  be  redundant,  or  Irregularly  pkced  upon 
»  tlie  face  of  the  colouring  cylinder,  will  te  preffcd, 
fprcad,  and  partly  taken  up,  and  carried  by  the  fmall 
rollers  to  the  other  parts  ot  the  colouring  cylinder  ;  fo 
that  this  IhH  will  very  ipecdily  acquire  and  preferve  an 
even  face  of  colour.  But  if  the  colouring  matter  lie 
thinner,  he  does  not  apply  more  than  one  or  two  of 
thelc  diftribuiing-rollers  ;  and,  if  it  be  very  thin,  he  ap- 
plies an  even  blunt  edge  of  metal,  or  wood,  or  a  ftraight 
brufh,  or  both  of  thefe  laft,  againft  the  colouring  cylin- 
der, for  the  purpofe  of  rendering  its  colour  uniform. 
When  he  applies  colour  to  an  engraved  plate,  or  cylin- 
der, or  through  the  interllices  of  a  peiforated  pattern, 
as  In  the  manufailuring  of  fome  kinds  of  paper-hang- 
ings, he  ufcs  a  cylinder  entirely  covered  with  hair  or 
Lnfiles  in  the  manner  of  a  bruOi. 

■■dly,  He  performs  all  his  ImprefTions,  even  in  letter- 
prefs  printing,  by  the  a£tion  of  a  cylinder  or  cylindrical 
iiirface.  'I  he  conitruciion  ot  this  machine,  and  the 
manner  of  uhng  it,  will  be  intelligible  to  every  reader 
wlio  (liall  attentively  confider  Hate  XL  :  where  fig.  i. 
rcprefents  a  prlnting-pr«fs,  more  efpecially  applicable 
to  the  printing  of  books.  A  and  E  are  two  cylinders, 
running  or  turniig  in  a  ilrong  Irame  of  wood,  or  metal, 
or  both,  'i  he  cylinder  A  is  faced  with  woollen  cloth, 
and  is  capable  of  being  preffcd  with  more  or  lefs  force 
upon  HI,  by  means  of  the  lever  M.  HI  is  along 
table,  which  is  capable  of  moving  endwlfe,  backwards 
and  forwards,  upon  the  rollers  E  and  K.  The  roller 
A  afts  upon  this  table  by  means  of  a  cog-wheel,  or  by 
ftraps,  fo  as  to  draw  it  backwards  and  forwards  by  the 
motion  of  its  handle  L.  The  table  is  kept  111  the  fame 
line  by  grooves  on  its  f:des,  which  contain  the  cylinder 
A.  13  is  a  chafe,  containing  letter  fet  up  and  impofed. 
B  is  a  box,  containing  a  colouring-roller,  with  its  diftri- 
buting  rollers  CC  ;  it  is  fupported  by  the  arm  N.  O 
is  acyhnder  faced  witti  lep.ther,  and  lying  acrols  an  ink- 
block  ;  this  cylinder  is  fixed  by  the  middle  to  a  bended 
lever  moveable  on  the  joint  Q^ 

7 he  aBion.  When  Z),  or  the  letter.  Is  drawn  beneath 
the  cylinder  B,  it  receives  ink  ;  and  when  it  has  pafTed 
into  the  pofuion  R,  a  workman  places  or  turns  down  a 
lympan  with  paper  upon  it  (this  tympan  differs  in  no 
refpcCt  trom  the  ufual  one,  except  that  its  hinge  opens 
fidewile)  ;  it  then  proceeds  to  pafs  under  the  cyhndtr 
A,  which  prtffts  it  iucceflively  through  its  whole  iu-- 
face.  On  the  other  Cde,  at  S,  the  workman  takes  off 
the  paper,  and  leaves  the  tympan  up.  This  motion 
canfes  the  cylinder  B  to  revolve  continually,  and  confc- 
quently  renders  its  inked  furface  very  uniform,  by  the 
avfion  of  its  diltributing-roUcrs  CC ;  and,  when  ihe 
table  has  paffed  to  its  extreme  diftance  in  the  direftion 
now  Ipokcn  cf,  the  arm  G  touches  the  lever  P,  and 
railes  the  cylinder  O  off  the  ink  block,  by  which  means 
it  dabs  agamft  one  of  the  diftributing-rollers,  and  gives 
it  a  fmall  quantity  of  ink.  The  returning  motion  of 
the  table  carries  the  letter  again  under  the  roller  B, 
which  again  inks  it,  and  the  procefs  of  printing  another 
(heet  goes  on  as  before. 

Fig.  2.  is  another  printlng-prefs.  In  this,  B  is  the 
inking-roller  ;  A  is  a  cylinder,  having  the  letter  Impo- 
fed upon  its  furface  ;  and  E  is  a  cylinder,  having  its 
anitorm  furface  covered  with  woollen  cloth:  thefe  three 
cylindei-s  are  connefted,  either  by  cogs  or  Itraps  at  the 
edges  of  each.     The  machine  is  uniformly  turned  in 


one  dliefllon  by  the  handle  L.  The  workman  applies  Prii.ting.- 
a  fl'.eet  of  paper  to  the  furface  of  E,  where  it  Is  retain*'-  y  i 
ed,  either  by  points  in  the  ufual  manner,  or  by  the  ap- 
paratus to  be  defcribed  in  treating  of  fig.  4.  The  pa- 
per pafTes  between  E  and  A,  and  receives  an  impref- 
fion  ;  after  which  the  workman  takes  it  cfF,  and  applies 
another  fhttt  ;  and  in  the  mean  time  the  letter  on  the 
furface  of  A  pafTes  round  agalnll  the  furface  of  B,  and 
receives  ink  during  the  rotation  of  B.  The  dittributing- 
rollers  CC  do  their  oifice  as  in  the  machine  fig.  i .;  and 
once  in  every  revolution  the  tail  F,  affixed  to  B,  raifes 
the  inking-piece  O,  fo  as  to  caufe  it  to  touch  one  of  the 
dirtributiiig- rollers,  and  fupply  it  with  ink.  In  this  way 
therefore  the  repeated  printing  of  (heet  after  flieet  goes 
on. 

Fig.  7,.  is  a  printing-prefs,  more  particularly  adapted 
to  print  cottons,  filks,  paper-hangings,  or  other  articles 
which  run  of  a  confiderable  length.  A  is  a  cylinder 
covered  with  woollen  cloth,  or  other  foft  fubllance. 
The  web  or  piece  of  cotton,  or  other  goods,  is  paffed 
round  this  cylinder,  from  the  carrying- roller  F  to  the 
receiving-rollers  GH;  which  are  connefted  by  a  piece 
of  linen,  woollen,  or  hair-cloth,  in  the  manner  of  a 
jack-towel  fewed  round  them ;  the  rotation  of  this 
towel  carries  away  the  priuted  fluff  or  goods,  and  de- 
pofits  them  at  I.  KI^  is  a  moveable  box,  containing 
three  rollers,  which  move  againll  each  other  in  rota- 
tion. The  lowell  roller  C  revolves  in  a  mafs  of  colour, 
contained  in  a  trough  or  vefTel  in  the  bottom  part  of 
the  box  KL  ;  the  lurfsce  of  this  colour  is  reprefented 
by  the  line  MN.  The  next  roller  B  is  fluffed  and 
covered  as  defcribed  in  feftion  2.  The  rrefTure  of 
B  againif  C  prevents  the  cylinder  B  from  receiving 
too  much  colour.  D  is  a  cut  or  carved  cylinder, 
which  receives  colour,  during  the  rotation,  from  the 
roller  B,  and  Impreffes  it  upon  the  web  as  it  paffes 
round  the  cylinder  A  ;  in  this  way  the  conftant  and 
effectual  action  of  the  machine  is  fufBcienily  obvious. 
It  muft  be  obferved,  that  the  cylinders  ADB  and  G 
are  conncfted  together  by  cogwheels,  ftraps,  or  other 
well-known  equivaknt  contrivances  ;  fo  that  the  handle- 
P  drives  the  whole,  v.  ithout  their  neceffarily  depending 
on  Eiiy  adhefion  or  friiEtion  at  their  furfaccs.  The  pref- 
fure  of  B  againft  D  is  governed  by  an  adjuftment  of 
the  axis  of  D,  whofe  fockets  are  capable  of  a  fmall  mo- 
tion ;  and  the  preffuie  of  D  againft  A  is  governed  by 
the  pofition  of  the  whole  box  KL.  When  it  is  requi- 
red to  print  more  than  one  colour  upon  a  piece,  Mr 
Nicholfon  caufes  it  to  pafs  two  or  more  times  through 
the  machine  ;  or,  in  thofe  cafes  where  the  materials  are 
liable  to  change  their  dimenfions,  he  applies,  at  one  and 
the  fame  time,  two  or  more  fuch  boxes  as  KL,  with 
their  refpeftive  cylinders,  fo  that  the  pattern  cylinder 
of  each  may  make  its  impreffion  upon  the  web  or  mate- 
rial to  be  printed  on. 

Fig.  4.  IS  a  printfng-prefs,  chiefly  of  ufe  for  books 
and  papers,  i,  2,  5,  4,  reprefents  a  long  table,  with 
ledges  on  each  fide  ;  fo  that  the  two  cylinders  A  and 
B  can  run  backwards  and  forwards  without  any  fide 
ffiake.  In  one  of  thefe  ledges  is  placed  a  ftrip  or  plate 
of  metal  cut  into  teeth,  which  lock  into  correfpondenC 
teeth  in  each  cylinder ;  by  which  means  the  two  ty- 
Hnders  roll  along,  without  the  pofTibility  of  changing 
the  relative  pofitions  of  their  furfaces  at  any  determinate 
part  of  the  table.     This  may  alfo  be  cfftftcd  by  ftraps, 
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and  msy  indeed  be  accomplirtied,  witli  tolerable  accu- 
racy, by  the  mere  rolling  of  the  cylinders  on  the  fmooth 
or  flat  iL-dges  without  any  provilion.  A  is  the  print- 
ing-cylinder, covered  with  woollen  cloth,  and  B  is  the 
inking  cylinder,  with  its  diftributing  rollers.  The  table 
rnay  be  divided  into  four  compartments,  marked  with 
a  thicker  bounding  line  than  the  rcll,  and  numbered  i, 
2,  3,  4.  At  I  is  phced  a  Iheet  of  paper ;  at  2  is  the 
form  or  chafe,  containing  letter  fet  and  impofcd  ;  at  3 
i;>  an  apparatus  for  receiving  the  printed  Oieet  ;  and  4 
is  employed  in  no  other  ufe  than  as  a  plnce  ot  Handing 
for  the  carriage  E,  after  it  has  paffed  through  one 
operation,  and  when  it  takes  ink  at  F.  Its  aftion  is  as 
fallows :  the  carriage  is  thruil  forward  by  the  work- 
nii",  and  as  the  roller  A  pafTes  over  the  fpace  number- 
ed 1,  it  takes  up  the  (lieet  of  paper  previoufly  laid 
there,  while  the  roller  B  runs  over  the  form  and  inks 
the  letter.  The  flieet  oi  paper,  being  wrapped  round 
the  cylinder  A,  is  prefled  againft  the  form  as  that  cy- 
linder proceeds,  and  confequcntly  it  receives  an  impref- 
lion.  When  A  arrives  at  the  fpace  numbered  3,  it  lets 
go  the  {heet  of  paper,  while  the  prominent  part  of  tiie 
carriage  G  ftrikes  the  lever  P,  and  raifes  the  inking- 
"piece,  which  applies  itfelf  againft  one  of  the  diftributing 
rollers.  In  this  manner  therefore  the  cylinder  A  re- 
turns empty,  and  the  cylinder  B  inked,  and  in  the 
mean  time  the  workman  places  another  (heet  of  paper 
ready  in  the  fpace  numbered  i.  Thus  it  is  that  the 
operation  proceeds  in  the  printing  of  one  (beet  after 
another. 

The  preceding  defcription  is  not  incumbered  with 
an  account  of  the  apparatus  by  which  the  paper  is 
taken  up  and  laid  down.  Thi-;  may  be  done  in  feveral 
ways:  Fig.  9.  and  10.  reprcfent  one  of  the  methods. 
DE  is  a  lever,  moTing  on  the  centre  pin  C,  and  having 
its  end  D  prefled  upwards  by  the  adiion  of  the  tpring 
G.  The  fhoulder  which  contains  the  pin  C  is  fixed 
in  another  piece  F,  which  is  inierted  in  a  f;roove  in  the 
furface  of  the  cylinder  A  (fig.  4.),  fo  that  it  is  capable 
of  (noving  in  and  out,  in  a  direftion  parallel  to  the 
axis  of  that  cylinder.  As  that  cylinder  proceeds,  it 
trieets  a  pin  in  the  table  ;  which  (letter  P,  tig.  9.)  aft- 
ing  on  the  inclined  plar  e  at  the  other  end  of  the  lever, 
throws  the  whole  inwards,  in  the  pofition  reprefenttd 
in  fig.  10.;  in  which  cafe  the  extremity  D  Iboots  in- 
wards, and  applies  itfelf  againft  the  fide  of  the  cylinder. 
In  fig.  II.  is  a  reprefen cation  of  part  of  the  table  ; 
the  dotted  fquare  reprefents  a  flieet  of  paper,  and  the 
four  fmall  fhaded  fqusres  denote  holes  in  the  board, 
with  pins  ftanding  behde  them.  When  the  lever  DE 
(fig.  10.)  fhoots  forward,  it  is  fituated  in  one  of  thefe 
holes,  and  advances  under  the  edge  of  the  paper,  which 
confequcntly  it  prefles  and  retains  againft  the  cylinder 
with  its  extremity  D.  Nothing  more  remains  to  be 
laid  refpeding  the  taking  up,  but  (hat  the  cylinder  is 
provided  with  two  pair  of  thefe  clafps  or  levers,  which 
are  fo  fixed  as  to  correfpond  with  the  four  holes  repre- 
fented  in  fig.  11.  It  will  be  eafy  to  nnderftand  how  the 
paper  is  dtpofiled  in  the  comp«rtmeiit  n^  3.  (fig.  4.). 
A  pin  P  (fig.  ic.)  rifing  out  of  the  ulalform  or  table, 
afts  againft  a  pin  E,  projtfting  fidcwifc  ont  of  the 
lever,  and  muft  of  coutfe  draw  the  (lider  and  its  lever 
to  the  original  pofition  ;  the  paper  conlequently  will  be 
let  go,  and  its  difengagemert  ia  rendered  certain  by  an 
apparatus  fixed  in  tixe  compartmeiM.  numbered  5.  (fig. 


4.)  ot  iTtai^ly  tjic  f-ime  kind  as  that  upon  tlic  eylin(!er,    PrVtIn*. 
and  which,  by  tlie  ad\ion  of  a  pin  duly  placed  in  the  fur-  ^-— \-— ~' 
face  of  the  cylinder  A,  taki-s  the  paper  from  the  cylinder 
in  precifely  the  fame  manner  as  that  cylinder  origir;dly 
took  it  up  in  the  compartment  nurr.bcred  I  (fig  4.) 

Figs.  5,  6,  and  7,  veprefent  a  fimpler  apparatus  fof 
accomplifhing  the  fame  purpofe.  If  A  a  B  A  (fig.  7.) 
be  fuppofcd  to  reprefent  a  thick  pkite  of  metal  of  a  cir- 
cular  form,  with  two  pins,  A  aod  B,  proceeding  fidc- 
wifc  or  perpendicularly  ont  of  ifj  plane,  and  diametri- 
cally oppofite  to  each  other,  anil  G  another  pin  pro-  . 
ceeding  in  the  dircft  ion  of  that  plane,  then  it  is  obvious 
tliat  any  force  applied  to  the  pin  A,  fo  as  to  prefs  it 
into  the  pofition  a  (by  turning  the  plate  on  its  axis  or 
centre  X),  will  at  the  faine  tinu'  caufe  the  pin  G  to 
acquire  the  pofition  g  ;  and,  tm  the  other  hand,  when 
B  is  at  i,  or  the  dotted  reprefentation  of  the  fide-pin, 
if  any  prefTure  be  applied  to  rcftore  its  original  pofition 
at  B,  the  pin  g  will  return  back  to  G.  Now  the  fi- 
gures  5  and  6  exhibit  an  apparatus  of  this  kind,  applied 
to  the  cylinder  A  ;  and  that  cylinder,  by  rolling  over 
the  pins  P  and^,  properly  fixed  in  the  table  to  re-HC% 
upon  the  apparatus,  will  caufe  its  prominent  part  G 
either  to  apply  to  the  cylinder  and  ciafp  the  paper,  c>r 
to  life  up  and  let  it  go.  The  compartment  numbered 
3  ('^g-  4-)  '""ft  <^f  courfe  have  an  app;iratus  of  the 
fame  kind  to  be  sAed  upon  by  pins  from  A,  in  order 
that  it  may  take  the  paper  from  that  cylinder. 

There  is  one  other  circumftance  belonging  to  thil 
machine  which  remains  to  be  explained.  When  th<: 
caniage  E  (fig.  4.)  goes  out  in  the  diredlion  of  the 
numbers  i,  2,  3,  4.  both  roUets,  A  and  B,  prefs  the 
form  of  letter  in  their  pst^age  ;  but  in  their  return 
back  again  the  roller  A,  having  no  paper  upon  it. 
would  itfelf  become  foiled,  by  taking  a  faint  imprtffiort 
from  the  letter,  if  it  were  not  prevented  from  touching 
it:  the  manner  of  effecting  this  may  be  underftood  from 
fig.  12.  The  apparatus  there  reprefented  is  fixed  upon 
the  outfide  of  the  carriage  E,  near  the  lower  corner,  in 
the  vicinity  of  the  roller  A  ;  the  whole  of  this  projeft* 
ftdewife  beyond  the  ledge  of  the  table,  except  the  fmall 
truck  or  wheel  B.  The  iriegularly-friangular  piece, 
which  is  fhaded  by  the  ilroke  of  the  pen,  carries  thij 
wheel,  and  alfo  a  catch  moveable  on  the  axis  or  oin  E. 
The  whole  piece  is  moveable  on-  the  pin  A,  which  con- 
nefts  it  to  the  carriage.  CD,  or  the  part  which  is 
Ihaded  by  dotting,  is  a  detent,  which  fctvis  to  hold  the 
piece  down  in  a  ceitain  pofition.  It  may  he  obferved, 
that  both  the  detent  and  the  triangular  piece  are  fw- 
nifhed  each  with  a  claw,  which  holds  in  one  dircftion, 
but  trips  or  yields  in  the  other,  like  the  jacks  of  a  h'-rp- 
Cchord,  or  refembhng  certain  pieces  ufed  in  clock  and 
watch  making,  as  is  cleaily  reprefented  in  the  figure. 
Thefe  clawp  overhang  the  lide  of  the  table,  and  their 
effeA  is  as  follows  :  there  is  a  pin  C  (fig.  4  )  between 
the  compartments  of  the  table  numbered  2  and  3,  but 
which  is  marked  F  in  fig.  12.  where  GH  rcprefert? 
the  table.  In  the  outward  run  of  the  carriage  thefe 
claws  ftrike  that  pin,  but  with  no  other  effeft  than  that 
they  yield  for  an  inflant,  and  as  inftantly  refume  their 
original  pofition  by  the  atiion  of  their  rcfpeftive  fiender 
back-fprii  gs.  Wlien  the  carriage  returns,  the  claw  of 
the  detent  indeed  ftrikes  the  pin,  but  with  as  Httleeffeft 
as  before,  becaufe  its  derangement  is  inftantly  removed 
by  the  attion  of  the  back  fpring  of  the  detent  itfelf; 
3  B  2  but, 
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Printing,  but,  when  the  claw  of  the  triangular  piece  takes  the 
Prims.  pj„^  (he  whole  piece  is  made  to  revolve  on  its  axis  or 
*pin  A,  the  wheel  B  is  forced  down,  fo  as  to  lift  that 
end  of  the  carriage,  and  the  detent,  catching  on  the 
piece  at  C,  prevents  the  former  polition  from  being  re- 
covered. The  confequence  of  this  is,  that  the  carriage 
runs  upon  the  trv.ck  B  (and  its  corrcfpondent'truck  on 
the  oppofite  fide )  iiiflead  of  the  cylinder  A,  which  is 
too  much  raifcd  to  take  the  letter,  and  foil  itfelf ;  but 
as'foon  as  the  end  of  the  carriage  has  paffed  clear  of 
the  letter,  another  pin  R  ( hg.  4. )  takes  the  claw  of  the 
detent,  and  draws  it  off  the  triangular  piece;  at  which 
inllant  the  cylinder  A  fublides  to  its  ulual  place,  and 
performs  its  fuiiiftions  as  before.  This  laft  pin  R  does 
jiot  uffeft  the  claw  of  the  triangular  piece,  becaufe  it  is 
placed  too  low;  and  the  claw  of  the  detent  is  made  the 
longeft,  on  purpofe  that  it  may  ftvike  tiiis  pin. 

Fig.  8.  reprefents  an  iiiftrument  for  printing   floor- 
cloths,  paper-hangings,  and  the  like,  with  ftiff  paint  and 
a  brulh.      D  is  a  copper  or  metallic  cylinder  fixed  in  a 
frame  A,  like  a  garden  roller  ;  its   carved  part  is  thin, 
and  is  cut  through  in  various  places,  according   to  the 
defiled  pattern.      A  ftrong  axis  paffes  through  the  cy- 
linder,  and   its  esitreinities  are  firmly  attached  to  the 
frame  A.     To  this  axis  is  fixed  a  vefTel  or  box  of  the 
fame  kind,  and  anfwering  the  fame  putpofe  as  the  box 
Kli  in  fig.  3.     It  carries  a  cylinder  P,  which  revolves 
in  the   colour  ;  another  cylinder  E,  which  revolves  in 
contaa  with  P  ;  and  a  third  cyhnder  B,  whofe  exterior 
furface  is  covered  with  hair,    after    the   manner  of  a 
brufh,  and  revolves   in  contaft  with  E.      This  cylinder 
B   is  adjufted  by  its  axis,   in  fuch  a  manner  that  its 
brufh-part  fweeps  in  the  perforated  paits  of  the  metallic 
cylinder  D.     The  circle  C  repiefents  a  cog-wheel,  fix- 
ed concentric  to  the  cylinder  D,  and  revolving  with  it  ; 
this  wheel  takes  another  wheel  concentric  to,  and  fixed 
to,  B  ;  hence  the  aftion  is  as  follows  :    When  the  me- 
tallic cylinder  is  wheeled  or  rolled  along  any  furface, 
its  cog-wheel  C  drives  the  brufii  B  in   the  contrary  di- 
rection ;    and   this  brufhcylinder,   being  connefted  by 
cogs  or   otheiwife  with   E  and  P,  caufes  thofe  alfo  to 
revolve  and  fupply  it  with  colour.     As  the  fucceflive 
openings  of  the  cylinder,  D,  therefore,  come  in  contaA 
with  the  ground,  the  feveral  parts  of  the  brufh  will  tra- 
verfe  the  uncovered  part  of  that  ground,  ard  paint  the 
pattern  upon  it.      The  wheel  G,  being  kept  lightly  on 
the  ground,  feives  to  determine  the  line  of  contad,  that 
it  (hall  be  the  part  oppofite  to  B,  and  no  other. 

PRINTS  (fee  Eticyd.)  arc  valuable  on  many  ac- 
counts ;  but  they  are  liable  to  be  foiled  by  fmokc,  va- 
pour, and  the  excrements  of  infefts.  Different  methods 
have,  of  couife.  been  praftifed  to  clean  them.  Some 
have  propofed  fimple  wafhing  with  clear  water,  or  a  ley 
made  of  the  alhes  of  reedf ,  and  then  expofing  the  prints 
to  the  dew.  Others  have  cleaned  prints  with  aqua 
forl'is  (fulphuric  acid) ;  but  both  thefe  methods  are  at- 
tended with  a  degree  of  liHi  at  leaif  equal  to  their  ad- 
vantages. The  following  method  of  cleaning  prints  is 
recommended  in  the  ficond  volume  of  Nicholfon's 
Journal  of  Natural  Philofophy,  &c.  as  at  once  fafe  and 
tfficiicious  : 

"  Provide  a  certain  quantity  of  the  common  muria- 
tic acid,  for  example  three  ounces,  in  a  glafs  bottle, 
with  a  ground  ftopp^r,  of  fuch  a  capneity  that  it  may 
be  only  half  full.     Half  an  ounce  of  minium  mud  then 
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be  added  ;  immediately  after  which  the  ftopper  is  to 
be  put  in,  and  the  bottle  fet  iu  a  cold  and  dark  place. 
The  heat,  which  foon  becomes  perceptible,  fliews  the 
beginning  of  the  new  combination.  The  minium  aban- 
dons the  gieateft  part  of  its  oxygen  with  which  the 
fluid  remains  impregnated,  at  the  lame  time  that  it  ac- 
quires a  fine  golden  yell  w,  and  emits  the  deteftable 
fmell  of  oxygenated  muriatic  acid.  It  contains  a  (mail 
portion  of  muriat  of  lead;  but  this  is  not  at  all  noxious 
in  the  fubfequcnt  procefs.  It  is  alfo  necefl'ary  to  be 
obferved,  that  the  bottle  mull  be  ilrong,  and  the  Hop- 
per not  too  firmly  fixed,  othciwiie  the  active  elailic 
vapour  might  burll  it.  'i'he  method  of  ullng  this  pre- 
pared acid  is  as  follows  : 

"  Provide  a  fufficiently  large  plate  of  glafs,  upon 
which  one  or  more  prints  may  be  (eparately  fpread  out. 
Near  the  edges  let  there  be  railed  a  border  of  foft  white 
wax  half  an  inch  high,  adhering  well  to  the  glafs  and 
flat  at  top.  In  this  kind  of  trough  the  print  is  to  be 
placed  in  a  bath  of  frefh  urine,  or  water  containing  a 
fmall  quantity  of  ox-gall,  and  kept  in  this  fituation  for 
three  or  four  hours.  The  fluid  is  then  to  be  decanted 
off,  and  pure  warm  water  poured  on  ;  which  mull  be 
changed  every  three  or  four  hours  until  it  pafTes  limpid 
and  clear.  The  impurities  are  fometimes  of  a  refinous 
nature,  and  refill  the  aftion  of  pure  water.  When  this 
is  the  cafe,  the  waflied  print  mull  be  left  to  dry,  and 
alcohol  is  then  to  be  poured  on  and  left  for  a  time. 
After  the  print  is  thus  cleaned,  and  all  the  moifture 
drained  off,  the  m.uriatic  acid  ptepared  with  minium  is 
to  be  poured  on  in  fufficicnt  quantity  to  cover  the 
print ;  immediately  after  which  another  plate  of  glafs  is 
to  be  laid  in  contaft  with  the  rim  of  wax,  in  order  to 
prevent  the  inconvenient  exhalation  of  the  oxygenated 
acid.  In  this  fituation  the  yelloweft  print  will  be  feen 
to  recover  its  original  whitenefs  in  a  very  Ihort  time. 
One  or  two  hours  are  fuflicient  to  produce  the  defired 
effeft  ;  but  the  print  will  receive  no  injury  if  it  be  left 
in  the  acid  for  a  whole  night.  Nothing  more  is  necef- 
fary  to  complete  the  work  than  to  decant  off  the  re- 
maining acid,  and  wafh  away  every  trace  of  acidity  by 
repeated  affufions  of  pure  water.  The  print  being  then 
left  to  dry  (in  the  lun  if  pofiible)  will  be  found  white, 
clear,  firm,  and  in  no  relptft  damaged  either  in  the 
texture  of  the  paper  or  the  tone  and  appearance  of  the 
impreffion." 

The  judicious  editor  of  the  Journal  fubjoins  the  fol- 
lowing note,  to  which  colle(5tois  oi  prints  will  do  well 
to  pay  attention  :  "  As  I  have  not  repeated  this  pro- 
cefs, I  cannot  eftimate  how  far  the  prelence  of  the  lead 
may  weaken  the  corrofive  aftion  of  the  acid  on  the  pa- 
per ;  but  I  fhould  be  dlfpofed  to  recommend  a  previous 
dilution  of  the  acid  with  water.  Whoever  ufes  this 
procefs  will  of  courfe  make  himfelf  mailer  of  the  pro- 
portion of  water  required  to  dilute  the  acid,  by  making 
his  firll  trials  with  an  old  print  of  no  value.  ' 

PRISM,  in  geometry,  is  a  body  or  a  folid,  whofe 
two  ends  are  any  plane  figures  which  are  parallel,  equal, 
and  fimilar  ;  and  its  fides,  conneftlng  thofe  ends,  are 
parallelograms.  The  definition  of  this  figure  in  the 
Encyclopedia  we  mull,  in  candour,  acknowledge  to  be 
unaccountably  indiftinft,  if  not  unintelligible. 

PRISMOID,  is  a  folid  or  body,  lomewhat  refem- 
bling  a  prifm,  but  that  its  ends  are  any  diffimilar  paral- 
lel plane  figures  of  the  fame  number  of  fides;  the  up- 
right 
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right  fides  being  trapezoid'!. — If  the  ends  of  the  prif- 
moid  be  bounded  by  difiimilar  curves,  it  is  fometimcs 
called  a  cyHndroitl. 

PIUSON  is  faid,  in  the  Encyclopindia,  to  be  only  a 
place  of  I'afe  cuftody,  not  a  place  of  punifliincnt.  Such 
was,  no  doubt,  the  original  intention  of  Englifh  pri- 
fons  ;  but  now  temporary  confinement  is,  in  England 
as  well  as  elfewhere,  infliifted  as  a  punifhmenc  for  cer- 
tain crimes.  Perhaps  it  would  be  expedient  to  fubfti- 
tute  this  onnifhment  more  fttqucntly  than  is  yet  done 
in  Great  Biilain,  for  tranfportation  and  death;  pmpor- 
tioning  the  length  of  tlie  con'inement,  as  well  as  its 
cloiencls,  to  the  heinouliicfs  ot  the  crime.  In  no  coun- 
try, we  bthcve,  is  this  more  acciiraicly  done,  or  to  bet- 
ter puipofe,  than  in  Pcnnfylvania  ;  and  lurely  in  no 
country  has  imprifonment  been  more  abuled  than  in 
Venice  under  the  old  government. 

By  the  laws  of  Penntylvania,  puniflimeiit  by  impri- 
fonment is  impofed,  not  only  as  an  expiation  of  pail  of- 
fences, and  an  example  to  the  guilty  part  of  fociety, 
but  alio  for  another  important  puipofe — the  reforma- 
tion of  the  criminal's  morals.  I'lie  regulations  of  the 
gaol  are  calculated  to  promote  this  effect  as  foon  as  pof- 
fible  ;  fo  that  the  building  deferves  the  name  of  3.  penl- 
tentiary  houfe  more  than  that  oi a  gaol  (fee  Philadel- 
phia, Eiiiycl  ).  As  foon  as  a  criminal  is  committed  to 
the  piifon,  he  is  made  to  wafh;  his  hair  is  (horn  ;  and, 
if  not  decently  clothed,  he  is  furnifhed  with  clean  ap- 
parel. He  is  then  thrown  into  a  folitary  cell,  about 
nine  feet  long  and  four  wide,  where  he  remains  debar- 
red from  the  fight  of  every  living  being  except  his 
gaoler,  whofe  duty  is  to  attend  to  his  bsre  nectffities, 
but  who  is  loibidden  on  any  account  to  hold  converfa- 
tion  with  him.  If  a  prifoner  be  at  all  refraftory,  or  if 
the  offence  for  which  he  is  committed  be  of  a  very  atro- 
cious nature,  he  is  then  confined  to  a  cell  fecluded  even 
from  the  light  of  heaven.  The  treatment  of  each  pri- 
foner, during  his  confinement,  is  varied  according  to 
his  crime  and  his  fubfequent  repentance.  Solitary  con- 
finement in  a  dark  cell  is  looked  upon  as  the  fevereft 
ufage  ;  next,  folitary  confir.ement  in  a  cell  with  the  ad- 
niiffion  of  light  ;  next,  folitary  confinement  in  a  cell, 
where  the  prifoner  is  allowed  to  do  fome  fort  of  work  ; 
and,  lallly,  labour  in  company  with  others.  The  long- 
eft  period  of  confinement  is  for  a  rape,  which  is  not  to 
be  lefs  than  ten  years,  nor  mo.-e  than  twenty-one  ;  for 
high  trealon  it  is  not  to  exceed  twelve,  nor  fall  fhort  of 
fix  years. 

The  prifoners  are  obliged  to  bathe  twice  every  week, 
proper  conveniences  for  that  purpole  being  provided 
within  the  walls  of  the  prifon,  and  alio  to  change  their 
linen,  with  which  they  are  regularly  fupplicd.  Thofe 
in  folitary  confinement  are  kept  upon  bread  and  water  ; 
but  thofe  who  labour  are  allowed  broth,  porridge,  pud- 
dings, and  the  like.  Meat  is  difpenfed  only  in  fmall 
quantities,  twice  in  the  week ;  and  on  no  pretence 
whatever  is  any  other  beverage  than  water  fuffered  to 
be  brought  into  the  prifon.  Thofe  who  labour  are  em- 
ployed in  the  trade  to  which  they  have  been  accultom- 
ed  ;  and  for  thofe  acquainted  with  no  particular  trade, 
fome  kind  of  work  is  devifed  which  they  can  perform. 
One  room  is  fet  apart  for  fhoemakers,  another  for  tai- 
lors, a  third  for  carpenters,  and  fo  on.  In  the  yards 
are  ftone-cutters,  fmiths,  nailers,  &c.  In  a  word,  this 
prifon  has  all  the  advantages  of  the  rafping  houfe  of 


Amfterdam,  nithoiit  any  of  its  enormous  defefts.     See     Prifon. 
CoKkfCTicN-h'oufe  in  this  Suppl.  — ,,— 

The  piilbn  of  Venice  is  of  a  very  different  dcfcrip- 
tioii,  and  is  worthy  of  notice  here  only  as  a  cuiioHiy  in 
the  annals  of  tyranny,  which  has,  we  hope,  paffed  away 
with  the  government  which  contrived  it.  l>i  Mole- 
ley,  in  confequence  of  his  beii'.g  an  Englifh  phytitian 
(a  charaifter  then  highly  rtfpetttd  in  Venice^,  was  per- 
mitted, on  the  16th  of  September  17S7,  to  vil-t  the 
common  prifon,  but  was  abfohitely  nfufed  admittance 
into  the  Hollo  Piombi,  whore  the  (late  prifoners  were 
kept.  As  the  Doflor- believes  th.at  no  foreigner  be- 
iides  himfelf  ever  witncfied  the  (cenes,  even  in  the  com- 
mon prifon,  which  he  relates,  we  ihall  give  his  relation 
in  his  own  words. 

"I  wa"  conduced  (fays  he)  through  the  prifon  by 
one  of  its  inferior  dependants.  We  h?.d  a  torch  with 
us.  We  crept  along  narrow  paflages  as  dark  as  pitch. 
In  fome  of  them  two  people  cnuld  fcarcely  pafs  each 
other.  The  cells  are  made  of  niafly  marble  ;  the  ar- 
chiteClure  of  the  celebrated  Sanfoviiii. 

"  f  he  cells  are  not  only  dark,  and  black  as  ink,  but 
being  furrounded  and  coiiHnrd  with  huge  walls,  the 
fmallclt  breath  of  ait  can  fcarcely  hnd  circulation  in 
them.  They  are  about  nine  feet  fquare  on  the  floor, 
arched  at  the  top,  and  between  fix  and  feven  feet  high 
in  the  higheft  part.  There  is  to  each  cell  a  round 
hole  of  eight  inches  diameter,  through  which  the  pti- 
foner's  daily  allowance  of  twelve  ounces  of  biead  and  a 
pot  of  water  is  delivered.  There  is  a  fmal!  iron  door 
to  the  cell.  The  furniture  of  the  cell  is  a  little  flravv 
and  a  fmall  tub  ;  nothing  elle.  The  ftraw  is  renewed 
and  the  tub  emptied  lliiough  the  iron  door  occalion- 
ally. 

"The  diet  is  ingenionfly  contrived  for  the  perdura- 
tion  of  punifhment.  Animal  food,  or  a  cordial  nutri-  ' 
tious  regimen,  in  fuch  a  fnualion,  would  bring  on  dif^ 
eafe,  and  defeat  the  end  of  this  Venetian  jullice.  Nei- 
ther can  the  foul,  if  lb  inclined.  Ileal  away,  wrapt  up  in 
numbering  dehifion,  or  fink  to  reft,  from  the  admonition 
of  her  fad  exiflence,  by  the  gaoler's  daily  return. 

•'  I  law  one  man  who  had  been  in  a  cell  thirty 
years  ;  two  who  had  been  twelve  years  ;  and  feveial 
who  had  been  eight  and  nine  years  in  their  refpedlive 
cells. 

"  By  my  taper's  light  I  Could  difcover  the  prifoners 
horrid  countenances.  They  were  all  naked.  The  man 
who  had  been  there  thirty  years,  in  face  and  body  was 
covered  with  long  hair.  He  had  loft  the  arrangement 
of  woids  snd  order  of  language.  When  I  fpoke  to 
him,  he  made  an  unintelligible  roife,  anti' expreffed  fear 
and  furprife  ;  and,  like  fome  wild  animals  in  delVrts, 
which  have  fuffered  by  the  treachery  of  the  human 
race,  or  have  an  inftindive  abhorrence  of  it,  he  would 
have  fled  hke  lightning  from  me  if  he  could. 

"  One  whole  faculties  was  not  fo  obliterated  ;  who 
ftiU  recoUefted  the  difference  between  day  and  night  ; 
whofe  eyes  and  ears,  though  long  clofed  with  a  filent 
blank,  ttill  languifhed  to  perform  their  natural  func- 
tions — implored,  in  the  moft  piercing  manner,  that  I 
would  prevail  on  the  gaoler  to  murder  him,  or  to  give 
him  fome  inftrument  to  deftroy  himfelf  1  told  him  I 
had  no  power  to  ferve  him  in  this  requeft.  He  then 
entreated  I  would  ufe  roy  endeavours  with  the  inquifi- 
tors  to  get  him  hanged,  or  drowned  in  the  Canal'  Or- 
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faro.  But  even  in  this  I  could  not  ferve  him  :  death 
was  a  favour  I  had  not  intereft  enough  to  procure  tor 
him. 

"  This  kindnefs  of  deatli,  however,  was,  during  my 
flay  in  Venice,  granted  to  one  man,  who  had  been 
'from  the  cheerful  ways  of  man  cut  off'  thirteen  years. 

"  Before  lie  left  hid  dungeon  1  had  fome  converfa- 
tion  with  him;  this  vac  fix  days  previous  to  his  execu- 
tion. His  tranfport  at  the  profpeft  of  death  was  fur- 
pnfing.  He  longed  for  the  happy  moment.  No  faint 
tver  txhibitcd  more  fervour  in  anticipating  the  joys  of 
a  future  ftate,  than  this  man  did  at  the  thoughts  of  be- 
ing releafed  from  hfe,  during  the  four  days  mockery  of 
his  trial. 

"  It  is  in  the  Canal'  Orfano  where  veflele  from  Tur- 
key and  the  Levant  perform  quarantine.  This  place 
is  the  watery  grave  of  many  who  have  committed  poli- 
tical or  perfonal  offences  againft  the  ftate  or  fenate, 
and  of  many  who  have  committed  no  offences  at  all. 
They  are  carried  out  of  the  city  in  the  middle  of  the 
night,  tied  up  in  a  fack  with  a  large  ftone  fattened  to 
it,  and  thrown  into  the  water.  Fifhermen  are  prohi- 
bited, on  forfcitnre  of  their  lives,"  againR  fifhing  in  this 
diftriA.  The  pretence  is  the  plague.  This  is  the  fe- 
crel  hiftory  of  people  being  loft  in  Venice. 

"  The  government,  with  age,  grew  feeble;  was  afraid 
of  the  difcuffion  of  legal  procefs  and  of  public  execu 
tions  ;  and  navigated   this  rotten  Buccntaur  of  the  A- 
driacic  by  fpies,  prifons,  affafrmation,  and  the  Canal' 
Orfano." 

This  is  indeed  a  frightful  narrative,  and,  we  doubt 
not,  true  as  well  as  frightful ;  but  when,  from  the  ilate 
cif  the  Venetian  prifons,  the  author  infinuates  that 
Howard  was  not  adtusted  by  genuine  benevolence,  and 
infers,  or  wifhes  his  reader  to  infer,  that  the  propofal  of 
that  celebrated  philanthropill  for  fubftituting  folitary 
confinement,  in  many  cafes,  for  capital  puniihment, 
inuft  have  refulted  from  his  not  taking  into  confideia- 
tion  the  mind  of  the  criminal — the  infinuation,  to  fay 
the  leaft  of  it,  is  ungenerous,  and  the  conclufion  is  at 
war  with  the  premifes.  That  there  was  fomething  ro- 
piantic  and  fuperiluous  in  Howard's  wanderings,  we 
leadily  admit  ;  but  it  feems  impoffible  to  doubt  of  the 
reality  of  his  benevolence  ;  and  though  the  horrid  prl- 
fon  of  Venice,  into  which,  as  the  Doftor  affures  us, 
Mr  Howard  never  entered,  was  calculated  to  injure  the 
body  wkhout  improving  the  mind  of  the  criminal,  it 
t'.oes  not  follow  but  that  folitary  confinement,  under 
fuch  regulations  as  at  Philadelphia,  is  the  beft  means 
that  have  yet  been  thought  of  for  obtaining  the  objeft 
neareft  HowarJ's  heart,  ihe  reformation  of  the  morals 
of  the  criminal. 

PROCYON,  in  aftronomy,  a  fixed  (lar  of  the  fe- 
cond  magnitude,  in  Canis  Minor,  or  the  little  Dog. 

PROSTHAPHERESIS.  in  aftronomy,  the  difi"e- 
rence  between  the  true  and  mean  motion,  or  between 
the  true  and  mean  place,  of  a  planet,  or  between  the 
true  and  equated  anomaly  ;  called  alio  equation  of  ihe 
orbit,  or  equation  of  the  centre^  or  finiply  t\it  equation  ; 
and  it  is  equal  to  the  angle  formed  at  the  planet,  and 
fubtended  by  the  eccentricity  of  its  orbit. 

P1\0  TRACTING,  or  Protraction,  in  furvey- 
ing,  the  nA  of  plotting  or  laying  down  the  dimenfions 
taken  in  the  field,  hy  means  of  a  protraft©r,  &c.  Pro- 
trading  makts  one  part  of  furveying. 
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PitoTR.icTiNf.riu,  a  fine  pointed  pin  or  iieedls,  fit-  Prora'a- 
ted  into  a  han.llc,  uful  to  p'-itk  off  degrees  and  n^.inutes       "^^ 
from  the  limb  of  the  proiraftor 

PRUNING.  Under  this  lilje  (EncycU)  it  is  ob- 
ferved,  that  when  lai-p;e  branches  of  trees  bearing  ftone- 
fruit  are  taken  off,  the  trees  are  fubjeft  to  guiti  and  de- 
cay. For  this  a  remedy  has  been  invented  by  Thomas 
Slip  Dyot  Biirknall,  Efqj  of  Conduit-ftreet,  which,  not- 
witliflaiiding  many  objcftions  made  to  it  at  firft,  expe- 
rience has  proved  to  be  fuccef^ful,  and  for  the  difcovery 
of  which  the  Society  for  the  Encouragement  of  Arts, 
Ike.  voted  the  ftlver  medal  to  the  difcoverer.  It  is  aa 
follows  : 

Cut  every  branch  which  flrould  be  tsken  away  clofe 
to  the  place  of  its  feparation  from  the  trunk  ;  fmooth 
it  well  with  a  knife  ;  and  then  with  a  painter's  brufli 
fmear  the  wound  over  with  what  Mr  Bucknall  calls  me- 
dicated tar.  This  tnedicated  tar  is  compofed  of  ore 
quarter  of  an  ounce  of  corrofive  fublimate,  reditced  to 
fine  powder  by  beating  with  a  wooden  hammer,  and 
then  put  into  a  three  pint  earthen  pipkin,  with  about 
a  glafs  full  of  gin  or  other  fpirit,  flirred  well  together, 
and  the  fublimate  thus  dlffolved.  The  pipkin  is  then 
filled  by  degrees  with  vegetable  or  common  tar,  and 
coiiftantly  Itirred,  till  the  mixture  be  blended  together 
as  intimately  as  pofTible  ;  and  this  quantity  will  at  any 
time  be  fufficient  for  two  hundred  trees.  To  prevent 
danger,  let  the  corrofive  fublimate  be  mixed  with  the 
tar  as  quickly  as  poihble  after  it  is  purchafed  ;  for,  be- 
ing of  a  very  poifonous  nature  to  all  animals,  it  fhoiild 
not  be  fuffered  to  lie  about  a  houfe,  for  fear  of  mifchicf 
to  fome  part  of  the  family. 

By  the  application  of  this  compofttion,  Mr  Buck- 
nall can,  without  the  fmalleft  danger,  ufe  the  priming 
hook  on  alHiinds  of  trees  much  more  freely  than  we 
have  recommended  its  ufe  in  the  article  referred  to.  "  I 
give  no  attention  (fays  he)  to  fruit  branches,  and  woad- 
branches ;  but  beg,  once  for  all,  that  no  branch  fhall 
ever  be  fhortened,  nnlels  for  the  figure  of  the  tree,  and 
then  conftantly  taktn  off  clofe  to  the  feparation,  by 
which  means  the  wound  foon  heals.  The  more  the 
range  of  the  branches  fhoots  circularly,  a  little  inclining 
upwards,  the  more  equally  will  the  fap  be  diftributed, 
and  the  better  will  the  tree  bear  ;  for,  from  that  cit- 
cumftance,  the  fap  is  more  evenly  impelled  to  every 
part.  Do  not  let  the  ranges  of  branches  be  too  near 
each  other  ;  for  remember  all  the  fruit  and  the  leaves 
fhould  have  their  full  (hare  of  the  fun  ;  and  where  it 
fuits  let  the  middle  of  the  tree  be  free  from  wood,  fo 
that  no  branch  fhall  ever  crofs  another,  but  all  the  ex- 
treme  ends  point  outwards." 

PULO,  the  name  of  feveral  iflands  of  Afia,  in  the 
Indian  Ocean  ;  the  principal  of  which  alone,  according 
to  Dr  Brookes,  is  inhabited.      This  is  the  illand 

PuLo-Condore,  which,  being  viftted  by  Lord  Ma- 
cartney as  he  failed  to  China,  is  thus  defcribed  by  Sir 
George  Staunton.  "  It  has  the  advantage  of  convenient 
anchoring  places  in  either  monloon.  The  fquadron  ac- 
cordingly Hopped  on  the  17th  of  May,  in  a  Ipaoous 
bay  on  the  taltern  fide  of  the  ifland  ;  and  came  to  an- 
chor at  the  entrance  of  its  foulhern  extremity,  as  the 
water  flioaled  there  to  five  fathoms  and  a  half  occa- 
fioned  by  a  bank  which  flretchee  acrofs  two-thirds  of 
the  entrance.  It  was  fouiid  afterwards,  that  beyond 
tke  bank  there  is  a  fafe  pafiage  to  tiie  inuer  purt  of  the 

bay. 
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Pulo.  bay,  the  north  of  which  is  fheltcrcd  by  a  rmal)  ifland 
"■"V— '  lying  to  the  eaftward.  The  whole  of  the  bay  is  form- 
ed by  four  fmall  idands,  which  approach  fo  nearly  to 
each  other,  as  to  appear,  from  fevend  points,  to  join. 
They  all  feem  to  be  the  rude  fragments  of  primitive 
moimtal:!i,  feparated  from  the  great  continent  in  the 
lapfe  of  lime.  Th«  principal  ifland  is  eleven  or  twelve 
miles  in  length,  and  about  three  in  breadth.  It  is  in 
the  form  of  a  crefcent,  and  cnnlitb  of  a  ridge  of  peak- 
ed hills.  Its  latitude,  as  calculated  from  a  meridional 
obfervation,  h  8'  40'  north  from  the  equator  ;  and  its 
longitude,  according  to  a  good  chronometer,  is  103"  55' 
eaft  from  Greenwich. 

'♦  The  Englilh  had  a  fettlement  on  Condore  until  the 
beginning  of  the  prefent  century,  when  fome  Malay  fnl- 
diets  in  their  pay,  in  refentment  for  fome  imjuUitiable 
treatment,  murdered  their  fuperiorf,  with  the  exception 
of  a  very  few  who  efcaped  off  the  illand,  where  no  Eu- 
ropeans have  fmce  relided.     At  the  bottom  of  the  bay 
was  a  village  fituated  clofe  to   a  fine  fandy  beach,  with 
a  long  range   of  cocoa-nut  trees   before  it,  and  it  was 
defended  from  the  north  eaft  fea    by  a  reef  of  coral 
rocks,   within  which  was  good  anchorage  for  fmall  vef- 
fels,  and  an  eafy  landing  for  boats.     A  party  went  on 
(hore  from  I>ord  Macartney's  fquadron,  with  the  pre- 
caution, however,  of  being  armed,  as  large  canoes  were 
efpied  within  the  reef,  which   might  have  been  Malay 
pirates.     Several  of  the  inhabitants  came  to  the  beach, 
and  with  the  apipearance  of  much  urbanity  of  manners 
welcomed  them  on  Ihore,  and  condufted  them  to  the 
houfe  of  their  chief      It  was  a  neat  bamboo  cabin,  lar- 
ger than  the  reft.     The  floor  was  elevated  a  few  feet 
above  the  ground,  and  ftrewed  with  mats,  on  which 
were  affembled  as  many  men   as   the  place  could  hold. 
It  was  apparently  on  the  occafion   of  fome  fcllival,   or 
pleafurable  meeting.     There  was  in  one  of  the  apart- 
ments an  altar  decorated  with  images,   and  the  parti- 
tions hung  with  figures  of  monftrous  deities;   but  the 
countenances  and  deportment  of  the  people  conveyed 
no  idea  of  religious  awe,  and  no  pcrfon  was  feen  in  the 
poftiire  of  prayer  or  adoration.      A  few    Ipcais  ftood 
againft  the  wall  with  their  points  downwards,  toge'her 
with  fome  matchlock-s  and  a  fwivel  gun.    The  drefs  of 
thofe  people  vi'as-compofcd  chiefly  of  blue  cotton  worn 
loofely  about  them  ;  and  their  flat  faces  and  little  eyes 
denoted   a   Chinefe  origin   or  relation'.      Several  long 
flips  of  paper,  hanging  from  the  ceiling,  were  covered 
with  cohimns  of  Chinefe  writing.      One  of  the  miflio- 
tiaries,  who  was  of  the  party,  could  not,   however,  in 
any  degree,  underiland  their  converfation  ;  but  when 
the  words  were  written,   they  inllantly  became  intelli- 
gible to  him.      Though  their  colloquial  language  was 
altogether  different  from  what  is  fpoken  in  China,  yet 
the  cliaraAers  were  all  Chinefe;  and  the  faft  was  clear- 
ly afcerlained  on   this  occafion,   that   thofe  charaftcrs 
have  an  equal  advantage  with  Arabic  numbers,  of  which 
the  figures  convey  the  fame  meaning  wherever  known; 
whereas  the  letters  of  other  languages  denote  not  things 
but  elementary  founds,  which  combined  varioufly  toge- 
ther, form  words,  or  more  complicated  founds,  convey- 
ing different  ideas  in   different  languages,  though  the 
form  of  their  alphabet  be  the  fame. 

"  The  inhabitants  cf  Pnlo  Condore  were,  it  feems, 
Cochin-Chinefe,  with  their  dcfcendants,  who  fled  from 
their  own  country,  in  confe^uence  of  their  attachment 


to  one  of  its  fovercigns,  dethroned  by  feveral  of  his  ?"''> 
own  fubjefts.  It  was  propofed  to  purchafc  provifions 
here  ;  and  the  people  promiled  to  have  the  fpecified 
quantity  ready,  if  pollibk,  the  next  day,  when  it  was 
intended,  if  the  weather  fhould  be  favourable,  to  land 
the  invalids.  The  next  morning  was  fair  in  the  begin- 
ning ;  and  a  party  of  pleaiure  was  mrde  fiom  die  Hin- 
doftan  to  a  finall  ifland  clofe  to  Pulo  Condore.  They 
were  Icarctly  arrived  upon  it  when  the  weather  began 
to  lower  ;  and  the  boat  fet  off  on  its  return,  in  order  to 
reach  the  fhip  before  the  impending  ftorm  ihould  be- 
gin- 

"  With  difficulty  it  reached  the  fhip  ;  and  as  foon  as 
the  weather  became  fair,  rneflengers  were  difpatched  on 
Ihnrc  to  receive  and  pay  for  the  provifions  promifcd. 
When  they  arrived  at  the  village,  they  were  aftonifhed 
to  find  it  abandoned.  The  houfes  were  left  open,  and 
none  of  the  effects,  except  fome  arms,  that  had  on  the 
lirfl  vifit  been  perceived  within  them,  or  even  of  the 
poultry  feeding  about  the  doors,  were  taken  away.  lu 
the  principal  cabin  a  paper  was  found,  in  the  Chinefe 
language,  of  which  the  literal  tranflation  purported,  as 
nearly  as  it  could  be  made,  '  that  the  people  of  the 
ifland  were  few  in  number,  and  very  poor,  yet  honeit, 
and  incapable  of  doing  niifchief ;  but  felt  much  terror 
at  the  arrival  of  fuch  great  Ihips  and  powerful  peffons, 
elpecially  as  not  being  able  to  fatisfy  their  wants  in  re- 
gard to  the  quantity  of  cattle  and  Other  provifions,  of 
which  the  poor  inhabitants  of  i'ulo  Condore  had  fcarcc- 
ly  any  to  fupply,  and  confequently  could  not  give  the 
cxpefted  fatisfafkion.  They  therefore,  through  dread ' 
and  apptehenfion,  refolved  to  fly  to  preferve  their  lives. 
That  they  fupplicate  ths  great  people  to  have  pity  on 
them;  that  they  left  all  they  had  behind  them,  and  on- 
ly requefted  that  their  cabins  might  not  be  burnt ;  and  - 
conclude  by  proflrating  theralelves  to  the  gieat  people 
a  hundred  times.' 

"  The  writers  of  this  letter  had  probably  received  ill  i 
treatment  fiom  otiier  ftrangers.     It  was  determined  that  ■ 
they  fhould  not  continue  to  think  ill  of  all  who  came  to  • 
vifit  them.    On  their  return  they  were  perhaps  as  much  ■ 
furprifed  to  find  their  houfes  ffill  entire,  as  their  vlAtors 
had  been  who  found  they  were  deferlcd.  tlotliiiig  was 
diflurbed  ;   and  a  fmall  prefent,  likely  to  be  acceptable 
to  the  chief,  was  left  for  him  in  the  principal  dweiling,  . 
with  a  Chinefe  letter,   fignifying,  that   '  the  fhips  and: 
peuple  were  Englilh,   who  called  merely  for  rcfrefli. 
mcnt,  and  on  fair  terms  of  purchafe,  without  any  ill  i;>. 
tentiun  ;  being  a  civilized  nation,  endowed  with  pri.i- 
ciples  of  humanity,  which  did  not  allow  them  to  plun- 
der or  injure  others   who   happened   to  be    weaker  or  ' 
fewer  than  themielves." 

Fuio  Linger),  another  of  this  clutlcr,  is  likewife  a  ■ 
confiderable  illand,  remarkable  for  a  mountain  in  its  ■ 
centre,  terminating  in  a  fork  like  ParnaiTus  ;  but  to 
which  the  unpoetical  feamen  bellow  the  name  of  nj/'h 
ears.  Every  day  prcfented  new  iflands  to  the  view, 
difplaying  a  vail  variety  in  form,  fize,  and  colour. 
Some  ifolated,  and  fome  collected  in  clufters.  Many 
were  clothed  with  verdure  ;  fome  had  tall  trees  grow- 
ing  on  them  ;  others  were  mere  rocks,  the  rcfort  of  in- 
numerable  birds,  and  whitened  with  their  dung. 

PUiNCTUATlON,  in  grammar,  is  an  art  with 
whicli  we  have  fald,  in  the  Eiicyclofitdia,  that  the  an. 
cients  were  entirely  unacquainted.  Candour  obli<^cs  us 

to 


PUN 

Pimflua-  to  confefs  ihit  this  was  faiil  raftily, 


[      .384       ] 
A  learned  writer,  in 


P    Y     R 


the  Monthly  Magazine  for  September  1798,  who  fub- 
fcribes  J.  Warburtow,  has  proved,  we  think  complete- 
ly, that  the  art  is  not  wholly  nnodern  ;  and  we  fhall  lay 
his  proofs,  in  his  own  words,  before  our  readers. 

"  Some  fpecies  of  paufes   and   divifions  of  fentences 
in  fpeaking  and  writing  mull  have  been  coeval  with  the 


"  Quintilian,    who  wrote  his  celebrated   trentifc  on  P'-"!"^***. 
Oratory  about  the  year  88,  Ipeaks  of  cor;imas,  colons,       "'\'" 
and   periods;  bat  it   mull  be  obleived,  that  by  thele    Pyri  es. 

terms  he  means  clajfes,  members,  and  complete  feiiten-  ' y       ,1 

ces,  and  not  the  marks  of  puncluitioii  J.  '  ^""t- 

"  jEiius  Donatus  }    publifhed  a  trcatife  on  Grammar  "  '''^5'  *' 
in  the  4th  century,  in    which  he  explains  the  i/i/Iitiiiio, 


knowledge  of  communicating  ideas  by  found  or  by  fym    -  the  wfjia  ilijl'mctio,  and  the  fulJi/linaio  ;  that  is.  the  ufe 


bols.  Siiidss  *  fays,  that  xXxe  period  and  the  colon  weie 
difcovered  and  explained  by  'rhrafymacus,  about  380 
years  before  the  Chriilian  a:ra.  Cicero  f  fays,  that 
Thrafymacus  was  the  lirll  who  ftudicd  oratorical  num- 
bers, which  entirely  confilled  in  the  artificial  Ihudure 
of  periods  and  colons.      It  appears  from  a  paffage  in 


«  Qui  pri 
mus  terio 
dum  et  C'>- 
lon  mon- 
ftravtt.  Stii- 
das  Je  Tbrj- 
Jymjcho. 
■f  Cicero  ,  .  ,  ... 

Orjt.  §  33.  Ariilotle  ±,  that  punftuation  was  known  in  his  time. 
4  /?4rf.  lib.  -pjjg  learned  Dr  Edward  Bernard  §  refers  tht  know- 
^'srn  Or  ^^^S^  °^  pointing  to  the  time  of  that  philofopher,  and 
th'tni'j.  L;-fays,  that  it  confiiled  in  the  different  pofitions  of  one 
/»r<7<.  tab.  fingle  point.  At  the  bottom  of  a  letter,  thus,  (A.), 
JO.  edit.  Jt  was  equivalent  to  a  comma  ;  in  the  middle  (A-)  it 
*^''S-  was  equal  to  a  colon  ;  at  the  top   (A)   it  denoted  a 

period,  or  the  conclufion  of  a  fqitence. 

"  This  mode  was  ealily  praAifed  in  Greek  manu- 
fcripts,  whde  they  were  written  in  capitals.  But  when 
the  fmall  letters  were  adopted,  that  is,  about  the  9th 
century,  this  diftinftion  could  not  be  obferved  ;  a 
change  was  therefore  made  in  the  fcheme  of  punftua- 
tion. Unciahs  literas  hoduriio  ufu  d'uimus  eas  in  'vetujlis 
codidbus,  que  pi-ijcam  formam  fervanl,  ac  folutx  funt,  nee 
thutuo  coUignntur.  Hujus  modi  iilerte  unciales  ohfervan- 
tur  in  lidris  omnibus  ad  nonum  ufque  fieculum. — Montf. 
Palseog.  Recens.  p.  xii. 

"  Accordiag  to  Cicero,  the  ancient  Romans,  as  well 
as  the  Greeks,  made  ufe  of  points.  He  mentions  them 
under  the  appellation  of  librariorum  notcc  ;  and  in  feve- 
ral  parts  of  his  works  he  fpeaks  of  '  interpunde  clau- 
fulx  in  oraiionibus ,'  of  '  cJanJuU  atque  interpunSa  iier- 
borum,'  of  '  iuterpundiones  •verborum,'  &c.  *. 

"  Seneca,  who  died  A.  D.    65,   exprefsly  fays,  that 

Latin  writers,  in  his  time,  had   been   ufed  to  pun6tu2- 

Nos\,  cum fcrih'imus  interputigere  confutvimus.' 


«  Cic.  di 
Orat.  1.  iii. 

$  16.  ibid; 

7.  Orjt  fro  J-    _ 
XvlurKna^ 


«  jj.  Muretus  and  Liplius  imagined  that  thefe  words  alluded 

t  5m.  £///?.  to  the  infertion  of  a   point  after  each  word:   but  they 
*'•  cetainly  were  miilaken  ;  for  they  mull  neceflarily  refer 

to  marks  of  punAuation  in  the  divilion  of  fentences, 
becaufe  in  the  pafiage  in  which  thefe  words  occur,  Se- 
neca is  fpeaking  of  one  Q^  Haterius,  who  made  no 
paufes  in  his  orations. 

"  According  to  Suetonius,  in  his  lUuJl.  Gram.  Vale- 
rius Probus  procured  copies  of  many  old  books,  and 
employed  himfelf  in  corrcfting,  pointing,  and  illuftra- 
ing  them  ;  devoting  his  time  to  this  and  no  other  part 
of  grammar.  Mulla  exemplaria  contrada  emendnre,  ac, 
diftinguere  et  adnotare  cura-vit ;  Jolihuic,  nee  ulli  pneterea, 
grammatices  parti  dedilus, 

"  Tt  appears  from  hence,  that  in  the  time  of  Probus, 


of  a  fingle  point  in   the  various  pofitions  already  men- 
tioned. 

"  Jerom  *^  who  had  been  the  pupil  of  Donatus,   in  *  ff''ron. 
his  Latin  Verfion  of  the   Scriptures,  made   ufe  of  cer- f''  '•/■  '"  . 
tain   diftinSions   or  divifions,  which   he  calls  co/a  aud'|,,;„„'  pj^i 
comnuita.       It  has,    however,    been  thought  probable,/"  j'fuam, 
that  thefe  divifions   were  not  made  by  the  addition  of  ^i^- torn,  iii,, 
any  points  or  flops;  but  were  formed  by   writing,   ia^' 
one  line,  as  many  words  as  conftituted  a  claufe,  equi- 
valent to   what  we  diftinguifli   by  a  comma  or  a  colon. 
Thefe  divifions  were  c.Ued  •'■"X"  or  ^h-'^-o-  ;  and  had 
the  appearance  of    fhort    irregular    verfes    in    poetry. 
There  are   fome   Greek  manufcripts   ftiU  extant  which 
are  written  in  this  manner  f ."  t  ''<* 

Mr  Warburton  fays,  that  the  beft  treatife  upon  punc-  p  °"^" 
tuation  that  he  has  feen,  was  publifhed  fome  years  lince  Q^tca   lib 
by  an  anonymous  author,  and  dedicated  to  Sir  Clifton  iii.  c.  4. 
Wintringham,    Bart.      With   that  treatife  we  are  not 
acquainted  ;  but  we  do  not  think  that  the  art  of  punc- 
tuation can  be  taught   by  rules.     The  only  way  to  ac- 
quire it  is  to  obferve  attentively   how  the  moll  perlpi- 
cuous  writers  difpofe  of  their  periods,  colons,  femicolons, 
and  commas.      This  will   make  us  acquainted  with  the 
importance  of  each  ;  and  then  every  writer,  who  knows 
his  own  meaning,    mutt  be  capable  of  pointing  his  owij 
pages  more  correftly  than  any  other  man. 

PYRAMIDOID,  is  fometimes  ufed  for  the  para- 
bolic fpindle,  or  the  folid  formed  by  the  rotation  of  a 
femiparabola  about  its  bafc  or  greateft  ordinate.  See 
PyiRJEOLic  Spindle. 

PYRITES.  See  Miner.ilogy  in  this  Supple- 
ment.—  In  the  third  volume  of  Mr  NichoH'ou's  Phi- 
lofophical  Journal,  we  have  a  method  of  making  arti- 
ficial pyrites,  which  we  Ihall  give  in  the  words  of  the 
author. 

"  I  impregnated  water  (fays  he)  j^iy  flrongly  with 
carbonic  acid,  and  introducing  fome  iron  filings,  I  coti. 
tinued  the  impregnation  for  a  day  or  two,  and  after- 
wards allowed  the  water  to  ftand  in  a  well-corked  bottle 
for  fome  days,  till  the  acid  had  taken  up  as  much  iron 
as  poflible.  I  then  poured  it  into  an  aerating  appa.'a- 
tus  ;  threw  up  the  hepatic  gas  from  fulphuret  of  potalh 
and  fulphuric  acid;  and  after  having  agitated  the  water 
till  it  had  got  a  good  dofe  of  the  gas,  I  poured  the 
water  into  a  large  bafon  :  this  was  in  the  evening,  and 
next  moining  when  I  looked  at  it,  I  found  it  covered 
with  a  pretty  thick  filra  of  a  mofl  beautiful  variegated 
pyrites.      I  had  fo  little  of  it,  that  the  only  proof  I  had 


or  about  the   year  68,  Latin  manufcripts  had  not  been     of  its  being  this  fubftance  was,  that  it  was  ignited  on 
ufually  pointed,  and  that  grammarians  made  it  their  bu-      ts  being  placed  on  a  hot  poker." 
finefs  to  fupply  this  deficiency. 


QUADRATURE, 


Q^U    A 


[     5«5     ] 


Q.   U    A 


Q. 


QUADRATURE,  in  geometry  (k-e  that  article, 
and  likewifc  ItuxiONS,  Eucycl.),  has  employed 
thi;  time  and  ingenuity  of  lome  of  llie  moil  eminent 
mathematicians  hatli  of  ancient  and  of  tnodern  times. 
Dr  ILdley's  method  of  computing  the  ratio  of  the  dia- 
meter of  tlie  circle  to  its  circumference,  was  confidered 
by  liimfelf,  and  other  learned  mathematicians,  as  the 
eafied  the  problem  admits  of.  And  although,  iii  the 
courfe  of  a  century,  much  eafier  methods  have  been 
difcovered,  flill  a  celebrated  mathematician  of  our  own 
times  has  expreffed  an  opinion,  that  no  other  aliquot 
part  of  the  circumfert;nce  of  a  circle  can  be  fo  eafily 
computed  by  means,  of  its  tangent  as  that  which  was 
chofen  by  Dr  Halley,  viz.  the  arch  of  30  degrees. 
Without  taking  upon  him  to  dettrniine  whether  this 
opinion  be  jnll  or  not,  the  Rev.  John  Hcllins  has  Ihewn 
how  the  fcries  by  which  Dr  Halley  computed  the  ra- 
tio of  the  diameter  to  the  circumference  of  the  circle 
may  be  transformed  into  others  of  fwifter  convcrgcncy, 
and  which,  on  account  of  the  fucceflive  powers  of  ^'^ 
which  occur  in  them,  admit  of  an  eafy  fummation. 
We  fhall  give  the  memoir  in  the  author's  own  words. 

"  I.  The  propofed  transformation  is  obtained  by  means 
of  different  forms  in  which  the  fluents  of  fome  fluxions 
may  be  exprefled  ;  and  to  proceed  with  greater  clear- 
nefs,  "  I  will  here  (fays  Mr  Hellins)  fet  down  the 
fluxion  in  a  general  form,  and  Its  fluent,  in  the  two  fe- 
rles  which  are  ufed  In  the  following  particular  inftance, 
and  may  be  applied  with  advantage  In  fimilar  cafes. 

"   2.  The  fluent  of  " '-  Is  =  — -j-  "      -   +' — ; 

I — a"  m    '  fn-J-«      m-\-2n 

+  —T — '   &c.  which  ferles,  being  of  the  fimpleft  form 

which  the  fluent  feems  to  admit,  was  firft;  difcovered, 
and  probably  Is  the  mod  generally  ufeful.  But  It  has 
alfo  been  found,  that  the  fluent  of  the  fame  fluxion  may 
be  exprefled  in  ferles  of  other  forms,  which,  though 
lefs  fimple  than  that  above  written,  yet  have  their 
particular  advantages.  Amongtt  thofe  other  forms  of 
feries    which   the   fluent    admits   of,  that   which    fults 

my  prefent  purpofe  is  — — — —  ^ —  1 

»J.I — .v"      m.m+n.l — ^-"i'' 
n.  2  n.  .\-'"+^" 


m.  m-\-n.  1  — x" 
n.  2u.  tji.  x'''-^--' 


m.m+n.m+2n.l — x'\'  tn.m  +  n  m  +  2n.m+yi.  1 — »"j^ 
+  &c.  which,  to  fay  nothing  of  other  methods,  may 
eafily  be  inveftlgated  by  the  rule  given  In  p.  64.  of  the 
third  edition  of  Emerfon's  Fluxions;  or  Its  equality  with 
the  former  ferles  may  be  proved  by  algebra. 

I'  3.  On  account  of  the  fign  —  before  x",  in  the  laft 
feries,  It  may  be  proper  to  remark,  that  its  convergency, 

by  a  geometrical  progreflion,  will  not  ceafe  till 


becomes  =  1,  or  x  becomes  =  "»/{  ;  and  that  when  « 
is  a  fmall  quantity,  and  n  a  large  number,  this  feries 
will  converge  almoft  as  fwlftly  as  the  former.  For  In- 
ftance, If  X  be  =  v^l,  and  n  =  8,  which  are  the  values 
in  the  following  cafe,  die  former  feries  will  converge  by 
the  quantity  x"  z=  V ^ ,  ■=  ^V,  and  this  fcries  by  the 
ScppL.  Vol,  II,  Part  I. 


quantity 


-— __XI_  _ 


where  the  difference 


in  convergency  will  be  but   little,   and  the  divifions  by 
So  eafier  than  thofe  by  Si. 

"  4.  With  refpeft  to  the  indices  m  and  «,  as  they  are 
here  iuppofed  to  be  affirmative  whole  numbers,  and  will 
be  fo  in  the  ufe  1  am  about  to  make  of  them,  the  read- 
er need  not  be  detained  with  any  obfervalioas  on  the 
cafes  in  which  thefc  fluents  will  fail,  wlien  the  Indicei 
have  contary  figns. 

"   5.   It  may  be  proper  further  to  remark,  that  bv 
x" 
putting  ^•_^;,  =:  c,  and  calling  the  firft,  fecond,  third, 

*•  "I  ..  ..  m  +  . 

&c.  terms  of  the  feries 
I 
n.  2  n  x^f'" 


m.m  -\-n.  l  —  .ic'j 


-=n  +   &c.    A,    B,    C,    &c. 
m.  m -J- n.  nj  4- 2  n.  1 — .\  | 

refpettively,   the   feries  will   be   exprefled   in   the  con- 

cile  and  elegant   notation  of  Sir  Ifaac   Newton,    viz. 

*" nzA      2n2B      3«zC 

is  well  adapted  to  arlthmeiijal  cilculation. 

"  6.  I  come  now  to  the  transformation  propofed, 
which  will  appear  very  eafy,  as  foon  as  the  common  fe- 
ries, exprefling  the  length  of  an  arch  in  terms  of  its  tan- 
gent, Is  projjcrly  arranged. 

"  If  the  radius  of  a  circle  be  i,  and  the  tangent  of 
an  arch  of  it  be  called  /,  It  is  well  known  that  the  length 

/3        /f         <7         t*        ;ti 

of  that  arch  will  be  =  /  —  — -1- — -I. — — — .1.  &- 

3      5   .7^9       11^ 
Now,  if  the  afflrmative  terms  of  this  feries  be  written  in 
one  line,  and  the  negative  ones  In  another,  the  arch 
will  be 


,3        /'         /"       /'S       t^9 


AnJ  if,  again,  the  firft,  third,  fifth,  Sec,  term  of  each 
of  thefe  fcries  be  written  in  one  line,  and  the  fe- 
cond,  fourth,  fixth,  &c.  in  another,  the  fame  arch  will 
be  exprefled  thus  : 

<lS         ,ii       ,:i        ^59        ^3^ 

(.7+71+77+1^+77+  ^^- 


~   I         r*'      '"     '"     '"     ''^ 

I      f7+TT+Ti+I7+i7+^^- 

h+^+ii+F+i?+^^- 

All  which  feries  are  evidently  of  the  firft  form  in  ar- 
ticle 2.  and  therefore  their  values  may  be  exprefled  In 
the  fecond  form  there  given,  or  more  neatly  the  New- 
tonian notation  mentioned  in  art.  5.  In  each  of  thefe 
feries  the  value  of  n  is  8  : 

3  C  And 


Qiiadra- 
ture. 


And  the  value  of  m, 
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(in  the  firft  feries,  is  I  ; 
in  tiie  fecund  feries,  is  5  ; 
ill  tlie  third  feries,  is  3  ; 
I  in  the  fourth  feries,  is  7. 
"   If  now  we  take  t   —  \/  \,  the  tangent  of  30°, 
which  was  chofen  by  Dr  Halley,  we  fhall  have  the  arch 
at  irP 


I 
I 

T7i' 


-77  X  •■  «  + 


+ 


9.81 
I 


i3.«. 


17.81^ 

I 
2  i.isi 


-=  + 


2581 
I 


29 


I 

37-»f' 


&c. 


&c. 


&c. 


&c. 


(^773^  =  ^+r^.8i  "^jpi^-»-Ii.8i="^  39.81*' 

Six  times  this  quantity  will  be  rr  the  femicircumfe- 
fence  when  radius  is  i,  and  =r  the  whole  circumference 
■when  the  diameter  is  1.      If  therefore  we  multiply  the 

laft  feries  by  6,  and  write  y'll  for-^,  and  exprefs 

their  value  in  the  form  given  in  art.  5.  we  (hall  have 
the  circumference  of  a  circle  whofe  diameter  is  i, 


■[ 


A        16B 
9.80  "^  17.80 


24  C      32D 


+ 


16B 


25.80 
24C 


32D 


&c. 


13.80  '21.80     29. S-o      37.80' 
Siv'iz       «A       l6B       24C       32D 


3-3-80 


11.80 
8A 


19.80 
16B 


.27.80     15.80^23.80     31.80^39.80' 


27.80^  3S-8o' 
HC_^_32P 


"  7.  All  thefe  new  feries,  it  is  evident,  converge 
fomewhat  fwifter  than  by  the  powers  of  80.  For  in  the 
firfl  feries,  which  has  the  flowefl  convergency,  the  co- 
efficients 4.  TT>  iT''  *<^-  ^""^  ^''^'^  °f  them  lefs  than  i  ; 
fo  that  its  convergency  is  fomewhat  fwifter  than  by  the 
powers  of  80. 

"  8.  But  another  advantage  of  thefe  new  feries  Ts, 
that  the  numerator  and  denominator  of  every  term  ex- 
cept the  firil,  in  each  of  them  is  divifible  by  8 :  in  con- 
fequence  of  which  the  arithmetical  operation  by  them 
is  much  facilitated,  the  divifion  by  80  being  exchanged 
for  a  divifion  by  10,  which  is  no  more  than  removing 
the  decimal  point.  Thefe  feries,  then,  when  the  fac- 
tors which  are  common  to  both  numerators  and  denomi- 
nators are  expunged,  will  fland  as  below  (each  of  which 
ftill  converging  fomewhat  quicker  than  by  the  powers 
of  8c),  and  we  fhall  have  the  circumference  of  a  circle 
whofe  diameter  is  l. 


81  v*!  2 


1 


;+ 


2B  3C 


80        9.10  '  17.10 

Q.v/12         A  2B  3C 

400     13.10    21.ro    29.10 


33-10' 
4D 


37. lo- 


se 


V!3 


2B 


«o 
3a/'z 
7.80  " 


IT. 10        19    10 

A  2B 


3C        ,4D 

27-. lo"*"  35.10' 

3C         4D 


15.10     23.10     31.10      39.10 


"  By  which  feries  the  arithmetical  computation  will 
be  much  more  eafy  than  by  the  original  feries." 
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^r.iDSArvKS  Lines,  or  Lines  of  ^ladraltire,  are  two 
lines  often  placed  on  Gunter's  feclor.  They  are  mark- 
ed with  the  letter  Q,  and  the  figures  5,  6,  7,  8,  9, 
10  ;  of  which  Q_deiiotes  the  lide  ot  a  fquare,  and  the 
I,  figures  denote  the  fides  of  polygons  of  5,  6,  7,  &c. 
fides.  Alfo  S  denotes  the  femidiameter  of  a  circle, 
and  90  a  line  equal  to  the  quadrant  or  90'  in  circum- 
ference. 

QITADRIPARTITION,  is  the  dividing  by  4,  or 
into  four  equal  parts.  Hence  quaiiriparUle,  &.'c.  the 
4th  part,  or  fomething  parted  into  four. 

QUADRUPLE,  is  four  fold,  or  fomething  takea 
four  times,  or  multiplied  by  4  }  and  fo  is  the  converfe 
of  quadripartition. 

QUART,  a  meafure  of  capacity,  being  the  quarter 
or  4th  part  of  fome  other  meafure.  The  EngliTn  quart 
is  the  4th  part  of  the  gallon,  and  contains  two  pints. 
The  Roman  quart,  or  quartarius,  was  the  4th  part  of 
their  congius.  The  French,  befides  their  quart  or  pot 
of  two  pints,  have  various  other  quaits,  diftinguifhed 
by  the  whole  of  which  they  are  quarters  ;  as  quart  Je 
muU,  and  quart  de  lo'iffiau. 

QUARflLE,  an  afpeft  of  the  planets  when  they 
are  at  the  diftance  of  thi-ee  figns  or  90°  from  each  other; 
and  is  denoted  by  the  charafter  D. 

QUELPAERT,  an  ifland  lying  in  the  mouth  of 
the  channel  of  Japan,  and  fubjeft  to  the  king  of  Core  a 
(See  that  article  Encycl.)  Till  the  lalt  voyage  of  La  Pe- 
roufe,  this  ifland  was  known  to  Europeans  only  by  the 
wreck  of  the  Dutch  (liip  Sparrow-hawk  in  1^)35.  On 
the  ziflof  May  1787,  the  French  Commodore  made 
this  ifland,  and  determined  the  fouth  point  of  it  to  be 
in  Lat.  33°  14'  north,  and  in  Lou.  124'  15'  eaft  front 
Paris.  He  ran  along  the  whole  fouth-eaft  fide,  at  fix 
leagues  dillance,  and  fays  that  it  is  fcarcely  poflible  to 
find  an  ifland  which  affords  a  finer  afpeft  ;  a  peak  of 
about  a  thoufand  toifes,  which  is  vifible  at  the  diftance 
of  eighteen  or  twenty  leagues,  occupies  the  middle  of  the 
ifland,  of  which  it  is  doubtlefs  the  refervoir  ;  the  land 
gradually  flopes  towards  the  fea,  whence  the  habitations 
appear  as  an  amphitheatre.  The  foil  feemed  to  be  cul- 
tivated to  a  very  great  height.  By  the  afllftance  of 
glaffes  was  perceived  the  divifion  of  fields  ;  they  were' 
very  much  parcelled  out,  which  is  the  ftrongeft  proof 
of  a  great  population.  The  very  varied  gradation  of 
colours,  from  the  different  ilates  of  cultivation,  render- 
ed the  view  of  this  ifland  ttiU  more  agreeable.  Unfor- 
tunately, it  belongs  to  a  people  who  are  prohibited 
from  all  communication  with  ftrangers,  and  who  detain 
in  flavery  tliofe  who  have  the  misfortune  to  be  fliip- 
wrecked  on  thefe  coafts.  Some  of  the  Dutchmen  of 
the  Ihip  Sparrow-hawk,  after  a  captivity  of  eighteen 
years  there,  during  which  they  received  many  baftina- 
dots,  found  means  to  take  away  a  bark,  and  to  crofs 
to  Japan,  from  which  they  arrived  at  Batavia,  and  af- 
terwards at  Amfterdam. 

QUEUE  d'aronde,  or  Swa/loiu's  Tat/,  in  fortifi- 
cation, is  a  detached  or  outwork,  whofe  fides  fpread 
or  open  towards  the  campaign,  or  draw  narrower  and 
clofcr  towards  the  gorge.  Of  this  kind  are  cither  fingle 
or  double  tenailles,  and  fome  horn-works,  whofe  fides 
are  not  parallel,  but  are  narrow  at  the  gorge,  and  open 
at  the  head,  like  the  figure  of  a  fwallow's  tail.  On  the 
contrary,  when  the  fides  are  lefs  than  the  gorge,  the 
work  is  called  conlre  queue  d'aronde. 

^EVE 


&c. 


Sec. 


&c. 


&c. 


&c. 


Quadra* 

luie 
II 
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Qu«ii#,         ^I'svt  iVaronde,  in  carpentry,  a  method  of  jointing, 

Quintil.  called  alfo  ito-vetailing. 

"•"—r-^^      Ql^JINTAL,  the  weight  of  a  hundred  pounds,  in 

moft    countries  :    but    in    England    it   is  the  hundred 

weight,  or   112  pounds.     Quintal   was    alfo   formerly 

ufcd  for  a  weight  of  lead,  iron,  or  other  coinmou  noeial, 
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ufually  equal  to  a  hundred  pounds,  at  6  fcore  to  the  Qulntilc. 
hundred.  '        v       ■' 

QIJINTILE,  in  aftronomy,  an  afpetl  of  the  planets 
when  thf-y  are  dillaut  the  5th  part  of  ihe  zodiac,  or  li 
degrees ;  and  is  marked  thus,  C,  or  O. 


R. 


Rachitis.    13  ACHITIS,  Rickets  (See  MEoiciNE./n^/fif,  En- 

^—    '»  -*■»-  cylc),  is  a   difeafe   fo    formidable   to  children  that 

we  believe  no  parent  will  think   the  following  abllradl 

of  Bonhomme's  memoir  on  the  nature  and  treatment   of 

it  too  long  even  for  this  Supplement. 

The  change  which  the  bones  undergo  in  this  dif- 
order,  has  long  been  attributed  to  the  adion  of  an  acid 
on  their  fubftance  ;  but  this  fuppoiition  was  grounded 
on  mere  conjedlure  and  remote  analogy.  Bonhomrne 
holds  the  fame  opinion  on  better  grounds;  and  the 
principal  notions  which  conftitute  the  bafis  of  his  me- 
moir are  the  following  : 

1.  According  to  him,  the  nature  of  the  rachitic  dif- 
order  arifes,  on  the  one  hand,  from  the  developement  of 
an  acid  approaching  in  its  properties  to  the  vegetable 
acids,  particularly  the  oxalic  ;  and,  on  the  other,  from 
the  defeft  of  phofphoric  acid,  of  which  the  combination 
with  the  animal  calcareous  earth  forms  the  natural  bafis 
of  the  bones,  and  gives  them  their  folidlty.  Whence 
it  follows,  that  the  indication  refulting  from  this  propo- 
fitlon,  if  once  adopted,  would  be,  that  the  treatment  of 
rachitis  mull  depend  on  two  principal  points,  namely, 
to  prevent  the  developement  of  the  oxalic  acid,  and  to 
re-epLabllih  the  combination  of  the  phofphoric  acid  with 
the  bafis  of  the  bones  to  which  they  owe  their  folidlty. 

2.  The  author  proves,  by  experiments  and  obferva- 
tions,  in  the  firil  pluce,  that  alkaline  lotions  of  the 
parts  affefted  with  rachitis  contribute  to  their  cure  ; 
next,  that  the  calcareous  phofphate  taken  internally  is 
really  tranfmittcd  by  the  lymphatic  pafiages,  and  con. 
tributes  to  oflificatlon  ;  and,  laJlly,  that  the  internal  ufe 
of  calcareous  phofphate,  whether  alone  or  combined 
with  the  phofphate  of  foda,  powerfully  contributes  to 
reftore  the  natural  proportions  in  the  fubftance  of  the 
bones,  and  accelerate  the  cure  of  rachitis. 

With  regard  to  the  author's  endeavours  to  prove 
that  the  calcareous  acid  is  wanting  in  the  bones  of  thofe 
who  are  difordered  with  rachitis,  and  that  the  develope- 
ment of  oxalic  acid  contributes  to  the  difeafe,  we  mull 
not  conceal  that  his  memoir  contains  views  rather  than 
abfolute  proofs  of  thefe  two  pofitians,  He  declares, 
himfelf,  he  was  not  provided  with  the  neceflary  means 
to  eftablifh  an  exaft  and  complete  analyfis.  He  there- 
fore prefents  his  Ideas,  in  this  refpeft,  merely  as  conjec- 
tures approaching  to  the  truth. 

The  efFeft  of  the  adllon  of  acids  upon  bones  was  be- 
fore known  ;  that  is  to  fay,  that  when  deprived  of  cal- 
careous phofphate,  and  reduced  to  the  gelatinous  paren- 
chyma which  forms  one  of  their  elements,  they  lofe 


their  confiftence,  and  become   flexible.     Hence  it  was  Rachitic 
already   conjetlurcd  by  various  phyficians,  that  the  ra-    ■     >      •* 
chltis  was  the  effciil  of  a  peculiar  acid. 

A  difpolilion  to  afcefcence  In  the  firft  pafTages  Is  ob- 
fervable  in  all  infants.  The  odour  which  charadlerlzes 
this  acefcence  Is  often  manlfell  in  thcii  breath,  and  even 
their  perfplratlon.  The  bile  correfts  this  difpofition  ; 
but  in  general  the  bile  is  wanting  in  rachitic  infants. 
It  does  not  colour  their  excrements,  and  the  acids  ac- 
cordingly are  developed  in  a  very  decided  manner. 
They  dillurb  the  circulation,  and  attack  and  foften  the 
bones.  As  it  is  by  defeft  of  animallzation  that  thefe 
acids  develope  themfelves,  it  follows  that  their  charadler 
is  analagous  to  the  fermeiitefcible  vegetable  acids,  and 
more  or  lefs  to  the  oxalic  acid  ;  and  that,  on  the  con- 
trary,  the  animal  add  or  phofphoric  acid  ceafes  to  be 
formed,  and  to  unite  with  the  animal  calcareous  earth; 
whence  they  are  deprived  of  the  principle  of  their  foli- 
dlty.    This  is  the  theor)'  of  Citizen  Bonhomrne. 

In  order  to  eftabliih  this  doftrlne  upon  precife  expe- 
riments, it  was  requifite  to  analyfe  rachitic  bones  com- 
paratively with  thofe  of  healthy  individuals  of  the  fame 
age  ;  and  as  it  is  known  that  the  urine  of  rachitic  fub- 
jefts  depofites  a  great  quantity  of  a  fubftance  of  fparliig 
folubility  and  earthy  appearance,  it  would  have  been 
advantageous  to  have  joined  a  complete  analyfis  of  this 
urine  and  its  fedlment.  Citizen  Bonhomme,  not  being 
provided  with  the  means  fufficicnt  to  make  thefe  ana- 
lyfts,  and  being  beiides  of  opinion  that  fuch  rachitic 
bones  as  are  deftroycd  by  this  malady  exift  in  a  pro- 
grefTive  ftate  of  change,  which  might  rejuier  their  ana- 
lyfis fcarcely  fufceptible  of  comparifon,  limited  himfelf 
to  a  colleftion  of  fome  of  the  moft  remarkable  pheno- 
mena of  the  urine,  of  the  aged,  the  adult,  and  infants 
in  the  healthy  ftate,  of  infants  in  the  rachitic  ftate,  and 
of  patients  after  the  perfeft  cure  of  this  diforder.  From 
thefe  obfervations  he  has  deduced  feveral  important  re- 
fults. 

It  is  known,  that  when  the  urine  contains  difengaged 
phofphoric  acid,  as  happens  to  aged  individuals,  and  in 
fome  peculiar  circumft;;nces  of  the  fyfteni,  if  lime  water 
be  poured  in,  there  Is  a  fpeedy  dcpofitlon  of  calcareous 
phofphate.  It  is  alfo  known,  that  when  a  folution  of 
the  nitrate  of  mercury  Is  poured  to  the  frefli  urine  of 
adults,  a  rofecoloured  precipitate  is  formed,  which  is 
a  phofphate  of  mercury  produced  by  the  decompofition 
of  the  phofphates  contained  in  the  urine.  Thefe  two 
proofs  are  therefore  extremely  proper  to  afcertain  the 
preferce  of  phofphoric  acid,  whether  free  or  combined, 
C  c  a  in 
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■Rach'ti?.  in  a  fluid  which  in  its  natural  ftatc  contains  a  rcmark- 
'"■'V—'  able  proportion.  Bilidts  this  principle,  the  uiiiic  de- 
pofits  more  or  lefs  of  fcJinr.ent,  cither  gelatinous  or  of 
an  earthy  appearance  ;  and,  laHly,  by  evaporation,  a  la- 
ponaceous  and  faline  extraiS,  in  greater  or  Ids  abun- 
dance, is  obtained  by  evaporation.  By  means  of  llicfe 
four  methods  of  examination,  the  author  has  afcirtaincd 
the  following  faftj  : 

I.  In  the  healthy  Hate,  the  fediment  na(uially  depo- 
fited  by  urine  is  almoil  totally  gelatinous  in  the  infant 
and  the  adult,  and  in  the  aged  individual  it  is  furchar- 
ged  with  an  abundant  fedimtnt  of  an  earthy  appearance 
iimilar  to  the  earth  of  bones,  which  confequently  is 
calcareous  phofphate.  2.  The  quantity  of  brown  fa- 
ponaceous  faline  extraft  afforded  by  evaporation  is 
greater  in  proportion  to  the  age.  3.  The  prefence  of 
difengaged  pholphoric  acid,  as  (hewn  by  lime  water,  is 
none  in  the  urine  of  infants,  fcarcely  perceptible  in  that 
of  adults,  but  very  remarkable  in  that  of  oM  men.  For 
two  ounces  of  this  lafl  urine  afforded  by  this  means  ten 
grains  of  phofphate  of  lime.  4.  The  decompolition  of 
the  phofphates  by  nitrate  of  mercury  is  not  feen  in  the 
urine  of  infants  ;  an  abundant  precepitate  of  a  light 
rofe-colour  is  produced  in  this  way  from  the  urine  of 
adults  ;  and  in  that  of  old  men  this  precipitate  is  al- 
ways of  a  grey  colour,  and  very  abundant.  Hence  Ci- 
tizen Bonhomme  concludes,  that  the  phofphoric  acid, 
whether  at  liberty  or  combined,  does  exift  in  the  urine 
of  healthy  individuals  in  proportion  to  the  dcftruftion 
of  tlie  folids  by  age,  and  that  it  increafes  with  the  age. 

With  regard  to  the  urine  of  rachitic  fubjefts,  the 
moil  remarkable  fafts  are,  i.  The  abundant  and  appa- 
rently  earthy  fediment  it  depofits  (fpontaneoudy)  is  dif- 
ferent from  that  of  old  men,  by  its  colour,  which  is 
grey,  and  does  not  refemble  phofphate  of  lime,  and  alfo 
by  its  much  greater  quantity.  For  a  pound  of  this 
urine  let  fall  two  gros,  whereas  the  fame  quantity  of 
the  urine  of  old  men  depofited  only  45  grains.  2.  The 
cxtraft  left  by  evaporation  is  likewife  much  more  con- 
fiderable  than  in  other  urine.  It  is  one  third  more  in 
quantity  than  the  extraft  afforded  even  by  the  urine  of 
aged  perfons. 

From  thefe  two  firfl  otfervations  it  follows,  that  the 
folids  in  rachitic  fubjefts  are  deftroyed  with  much  more 
vapidity  than  even  in  old  men  ;  and  that  they  afford  a 
much  more  abundant  portion  of  walle  to  the  uriue. 

3.  The  light  depofitioii  occafiontd  by  lime  water  in 
the  urine  of  rachitic  fubjefts  is  very  fmall  in  quantity, 
bYown,  gelatinous  when  frefh,  and  pulverulent  when 
dry.  It  does  not  at  all  refemble  calcareous  phofphate. 
4.  The  depofition  formed  by  the  folution  of  meicurial 
nitrate  is  not  abundant,  neither  of  a  rofe  colour  as  in 
the  urine  of  adults,  nor  grey  like  tliat  of  old  men.  It 
is  alwa)s  white,  and  confequently  has  no -external  re- 
'  femblance  to  the  phofphate  of  mercury.  The  author 
affirms  that  It  refembles  a  mercurial  oxalate.  Laftly, 
the  urine  of  the  fame  rachitic  fubjefts,  when  cured,  ex- 
hibits again  all  the  charafters  obferved  in  the  urine  of 
healthy  children.  We  fliall  not  add  to  the  refleftions 
of  the  author.  In  effeft,  though  thefe  firft  obferva- 
tions  are  curious,  they  are  incomplete.  We  offer  them 
to  phyficians  fimply  as  the  elements  of  an  inveftigaiion 
which  it  is  of  importance  to  continue  and  bring  to  per- 
feftloD.  We  fhaU  therefore  proceed  to  the  ciirative  and 
experimental  parts  of  the  memoir. 
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One  of  the  faft«  which  it  was  of  the  utmoft  import- 
ance to  edablilh,  was  the  tranfition  of  the  calcareous^ 
phofphate  from  the  Intelllnal  palTages,  into  ihofc  of  cir- 
culation and  fecretion.  Fdurcroy  had  already  well  af- 
certained  that  the  ferum  of  milk  contain.s  tl'*  fait  na- 
turally, Vauquelin  had  provid  Its  exiftence,  as  well 
as  that  of  pure  foda,  in  the  feminal  fluid  ;  but  was  it 
pofTible  that  it  could  pafs  unaltered  from  the  ftomach 
and  inteflines  into  the  v^lTels  which  contain  tj:e  blood 
and  lymph  ?  Could  it  by  this  means  apply  itielf  to  the 
bones  i'  This  was  to  be  afccrtained  by  experiments  ; 
and  the  following  are  the  experiments  made  by  Bon- 
homme for  that  purpofc.  We  give  tliem  in  a  tranfla- 
tlon  of  his  own  words. 

"  I  caufed  (fays  he)  feveral  young  fowls  of  the  fame 
incubation  to  be  fed  in  different  manners.  Some  re- 
ceived the  ufual  food  without  any  mixture  ;  others  re- 
ceived daily  a  certain  quantity  of  calcareous  phofphate 
mixed  in  the  fame  parte  as  formed  the  fupport  of  the 
others  ;  and,  lailly,  one  of  them  was  fed  with  variations 
In  the  ufe  of  the  mixture;  the  calcareous  phofphate 
was  fometimes  given  ami  fometimes  fulpended.  When 
thefe  fowls,  after  two  months,  had  acquired  their  ordi- 
nary growth,  I  examined  and  carefully  compared  the 
ilate  of  their  bones.  The^progrels  of  the  oflificatioa 
in  the  epiphyfes  was  various  according  to  the  nature  of 
the  food  the  animal  had  received.  Tiie  bones  of  the 
laft  fowl,  which  had  received  the  phofphate  only  from 
time  to  time,  were  rather  more  advanced  than  the 
bones  of  thofe  which  had  been  fed  without  mixture. 
The  bones  of  thofe  fowls  which  had  been  habitually 
fed  with  the  mixture  were  evidently  more  folld,  and 
their  epiphyfes  were  much  lefs  perceptible.  Simple  in- 
fpeftion  was  fufficlent  to  fhew  thefe  differences  when 
the  bones  were  mixed  together. 

"  I  had  fed  feveral  young  fowls  of  the  fame  Incuba- 
tion according  to  another  plan.  Some  were  fed  on  a 
fimple  parte,  without  mixture ;  for  others  it  was  mixed 
with  pulverlfed  madder-root  ;  and  a  third  compofition 
was  made  of  this  lart  parte  and  calcareous  phofphate. 
This  was  alfo  given  habitually  to  other  fowls.  When 
after  two  months  I  examined  the  progrefs  of  offilica- 
tion  in  the  bones  of  thefe  different  animals,  I  eafily 
perceived  the  red  traces  of  the  madder  in  the  ofTified 
parts  of  all  thofe  which  had  ufed  It  ;  but  1  obferved, 
that  the  offification  was  not  more  advanced  by  the  fim- 
ple mixture  of  this  root  than  by  the  ordinary  food  :  on 
the  contrary,  the  bones  of  thofe  fowls  which  had  fwal- 
lowed  the  phofphate  mixed  with  madder  were  much 
more  folid  than  the  others.  The  red  colour  ferved  ad- 
mirably to  diftlnguifh  the  extremities  of  the  long  bones 
from  their  epiphyfes.  After  an  exaft  comparlfon,  there 
could  be  no  doubt  of  the  efRcacy  of  calcareous  pholphate 
ill  favour  of  the  progrefs  of  offification.  The  virtue  of 
the  madder  feemed  confined  to  that  of  giving  colour  to 
tlie  oluficd  parts." 

From  thefe  exp;;riments,  it  was  natural  to  make  the 
trial  of  calcareous  phofphate  in  addition  to  the  reme- 
dies made  ufe  of  in  the  treatment  of  rachitic  fubjedls. 
Here  follows  what  the  author  himfelf  fays  of  two  re- 
markable Inftances  in  which  the  calcareous  phofphate 
was  admlniftered  with  fuccefs  : 

"  The  daughter  of  Mr  Ranchon  watch-maker,  aged  two 
years  and  a  half,  walked  with  a  feeble  and  tottering  pace, 
and  the  extremities  of  all  her  bones  pcefented  epiphyfes 
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very  prominent.  In  this  fituation  rtie  exhibited  tlie  ap- 
])cnvaiice  of  imperfftl  rachitis,  or  the  lirit  period  of 
this  difordtr.  Alkaline  lotions,  which  I  inimi-diatcly 
advifed,  .were  attended  with  a  good  eFcft.  Her  deep 
became  more  firm  ;  and  as  the  firft  p.iil'.igcs  were  in  a 
good  (late,  I  gave,  without  internal  ])n j)aration,  one 
-icruple  of  a  mixture  of  equal  partt  of  jiholphate  of 
lime  and  phofphate  of  foda  twice  a  day.  In  the  courle 
of  ihree  uieks  her  legs  were  perfedly  reftored  ;  and 
this  amiable  infant  has  ever  fince  had  the  fatisfadion  to 
run  with  fpirit  and  agility. 

"  A  female  infant,  of  the  name  of  Boiard,  aged  four 
years,  had  experienced  from  '".r  birih  the  moll  decided 
fymploms  ot  rachitis.  The  protuberance  of  the  epi- 
phyfes  and  tumcfiClion  of  the  abdomen  firft  indicated 
the  difeafe.  The  impolVibility  of  fupporting  htrfelf 
and  walking  at  the  ufual  age  confirmed  thefe  unfortu- 
nate fvmptoms.  By  degrees  the  glands  ot  the  neck 
and  of  the  mefentary  became  fuelled  ;  the  teeth  were 
blackened,  became  carious,  and  were  not  replaced. 
This  fituation  became  ftill  more  afflicting  by  ciifes  al. 
moft  periodical  at  an  interval  oi  three  or  four  weeks. 
At  thefe  afflicting  periods,  a  fever  of  conlidcrabie 
ftrength,  cardialgia,  and  even  convulfions,  particularly 
in  the  night,  were  obferved.  The  termiiiatlon  of  eacii 
paroxyfra  was  announced  or  afccrtained  by  abundant 
hools,  and  the  evacuation  of  urine  ftrongly  chargcil 
with  an  earthy  fediment.  The  imprudent  exhibition 
of  a  purge  at  the  beginning  of  one  of  thefe  crifcs  had 
nearly  deprived  the  patient  of  her  life.  In  this  Hate  it 
was  that  I  beheld  her  for  the  firft  time  in  the  month  of 
January  1791.  The  alkaline  lotion  was  the  only  re- 
medy the  mother  adopted  in  the  firft  inftance,  and  it 
produced  a  remarkable  effefl.  After  eight  days  the 
infant  was  fo  much  better  as  to  be  able  to  Inpport  her- 
felf.  The  remedy  was  then  laid  alide,  and  eight  days 
afterwards  the  child  was  incapable  of  ftanding  without 
fnpport.  The  ufe  of  the  alkaline  folution  being  re- 
newed, was  attended  with  the  fame  fuccefs,  and  its  dif- 
continuance  was  again  followed  by  the  complete  return 
of  all  the  fymptoms.  In  the  firft  days  of  March,  the 
other  remedies  I  had  advifed  were  exhibited.  The 
conftipation  \»hich  had  always  exifted  became  lefs,  and 
the  following  crifis  was  cfFefted  without  pain.  And 
at  length  tlie  convulfions,  the  pains,  and  the  crifes  dlf- 
appeared  ;  but  the  impofiibdlty  of  walking  ftill  remain- 
ed. At  this  time,  namelv,  on  the  fecond  of  May,  I 
gave  the  child  the  phofphate  cf  foda  and  calcareous 
phofphate  mixed  together,  in  the  dofe  of  half  a  dram 
twice  a-day.  At  the  end  of  the  month  (he  was  able 
to  ftand  upright,  leaning  againft  a  chair,  and  the  fwell- 
ings  began  to  diminifli.  She  continued  for  a  long  time 
afterwards  to  take  the  mixture  of  the  phofphates.  I 
likewife  gave  her  occafionally  one  grain  of  the  extraft 
of  bde,  prepared  with  fpirit  of  wine;  and  at  length  in 
the  month  of  July  I  had  the  pleafure  to  fee  the  patient 
run  and  play  in  the  middle  of  the  Itreet  with  the  other 
children  of  her  own  age,  &c." 

The  author  gives  other  inftances  of  this  medicine  be- 
ing admlniilered  with  complete  fuccefs  to  rachitic  chil- 
dren, and  one  in  which  it  was  attended  with  the  bcft 
eiTetls  in  a  cafe  of  incurvattd  fpine.  Thefe  it  is  need- 
hfs  to  infert,  becaufe  we  truft  that  none  of  our  lefs 
learned  readers  will  have  recourle  to  the  medicine  with- 
out the  advice  of  a  phyficiaii;  and  to  him  an  enumera- 


tion of  cafes  could  ferve  n»  purpofe.      It  may  be   pro.  Rach  ii«, 
per,  ho«'ever,  as  alkaline  lotions  and  their  beneficial  cf-       '^'J''-    , 
feCls  are  mentioned,  to  give  litre  the  author's  account         ' 
of  the  lotion  which  he  ufed. 

"  In  ordinary  cafes  of  rachitis,  particularly  at  the 
commencement  of  tlic  difi)rder,  it  is  of  advantage  to  ufe 
a  fimple  folution  of  pot-alh  to  wafli  the  |)artB  alFcfted. 
This  folution  is  made  by  difiblving  from  half  an  ounce  to 
an  ounce  of  puilfied  pot-a/li  in  a  pound  of  diltdled  or 
very  pine  fprlng-water.  Wheti  it  is  to  be  uled,  the 
ilcin  muft  firft  be  rubbed  with  a  dry  cloth,  or  a  piece  of 
fine  flannel.  After  this  precaution,  the  difeafed  cxtre- 
mitles  are  to  be  wafticd  carefully  with  the  warm  folu- 
tion, and  at  kngtli  wiped,  fo  as  to  leave  no  trace  of 
nioifture.  This  prattice  and  waftiing  muft  be  repeated 
at  leaft  twice  a-day.  I  can  affirm,  from  repeated  triaU, 
that  it  will  foon  be  attended  with  fuccefs." 

In  a  note  on  this  palTage,  M.  Halle,  who  analyfed 
the  memoir  at  the  defire  of  the  Society  of  Medicine  at 
Paris,  jnftly  oiiferves,  that  as  pure  potafs,  or  the  vege- 
table alkali,  is  a  moft  powerful  caulKc,  it  cannot  be 
ufed  In  tliefe  proportions  ;  adding,  th;it  he  found  one- 
eighth  part  ot  the  fnlt  here  Indicated  to  form  too  (Irong 
a  lotion  for  the  Ikin  of  an  infant.  M.  Bonhomme,  up- 
on enquiry  being  made,  informed  him  that  the  potafs 
which  he  ufed  was  tliat  of  tlie  (hops,  which  is  very  far 
from  being  pure  ;  and  Mr  Nicholfon  conjedures  that  it 
was  the  common  fait  of  taitar  of  our  ihops.  This,  we 
think,  extremely  probable,  ei'pecially  as  M,  Bonhomme 
affures  us  that  even  a  lixivium  of  wood-afties,  fuch  as  is 
ufed  fm-  wafhing  fine  linen,  may  anfwer  the  purpofe  ex- 
tremely well. 

For  a  fuller  account  of  this  Interefting  memoir  our 
readers  are  referred  to  the  17th  volume  of  the  Annals 
Je  Chtm'ie,  or  to  the  firft  volume  of  Nicholfon's  Philofo- 
phical  Journal. 

RAJA,  the  my fjli.  See  Encyrlnpctil'ui,  where  it  Is 
faid  that  the  oxyrluchus  or  fliarp  nolcd  ray,  is  fuppofed  to 
be  the  los  ot  the  ancients  ;  but  if  there  be  auy  truth  ia 
the  following  narrative,  which  we  confcfs  has  much  the 
air  of  fiction,  this  is  probably  a  millake.  It  is  the  nar- 
rative ot  Vaillant,  and  we  (liall  give  it  in  h'sown  worths. 

"  In  the  latitude  of  10''  I  j'  north,  and  lo.igitude  3  ,-5", 
an  enormous  flat  fiih  of  the  ray  genus  (fayb  he),  came 
and  fwam  round  our  veflcl.  It  diftcred  from  the  com- 
mon ray,  however,  in  the  Ihape  of  its  lieud,  which,  in- 
ftcad  of  being  pointed,  formed  a  crefcent,  and  from  the 
extremities  ot  the  feniiclrcle  Ifllied  two  arms  as  it  were, 
which  the  failors  called  horns.  They  were  two  feet 
wide  at  the  bafe,  and  only  five  inches  at  the  extremity. 
This  monfter  they  told  me  was  called  the  feadivil. 

"  A  few  hours  after,  we  faw  two  others  with  this, 
one  of  which  was  fo  extremely  large,  that  It  was  com- 
puted by  the  crew  to  hejij'h  or  Jls/y  feet  wide.  Each 
iwam  fcparattly,  and  was  furrounded  by  thofe  fmall 
filh  which  ufually  precede  the  Ihark,  and  which  are 
therefore  called  by  teamen  piLlfJh.  Laftly,  all  three 
carried  on  each  of  their  horns  a  white  fith,  about  the- 
fize  of  a  man's  arm,  and  half  a  yard  long,  which  ap- 
peared  to  be  ftationed  there  on  duty. 

"  You  would  have  faid  they  were  two  fentinels  pla- 
ced to  keep  watch  for  the  fafety  of  the  animal,  to  in- 
form him  of  any  approaching  danger,  and  to  guide  his 
movements.  If  he  approached  too  near  the  velTel,  they 
quitted  their  pofts,  and,  fwimming  briilily  before,  led 
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him  a\vay.  If  he  rofc  too  high  above  the  water,  they 
pafled  backward  and  forward  over  his  back  till  he  had 
^  defcended  deeper.  If,  on  the  contrary,  he  fwam  too 
low,  they  difappeared,  and  we  faw  no  more  of  them, 
becaufc,  no  doubt,  they  were  pafTin);  underneath,  as  in 
the  preceding  inRance  they  had  pafled  above  him.  Ac- 
cordingly we  found  him  rcafcend  towards  the  furface, 
and  then  the  two  fentinels  realTumed  their  pofts,  each 
on  his  horn." 

Thefe  mancEUvres  continued  three  days;  and  to  give 
our  author  the  better  opportunity  of  obferving  them, 
the  (hip  moll  fortunately  was  becalmed  the  whole  time. 
He  was  naturally  vci-y  defirous  of  catching  one  of  them 
that  he  might  examine  it  at  leifure;  and,  by  bribing  the 
feamen  with  a  dozen  of  bottles  of  wine,  he  accomplifh- 
ed  his  objeft.  One  of  the  fifli  was  ftruck  with  twelve 
or  fifteen  harpoons ;  feveral  halfers  were  paffed  round 
his  body,  and  he  was  hoilled  on  board. 

"This  (fays  our  author)  was  the  leaft  of  the  three, 
being  only  eight-and-t'wenty  feet  in  its  extreme  breadth, 
and  one-and-ttuenty  in  length  from  the  extremity  of  the 
horns  to  that  of  the  tail.  The  tail,  which  was  thick 
in  proportion  to  the  body,  was  /'wenty-Hoo  inches  long. 
The  mouth,  placed  exaftly  like  that  of  the  ray,  was 
wide  enoutrh  to  fwallow  a  man  with  eafe.  The  fl<in 
was  white  under  the  belly,  and  brown  on  the  back,  like 
that  of  the  ray.  We  reckoned  the  animal  to  weigh  not 
lefs,  certainly,  than  a  ton." 

We  think  it  was  fortunate  that  they  chanced  to  ftrike 
the  fmaileft  fi(h  ;  for  an  addition  of  eight  or  ten  ton 
weight,  which  the  largeft  ray  muft  have  weighed,  as 
certainly  as  the  fmaileft  weighed  one  ton,  might  have 
been  very  inconvenient  on  board  a  fllip  already  loaded. 
We  do  not  remember  to  have  anywhere  met  with  a  de- 
fcription  of  this  ray  before,  and  we  think  it  (hould  be 
conlidered  as  a  new  fpecies  ;  but  we  fliall  not  give  it  a 
name  till  its  exillence  be  better  afcertained,  when  we 
fubmit  to  the  pupils  of  Linmus,  whether  it  may  not 
be  proper  to  give  it  the  ancient  name  bos. 

RAJAH  (See  Encycl.)  We  learn  from  Sir  Charles 
Roufe  Boughton's  Differtat'wn  concerning  the  Landed 
Property  of  Bengal,  that  this  title  is  conferred  upon  Hin- 
doos by  the  Emperor,  and  frequently  given  out  of  cour- 
tefy  to  the  greater  zemindars.  It  would  appear  there- 
fore that  the  Rajahs  can  never  be  independent  of  the 
Mogul  but  by  a  fuccefsful  rebellion. 

RAYEL  UL-MULK,  in  the  language  of  Bengal,  the 
ufage  of  the  country,  the  common  law 

RATIO  (See  Encycl.)  has  been  defined  by  Euclid, 
in  the  5th  book  of  his  Elements,  in  terms  to  which  ma- 
ny mathematicians  have  objefted  ;  and  his  definition  of 
proportion,  which  is  fo  ultimately  connefted  with  it,  is 
ftill  more  objeAionable.  The  Rev.  Abraham  Rubert- 
fon  of  Oxford,  in  a  fmall  traft  publifhed  in  1789,  de- 
monftratcs  the  truth  of  the  two  definitions  in  queftion 
in  feven  propofitions,  of  which  the  f\ibftance  is  as  fol- 
lows.     He  firft  lays  down  thefe  four  definitions  : 

"  1.  Ratio  is  the  relation  which  one  magnitude  has  to 
another,  of  the  fame  kind,  with  rcfped  to  quaBtity. 

"  2.  If  the  firft  of  four  magnitudes  be  exadly  as  great 
when  compared  to  the  fecond,  as  the  third  is  when  com- 
pared to  the  fourth,  the  firft  is  faid  to  have  to  the  ie- 
cond  the  fame  ratio  that  the  third  has  to  the  fourth. 

"  3,  If  the  firft  of  four  magnitudes  be  greater,  when 
compared  to  the  fecond,  than  the  third  is  when  com- 


pared to  the  fourth,  the  firft  is  faid  to  have  to  the  fecond 
a  greater  ratio  than  the  third  has  to  the  fourth. 

"  4.' It  the  firft  of  four  magnitudes  be  lels,  when  com- 
pared to  the  fecond,  than  the  third  is  when  compared 
to  the  fourth,  the  firft  is  faid  to  have  to  the  fecond  a 
lefs  ratio  than  the  third  has  to  the  fourth." 

He  then  demonrtrates,  by  reafoning  ftriftly  geome- 
trical, the  following  propofitions  : 

Prop.  I.  If  the  firft  of  four  magnitudes  have  to  the 
fecond  the  fame  ratio  «  hich  the  third  has  to  the  fourth ; 
then,  if  the  firft  be  equal  to  the  fecond,  the  third  is  equal 
to  the  fourth  ;  if  greater,  greater  ;  if  lefs,  lefs. 

Prop.  2.  If  the  firft  cf  four  magnitudes  be  to  the  fe- 
cond as  the  third  to  the  fourth,  and  if  any  equimulti- 
ples whatever  of  the  firft  and  third  be  taken,  and  alfo 
any  equimultiples  of  the  fecond  and  fourth;  the  multi- 
ple of  the  firft  will  be  to  the  multiple  of  the  fecond  as 
the  multiple  of  the  third  to  the  multiple  of  the  fourth. 

Prop.  3.  If  the  firft  of  four  magnitudes  be  to  the  fe- 
cond as  the  third  to  the  fourth,  and  if  any  like  aliquot 
parts  whatever  be  taken  of  the  firft  and  third,  and  any 
h'ke  aliquot  parts  whatever  of  the  fecond  and  fourth,  the 
part  of  the  firft  will  be  to  the  part  of  the  fecond  as  the 
part  of  the  third  to  the  part  of  the  fourth. 

Prop.  4.  If  the  firft  of  four  magnitudes  be  to  the  fe- 
cond as  the  third  to  the  fourth,  and  if  any  equimulti- 
pies  whatever  be  taken  of  the  firft  and  third,  and  any 
whatever  of  the  fecond  and  fourth  ;  if  the  multiple  of 
the  firft  be  equal  to  the  multiple  of  the  fecond,  the 
multiple  of  the  third  will  be  equal  to  the  multiple  of  the 
fourth  ;   if  greater,  greater  ;  if  lefs,  lefs. 

Prop.  5.  If  the  firft  of  four  magnitudes  be  to  the  fe- 
cond as  the  third  is  to  a  magnitude  lefs  than  the  fourth, 
then  it  is  poflible  to  take  certain  equimultiples  of  the 
firlt  and  third,  and  certain  equimultiples  ot  the  fecond 
and  fourth,  fuch,  that  the  multiple  of  the  firft  fh:ill  be 
greater  than  the  multiple  of  the  fecond,  but  the  multiple 
of  the  third  not  greater  than  the  multiple  of  the  fourth. 

Prop.  6.  If  the  firft  of  four  magnitudes  be  to  the  fe- 
cond as  the  third  is  to  a  magnitude  greater  than  the 
fourth,  then  certain  equimultiples  can  be  taken  of  the 
firft  and  third,  and  certain  equimultiples  of  the  fecond 
and  fourth,  fuch,  that  the  multiple  of  the  firft  fhall  be 
lefs  than  the  multiple  of  the  fecond,  but  the  multiple  of 
the  third  not  lefs  than  the  multiple  of  the  fourth. 

Prop.  7.  If  any  equimultiples  whatever  be  taken  of 
the  firft  and  third  of  four  magnitudes,  and  any  equi- 
multiples whatever  of  the  fecond  and  fourth  ;  and  if 
when  the  multiple  of  the  firft  is  lefs  than  that  of  the 
fecond,  the  multiple  of  the  third  is  alfo  leis  than  that  of 
the  fourth  ;  or  if  when  the  multiple  of  the  firft  is  equal 
to  that  of  the  fecond,  the  multiple  of  the  third  is  alfo 
equal  to  that  of  the  fourth;  or  if  when  the  multiple  of 
the  firft  is  greater  than  that  of  the  fecond,  the  multiple 
of  the  third  is  alfo  greater  than  that  of  the  fourth:  then, 
the  firft  of  the  four  magnitudes  ihall  be  to  the  fecond  as 
the  third-to  the  fourth. 

RATIONAL,  in  arithmetic,  &c.  the  quality  of  num- 
bers, fraftions,  quantities,  &c.  when  they  can  be  ex- 
prelTed  by  common  numbers;  in  contradiftinftion  to  ir- 
rational or  furd  ones,  which  cannot  be  expreffed  in  com- 
mon numbers. 

RAYNAL  (William  Thomas),  commonly  called  the 
Abbe  Raynal,  was  educated  among  the  Jefuits,  and  had 
become  one  of  tke  order.  The  learning  of  that  Society  is 

univerfally 
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(iniveifally  known  as  well  as  the  happy  talents  which 
'its  fuperiors  poflcfled,  of  afligiiiMg  to  each  membci-  his 
proper  ennployment.  Raynal,  however,  after  having 
acquired  among  them  a  lafte  for  literature  and  fcience, 
had  probably  become  refraftory,  for  he  was  expelled 
from  the  order  ;  and  the  caufe  of  his  expiiliion,  accord- 
ing to  the  Abbe  Barruel,  was  his  impiety. 

With  the  real  caufe  of  his  cxpullion  M.  Barruel  is 
furely  much  better  acquainted  than  we  can  pretend  to 
be  ;  but  we  have  a  ftrong  fufpicion  that  his  impieties 
had  not  then  reached  farther  than  to  call  in  queftion 
the  fupreme  authority  of  the  church  ;  for  our  author 
himfclf  afiures  us,  that  he  did  not  utter  his  atrocious 
declarations  agaiuft  Chriftlanity'till  he  had  ceafed  to  be 
a  member  of  the  order  of  Jefuits.  He  then  affociated 
himfclf  with  Voltaire,  D'Alenibert,  and  Diderot,  and 
was  by  them  employed  to  fnrnilh  the  theological  arti- 
cles for  the  Ettcychpedie.  But  though  his  religions 
opinions  were  certaiidy  lax,  and  his  moral  principles 
very  exceptionable,  he  could  not  even  then  be  what,  in 
a  Protcllant  country,  would  be  deemed  a  man  remark- 
able fur  impiety  ;  for  he  employed  the  Abbe  Yvon, 
whom  M.  Barruel  calls  an  odd  nietaphyfician,  but  an 
inoffenfive  and  upright  man,  to  write  the  articles  which 
he  was  engaged  to  furnilTi.  la  tlie  conducing  of  this 
tranfaAion,  he  (liewed,  indeed,  that  he  pofTeired  not  a 
proper  fenfe  of  honour  ;  for  he  paid  poor  Yvon  with 
twenty-five  louis  d'oies  for  writing  theological  articles, 
for  which  he  received  himfelf  fix  times  that  fum.  This 
trick  was  difcovered,  Raynal  was  difgraced,  and  com-. 
pelled  to  pay  up  the  balance  to  Abbe  Y'von  ;  but  tho' 
he  had  thus  fliewn  himfelf  to  be  without  honour,  it  is 
difficult  to  believe  that  he  had  yet  proceeded  fo  far  as  to 
bldfpheme  Chriit,  ilnce  he  had  employed  a  Chriilian 
divine  to  fupply  his  place  in  the  Enryclopcdie. 

His  hrft  work  of  eminence,  and  that  indeed  upon 
which  his  fame  is  chiefly  built,  is  his  "  Political  and 
Philofophical  Hiftory  of  the  European  Settlements  in 
the  Eall  and  Weft  Indies."  That  this  hillory  is  writ- 
ten in  an  animated  ftyle,  and  that  it  contains  many  juft 
rcflcftions,  both  political  and  philofophical,  is  k..own  to 
all  Europe  ;  for  it  has  been  tranflated  into  every  Euro- 
pean language.  Its  beauties,  however,  are  deformed 
by  many  fentimenl^  that  are  iireligious,  and  by  fome 
that  are  impure.  It  was  followed,  we  think,  in  1780, 
by  a  fmall  traft  entitled  "  The  Revolution  of  Ame- 
rica ;"  in  which  the  author  pleads  the  caufe  of  the  re- 
volted colonifts  with  a  degree  of  zeal,  cenfures  the  con- 
duct of  the  Britifh  government  with  a  keennefs  of  af- 
perity,  and  difplays  a  knowledge  of  the  principles  and 
intrigues  of  the  different  faclions  which  at  that  period 
divided  the  Engli(h  nation,  that  furely  was  not  natural 
to  the  impartial  pen  of  a  philoiophic  foreigner.  Hence 
he  has  been  fuppofed  to  have  been  incited  to  the  under- 
taking, and  to  have  been  furnifhed  with  part  of  his 
materials,  by  that  defperate  faftion  which  uniformly 
oppofed  the  meafures  of  Lord  North,  and  fecretly 
fomented  the  rebellion  in  America.  Be  this  as  it 
may,  he  propagated,  both  in  this  traft  and  in  his  hi- 
ftory, a  number  of  licentious  opinions  refpefting  go- 
vernment and  religion,  of  which  he  lived  to  regret  the 
confequenccs. 

A  profecution  was  inftituted  againflhim  by  the  French 
government  on  account  of  his  hiftory  of  the  Eaft  and 
Weft  ladies;  but  it  was  condufted  witlv  fo  little  feverity 


that  he  had  Aifficicnt  time  to  retire  to  the  dominions  of    Ra^nil- 
the  King  of  PrufTia,  who  afforded  him  the  protection  he  ' 

folicited,  although  his  Majcfty's  charaiter  was  treated  by 
the  author  in  his  book  with  no  great  degree  of  venera- 
tion. Raynalalfoexperiencedthekindnefs  of  the  Empreft 
of  Ruflia  ;  and  it  is  not  a, little  remarkable  of  this  fm- 
gular  perfonage,  that  although  he  was  always  fevere  in 
difcuffing  the  characters  of  princes,  yet  the  moft  defpo- 
tic  among  thefe  heaped  upon  him  many  marks  ot  fa- 
vour and  gencrofity.  The  Abbe  alfo  received  a  very 
unufual  mark  of  refpeft  from  a  Britifli  Houfe  of  Com- 
mons. It  was  once  intimated  to  the  fpeaker  that  Ray- 
iral  was  a  fpeftator  in  the  gallery.  The  bufmefs  was 
immediately  fufpended,  and  the  ftranger  condu  led  to 
a  more  convenient  and  honourable  fituation.  How  dif-_ 
ferent  was  the  conduft  of  Dr  Johnfon,  who,  when  a 
friend  advanced  to  him  with  our  author,  faying,  "  Will 
yon  give  me  leave,  Doitor,  to  introduce  to  you  the 
Abbe  Raynal  ?"  turned  on  his  heel,  and  vociferated, 
"  No,  Sir!"  We  are  far  from  wilhing  to  vindicate 
the  rudenefs  of  the  fage  ;  but  it  was  perhaps  as  proper 
as  the  politenefs  of  the  Houfe  of  Commons. 

The  great  trait  of  Raynal's  character  was  a  love  of 
liberty,  which,  in  his  earlier  writings,  he  did  not  pro- 
perly define  ;  but  when  he  lived  to  fee  fome  of  the- 
confequenccs  of  this,  in  the  progrefs  of  the  French  Re- 
volution, he  made  one  glorious  effort  to  retrieve  his 
errors.  In  the  month  of  May  1791,  he  addreffed  to 
the  conftituent  aftembly  one  of  the  moft  eloquent,  ar- 
gumentative, and  imprefllve  letters  that  ever  was  writ- 
ten on  any  fubje<ft  ;  a  letter  which,  if  the  majority  of 
tliem  had  not  been  intoxicated  with  their  newly  acqui- 
red confcquence,  muft  have  given  fome  check  to  their 
mad  career.  After  complimenting  them  upon  what 
they  had  done,  he  proceeds  thus  :  "  I  have  long  dared 
to  fpeak  to  kings  of  their  duty  ;  fuffer  me  now  to  fpeak 
to  the  people  of  their  errors,  and  to  their  reprefenta- 
tives  of  the  dangers  which  threaten  us.  I  am,,  I  own 
to  you,  deeply  afflifted  at  the  crimes  which  plnnge  this 
empire  into  mourning.  Is  it  true  that  I  am  to  look 
back  with  horror  at  myfelf  for  being  one  ofthofe  who, 
by  feeling  a  noble  Indignation  agalnft  arbitrai-y  power,, 
may  perhaps  have  furnilhed  arms  to  licentioufnefs  ?  Do 
then  religion,  the  laws,  the  royal  authority,  and  public 
order,  demand  back  from  philofophy  and  reafon  the 
ties  which  united  them  to  the  grand  fociety  of  the 
French  nation,  as  if,  by  expofmg  abufes,  and  teaching 
the  rights  of  the  people  and  the  dutlts  of  princes,  our 
criminal  efforts  had  broken  thofe  ties?  But,  no!  — 
never  have  the  bold  Conceptions  of  philofophy  been  re- 
prefented  by  us  as  the  ftrift  rule  for  ads  of  legiflatlon. 

"  You  cannot  juftly  attribute  to  us  what  could  only 
be  the  refult  of  a  falfe  Interpretation  of  our  principles. 
Alas!  now  that  I  ftand  on  the  brink  of  the  grave; 
now  that  I  am  about  to  quit  this  inimenfe  family,  whofe 
happlnefs  I  have  ardently  dellred,  what  do  I  fee  around 
ine  l  Religious  troubles,  civil  dilTenfions,  conllernatlon 
on  the  one  hand,  tyranny  and  audacity  on  the  other  ;  a 
government  the  (lave  of  popular  tyranny  ;  the  fanftu- 
ary  of  the  laws  furrounded  by  unruly  men,  who  alter- 
nately diftate  or  defpife  thofe  laws ;  foldiers  without 
«lifcipllne  ;  leaders  without  authority  ;  minlfters  with- 
out means ;  a  king,  the  firft  friend  of  his  people,  plun- 
ged Into  bitternefs,  infulted,  menaced,  ftripped  of  all 
authority  ;  and  the  public  power  no  longer  exifting  but 
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Rayril,    j'n  clubs,  in  which  ignorant  and  rude  men  dare  to  de 
.^"P''g-   cide  all  political  qucftlnns." 

Hf  then  proceeds  to  piove,  which  lie  does  very  com- 
pletely, that  it  was  not  the  bufiiiefs  of  the  afTembly  to 
abolifii  every  ancient  inllitiition  ;  that  the  genius  of  the 
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with  the  fcythee  which  have  been  adapted  to  this  pnr- 
pole,  ;ind  with  the  proper  manner  of  ufing  thein.  With 
a  good  fcythc,  properly  inaiinged,  the  corn,  after  being 
cut,  remains  at  firft  upright,  and  then  falls  very  gently 
upon  the  rake  fixed  to  tlie   icytlie,   without   any  liiakc 


French  people  is  fuch,  that  they  never  can  be  happy  or  jolt  ;  or  at  leall  with  lefs  than  that  which  it  rvccivej 
or  profptrous  but  under  a  well  regulated  monarchical  when  reaped  with  a  fickle.  With  refpeCt  to  the  lofs 
government  ;  and  that,  if  they  wiflicd  not  the  nation  of  grain,  that  proceeds  chiefly  from  the  corn  being  too 
to  fall  under  the  worft  kind  of  defpotifm  — the  defpo-  dry  ;  confequently  it  fhould  be  reaped  only  upon  pro- 
tifm  of  a  low  faftioii,  they  mull  increafe  the  power  of  per  days,  and  proper  times  of  the  day,  which  is  much 
the  king.  "  Alas  !  (continues  he)  what  are  my  fuffer-  more  eallly  done  wjth  the  fcythe  than  with  the  fickle, 
ings,  when  in  the  heart  of  the  capital,  in  the  centre  of  becaufe  the  work  is  fo  much  (horler.  The  ftalks,  kept 
knowledge,  I  fee  this  mifguided  people  welcome,  with  together  by  the  rake,  may  belaid  upon  the  ground,  or 
a  ferocious  joy,  the  mofl  criminal  propofitions,  fmile  at  rather  againft  the  corn  not  yet  cut,  in  fo  regular  and 
the  recital  of  murder,  and  celebrate  their  crimes  as  con-  collected  a  flate,  that  thofe  who  gather  and  tie  the 
quefts."  flieaves,  whether  they  are  women  or  children,  have  no- 
He  had  then  feen  comparatively  but  little  ;  but  he  thing  but  their  own  negligence  to  accufe  if  any  thing  is 
lived  to  fee  more — to  fee  his  countrymen  celebrate,  as  left  behind.  When  land  is  properly  ploughed  and  har- 
virtues,  crimes,  compared  with  which  the  atrocities  of  rowed,  it  is  fiifficiently  even  ;  and  in  fuch  as  is  ilony, 
1 790  appear  almoft  as  harmlefs.  Being  dripped  of  all  his  the  only  precaution  necelTary  is  to  keep  the  fcythe  a 
property,  which  was  large,  by  the  robbers  of  the  revo-  little  higher  in  ufing  it,  that  it  may  not  ftrike  againft 
lution,  he  died  in  poverty  in  March  1796,  and  in  the  the  Hones.  If  the  Hubble  left  in  the  ground  be  fliort, 
84th  year  of  his  age.  the  draw  which  is  cut  off  will  be  the  longer  ;  and  the 
Beiides  the  works  which  we  have  already  mentioned,  latter  is  certainly  of  more  value  than  the  former,  which 
he  wrote  "  A  Hiftory  of  the  Parliament  of  England,"  ojily  ferves  to  incommode  the  cattle  which  afterwards 
and  a  "  Hiftory  of  the  Stadholderate  ;"   but  thefe  are  go  to  feed  in  the  field. 

both  of  them  more  remarkable  for  a  fpecious  ftyle  and  Thefe  coiifiderations,  and  others  of  a  like  nature,  in- 
loftinefs  of  invention  than  for  ufeful  obfervation  or  folid  duced  the  patriotic  fociety  of  Milan  to  fend,  fomc 
argument.  He  wrote  likewife  "  The  Hiftory  of  the  years  ago,  to  thofe  parts  in  which  fcythes  are  made  ufe 
Divorce  of  Catharine  of  Arragon  by  Henry  the  of  for  reaping  ;  and  having  procured  a  model  of  a  fcythe 
Eighth,"  which  is  not  fo  much  a  recital  of,  and  com-  from  Silefia,  they  caufed  one  to  be  made  of  a  proper 
mentary  upon,  the  fail  from  which  he  takes  the  title,  as  H'^e.  It  was  firft  tried  upon  corn,  and  afterwards  up- 
it  is  an  able  picture  of  univerfal  Europe  at  that  period,  on  millet  ;  and  although  the  firft  fcythe  was  not  accu- 
of  the  views,  interefts,  and  )>ower,  of  all  the  different  rately  made,  and  the  reaper  had  never  before  made  ufe 
potentates.  At  the  time  of  his  death  he  was  preparing  of  fuch  an  inftrument,  yet  it  was  found  that  neatly  half 
a  new  edition  of  all  his  works,  in  which  were  to  be  the  ufual  time  was  faved,  and  that  the  labour  and  fa- 
made  many  alterations;  and  he  is  faid  to  have  left  among  tigue  were  much  diminilhed  ;  the  corn  alfo  was  cut 
his  manufcrlpts  a  "  Hiftory  of  the  Revocation  of  the  without  receiving  any  ftiock  that  could  be  hurtful  to  it, 
Edift  of  Nautcp,"  in  four  volumes  ;  but  it  is  alfo  very  and  fell  in  an  even  and  regular  ftate,  fo  that  it  was  af- 
certain,  that,  during  the fangninary  reign  of  Robefpicrre,  terwards  eafily  bound  up  in  compact  fheaves.  Tiiey 
he  burnt  a  great  part  of  his  papers.  were  afterwards  prefented  with  a  fcythe  fomewhat  dif- 
REAPING,  the  well-known  operation  of  cutting  ferent  from  the  Silefian,  which  is  very  geneally  ufed 
corn   either  by  the  fickle  or  by   the  fcythe.      Reaping  in  Auftria. 

by  the  fickle  is  by  much  the  moft  common  praftice,  Thefe  inftruments  are  fo  fimple,  that  the  figure  of 
and  that  which,  we  believe,  prevails  univerfally  in  Scot-  one  of  them  renders  the  defcription  of  either  almoft  un- 
land  ;  yet  the  other  method,  where  it  is  prafticable,  necelfary.  In  fig.  i.  is  (hewn  the  Silefian  fcythe  tried 
is  certainly  the  leaft  laborious,  and  by  much  the  moft  by  the  Society  ;  the  difference  between  that  and  the 
expeditious.  To  the  fcythe,  as  an  inftrument  of  reap-  Auftrian  one  we  ftiall  mention  in  our  defcription.  The 
ing,  many  objeftions  are  urged.  firft,  or  Sileliau  fcythe,  differs  very  little  from  the 
It  is  faid  that  it  (hakes  the  ear,  fo  that  many  of  the  fcythe  we  commonly  ufe  for  mowing  grafs,  except  that 
grains  are  loft  ;  that  it  lets  the  corn  fall,  after  cutting  the  blade  is  rather  fmaller  ;  to  it  are  added  four  teeth 
it,  in  a  confufed  and  fcattered  ftate,  fo  that  either  much  of  wood,  parallel  to  the  blade,  fixed  and  fecured  in  a 
of  it  is  loft,  or  a  great  deal  of  time  isconfumed  in  ga-  proper  manner,  and  intended  to  keep  the  corn  toge- 
thering  it  together  ;  that  it  can  only  be  made  ufe  of  in  ther  alter  being  cut,  fo  that  inltead  of  its  falling  in  a 
land  which  is  very  even  and  free  from  ftones  ;  that  it  confuted  ftate,  the  reaper  may  lay  it  down  in  a  regular 
does  not  leave  fufficient  length  of  ftubble  in  the  ground  and  compaft  one.  The  fecond,  or  Auftriaiv  fcythe,  is 
to  lay  the  corn  on  when  cut  ;  that  it  mixes  bad  weeds  finiilar  to  the  former,  except  that  the  blade  is  larger  ; 
with  the  corn,  the  feeds  of  which  are  iown  the  next  confequently  the  wooden  teeth,  of  which  there  are 
year  ;  and,  laftly,  that  the  ufe  of  the  fcythe  is  prejudi-  five,  are  longer  ;  the  handle  is  alfo  more  flat,  and  ra- 
cial to  the  health  of  the  reaper.  ther  crooked. 

Thefe  objeftions,  however,  are  either  of  no  weight.  In  ihejirjl,  the  handle  a  b  (fee  fig.  1.)  is  two  Mila- 

or  they  are  made  by  thofe    who    are   not  acquainted  nefe  bralFes  (a),  and  nine  inches  and   a  halfcin  length  ; 

the 


(a)  Ooe  liiindicd  Milanefe  traces  are  equal  to  fifty-eight  Englilh  yards  and  a  half. 
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the  blade  ie  i»  one  brafs  three  inches  and  a  half;  the 
piece  of  wood  in  which  the  teeth  are  fixed,  one  brafs 
one  inch  and  a  half.  In  the  JWoru/,  the  handle  is  two 
bralTes,  and  feven  inches  lonf^  ;  the  hlade,  one  brafs  ele- 
ven inches;  the  pice  in  which  the  teeth  are  fixed,  ele- 
ven inches  and  a  qnartcr.  The  proportionb  of  the  otiicr 
parts  mav  be  conceived  from  the  figure. 

The  difference  in  the  conftruction  of  thefe  two 
fcythes  makes  it  requlfite  to  ule  them  in  a  different 
manner  ;  but  that  will  be  better  acquired  in  practice 
than  by  precejit.  Such  of  our  countrymen  as  are  ac- 
cullomed  to  the  ufc  of  the  common  Icytlie  will  very 
foon  iiiid  lint  the  mod  convenient  and  advantageous 
manner  of  iifi.ig  theie  new  kinds  of  leytlie,  and  of  lay- 
ing down  the  corn  properly  when  cut. 

It  iliould,  however,  be  obfervcd,  that  in  mowing 
grafs  the  feet  are  kept  alnionil  parallel  to  each  other, 
whereas  in  reaping  corn  they  Ihould  be  kept  upon  a 
line,  one  behind  the  other,  thrulling  the  right  foot  for- 
ward, and  drawing  the  left  towards  it.  This  is  mcef- 
fary,  bccaufe  wl'.en  grafs  is  mowed  it  is  left  to  tall  juft 
where  it  is  cut  ;  but  when  corn  is  cut,  it  is  to  be  carried! 
and  laid  in  a  proper  manner  againll  that  which  is  not 
yet  cut,  and  which  is  at  the  left  hand  of  the  reaper  ; 
and  if  the  feet  were  kept  parallel  to  each  other,  the 
reaper  would  be  obliged  to  extend  and  turn  his  body  in 
a  very  inconvenient  manner. 

After  having  made  public  thefe  obfervations,  the  fo- 
ciety  made  farther  experiments  upon  the  fubjeft  ;  in 
which  it  was  found,  that  when,  on  account  of  very  wet 
weather,  the  ilalks  of  the  corn  are  bent  down,  the 
wooden  teeth  of  the  forementioned  fcythes  are  apt  to 
lay  hold  of  fome  ears,  to  the  ftalks  of  which  the  iron 
does  not  reach,  and  confequently  not  being  cut  below, 
they  are  pulled  fo  that  the  grain  is  fcattered.  This 
happens  chieily  when  the  reapers,  not  being  yet  fuffi- 
ciently  accuftomed  to  that  kind  of  fcythc,  do  not  know 
how  to  adapt  it  to  particular  circumtlances. 

To  remedy  this  inconvenience,  it  occurred  to  an  in- 
genious blackfmith  to  add  to  the  common  fcythe  a^a- 
tfjerer  or  coHeHor  made  of  cloth,  as  may  be  feen  at 
fig.  2.  where  a  b  c  is  a  common  fcythe  ;  c  dm  lofn  e  is 
the  gatherer  ;  which  at  c  d e  is  compofed  of  a  thin  plate 
of  iron,  having  at  its  extremity  a  hollow  for  receiviLig 
t'le  point  of  the  blade.  At  e  d  are  holes  for  fewing  in 
the  cloth,  which  is  coarfe,  light,  and  of  low  pnce  ;  it 
is  alfo  fixed  to  two  thick  iron  wires,  of  which  the  up- 
per one  is  continued  to^",  where  it  terminates  in  a  hole 
in  the  handle  ;  the  other  is  fixed  to  the  back  of  the 
blade.  The  manner  of  fixing  this  gatherer  to  the  blade 
of  the  fcythe  will  be  better  underllood  by  referring  to 
fig.  3.  which  reprefents  one  of  the  irons  which,  by 
means  of  a  fcrew,  are  faftened  to  the  back  of  the  fcythe. 
Thefe  irons  proceed  from,  and  make  part  of,  the  up- 
right irons  mil,  1 0,  which  lerve  to  keep  the  gatherer 
extended. 

This  is  a  very  fimple  and  cheap  contrivance  ;  but  an 
attempt  was  made  to  render  it  ftill  more  fimple,  by  fub- 
ftituting  for  the  gatherer  two  iron  hoops,  which  are 
fhewn  in  fig.  2.  by  the  dotted  lines  h  g,  it,  with  a 
crofs  piece  p  which  connefts  them.  Experience,  how- 
ever, has  lliewn,  that  the  gatherer  is  in  general  prefe- 
rable to  thefe  hoops,  as  it  does  not  leave  an  ear  of  corn 
behind. 

RECTIFICATION  of  ether,  a  procefs  for  de- 
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priving  ether  of  its  fulphureous  acid  (See  Chemistry-  ReAifici* 
/nJcx   in   this   Suppl.)      It  has  been   ufual  to  add  an    .„"','"' 
alkali  for  this  purpofe  ;  but  Dizc  has  found  it  much       Red 
mure  advantageous  to  add  a  fubllance  wiiich  might  if  ^        ■ 

fjrd  the  requilite  cjuantity  of  oxygen  to  convert  the 
fulphureous  into  the  lulplmric  acid  ;  in  which  ilate  it 
is  jiot  dilpofcd  to  rife  and  come  over.  Various  metallic 
oxides  were  tried,  among  whicli  the  black  oxide  of  iiian- 
gajiele  proved  the  befl  and  tlie  cheapeft.  His  procefs 
is  as  follows  : 

The  fulphureous  acid  contained  in  unreftified  ether 
being  neutralized  with  (jxide  of  manganefe,  the  fluid  is 
decanted  into  a  pewter  veffel  of  the  capacity  of  fifty 
ounces,  which  is  placed  on  a  water  bath.  To  this  vcf. 
fel  a  head  and  worm  are  adapted,  the  latter  of  which 
pafies  through  a  refrigeratory  conllantly  fupplied  with 
water  in  a  llream  from  below,  which  caufes  the  heated 
water  to  flow  ofl"  above.  The  dillillation  is  then  per. 
formed  by  raifing  the  bath  to  a  temperature  of  ^6'> 
(i  13"  Fahionheit,  if  the  decimal  thermometer  be  here 
meant).  The  rectification  by  this  treatment  ufually 
requires  a  day  to  complete  it.  The  flavour  of  the  ether 
is  ot  the  bell  kind,  and  tlie  product  about  one  fixth 
more  than  in  the  ufual  method  with  retort  and  receiver. 
Dize  has  pratliled  this  method  with  fuccefs  for  three 
years. — Journal  de  Phyftque,  ^pr'd,  1798. 

Rectification,  in  geometry,  is  the  finding  of  a 
right  line  equal  to  a  curve.  The  reftification  of  curves 
is  a  branch  of  the  higher  geometry,  a  branch  in  which 
the  ufe  of  the  inverfe  method  of  fluxions  is  efpccially 
ufeful. 

TuRKEY-RED,  Leimnt-RsD,  and  Adnanopk-Rft,, 
the  names  indifferently  given  to  that  beautiful  red  dye 
which  diftinguiihes  the  cotton  manufaftured  in  the  Ot- 
toman empire,  and  at  Ajlracim  in  the  dominions  of  Ruf- 
fia.  We  have  two  accounts  of  the  procefs  of  commu- 
nicating this  dye  to  the  fluffs  ;  one  by  ProfefTor  Pallas 
as  he  faw  it  praftiled  at  Allracan  ;  the  other  in  the 
pad  number  of  the  Annates  de  Ch'imie  by  Citizen  Fe- 
lix. As  every  thing  relating  to  ufeful  nianufaftures  is 
of  general  importance,  we  (hall  give  pretty  copious  ei- 
tratts  from  both  papers. 

.\ccording  to  Dr  Pallas,  the  dye-ftuffs  employed  at 
Allracan  art,  madder,  iumach,  gall  nuts,  alum,  an  in- 
ferior kind  of  foda,  and  fi Ill-oil.  The  procefs  of  dyeing 
is  as  follows  : 

The  roots  of  the  madder,  when  frefii  gathered,  arc 
placed  above  each  other  in  a  ftove,  or  in  a  pit  dug  in 
vifcous  earth  which  has  been  ftrongly  heated.  Earth 
is  then  thrown  over  the  madder,  and  it  mull  fweat  un- 
til the  (love  or  pit  becomes  cold  ;  when  the  roots,  the 
fecond  or  third  day,  are  taken  from  it,  and  cither  fpread 
out  or  hung  up  to  dry.  When  it  is  thorouglily  dried 
in  the  inn,  the  madder  is  ground  to  a  very  fine  powder, 
as  are  likevvife  the  round  leaves  of  the  fumach  {^rhus  co- 
tinus).  The  filh  oil  is  boiled  from  the  entrails  of  the 
fturgeon  and  other  large  fiflies  ;  and  the  proof  of  its  be- 
ing proper  for  dyeing  is,  that  when  mixed  with  a  lixi- 
vium of  foda,  it  mull  immediately  arfu-nc  a  in  Ky  ap- 
pearance. Should  that  not  oe  the  cafe,  it  cannot  be 
ufed  by  the  dyers. 

The  cotton  to  be  dyed  red  is  firft  waflied  exceeding- 
ly clean   in  running   water  ;  and   when   ihe   weather  is 
clear,  hung  up  on  poles  to  dry.      If  it  does  not  dry  be- 
fore the  evening,  it  is  taken  into  the  houfe,  on  account 
3l>  of 
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of  the  fallne  dews  fo  remarkable  in  the  coiintry  around 
Allracan,  and  again  cxpufed  to  the  air  next  morning. 
Wl'.en  it  is  thoroughly  dry  it  is  laid  in  a  tub,  and  fifh- 
oil  is  poured  over  it  till  it  is  entirely  covered.  In  this 
ftate  it  mull  (land  all  night  ;  but  in  the  morning  it  is 
luing  up  on  poles,  and  left  there  the  whole  day  ;  and 
this  proeefs  is  repeated  for  a  week,  fo  that  the  cotton 
lies  feven  nights  in  oil,  and  is  expofed  feven  days  to  the 
atmol'phere,  that  it  may  Imbibe  the  oil,  and  free  itfeif 
from  all  air.  The  yarn  is  then  again  carried  to  a  ilrcam, 
cleaned  as  much  as  poflible,  and  hung  up  on  poles  to 
dry. 

After  this  preparation  a  mordant  is  made  of  three 
materials,  which  muft  give  the  grounds  ot  the  red  co- 
lour. The  pidverifed  leaves  of  the  funiach  are  firft 
boiled  in  copper  kettles  ;  and  when  their  colouring 
matter  has  been  fufficiently  extrafted,  fome  powdered 
galls  are  added,  with  which  the  liquor  muft  be  again 
boiled  ;  and  by  thefe  means  it  acquires  a  dark  dirty  co- 
lour. After  it  has  been  fufRciently  boiled  the  iire  is 
taken  from  under  the  kettle,  and  alum  put  into  the  ilill 
hot  liquor,  where  it  is  foon  diffolvcd.  The  proportion 
of  thefe  three  ingredients  cannot  be  afcertained,  as  the 
dyers  vary  that  proportion  at  pleafure.  The  powder 
of  the  funiach  leaves  is  meafured  into  the  kettle  with 
laddies  ;  the  water  is  poured  in  according  to  a  gauge, 
on  which  marks  are  made  to  fhew  how  high  the  water 
muft  ftand  In  the  kettle  to  foak  fix,  eight,  ten,  &c. 
puds  of  cotton  yarn.  The  galls  and  alum  are  added  in 
the  quantity  of  five  pounds  to  each  pud  of  cotton.  In 
a  word,  the  whole  mordant  muft  be  fufficiently  yellow, 
llrong,  and  of  an  aftringent  tafte. 

As  foon  as  the  alum  is  diflijlved,  no  time  mull  be 
loft  In  order  that  the  mordant  may  not  be  fuffered  to 
cool.  The  yarn  is  then  put  into  hollow  blocks  of 
wood  ftiaped  like  a  mortar,  into  each  of  which  fuch  a 
quantity  of  the  mordant  has  been  poured  as  may  be 
Uifficient  to  moiften  the  yarn  without  any  of  it  being 
left.  As  foon  as  the  workman  throws  the  mordant  in- 
to the  mortar,  he  puts  a  quantity  of  the  yarn  into  it, 
and  preffes  it  down  with  his  hand  till  it  becomes  uni- 
formly moiftened,  and  the  whole  cotton  yarn  has  ftruck. 
By  this  it  acquires  only  a  pale  yellow  colour,  which, 
however,  is  durable.  It  is  then  hung  up  on  poles  in 
the  fun  to  dry  ;  again  wafhed  in  the  ftream,  and  after- 
wards dried  once  more. 

The  next  part  of  the  procefs  is  to  prepare  the  mad- 
der dye.  The  madder,  ground  to  a  fine  powder,  is 
fpread  out  in  large  troughs,  and  into  each  trough  is 
poured  a  large  cupful  of  fheep's  blood,  which  is  the 


ton  yarn,  piece  by  piece,  into  the  dye  ;  turns  It  round 
backwards  and  forwards  ;  prefles  it  a  little  with  his 
hands  ;  and  lays  each  piece,  one  after  the  other,  in  ' 
palls  Handing  ready  for  the  purpofe.  As  foon  as  all 
the  cotton  has  received  the  firft  tint,  it  is  hung  up  to 
dry  ;  as  the  red,  however,  is  Itill  too  dull,  the  yarn, 
which  has  been  already  dyed  once,  and  become  dry,  Is 
put  once  more  into  the  dyeing-kettle,  and  muft  be  left 
there  to  feethe  for  three  hours  over  a  ftrong  fire  ;  by 
which  it  acquires  that  beautiful  dark  red  colour  which 
is  fo  much  elleenied  in  the  Turky  yarn.  The  yarn  is 
now  taken  from  the  dye  with  fticks  ;  the  fuperfluous 
dye  which  adheres  to  it  is  fliaken  oft^ ;  the  hanks  are 
put  in  order,  and  hung  up,  one  after  another,  to  dry. 
When  it  is  thoroughly  dry,  it  is  wafhed  in  the  pure 
ftream,  and  again  dried. 

In  the  laft  place,  tlie  above-mentioned  foda  is  diffol- 
ved  with  boiling  water  in  tubs  deilincd  for  that  purpofe, 
and  it  is  ufiial  at  Aftracan  to  allow  20  pounds  of  foda  to 
40  pounds  of  cotton,  or  half  the  weight.  Large  earth- 
en jars,  which  are  made  in  Perfia  ot  very  ftrung  clay, 
a  yard  and  a  half  in  height,  almoft  five  fpans  wide  in 
the  belly,  and  ending  in  a  neck  a  fpan  and  a  half  in 
diameter,  inclofcd  by  means  of  cement  in  brickwork 
over  a  fire-place,  in  fuch  a  manner  that  the  necks  only 
appear,  are  filled  with  the  dyed  cotton  yarn.  The  ley 
of  diflolved  foda,  which  is  blackilh  and  very  fharp,  is 
then  poured  over  it  till  the  jars  be  filled  ;  and  fome 
clean  rags  are  preffed  into  their  mouths,  that  the  upper- 
moft  fkains  of  )-arn  may  not  lie  uncovered.  A  fire  is 
then  made  in  the  lire  place  below,  and  continued  for 
24  hours  ;  and  in  the  mean  time  the  fteam  which  arifes 
from  the  jars  is  feen  collefled  among  the  rags  in  red 
drops.  By  this  boiling  the  dye  is  ftjll  more  heighten, 
ed,  and  is  made  to  llrike  completely  ;  every  thing  fu- 
perfluous  is  removed,  and  all  the  fit  matter  which  ftill 
adheres  to  the  yarn  is-wafned  out.  Nothing  more  is 
then  neceflary  for  completing  the  dye  of  the  yarn  but 
to  rinfe  it  well  feveral  times  in  running  water,  and  then 
to  dry  it. 

Cotton  cloth  is  dyed  with  madder  at  Aftracan  in  the 
fame  manner  ;  but  many  purfue  a  fraudulent  procefs, 
by  dyeing  with  red  wood,  and  then  fell  their  cloth  as 
that  which  has  been  dyed  in  the  proper  manner. 

The  proceffes  followed  in  the  Grecian  manufaftorles 
in  the  Levant,  as  defcribed  by  M.  Felix,  varies  in  fome 
particulars  from  this.  The  firll  procefs  is  that  of  clean- 
ing the  cotton  :  for  which  purpofe  three  leys  are  em- 
ployed ;  one  of  foda,  another  of  afhes,  and  a  third  of 
lime.     The  cotton  is  thrown  into  a  tub,  and  moiftened 


kind  that  can  be  procured  with  the  greateft  facility  by    with  the  liquor  of  the  three  leys  in  equal  quantities  :  it 


the  dyers.  The  madder  muft  be  ftrongly  mixed  in  it 
by  means  of  the  hand,  and  then  ftand  fome  hours  in  or- 
der to  be  thoroughly  foaked  by  it.  The  liquor  then 
afiumes  a  dark  red  appearance,  and  the  madder  In  boil- 
ing yields  more  dye. 

After  this  procefs  water  is  made  hot  In  large  kettles, 
fixed  In  brickwork  ;  and  as  foon  as  It  is  warm,  the  pre- 
pared red  dye  Is  put  Into  It,  In  the  proportion  of  a 
pound  to  every  pound  of  cotton  The  dye  is  then  fuf- 
fered to  boll  ftrongly  ;  and  when  It  is  enough,  which 
may  be  tried  on  cotton  threads,  the  fire  is  removed 
from  under  the  kettle,  and  the  prepared  cotton  is  de- 
pofited  near  it.  The  dyer  places  himfelf  on  the  edge 
of  the  brickwork  that  inclofes  the  kettle ;  dips  the  cot- 


is  then   boiled  in  pure  water,  and  walhed  In   running 
water. 

The  fecond  bath  given  to  the  cotton  is  compofed  of 
foda  and  fheep's  dung  diflolved  In  water.  To  facilitate 
the  folution,  the  foda  and  dung  are  pounded  in  a  mor- 
tar. The  proportions  of  thefe  ingredients  employed, 
are  one  occa  of  dung,  fix  of  foda,  and  forty  of  water ; 
each  occa  being  equal  to  about  fifty  ounces.  When 
the  ingredients  are  well  mixed,  the  liquor  exprefled 
from  them  is  ftrained ;  and  being  poured  into  a  tub,  fix 
occas  of  olive  oil  are  added  to  It,  and  the  whole  Is  well 
ftlrred  till  it  becomes  of  a  wliitKli  colour  hke  milk. 
The  cottt'n  is  then  befprlnkled  with  this  water  ;  and 
when  the  Ikains  are  thoroughly  moiftened,  t*iey   are 

v;rung, 
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Turlcey-    wninp;,  prclTcd,  mid  expofcd   to  dry.     The  fame  batU     the  rtquiicd  tint.     The  wliole  art  confids  in  catching 
'<^t:J-       mull  be  repeated  three  or  tour  times,  bceaiifc  it  is  this 
iquor  which  renders  the  cotton  more  or  lefs  fit  for  re- 
ceiving the  dye.      Each  bath  is  given  with  the  fame  li- 
quor, and  oiiglit  to  continue  five  or  fix  lioins.      It  is  to 
be  obferved  that  the  cotton,  after  cacli  bath,  mull  be 


the  proper  degree;  a  careful  workman,  therefore,  niuft 
watch  with  the  utmoft  attention  for  tiie  moment  when 
it  is  neccflary  to  take  out  the  cotton;  and  he  will  ra. 
ther  burn  his  hand  tliaii  mifs  that  opportunity. 

It   appears  that   tin's   bath,  which  the  Greeks  tlu'nk 


white  as  if  it  had  been  bleached  in  the  fields. 

It  may  be  fuppofcd  that  the  dung  is  of  no  utility  for 
fixing  the  colours ;  but  this  fuppolitiun  would  be  ralli  ; 
for,  as  M.  Felix  obfei-ves,  it  is  well  known  that  this 
fubllance  contains  a  great  quantity  of  volatile  alkali  in 
a  difcngaged  Hate,  which  has  the  property  of  giving  a 


rofy  hue  to  the  red.      U  is  therefore  probable  that  it  is     year  of  its  growth,  when  it  has  acquired  its  full  ftrength ; 


to  this  ingredient  that  the  red  dyes  of  the  Levant  are 
indebted  for  their  fplendour  and  vivacity.  This  much, 
at  any  rate,  is  certain,  that  the  Morocco  leather  <.f  the 
Levant  is  prepared  with  dogs  dung ;  becaufe  it  has 
been  found  that  this  dung  is  proper  for  heightening  the 
colour  of  the  lack. 


and  as  it  is  the  woody  part  of  tlie  roots  which  affords 
the  greateft  quantity  of  colouring  particles,  this  mud 
give  it  an  obvious  fuptriority  over  madder,  which  is 
coUefled  before  it  has  arrived  at  maturity.  The  mode 
of  dcficcation  contributes  alfo,  in  the  opinion  of  our 
author,  to  improve  the  quality  of  the  allzari.      The 


The  procefs  of  galling,   which  follows  the  bath  of     Levantines  dry   it  in  the  open  air;  and  this  operation 


dung,  is  performed  by  immerfing  the  cotton  in  a  bath 
of  warm  water,  in  which  five  occas  of  pulverifed  gall- 
nuts  have  been  boiled.  This  operation  renders  the 
cotton  more  fit  for  being  faturated  with  the  colour,  and 
gives  to  the  dye  more  body  and  ftrength.  After  the 
galling  comes  aluming,  which  is  performed  twice,  with 
an  interval  of  two  days,  and  which  confiils  in  dipping 
the  cotton  into  a  bath  of  water  in  which  five  occas  of 
alum  have  been  infuled,  mixed  with  five  occas  of  water 
alkalifed  by  a  ley  of  foda.  The  aluming  muft  be  per- 
formed with  care,  as  it  is  this  operation  which  makes 
the  colouring  particles  combine  beft  with  the  cottoi, 
and  which  fecures  them  in  part  from  the  deftruftive  ac- 
tion of  the  air.  When  the  fecond  aluming  is  finiflied, 
the  cotton  is  wrung  ;  it  is  then  prefTed,  and  put  to  foak 
in  running  water,  after  being  inclofed  in  a  bag  of  thin 
cloth. 

The  workmen  then  proceed  to  the  dyeing.  To  com- 
pofe  the  colours,  they  put  in  a  kettle  five  occas  of  wa- 
ter, and  35   occas  of  a  root  which  the  Greeks  call  all- 


is  eaiy  in  a  country  where  great  drynefs  prevails  in  the 
atmofphere,  while  in  our  damp  climates  we  are  obliged 
to  dry  the  madder  by  ftoves.  Hence  it  hajipcns  that 
the  fmoke,  which  mixes  itfelf  with  the  cold  air,  and 
penetrates  the  roots,  impregnates  them  with  fuliginous 
particles,  which  alter  the  colouring  fubftance  ;  an  acci- 
dent which  does  not  take  place  when  the  rnadder  is 
dried  without  the  afliilance  of  fire. 

For  the  philofophical  principles  of  thefe  procefTes  of 
dyeing,  fee  Animal  and  Vegetable  Substances  in  this 
Supplement. 

REDINTEGRATION,  is  the  taking  or  finding 
the  integral  or  fluent  again  from  the  fluxion.  See 
Fluxions,  Encycl, 

REFLECTOR  for  a  light-house,  is  compofed 
of  a  number  of  fqnare  plane  glafs  mirrors,  fimilar  to 
thofe  with  which  Archimedes  is  faid  to  have  fct  fire  to 
the  Roman  fleet  at  the  fiege  of  Syracufe  (See  Burn- 
ing, Encycl.)  Each  of  thefe  mirrors  is  about  an  inch 
fquare  ;  and   they   are  all   difpofed  clofe  to  each  other 


moved,  and  the  cotton  is  fuflered  to  fall  into  the  kettle, 
where  it  muft  remain  till  two- thirds  of  the  water  is  eva- 
porated.    When  one-third  only  of  the  liquor  remains, 
the  cotton  is  taken  out  and  waflicd  in  pure  water. 
The    dye  is   afterwards   brought    to   perfeftion    by 


feet  in  diameter;  and  in  the  centre  or  apex  of  each  is 
placed  a  long  ftiallow  lamp  of  tin-plate,  filled  with 
whale  oil.  In  each  lamp  are  fix  cotton  wicks,  almoft 
contiguous  to  each  other,  which  are  fo  difpofed  as  to 
burn  without  trimming  for  about  fix  hours.     The  light 


means  of  a  bath  alkalifed  with  foda.  This  manipula-  of  thefe  is  reflefted  from  each  mirror  fpread  over  the 
tion  is  the  moft  diftlcult  and  the  nioft  delicate  of  the  concave  furface,  and  is  thus  multiplied,  as  it  were,  by 
whole,  becaufe  it  is  that  which  gives  the  colour  its  the  number  of  mirrors.  The  ftucca  moulding  is  co- 
tone.  The  cotton  is  thrown  into  this  new  bath,  and  vered  on  the  back  with  tin-plate,  from  which  a  tube, 
made  to  boil  over  a  fteady  fire  till  the  colour  afl'umes     immediately  over  the  lamp,  proceeds  to  the  roof  of  the 

3  D  2  light 


ReJ 

II 
Refle^lr. 


dried  without    being    walhed,  as   it   ought  not   to  be     of  fo  much  Importance,  might  be  fupplied  by  a  ley  of 
rinfcd  till  after  the   laft  bath.      The  cotton  is  then  as     foap;   audit  is  probable  that  laponaceous  water  would 


give  the  colour  more  brightnefs  and  purity. 

M.  Felix  fcems  doubtful  whether  the  all-zari  of  tl;e 
Greeks  be  the  fame  plant  with  the  European  madder. 
If  it  be,  its  fuperiority  muft  aiife  from  t!ie  mode  in 
which  it  is  cultivated,  and  the  method  employed  to  dry 
it.     The  ali-zari   is   not  colleftcd  till  the  fifth  or  fixtli 


zar/',  or  painting  colour,  and  which  in  Europe  is  known  in  the  concave  of  a  parabohc  fegment,  formed  of  ftucco 

under  the  name   of  madder.     The   madder,  after  being  or  any  other  proper  bed.   Stucco  has  been  found  to  an- 

pulverifed,  is  moiitened  with  one  occa  of  ox  or  flieep's  fwerthe  purpofe  beft;  and  is  accordingly  employed  in  all 

blood.     The    blood    ftrengthens   the  colour,  and   the  the  refledtors  of  the  Hght-houfes  erefted  by  Mr  Thomai 

dofe  is  increafed  or  leffened  according  to  the  fhade  of  Smith  tinplate  worker,  Edinburgh,  at  the  cxpence,  and 

colour   required.     An   equal  heat  is  maintained  below  by  the  authority,  of  government.     This  ingenious  and 

the  kettle,  but  not  too  violent ;  and  when  the  liquor  modeft  man  feems  to  have  conceived  the  idea  of  illumi- 

fermeiits,  and    begins  to   grow  warm,  the   flialns  are  nating  llght-houfes  by  means  of  lamps  and  refleftors  in- 

then  gradually  immerfed  before  the  liquor  becomes  too  ftead  of  coal-fires,  without  knowing  that  fomething  of 

hot.  They  are  then  tied  with  packthread  to  fmall  rods  the  fame  kind  had  been   long  ufed  in  France;  he   has 

placed  croCfwife  above  the  kettle  for  that  purpofe  ;  and  therefore  all  the  merit  of  an  inventor,  and  what  he  in- 

when  the  liquor  boils  well,  and  in  an  uniform  manner,  vented  he  has  carried  to  a  high  degree  of  perfeition. 
the  rods  from  which  the  fkains  were  fufpended   arc  re-  His  parabolic  moulds  are  from  three  to   five  or  fix 
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Reflc(Snr,  light  room,  and  ferves  as  a  funnel,  through  which  the 
Reflexity.  fn,o[.j  efcapcF  without  fullyingthe  facts  of  the  mirrors. 
*  The  light-room  is  a  cu])ola  or  lantern  of  from  eight  to 

twelve  fides,  compofed  entirely  of  glafs,  fixed  in  calt-iron 
frames  or  fafhes,  and  roofed  with  copper.  On  circular 
benches  paffing  round  the  infide  of  tins  lantern,  at 
about  eighteen  inclics  from  the  glafs  frames,  are  placed 
the  reilcclors  wi;h  their  lamps,  fo  as  that  the  concave 
fiirfaccs  of  two  or  three  of  the  rcfiedlors  front  every 
point  of  the  conipafs,  and  throw  a  blaze  ot  light  in  all 
direAionb.  In  the  roof  immediately  over  the  centre  of 
the  i-oom  is  a  hole,  through  which  pafs  all  the  funnels 
already  mentioned,  and  which  ferves  likewlfe  to  admit 
frerti  .lir  to  the  lamps.  This  liglit  room  is  firmly  iixed 
on  the  top  of  a  round  tcver  fo  as  to  be  immoveable  by 
the  weather  ;  and  the  number  of  the  reflcdois,  and  the 
height  of  the  tower,  arc  lefs  or  greater  according  as  it 
is  the  intention  that  the  light  {liould  be  feen  at  a  lefs  or 
a  greater  diftance. 

A  man  judging  from  mere  theory  would  be  very  apt 
to  condemn  lighthoufes  of  this  kind  ;  becaufe  the  firm- 
eft  building  (hakes  in  a  vioient  ftorm,  and  becauie  fuch 
(haking,  he  mitrht  think,  would  fometimes  throw  the 
whole  rays  of  liglit  into  the  air,  and  thus  miflead  the 
bewildered  feaman.  This  opinion,  we  know,  was  adlunlly 
entertained  of  them  by  one  of  the  profoundeft  philo- 
fophers  and  moft  ftientific  mechanicians  of  the  age. 
Experience,  however,  has  convinced  him,  as  well  as  the 
public  at  large,  that  fuch  apprehenfions  are  groundlefs, 
and  that  light-houfes  with  lamps  and  refleftors  are,  in 
every  point  of  view,  preferable  to  thofe  with  fires  burn- 
ing in  the  open  air.  They  are  fupported  at  much  lefs 
expence  ;  their  ligbt  is  more  brilliant,  and  feen  at  a 
greater  diftance,  whilft  it  can  never  be  obfcured  by 
fmoke,  or  beaten  down  on  the  lee-fide  by  a  violent  guft 
of  wind  ;  and  what  is  perhaps  of  ftill  greater  import- 
ance, the  refleflors  with  their  lainps  may  be  fo  varioufly 
placed,  that,  as  Mr  Smith  obferves,  one  light-houfe  can- 
not be  miftaken  for  another.  If  we  add  to  all  this,  that 
the  lamps  do  not  ftand  in  need  of  trimming  fo  often  as 
open  fires  require  fuel,  and  that  the  light  man  is  never 
expofed  eitherto  cold  or  to  wet  by  attending  to  his  duty, 
we  muft  be  convinced  thnt  light-houfes  with  refleftors 
are  much  lefs  liable  to  be  neglefted  in  ftormy  weather 
than  thofe  with  open  fires,  and  that  tin's  circumftance 
alone  would  be  enough  to  give  the  former  a  preference, 
almoft  incalculable,  over  the  latter. 

It  has  been  propofed  to  make  the  concave  furface  of 
the  parabola  one  fpeculum  of  metal,  inftcad  of  covering 
it  over  with  a  multitude  of  plain  glafs  mirrors  ;  or  to 
diminifli  the  fize  of  each  mirror,  if  they  are  to  be  re- 
tained in  preference  to  the  metallic  fpeculum.  To  every 
man  who  has  but  dipped  into  the  fcience  of  optics,  it 
muft  be  obvious,  that  either  of  thefe  alterations  would  be 
wrong.  The  brighttft  metal  does  not  refleft  fuch  a 
quantity  of  light  as  well  foliated  clear  glafs;  and  were 
the  fize  of  the  mirrors  to  be  diminiHied,  the  number  of 
joinings  would  be  increafed,  in  each  of  which  fome 
light  is  loft,  not  merely  in  the  feani,  but  from  its  being 
almoft  inipofiible  to  foliate  glafs  perfectly  at  its  edge, 

REFLEXITY,  a  word  employed  by  Mr  Brougham 
to  denote  a  property  of  light  which  caufes  the  different 
rays  to  be  acted  upon  by  bodies,  and  to  begin  to  be  re- 
frafted,  refletted,  inflcfted,  and  defleded,  at  different 
diftances.     This-  property   follows  the  fame  law  that 


the  other  optical  properties  of  light  follow  :  the  red  ray  Ref'alion- 

having  moll  reflexity,  and  the  violet  leaft  (See  PliHofo-  v— ' 

phical  Trarifiidions,  1797,  p.  360.)  Mr  Brougham 
has  denoted  this  property  by  the  three  words,  re/ran- 
g'lty,  reflcx'ily,  znA^dxtty ;  but  as  the  power  is  the  fame 
there  is  no  occafion  for  different  names.  Some  philo- 
fopiiers  have  refufed  to  admit  this  as  a  new  property  ; 
we  have  not  verified  it  by  experiment. 

REFRACTION  of  altitude,  is  the  arc  or  por- 
tion of  a  vertical  circle,  by  which  the  altitude  of  a  liar 
is  increafed  by  the  rcfratlion  of  light. 

Refraction  of  Afi.enjtun  and  Defcenjion,  is  an  arc  of 
the  equator,  by  which  the  afcenfion  iind  defccnfion  of 
a  ftar,  whether  right  or  oblique,  is  incieafed  or  dimi- 
nidied  by  tlie  refraftion. 

Refkaction  of  Declination,  Is  an  arc  of  a  circle  of 
declination,  by  which  the  declination  of  a  ftar  is  increa- 
fed or  diminilhed  by  refraftion. 

Rrfr.!C1ion  of  Latitude,  is  an  arc  of  a  circle  of  lati- 
tude, by  which  the  latitude  of  a  ftar  is  increafed  or  di- 
minifhed  by  the  refraftion. 

RsFR/iCTioN  of  Longitude,  is  an  arc  of  the  ecliptic, 
by  which  the  longitude  of  a  ftar  is  increafed  or  dinii- 
nifhed  by  means  of  the  refraftion. 

Terrejlrial  REFR.iCTinw,  is  that  by  which  terreftrial 
objefts  appear  to  be  raifed  higher  than  they  really  are, 
in  obferving  their  altitudes.  The  quantity  of  this  re- 
fraftion is  ellimated  by  Dr  Mafl<elyne  at  one  tenth; 
by  Le  CJendre  at  one-fourteenth  ;  by  De  Lambre  at 
one-eleventh  ;  and  by  others  at  a  twelfth  of  the  diftance 
of  the  objeft  obferved,  expreffed  in  degrees  of  a  great 
circle.  But  it  is  obvious  that  there  can  be  no  fixed 
quantity  of  this  refraftion,  fince  it  depends  upon  the 
ilate  of  the  atmofphere,  which  is  extremely  variable. 
Hence  fome  very  fingular  effefts  of  it  are  related,  of 
which  the  following  is  worthy  of  notice.  It  is  taken 
from  the  Philofophical  Tranfaftions  of  London  1798  ; 
being  an  extraft  of  a  letter,  dated  Haftings,  Auguft  i. 

1797- 

"  On  Wednefday,  July  26,  about  five  o'clock  in  the 
afternoon,  while  I  was  fitting  in  my  dining  room  at  this 
place,  which  is  fituated  upon  the  Parade,  clofe  to  the 
fea  fliore,  nearly  fronting  the  fouth,  my  attention  was 
excited  by  a  number  of  people  running  dewn  to  the 
fea-fide.  Upon  enquiring  the  reafon,  I  was  informed 
that  the  coaft  of  France  was  plainly  to  be  dillinguifhed 
by  the  naked  eye.  I  immediately  went  down  to  the 
fhore,  and  was  furprifed  to  find  that,  even  without  the 
alTiftance  of  a  telefcope,  I  could  very  plainly  fee  the 
cliffs  on  the  oppofite  coaft  ;  which,  at  the  neareil  part, 
are  between  40  and  50  miles  diftant,  and  are  not  to  be 
difcerned,  from  that  low  fituation,  by  the  aid  of  the 
beft  elaffes.  They  appeared  to  be  only  a  few  miles  off, 
and  fecmed  to  extend  for  fome  leagues  along  the  coaft. 
I  purfued  my  walk  along  the  ftiore  eaftward,  clofe  to 
the  water's  edge,  converfmg  with  the  failois  and  fifher- 
men  upon  the  fubjeft.  They  at  firft  could  not  be  per- 
fuaded  of  the  reality  of  the  appearance  ;  but  they  foon 
became  fo  thoroughly  convinced,  by  the  clifts  gradually 
appearing  more  elevated,  and  approaching  nearer,  as  it 
were,  that  they  pointed  out  and  named  to  me  the  dif- 
ferent places  they  had  been  accuftomcd  to  vifit  ;  fuch 
as  the  Bay,  the  Old  Head  or  Man,  the  Windmill,  &c. 
at  Boulogne  ;  St  Vallery,  and  other  places  on  the  coaft 
of  Picardy  j    which    they   afterwards  confirmed  when 

they 
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they  viewed  them  through  thu-ii-  telefcopes.  Thc!r 
obfervatioiis  were,  that  the  places  appeared  as  ne.iv  as 
if  tliey  were  failing,  at  a  fmall  diilauce,  into  the  har- 
bours." 

The  writer  of  this  extraft  was  W.  Latham,  Efq  ; 
F.  R.  S.  and  A.  S.  who  adds,  that  the  day  was  ex- 
tremely hot,  that  it  was  higli  water  at  Mailings  about 
two  o'clock  P,  M.  and  that  not  a  bicath  of  wind  was 
ftirring  the  whole  day. 

REGIS  (Peter  Sylvain),  a  French  philofopher,  and 
great  projjagator  of  Cartehanifm,  was  born  in.Agenols 
1632.  He  cultivated  the  languages  and  philofophy  un- 
der the  Jcfuits  at  Cahors,  and  afterwards  divinity  in  the 
u-jiverlity  of  that  town,  being  defigned  for  the  church. 
He  made  fo  uncommon  a  progrefs,  that  at  the  end  of 
four  years  he  was  offered  a  doctor's  degree  without  the 
ufual  charges  ;  but  he  did  not  think  it  became  him  to 
accept  of  it  till  he  had  iludicd  alfo  in  tlie  »Sorbonne  at 
Paris.  He  went  thither,  but  was  loon  difgultcd  with 
theology  ;  and  as  the  philofophy  of  Des  Cartes  began 
at  that  time  to  make  a  noife  through  the  leftures  of 
Rohault,  he  conceived  a  tafte  for  it,  and  gave  himfelf 
up  entirely  to  it.  He  frequented  thefe  leclures  ;  and 
becoming  an  adept,  went  to  Toulonfe  in  l66j,  and 
read  leclures  in  it  himfclf.  Having  fine  parts,  a  clear 
and  fluent  manner,  and  a  happy  way  oi  making  himfclf 
underltood,  he  drew  all  forts  of  people  ;  the  magiftrates, 
the  learned,  the  ecckllailics,  and  tlie  very  women,  who 
now  all  affefted  to  abjure  the  ancient  philofophy.  In 
16S0  he  returned  to  Paris  ;  when  the  concourfe  about 
liim  was  fuch,  that  the  flicklers  for  Perlpateticifm  be- 
gan to  be  alarmed.  They  applied  to  the  Archlu'fhop  of 
Paris,  who  thought  it  expedient,  in  the  name  of  the 
king,  to  put  a  ilop  to  the  Icdlures  ;  which  accordingly 
were  difcontinued  for  feveral  months.  The  whole  life 
of  Regis  was  fpent  in  propagating  the  new  philofophy. 
In  1690  he  publifhed  a  formal  fyltem  of  it,  containing 
logic,  metaphyfics,  phyfics,  and  morals,  in  3  vols  4to, 
avid  written  in  French.  It  was  reprinted  the  year  after 
at  Amfterdam,  with  the  addition  of  a  difcourfe  upon 
ancient  and  modern  philofophy.  He  wrote  afterwards 
feveral  pieces  in  defence  of  his  fyftem  ;  in  which  he  had 
difputes  with  M.  Huet,  Du  Hamel,  Malebranche,  and 
others.  His  works,  though  abounding  with  ingenuity 
and  learning,  have  been  dii regarded,  in  confequence  of 
the  great  difcoveries  and  advancement  in  philofophic 
knowledge  that  have  been  fince  made.  He  died  in  1707. 
He  had  been  chofen  member  of  the  academy  of  fcicnces 
in  1699*. 

REGULAR  BODY,  called  alfo  Platonic  Boiiyy  is  a 
body  or  folid  comprehended  by  like,  equal,  and  regular 
plane  figures,  and  whole  folid  angles  are  all  equal. 

The  plane  figures  by  which  the  folid  is  contained 
are  the  faces  of  the  folid  ;  and  the  fides  of  the  plane 
figures  are  the  edges,  or  linear  fides  of  the  folid 

There  are  only  five  regular  folids,  viz. 

The  tetrahedron,  or  regular  triangular  pyramid,  ha- 
ving four  triangular  faces  ; 

The  hexahedron,  or  cube,  having  fix  fquare  faces ; 

The  oftahedron,  having  eight  triangular  faces  ; 

The  dodecahedron,  having  twelve  pentagonal  faces  ; 

The  icofahedron,  having  twenty  triangular  faces. 

Befides  thefe  five,  there  can  be  no  other  regular  bo- 
dies  in  nature.     See  Platonic  Body,  Suppl. 

REGULUS,  in  aftronomy,  a  ftar  of  the  firft  mag- 
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nitude,  in  the  cotiftcllation  Leo  ;  called  alfo,  from  its 
filuation,  Cor  Lfonis,  or  tlie  Linn's  Hfart  ;  by  the  A- 
rabs,  Alhabor  ;  and  by  the  Chaldeans,  Kalbthced,  or 
Karbeleceid  ;  from  an  opinion  of  its  influencing  the  af- 
fairs of  the  heavens. 

RE  ID  (Thomas,  D.  D.),  fo  well  known  to  the  pub- 
lic by  his  moral  and  metaph)  fical  writings,  was  the  fon 
of  the  Rev.  Lewis  Rei'd,  miniiler  of  the  parifh  of  Stra- 
chan,  in  the  county  of  Kincardine,  North  Britain.  His 
mother  was  the  daughter  of  David  Gregory,  Efq  ;  of 
Kinardie,  of  whom  fome  account  has  been  givei  in  this 
Supplement,  and  filler  to  David,  James,  and  Charles  Grc- 
gories,  who  were  at  the  fame  time  proiclTors  of  allro- 
nomy,  or  mathematics,  in  the  univerfities  of  Oxford, 
Edinburgh,  and  St  Andrews. 

He  was  born  at  the  parfonage-houfe  of  Strachan  in 
April  1710,  and  received  the  rudiments  of  his  educa- 
tion at  tlie  parilh  fcliool  of  Kincardine-oniel.  At  that 
period  the  parochi.il  iciiools  ot  Scotland  were  very  fu- 
perior  to  what  they  are  now  ;  and  young  men  went 
from  them  to  the  univerfity  well  furnilhed  with  philo- 
logical leiiriilng.  The  progrefs  of  young  Reid  mull 
have  been  rapid  ;  for  he  was  removed  from  fchool  to 
the  Marifchai  College,  Aberdeen,  when  not  more  than 
twelve  years  of  age  ;  and  we  have  never  heard  that  he 
was  admitted  into  the  univerfity  bcfqre  he  was  qualified 
to  profit  by  the  leflures  of  the  profclTors.  On  the  con- 
trary, he  fooii  difplayed  the  genius  of  his  mother's  fa- 
mily, and  fhone  confpicuous  among  the  (Indents  of  ma- 
thematics in  a  college  where  that  fcience  has  been  at 
all  times  cultivated  with  ardour  and  fuccefs. 

After  the  ufual  courfe  e>f  four  years  employed  in  the 
ftudy  of  Latin,  Greek,  Mathematics,  and  Pliilofophv, 
he  probably  took  his  degree  of  M.  A.  which  at  that 
period,  and  for  a  long  time  fubfequcnt  to  it,  was  the 
univerlal  prattice  in  the  univerfity  of  Aberdeen,  and 
then  commenced  the  ftudy  of  theology.  In  due  time 
he  was  licenfed  to  preach  the  gofpel  according  to  the 
forms  of  the  church  of  Scotland  ;  but  continued  to  re- 
fide  for  fome  years  in  Aberdeen,  cultivating  his  favou- 
rite fcience,  mathematics. 

The  mathematical  chair  in  Marifchal  College  was 
then  filled  by  Mr  John  Stuart,  a  man  of  great  eminence 
in  his  profeffion  ;  but  who,  like  many  other  profound 
mathematicians,  was  not  trappy  in  his  mode  of  comm.uni- 
cating  fcience,  at  lead  to  the  duller  part  of  his  pupils. 
Mr  Reid  occafionally  read  ledtures  for  the  profcfTor ; 
and  a  friend  of  our's,  by  no  means  dull,  has  often  been 
heard  to  exprefs  great  fatlsfattion  that  Mr  Stuart  was 
kept  a  whole  winter  from  the  fchools,  when  he  was  a 
lludent,  and  that  the  clafs  was  taught  by  Mr  Reid. 
"  Had  It  not  been  for  this  circumftance  (laid  he)  I 
(hould  never  have  underftood  more  of  mathematics  than 
the  firft  fix  books  of  Euclid's  elements  ;  but  Mr  Reid 
had  the  faculty  of  making  every  thing  intelligible  to 
the  ftudents  which  he  clearly  apprehended  himfelf." 

He  could  not,  however,  fpend  his  life  in  the  lludy  of 
mathematics,  and  in  leading  barren  lectures  for  otlier 
men.  He  had  been  educated  for  the  church  ;  and  it 
was  in  the  church  only  that  he  had  the  profpcct  of 
gaining  a  livelihood.  He  was  accordingly  prefented, 
we  know  not  in  what  year,  to  the  church  of  A'^a; 
Machar  in  Aberdeenlhire,  at  the  time  when  the  good 
people  of  Scotland  were  very  far  from  being  reconciled 
to  the  rights  of  patronage  ;  and  the  confequence  was,. 
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Ktic).     tliat  his  fL'ttlement  met  with  much  popular  oppolkiun. 
■"^  Kvcn  a  little  riot  took  place  in  the  clmich  at  his  ordi- 

nation ;  but  he  foon  gained  the  Hllettions  of  his  flock 
by  his, good  fcnie,  his  acknowledged  worth,  and  liis  un- 
wearied attention  to  all  their  wants,  which  he  was  ever 
ready  to  relieve  to  the  utmoll  extent  of  his  abilities.  So 
deeply  rooted  indeed  was  their  regard  for  him  at  laft, 
that,  though  it  is  now  almoft  half  a  century  fr.ice  liis 
relation  to  the  parifli  of  New  Machar  ceafed,  his  me- 
mory continues  to  be  revered  in  that  parifli  even  at  the 
prefcnt  day  ;  and  the  follov/ing  anecdote  evinces  that  it 
is  not  revered  without  reafon. 

A  man  who,  from  being  in  decent  circumftances,  and 
a  meniber  of  the  kirk  fcffion  (See  Presbytcrian  s,  iiB- 
rjr/.),  when  Dr  Reid  was  miiiifter,  had  become,  in  his 
old  age,  poor  and  infirm,  obferved  to  the  then  minlfter 
of  the  pariih,  that  if  he  were  able  to  go  to  Glafgow, 
and  make  his  cafe  known  to  his  old  friend  and  paftor, 
he  was  fure  that  he  would  get  fomelhing  done  for  him. 
This  obfervation  was  reported  to  the  Doftor,  who  in- 
llantly  recollefted  the  man,  though,  in  all  probability, 
be  had  not  thought  of  him  for  thirty  years  ;  and  he  fet- 
tled upon  him  an  annual  penfion  of  ten  pounds,  which 
was  punftually  paid  as  long  as  they  both  lived.  The  pride 
of  fcience  had  not  from  the  mind  of  this  great  man  era- 
dicated the  amiable  fympathies  of  humanity,  nor  had 
his  philofophic  fame  made  him  overlook  the  unafpiring 
duties  of  the  Chrillian  pallor. 

In  the  year  1751,  about  the  beginning  of  the  feffion 
or  annual  term,  one  of  the  profeffors  of  philofophy  in 
King's  College,  Aberdeen,  died;  and  his  death  being  un- 
expefted,  preTented  to  the  other  members  of  that  learned 
body  fome  difficulty  in  carrying  on  the  ufual  courfe  of 
education  for  that  year.  At  this  our  readers  will  not  be 
lurprifed,  when  they  refleft  on  the  modeon  which  fcience 
'  was  taught  in  that  univerfity  ;  for  he  who  could  with 
propriety  be  placed  in  the  vacant  chair,  muil  have  been 
qualified,  without  much  previous  preparation,  to  read 
leftures  on  Logic,  Ontology,  Pneumatics,  Morals, 
Politics,  Mathematics,  and  Natural  Philoso- 
phy (See  Gerard,  in  this  Siippl.)  In  fuch  a  place 
as  Aberdeen,  it  is  hardly  to  be  fuppofed  that  there 
was  a  fingle  man  unemployed,  fo  completely  mailer 
of  all  thefe  branches  of  fcience,  as  to  take  up  the  clafs 
where  it  was  dropt  by  the  deceafed  profelTor,  and 
carry  it  fuccefsfnlly  through  that  fcience,  whatever  it 
might  be,  in  which,  at  his  death,  he  chanced  to  be  lec- 
turing. It  occurred,  however,  to  the  principal,  and 
fome  of  the  profeflbrs,  that  the  minifter  of  New  Machar 
was  fully  equal  to  the  taflc  ;  and  the  late  Dr  John  Gre- 
jfory,  then  profeffor  of  medicine,  and  the  Rev.  Dr 
Macleod,  the  prefent  fubprincipal  of  King's  College, 
were  deputed  to  vifit  Mr  Reid,  and  requell  his  imme- 
diate acceptance  of  the  vacant  profefforfliip.  He  yield- 
id  to  the  requeft  not  without  fome  hefitation,  and  was 
admitted  profellbr  of  philofophy  on  the  2 2d  of  No- 
vember. 

He  was  now  in  the  very  fituation  for  which  Nature 
fcemed  to  have  intended  him.  He  had  not  only  an 
opportunity,  but  it  was  his  duty  to  cultivate  the  fcience 
to  which  his  attachment  was  fo  ftrong  ;  and  the  duties 
of  his  office  made  him  turn  his  attention  more  clofely 
than  he  had  hitherto  done  to  another  fcience,  in  which 
he  was  deftined  to  make  a  more  confpicuous  figure  than 
he  ever  made  even  in  his  favourite  mathematics. 
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It  was  during  his  profeffornu'p  in  the  univerfity  of 
Aberdeen  that  he  wrote  liis  "  Effay  on  QuTntity,"  ' 
which  was  pnbliihed  in  the  45th  volume  of  the  Philofo- 
phical  Tranlaftions,  and  is  perliaps  the  fined  fpecimen 
of  metaphyfical  inatlitmatics,  if  we  may  ufe  fuch  an  ex- 
prefiion,  that  is  extant  in  our  own  or  in  any  other  lan- 
guage (See  QUANTITY,  Enrycl.).  It  was  during  the 
lame  period  that»he  publiflied  his  "  Inquiry  into  the 
Human  Mnid  on  the  Principles  of  Common  Sciife  ;"  a 
■work  of  unqueftionable  merit,  which  has  contributed 
more  than  any  other  work  whatever  to  give  a  rational 
turn  to  metaphyfical  fpcculations.  It  was  about  this 
period  that  the  degree  of  D.  D.  was  conferred  upon 
him  by  his  niotiier-college. 

The  well-earned  fame  of  Dr  Reid  attrafted  tlie  at- 
tention  of  the  univerfity  of  Glafgow  to  him  as  the  fit- 
ted perfon  to  fucceed  the  celebrated  Dr  Adam  Smith  ; 
and  he  was  admitted  profeflor  of  moral  philofophy  in 
that  univerfity  on  the  i  ith  of  June  1764.  There  his 
attention  was  not  dillrafted  by  a  multitude  of  fcience.s 
v.'hich  it  was  his  duty  to  teach  ;  and  he  had  leifure  to 
improve  his  metaphyfical  fyftem,  though  he  continued 
through  life  to  amufe  himfelf  occafionally  with  mathe- 
matical fpcculations. 

In  the  year  1773  appeared,  in  Lord  Kames's 
"  Sketches  of  the  Hidory  of  Man,  a  brief  Account  of 
Aridotle's  Logic  ;  with  remarks  by  Dr  Reid."  It 
would  feem  that  he  had  entered  upon  this  talk  rather 
reluftantly,  and  merely  in  compliance  with  the  folicita- 
tions  of  his  friend,  the  author  of  the  Sketches.  "  In 
attempting  (fays  he)  to  give  fome  account  of  the  ana- 
lytics, and  of  the  topics  of  Aridotle,  ingenuity  requires 
me  to  confefs,  that  though  I  have  often  purpofed  to 
read  the  whole  with  care,  and  to  underftand  what  is  In- 
telligible, yet  my  courage  and  patience  always  failed  be- 
fore I  had  done.  Why  fliould  I  throw  away  fo  much 
time  and  painful  attention  upon  a  thing  of  fo  little  ufe  ? 
If  I  had  lived  in  thofe  ages  when  the  knowledge  of 
Aridotle's  Organon  Intitlcd  a  man  to  the  highell  rank 
in  philofophy,  ambition  might  have  induced  me  to  em- 
ploy upon  it  fome  years  of  painful  ftudy  ;  and  lefs,  I 
conceive,  would  not  be  fufficlent.  Such  refleftions  as 
thefe  always  got  the  better  of  my  refolution,  when  the 
firll  ardour  began  to  cool.  All  I  can  fay  is,  that  I  have 
read  fome  parts  of  the  different  books  with  care,  fome 
flightly,  and  fome  perhaps  not  all.  I  have  glanced 
over  the  whole  often  ;  and  when  any  thing  attrafied 
my  attention,  have  dipped  into  it  till  iny  appetite  was 
fatlsfied." 

Notwithdanding  this  modeft  acknowledgment,  we 
are  not  fure  that  any  one  of  Dr  Reid's  publications  does 
him  greater  honour  than  his  very  perfpicuous  view  of 
this  dupendous  fyftem.  Having  ourfelves  occafion- 
ally looked  into  the  writings  of  Aridotle,  we  fbould 
not  hefitate  to  fay,  that  it  is  by  much  the  bed  analyfis 
of  thefe  writings  that  we  have  any  where  met  with,  even 
though  we  could  not  corroborate  our  own  opinion  by 
that  of  other  men  much  more  converfant  than  we  are 
with  the  oracular  language  of  the  Stagyrite.  But 
when  it  is  known  that  the  late  Dr  Doig  of  Stirling,  to 
whom  Greek  was  as  familiar  as  his  mother  tongue,  and 
an  equally  learned  Doftor  of  Oxford,  who  has  been 
reading  Aridotle  ever  fince  he  was  fourteen  years  of 
age,  agreed  In  opinion,  that  a  more  accurate  view  of  his 
logic  could  not  be  given  in  the  fame  compafs  than  had 
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ReM.     bi;en  given  by  Dr  Rcid,  we  may  fiircly  afTiim,  with  fome 
"^        '  degree  of  coiiluience,  that  this  fmall  work  adds  inucli 
to  the  fame  of  our  celebrated  countryman. 

Tlioiigh  Dr  Rcid's  health  continued  good,  and  his 
mental  faculties  unimpaired,  till  a  very  (hort  time  before 
his  deatii,  he  ccal'ed  for  fome  years  to  read  leAures  from 
his  profelTional  chair,  employing  that  time  in  prepara- 
tions for  t'ternity,  and  in  fitting  his  lectures  tor  the 
prefs.  Thefe  were  publilhed  in  two  volumes  4to  :  the 
firll  in  I -85,  under  the  title  of  "  EfTays  on  the  In- 
telleftual  Powers  of  Man,"  dedicated  to  his  friends  Dr 
Gregory  and  Profeffor  Stewart,  both  of  the  univerlity  of 
Edinburgh  ;  and  the  fecond  in  1788,  under  the  title  of 
"  EfTays  on  the  Aiftive  Powers  of  Maji,"  without  any 
dedication  or  preface.  He  continued  to  enjoy  the 
fame  acquired  by  this  work,  as  well  as  tlie  afteClion  of 
his  friends  and  the  reverence  of  the  public,  for  eight 
years,  dying  at  Glafgow  in  the  end  of  September,  or 
the  beginning  of  October  1796,  in  the  87th  year  of 
his  age.  He  had  been  married,  and  he  left  behind  him 
one  daughter. 

To  do  juftice  to  the  biography  of  fuch  a  man  as 
this,  we  (hould  here  attempt  to  draw  his  intelletlual 
chararter,  and  to  appreciate  the  merits  of  his  works  ; 
but  to  perform  this  talk  in  a  manner  at  all  worthy  of 
him,  cr  we  hope  of  ourfclves,  would  require  more  room 
than  our"  limits  permit  us  to  allot  to  any  article  of  the 
kind  ;  and  our  readers  will  be  pleafed  to  learn,  that  they 
may  confidently  expett  an  account  of  his  life,  with  a 
critique  on  his  works,  by  a  man  better  qualified  to  do 
jullice  to  both,  than  the  writer  of  this  Ihort  fi^etch  pre 
tends  to  be.  His  works  are  in  the  Iiands  of  tlie  fpe- 
culative  public ;  and  by  that  public  will  be  duly  valued,  as 
long  as  found  fenie  (hail  be  preferred  to  impious  jargon. 
How  long  that  may  be,  God  only  knows  ;  but  if  any 
thing  can  guard  the  iviinds  of  our  youth  agaiiifl  that 
fophitlry  of  which  the  objeft  is  to  attribute  real  agency 
to  material  fluids,  and  to  reprefent  the  eleSive  attrac- 
tions of  chemiftry  as  perfeftly  fimilar  to  human  voli- 
tions,  it  will  be  the  unbiaffed  iludy  of  Dr  Reid's  "  Ef- 
fays  on  the  Intclleoilaal  and  At\ive  Powers  of  Man."" 
Ttiey  will  there  find  metaphyfics  divefled  of  myftery, 
and  the  profoundeft  fpeculationa-  rendered  intelligible 
by  the  conftant  ufe  of  words  in  one  determined  fenfe-. 
We  think,  indeed,  that  in  this  confifts  the  Doftor's 
chief  merit  ;  for,  except  when  treatiiig  of  our  notions 
of  power,  he  feems  not  to  have  added  much  to  v/hat 
certainly  may  be  found  in  the  writings  of  Locke, 

Let  not  our  readers  fuppafe,  that  by  this  obfervation 
we  wifh  to  detraft  in  the  fmalkil  degree  from  our  au- 
thor's fame,  or  to  lefTen  him  by  comparifon  with  the 
Englifh  philofopher.  If  on  mere  topics  of  fpeculative 
faience,  he  appears  to  us  to  have  thought  as  Locke 
thought,  it  is  on  the  other  hand  certain,  that  the  greater 
part  of  Locke'sdoftrinesmay  be  gleaned  fromthe  logical 
and  metaphyfical  writings  of  Bacon,  Hcbbes,  and  Des 
Cartes.  Nor  need  this  furprife  any  one  ;  for  he  who 
reflefts  a  moment  on  the  fubjeft,  muH  perceive  that 
fuch  a  coincidence  of  thought  in  metaphyfical  fcience 
is  among  men  of  eminence  almoll  inevitable.  Of  mind 
and  its  powers— the  fubjeft  of  that  fcience — we  neither 
know,  nor  can  know  any  thing,  but  by  patiently  at- 
tciidiiig  to  the  operations  of  our  own  minds,  when  we 
fee,  hear,  feel,  think,  reafon,  and  will,  &c. :  and  it  is 
obvious,  that  every  man  wha  is  gqpable^of  fuch  patient 


attention,  and  does  not  l.iijour  under  tiie  bias  of  fome 
prejudice,  mull  view  thefe  operations  in  the  lame  way. 
The  great  fuperiority  of  Dr  Reid  over  his  predeeelVors, 
in  tliis  department  of  fcience,  appears  to  have  been  this, 
that  he  apprehended  tiic  operations  of  his  own  mijul 
with  a  clearnefs,  which  gave  to  his  language  a  preciilou 
and  perfpiculty  which  the  language  of  Locke  certainly 
does  not  pofTcfs. 

In  tiiC  Effay  on  the  Human  Undrrllanding,  the  term 
Idea  fometimes  fignities  a  material  I'ubllance,  fometimes 
tke  qualities  of  that  fubllance,  fometimes  the  concep- 
tion of  thefe  qualities,  fometimes  the  power  or  faculty 
of  the  mind  by  which  we  conceive  a  thing,  fometimes  a 
perception  of  fenfe,  and  fometimes  an  intellectual  no- 
tion. Hence  tlie  ambiguity  of  terms  which  runs  thro' 
the  whole  of  that  immortal  work,  has  furnilhed  both 
the  author's  friends  and  his  enemies  with  an  opportu- 
nity of  attributing  to  him  pernicious  dodlrines,  whici). 
we  are  perfuaded  he  did  not  maintain,  and  which,  we 
think,  a  patient  analyfis  of  the  effav  mufl  convince  everf 
man  that  he  djd  not  maintain.  F' jm  this  ambiguity 
the  writings  ot  Dr  Reid  are  perfeftly  free.  His  doc- 
trines, whether  well  or  ill-founded,  can  never  be  mifun- 
derltood  by  him  who  is  defirous  to  underfland  them  ; 
and  he  who  knows  how  much  ptri'picuity  of  flyle  de- 
pends upon  accuracy  of  thinking,  will  not  deem  us  ene- 
mies to  his  fame  for  having  laid  that  his  chief  merit  con. 
fills  in  the  precifion  of  his  language. 

He  has  been  much  cenfured  by  fome,  and  much  ap- 
plauded by  others,  for  introducing  the  phrafe  common 
fenfi:  into  fpeculative  phllofophy,  as  the  proper  name  of 
that  faculty  of  the  mind  by  which  we  appreiiend  firlt 
truths  :  but  he  is  on  this  account  entitled  neither  tu 
praife  nor  to  cenfnre.  He  adopted  the  phrafe  from 
others  ;  ajid  has  proved,  by  the  moft  unexceptionable 
authorities,  both  ancient  and  modern,  that  it  may  with 
great  propriety  be  ufed  as  he  has  ufed  it.  Whether 
the  adopting  of  it  into  works  of  fcience  was  neceffary, 
is  another  queflion,  on  which  we  have  given  our  opi- 
nion elfewhere  ;  it  is  fufncicnt  in  this  place  to  vindicate 
his  ufe  of  -it,  efpecialiy  in  his  latter  works,  from  ambi- 
guity. 

Candour  obliges  us  to  acknowledge,  that  he  has  ad- 
vanced fome  dotlrines  which  we  cannot  admit  as  true. 
Though  not  in  general  partial  to  Locke,  he  has  adopt- 
ed his  notions  refpecting  our  power  of  abflraction  witli 
hardly  any  other  variation  than  the  fnbllituting  of  the 
term  conceplions  for  Locke's  favourite  phrafe  iclcas.  He 
has  likewife  endeavoured  to  prove,  that  we  may  diHinft- 
ly  conceive  what  cannot  poffibly  exill.  Thefe  miftakes, 
for  fuch  they  appear  to  us,  we  have  pointed  out  elfc- 
where  (See  Metaphysics,  Part  I.  Chapt.  iii.  and  iv. 
Encycl.)  ;  but  they  arc  infinitely  more  than  counterba- 
lanced by  his  clear,  accurate,  andfatisfadory  difqi'.ihtions 
on  our  notions  of  af.iive  power.  Had  Dr  Reid  never 
written  a  fentence  but  tiie  effay  which  treats  of  this  de- 
licate and  important  fubjeft,  he  would  have  been  en- 
titled to  a  place  in  the  very  firfl  rank  of  ufeful  meta- 
phyficians  ;  for,  previous  to  the  appearance  of  his  works, 
we  had  nothing  written  direftly  on  pniucr  but  contra- 
diftory  and  unintelligible  jargon.  We  reconmiend  the 
ferious  perufal  of  this  efTay,  the  firll  in  his  fecond  vo- 
lume, to  fuch  of  our  readers  as  fancy  that  they  dillindl- 
ly  conceive  the  powers  of  chemical  agents,  and  that  in- 
telligence and  volition  may  refult  from  any  mechanical 
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Rciflre.    organization,  or  any  combination  whatever  of  matter 
-'—>/——'  m]j  niotioii. 

REISKE    (Jolin  James),  a  moft   profound  fcholar 
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This  John  James  Reiilie  mud  not  be  confoiindi-d  with 
John  Rei/ie,  reiSlor  of  the  collcfre  of  WoUenbuttel,  who 
was  alto  a  leurntd  man,  and  pulnilhed  various  works  *. 


H  I'nion. 
Aiaiiu 


and  fagacious  critic,   was  born  in  1706  at  a  fmall  town  REMONSTRANTS,   in  church  hiftory,  a  title  gi- 


of  the  duchy  of  Anhah.     After  (Irugjjhng  with  fonie 
difficultii-s  in  his  fchool  education,  in  whicli,  however, 
lie,  bv  jierftveratice,  obtained  confidcrable  advantages, 
he  went,  in   1733,  to  Leipfic  ;  where  he  continued,  tor 
the  faiiC  of  ftudy,  five  years.     Here  he  acconiplllhed 
himfclf  iir' Arabic,   and  trandated  and  publilhed  a  book 
from  that  language.      In  oider  to  proftcute   hia  iludy 
of  Arabic  with  greater  efteft,  he  travelled  on  foot,  and 
v.'ith   many  difficulties,   to  Leyden.      Here   he  was  em- 
ployed in  arranging  the  Arabic  manufcripts,  for  which, 
however,  he  received  a  very  fcanty  corapenfation  ;   and 
here  alfo  he   tranflated  from   the  German  and   French, 
into  Latin,  various   elTays  fet  him  by  Dorville,  whom 
he  had  vifited  in   his  journey,  and  who  afterwards  in- 
ferted  thefe  papers  in  the  MifceUanea  Critua.     Dorville 
was  fo  well  pleafed  with  his  (kill  and  diligence,  that  he 
employed  him  in  more  important  concerns.     At  his  de- 
fire,   lieiflve  tranflated  the  whole  of  the  Chariton  from 
the  Greek,  and  the  Geography  of  Abulfcda  from  the 
Arabic,  into  Latin.     At  Leyden  he  continued  for  the 
fpace  of  eight  years  ;  where  a  florm  of  jealoufy  and  ca- 
lumny, excited  againft  him  by  the  younger  Burman,  fi- 
nally induced  him  to   change   his  refidence.     This  was 
principally  owing  to  the  freedom  he   ufed  with  refpeA 
to  the  edition  or  Petronius,  edited  by  the  younger  Bur- 
man  at  Leyden  ;  however,  before  he  quitted  it,  he  took 
the  degree  of  doftor  of  phyfic,   which  was  given  him  in 
a  manner  which  did  him  the  higheil  honour.      He  then 
vifited  different  parts  of  Germany,  till  he  at  length  fet- 
tled at  Leipfic  a  fecond  time.      Here,  for  twelve  years, 
notwithftanding  he  was  made   profelfor  of  Arabic,  be 
experienced  all  the  inconveniences  of  poverty,  and  was 


vcn  to  the  Arminiaks  (See  thnt  article,  EncycL)  by 
reafon  of  the  remonllranct  wbicli,  in  1610,  they  made  *  ^^.S'' 
to  the  States  of  Holland,  againii  the  fentence  of  the^'j^''" 
fyiiod  of  Dort,  which  condemned  them  as  heretics. 
Epifcopius  and  Grotius  were  at  the  head  of  the  Re- 
monjlrants,  whole  principles  were  firft  openly  patronifed 
in  England  by  Archbifhop  Laud.  In  Holland,  the  pa- 
trons of  Calvinifm  preiented  an  addrefs  in  oppofition  to 
the  remonllrance  of  the  Arniinians,  and  called  it  a 
connter-remonftrance.  Hence  the  Dutch  Calvinills 
were  termed  Counter  Remotijlratits.  Muth  controverfy 
was  cariied  on  by  thtfe  rival  feifts,  which,  on  the  fide 
of  the  Calvinifts,  was  extremely  illiberal. 

REMORA,  or  Socking  Fish,  a  fpecies  of  Eche- 
NEis  (See  EncycL),  M.  Vaillant  found,  upon  different 
parts  of  his  enormous  ray  (See  R.ija  in  this  Siippl.) 
about  twenty  fmall  fucking  fi(h,  or  remorjs,  fattened  fo 
firmly  that  they  did  not  drop  off  when  lie  was  hoifted 
on  board.  Some  naturalifts  have  fafd,  that  the  head  of 
the  iuckjng  filh  is  vilcous  on  the  lower  part,  and  fur- 
nilhed  with  rough  points  fimilar  to  the  teeth  of  a  file  ; 
and,  according  to  them,  it  is  by  means  of  thefe  two 
qualities,  its  roiighnefs  and  vifcofity,  that  it  is  enabled 
to  adhere  to  other  fiih. 

"  Figure  to  yourlelf  (fays  one  of  them)  a  row  of 
nineteen  (liarp  edged  and  dentated  laminje,  placed  crofs- 
wife,  and  iffuing  immediately  from  the  rim  of  the  lower 
jaw,  and  you  will  have  a  jull  idea  of  thepart  with  which 
the  remora  makes  itfelf  faft." 

This  defcription  (fays  Vaillant)  is  exaft  as  far  as  re- 
lates to  the  figure  and  number  ot  the  dentated  lamiiiK  ; 
but    it   places    them  on   the  lower  part   of    the    head, 


obhged  to  undergo  a  great  deal  of  drudgtry  for  book-  whereas  they  are,  in  reality,  on  the  upper.  Accord- 
fellers,  and  the  editors  of  periodical  publications,  to 
procure  a  fubfiilence;  at  this  peri<,d,  in  particular,  the 
j4aa  Enid'itorum  were  greatly  indebted  to  him.  Amidll 
all  thefe  hardlhips,  however,  he  found  opp._irtunity  to 
write,  and  to  publifli,  his  Animaihsrfipnes  in  Au^ores 
Grucos,  in  five  volumes  ;  a  work  of  extraordinary  learn- 
ing and  merit.  In  1758,  by  the  death  of  Haltaufius,  he 
obtained  a  fituation  at  once  honourable  and  lucrative, 
which  placed  him  above  want,  and  enabled  him  to  fol- 
low his  favourite  purfuits  at  eafe.  He  was  made  rec- 
tor of  the  academy  at  Leipfic,  in  which  office  he  con- 
tinued till  the  time  of  his  death.  In  1764,  he  mar- 
ried Erneftina  Chiiftina  Muller,  a  woman  of  wonderful 
attainments,  whole  knowledge  was  hard'y  interior  to 
his  own,  and  particularly  in  Greek  literature.  She  af- 
fifted  him  in  all  his  llieraiy  labours,  :ind  efpecially  in 
his  immortal  work  of  the  "  Edition  of  the  Greek  Ora- 
tors." Thus,  in  the  manner  moil  grateful  to  himlelf, 
Reiflce  eonfumed  the  remainder  of  his  life,  which  con- 
tinued till  1774,  when  he  died  poffeffed  of  the  higheft 
reputation.  The  number  of  works  which  he  fuperin- 
tended  and  publidied  is  very  great  ;  but  it  will  be  fuf- 
ficient  to  name  thofe  which  are  inoll  fought  after  and 
elleemed.  Thefe  are,  the  "  Remarks  upon  Greek  Au- 
thors," before  mentioned.  An  "  Edition  of  the  Greek 
Orators,"  in  i  2  vols  8vo,  which  was  finilhed  by  his  wi- 
dow. "  Dionyfius  Halicarnaffenfis,"  in  7  vols.  "  Plu- 
tarch's Works,"   in   o  vols.     "  Theocritus,  &c.  &c." 


ingly,  when  the  remora  fixes  itfelf,  it  is  obliged  to  turn 
upon  its  back,  with  its  belly  upward. 

If  the  two  white  fift,  however,  that' polled  them- 
felves  on  the  arms  of  the  ray,  and  ferved  him  as  pilots, 
be  of  the  remora  fpecies,  as  he  is  inclined  to  think,  the 
lamiiiK  by  which  that  variety  adheres  to  other  fiflies 
mull  be  on  the  lower  part  of  the  body,  fince  the  two 
piluts  continued  in  their  natural  pofition,  and  had  no 
oceafion  to  turn  over  to  fix  themfelves  at  their  poll. 

REPEl'END,  in  arithmetic,  denotes  that  part  of 
an  infinite  decimal  fratlion,  which  is  continually  re- 
peated ad  injiniium.  .  Thus  in  the  numbers  2*  13  13  13, 
&c,  the  figures  13  are  the  repetend,  and  marked  thus 

REPUBLICANS,  the  name  given  hy  Vaillant, 
with  fome  propriety,  to  a  kind  of  birds  which  were  ob- 
fervcd  in  South  Africa,  both  by  .him  and  Paterfon,  to 
inhabit  apparently  the  fame  enormous  neft.  Cutting 
one  of  thefe  nefts  in  pieces  with  a  hatchet,  he  percei- 
ved that  the  principal  and  fundamental  pieee  tonfilled 
of  a  mafs  of  llrong  coarfe  grafs  (called  by  the  Hotten- 
tots Bnjlimeti's  grafs),  without  any  mixture,  but  fo 
coinpatt  and  firmly  knit  together  as  to  be  impenetrable 
to  the  rain.  This  nucleus  is  the  commencement  of  the 
ftrufture  ;  and  each  bird  builds  and  applies  to  it  its  par- 
ticular neft.  But  thefe  cells  are  formed  only  beneath 
and  around  the  mafs ;  the  upper  furface  remains  void, 
without,  however,  being  ufelefs ;  for,  as  it  has  a  pro- 

jeding 
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je£linf^  rim,  and  is  a  li'ttic  inclined,  it  ferves  to  ItL  the 
watLT  nin  off,  and  pKfvfrves  each  dwelling  from  the 
_  rain.  Figure  to  yoiirfelf  a  huge  irregular  niafs,  the 
fummit  forming  a  kind  of  roof,  and  all  the  otlicr  parts 
of  tiie  furface  completely  covered  with  cells  fcpieczcd 
one  againft  another,  and  you  will  have  a  tolerably  ac- 
curate idea  of  theie  fmgular  edifices. 

Each  cell  is  three  or  four  inches  in  diameter,  which 
is  fufficient  for  the  bird.      But  as  they  arc  all  in  con- 
taft  with  one  another  through  the  (rrcater  part  of  the 
furface  of  the  mafs,  they  appear  to  the  eye  to  form  but 
one  building,  and  are  diilinguiHiable  from  each  other 
only  by  a  little  external  aperture,   which  fervcs  as  an 
entrance  to  the  neft  ;  and  even  this  is  fometimes  com- 
mon to  three  different  nefts,  one  of  which  is  fituated  at 
the  bottom,  and  the  other  two  at  the  fides. 
'The  nert  which  he   examined    contained  320  inha- 
bited cells,  which,  fuppufing  a  male  and  female  to  each, 
announce  a  fociety  of  640  individuals.      Such   a  calcu- 
lation, however,  would  not  be  exaft  ;   for  whenever  our 
author  fired  at  a  flock  of  thefe  birds,   he  always  killed 
four  times  as  many   females  as  males.   «   For  the  reft 
(fays  he),   thefe  birds  have  nothing  very  remarkable  in 
their  plumage.      It   is  an  uniform  brown  grey,  diverfi- 
fied   by  a  few  black    fpots   on   the  fides,  and  a  large 
patch  of  the  fame  colour  on  the  throat.     The  male  is  a 
litt  e  larger  than  the  female  ;  in  other  refpefts  chey  ex- 
actly relemble  each  other." 

RESIDUAL  ANALYSIS,  a  calculus  propofed  bv  the 
inventor,  Mr  Landen,  as  a  fubftitute  for  the  method  of 
fluxions._    The  objeft  of  this  fubflitution  was  to  avr.J 
mtroduc.ng  the  idea  of  motion,  and  of  quantities  inri- 
mtely  or  mdehnitely  fmail,  into  mathematical  inveftiea- 
tion.      I  he  refidual  analyfis  accordingly  proceeds,  by  U- 
king  the  difference  of    the  fame  funftion    of    a  vari- 
able qj^antity  m   two  different  ilates  of  that  quantity, 
ai^    expreffing  the  relation  of    this  difference  to  the 
difference  between  the  two  ffates  of  the  faid  variable 
quantity  itfelf.     This  relation  being  fii-ft  expreffed  <rene- 
rally   is  then  coniidered  in  the  cafe  when  the  diffefence 
of  the  two  ftates  of  the  variable  quantity  is  =  o  •   and 
by  that  means  it  is  evident,  that  the  fame  thing  is  done 
aswlien  the  fluxion  of  a  funftion  of  a  variable  quantity 
IS  affigned  by  the  ordinary  methods. 

The  evolution  of  the  funftions,  confidered  in  this  ve- 
ry general  view,  requires  the  aff.ftance  of  3  new  theo- 
rem, discovered  by  Mr  Landen,  and  remarkable  for  its 
iimphcity,    as   well  as  its  great  extent.      It  is,    that 


ff  X  and   -y    are    any  two  variable   quantities,  - 
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where  ri  and  «  are  any  integer  numbers. 

This  theorem  ^s  the^bafis  of  the  calculus;  and  from 

the  expreflions  .v" — ■v''    a„H  v  u     ■        1      r 
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what  algebralfts call  rrj;j,<nfs,  the  ingenious  invent orgave    Ren<!,ar 
to  his  whole  method  the  name  of  t!ic  i-fdu,,/  a,mlJs  I' 

I  he  hi-ft  .account  of  this  method  was  publilhcd'bv'''  " 
Mr  Landen  in  1758,  under  the  title  of  a  nifrourf' con-^ 
'T'c"I  "\^'f"'""l  ^"^'Xfi'-  'i'i'e  r.,(l  book  of  the 
Refidual  Analyfis  itfelf  was  pibiifhed  ini-fii-  and 
contained  an  exj.lanation  of  the  principles  of  the  new 
ca  cuius,  with  its  application  to  feveral  of  the  motl  con- 
l.derable  problems  belonging  to  the  direct  method  of 
fluxions.  The  fecond  book  was  intended  to  give  the 
folution  of  many  of  the  moft  difficult  problems  That  be- 
long to  the  mverfe  method  of  fluxions,  or  to  the  inte- 
gral calculus  ;  but  it  has  never  been  publilhed  :  a  clr- 
cumrtance  which  every  one,  who  has  taken  the  trouble 
to  (ludy  the  hrft  part  of  the  work,  will  very  much 
regret.  ■' 

If  we  eftimate  the  value  of  the  refidual  analvfis 
from  the  genius,  profound  knowledge,  and  extenf.ve 
views  required  to  the  difcovery  of  it.'it  will  rank  hi<^h 
among  works  of  invention  :  but  [f,  on  the  other  haifd.  - 
we  elhmatc  Its  value  by  its  realpraftical  utility,  as  aiv 
in  rument  of  inyedigation,  we  muff  rate  it  much  lower. 
When  compared  with  the  fluxionary  calculus,  which  it 
was  intended  to  fuperfede,  its  principles,  though  in  ap- 
pearanee  more  rigorous,  are  much  lefs  eafily  appre- 
hended, much  lefs  luminous,  and  lefs  direft  in  their  ao- 
phcation  :  and  therefore,  as  a  means  of  extending  the 
bounds  of  mathematical  fcience,  it  mud  ever  be  refrard- 
ed  as  vattly  inferior  to  the  latter  (a.) 

RETICULA,  or  Reticule,  in  ailronomy,  a  con- 
trivance for  meafuring  very  nicely  the  quantity  of  eclip. 
K      in     ■     \  '"'  ™'"'="^  introduced  fome  years  fince 
by  the  Pans  Academy  of  Sciences,   is  a  Ift'tle  frame, 
conliling    of    ,3   hue  filken   threads,  parallel  to,  and 
equidiftaat  from,  each  other,  placed  in  the  focus  of  ob- 
jed  glaffes  of  telefcopes  ;  that  is.  in  the  place  where 
the  image  of  the  luminary  is  painted  in  its  full  extent. 
Conlequently  the  diameter  of  the  fun  or  moon  is  thus 
leen  divided  into  ,2  equal  parts  or  digits  :   fo  that,  to 
find  the  quantity  of  the  eclipfe,  there  is  nothing  to  do 
but  to  number  the  part*  that  are  dark,   or  that  are  lu- 
minous.    As  a  fqnare  reticule  is  only  piuper  for  the 
diameter  of  the  luminary,  not  for  the  circumference  of 
It,  It  IS  fometimes  made  circular,  by  drawing  fix  concen- 
nc  equiddlant  circles,  which  reprefents  the  phafes  of 
the  ecliple  perfeftly.      But  it  is  evident  that  the  reti- 
cule   whether  Iquare  or  circular,   ought  to  be  perfeftlr 
equal  to  the  diameter  or  circumference  of  the  fun  or 
Itar,  inch  as  It  appears  in  the  focus  of  the  glafs  ;  other, 
wife  the  divifion  cannot  bejull.     Now  thif  is  no  eafy 
matter  to  effcft    becaufe  the  apparent  diameter  of  the 
fun  and  moon   ditteis  in  each  eclipfe;   nay,   that  of  the 
moon  differs  from  itfelf  ,n  the  progrefs  of   the  fame 
echpfe.      Another  imperfeftion  in  the  reticule  is,  that  its 
magnitude  IS  determined  by  that  of  the  image  in  the  foL 
cus  ;  and  of  confequence  it  will  only  fit  one  certain  mag. 
nitude.     bee  Micrometer,  Encycl  ** 

REVETEMENT     in  fortification,    a  ftrong  wall 
built  on  the  outiule  of  the  rampart  and  parjpet,  to  fuo. 
port  the  earth,  and  prevent  its  rolling  into  the  ditch 
REVIVIFICATION,  in  phyfiology,  the  recaUing 
3  ^  to 


^X  ^SLZ:^^'  ^^^/^./^,  we  are  obliged  to  Mr  Playfair  proflflbr  of  Mathematic.  in  the  U„i. 
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R«i*ifica-  to  life  of  animals  apparently  dead.     There  are  many 

'i<".       kinds  of  infcfts  which  may  be  revivified    after  all  the 

„  ^","'^     power,  of  animation  have  been   fulpended   for  a  cotili- 

"^'^tr'lrM.  time.       Common    flies,    fmnl    beetles,  fpiders, 

«—V—^  moths   buLT,,  &c.  after  being  drowned  in  fpirit  ot  wme, 

and  continuing  -apparently  deud  for  more  than  a  quarter 

of  an  hour,   have  betn  reftovcd  to  hie  merely  by  being 

thro^vn  among  wood  afhes  niy;htly  warm.  _ 

While  Dr  Franklin  rell<!cd  in  France,  he  received 
from  America  a  anantity  of  Madeira  wine  which  *ad 
been  bottled  in  Virginia.  In  lome  of  the  bottles  he 
found  a  few  dead  flies,  which  he  expofed  to  the  warm 
fnn,  it  being  then  the  month  of  July  ;  and  in  lets  than 
three  hours  thefe  apparently  de^d  animals  recovered  lite 
which  had  been  fa  long  fufpended.  At  ilrft  they  ap- 
peared  as  if  convulfed  ;  they  then  railed  themfelves  on 
their  legs,  wathed  their  eyes  with  their  fore  teet,  drclied 
their  wings  with  thofe  behind,  and  began  in  a  little  time 

to  flv  about.  •  -c     .• 

But  the  mod  extraordinary  inftance  of  revivihcation 
th?t  we  ever  heard  of,  is  the  following  :  In  the  warmer 
parts  of  France  there  is  an  hA,&  very  deftn-ftive  to 
rye,  which  feems  to  begin  its  operations  at  the  root  ot 
the  plant,  and  gradually  to  proceed  upwards  to  the  ear. 
If  the  plant  be  completely  dried  while  the  mfeft  ts  in 
the  root  or  ftem,  the  animal  is  irrecoverably  killed;  but 
after  it  has  reached  the  grain,  the  cafe  is  very  different. 
There  have  been  inllances,  which  are  noticed  in  the 
Academy  of  Sciences,  of  thefe  infers  being  brought 
to  life  in  a  quarter  of  an  hour,  by  a  little  warm  water, 
after  the  grains,  in  which  they  were  lodged,  had  been 
kept  dry  for  30  years. 

What  is  the  metaphyfician  to  think  of  thele  phx- 
Bomena,  or  what   conclufion  is  he  to  draw  from  them 
with  refpca  to  the  mind  or  fentlent  principle  ?  If  he  be 
a  fober  man,  he  will  draw  no  conelufion  ;  and  for  this 
very  good  reafon,  that  of  the  fentient  principle  of  in- 
fefts,  and   indeed  of  every  animal  but  man,  he  knows 
nothing.     He  is  confcious  that  it  is  the  fame  individual 
being,  which,  in  himfelf,  thinks,  and  wills,  and  feels ;  he 
knows,  that  part  of  his  thought  is  not  in  one  place  and 
part  of  it  in  another  ;  and  therefore  he  rationally  con- 
chides  that  this  thinking  being  is  not  matter,  wliiUl  ex- 
perience teaches  him  that   it  quits  the  material  fyftem 
as  foon  as  that  fyftem  becomes  completely  unht  to  dif- 
charge  its  funftions,  and  that  when  it  has  once  taken 
its  fii-rht,   it   canaot  be  recalled.      Experience  teaches 
him,  on  the  other  hand,  that  the  fentient  principle  of 
thefe  infeas  does  not  quit  the  material  fyftem  as  foon 
as  that  fyftem  feems  unfit  for  its  funaions  ■,  and   hence 
he  oufrht  to  infer,  that  the  minds  of  men  and  of  infeas 
(if  we  may  nfe  fuch  language),  though  probably  both 
immaterial  are  very   different  fubftances  ;  and  that  the 
bond  which  unites  the  material  and  immaterial  parts  ot 
in   infea,  is  certainly  dltferent  from  that  which  unites 
the  mind  and  body  of  man.     This  is  the  only  inference 
which  can  be  legitimately  drawn  from  thefe  phenomena  ; 
and  he  who  makes  them  the  bafts  of  materialifm,   muft 
S16       have  his  judgment  warped  by  fome  paflSon  or  prejudice. 
Narrative        REVOLUTION  OF  France.     We  formerly  pre- 
tontinucd.  ^^„i^^  to  our  readers  a  concife  ftatement  of  the  com- 
mencement and  progrefs   of    this  extraordinary  event 
(See  Revolution.  Encyc!.).     The  ftngularity   of  its 
nature,  and  the  important  place  which  it  mull  hereafter 
■    occupy  in  the  moral  and  pohtical  hiftory  of  mankind, 
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require  that  we  ftiould  now  refume  and  continue  tlic  French 
detail  of  its  wide  wafting  career.  We  left  the  fubjcal^'™';;™ 
towards  the  commencement  of  the  year  1795,  at  the 
clofe  of  that  wonderful  campaign,  during  which  the 
arm.ies  of  the  Republic  had  exerted  tliemfelves  with 
fuch  unparalleled  fuccefs  in  every  direaion.  On  the 
one  fide  they  had  croifed  the  Pyrennees,  and  fliaken 
the  Spanifii  monarchy  to  its  centre  ;  while  on  the  olher 
they  had  driven  the  united  forces  of  Auftria,  Prufl[ia, 
and  Britain,  from  the  walls  of  Landrecies  acrofs  the 
Rhine,  at  all  points  from  Hageneau  to  the  fea,  and  had 
finally  clofed  their  eiTorts  by  the  conqueft  of  Holland. 
At  that  period,  though  a  prolongation  of  hoftilities 
was  threatened,  we  fcarcely  cxpeaed  that  Europe  was 
fo  foon  to  witnefs,  or  we  to  record,  a  fucccffiou  of  mi- 
litary enterprifes  of  a  ft.ill  more  romantic  and  extraordi- 
nary nature,  the  fcene  of  which  was  even  to  extend  into 
barbarous  countries,  where  the  opinions  and  the  quarrels 
of  the  European  nations  had  hitherto  remained  unknown. 

The  campaign   of   17941  however,    was    not  imme- DiniiniflieiJ 
diately  followed  by  any  important   military  exertions. '""gy  of 
The   Britifti  troops  were  recalled    home,    Pruffia  had'^^^^^""^" 
been  o-radually  withdrawing  from  the  coalition,  and  the 
Anftrlan  armies  remained  upon  the  dcfenfive.      Neither 
was  the  French  government  in  a  lituation   which  could 
enable  it  to  renew  its  enterprifes   with  vigour,  or  to 
give  much  trouble  to  the  allies.     The  Convention  ftill 
exifted  ;    but   it  was  no  longer  that   terrible  afl"embly 
which,  under  Robefpierre  and  his  affoclates,  had.  In  the 
fiiort  period  of  fifteen  montlis,  reduced  two  thirds  of 
France  under  its  dominion,  and  fent  forth  armies  which 
tne  combined  ftrength  of  the  reft  of  Europe  fcemed 
unable  to  refift.     While  its  authority   remained  almoft 
concentrated  in  one  man,  and  while  the  fear  of  foreign 
invafion,  and  the  new  born  enthufiafm  for  freedom,  in- 
duced the  people  to  fubmit  to   every  meafure  of  go- 
vernment, however  opprefllve  or  arbitrary,  the  power 
of  the  Convention,  and  the  number  of  Its  armies,  were 
unbounded.     The  dreadful  price,  however,  which  they 
had  paid  for  liberty,  and  the  facility  with  wdilch  they 
faw  it  might  be  loft,  had  now  diminiftied  the  political 
zeal  of  all  claffes  of  citizens.     The  removal  of  the  fo- 
reign  arm.ies  had  difpelled  the  dread  of  invafion,   and 
the  death  of  Robefpierre,  by  diffolving  the  unity  of  its 
efforts,  and  fuffering  It  to  fall  into  contending  faaions, 
had  greatly  weakened  the  authority  of  the  Conv;iition, 
and  diminiftied  its  efficiency  as  a  government. 

The  fall  of  Robefpierre  had  been  accompllflied  by  two 
feparate  confpiracles.   At  the  head  of  one  of  thefe  were, 
Barrere,   Blllaud  Varennes,  and  Collot  d'Herbois,  who 
had  been  members  of  the  Committee  of  public  fafety. 
The  other  confpiracy  confiftcd  of  members  of  the  Con- 
vention who  did  not  belong  to  the  c.  mmittees,  and  had 
no  immediate   ftiare    in    the    admlnlftration.       Among 
thefe,    Tallien,  Bourdon  de  I'OIfe,  and  Lecomtre  of 
Verfaillcs,  were  confplcuous.     After  the  dcftrudion  of 
their  mutual  tyrant,  a  conteft  for  power  took  place  be- 
tween thefe  parties.     The   popularity  of  Robefpierre 
had  once  been  fo  confiderable,  and  all  men  had  fabmit- 
tcd  fo  tamely  to  his  dominion,  that  both  parties  ac-       iip 
counted  it  neceffary,  in  their  fpeeches  and  writings,  "Andii 
juftifv  to  the  nation  the  fliare  they  had  taken  in  ac-^^^^^^^ 
compllftiing  his  ruin.      It  was  eafy  to  be  eloquent  tipon  ^i^s, 
fuch  a  topic  ;  but  its  difcuffion   naturally  operated  to 
the  difcredit  of  the  members  of  the  committee,  and  ot 

the 
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French     the  more  violent  Jacobins,  who  had  been  the  immediate 

R""''^"°"'iii(lrurr.ents  for  canyini^  into  cffeS  his  ianguinary  mca- 

,     ''y'      fures.     They  nivcrtlielcls  retained  poiTcfTioii,   for  fomc 

time,  of  a  confKieraHc  portion  of  power.      The  currtnt 

of  public  opinion,  however,  ran  fo  llrongly  agalntl  them, 

and  the  relloratioii   to  their  feats   in  the  Convention  of 
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furgents  arrived,  drove  tlic  ccntlnels  from  their  ports,     Prtrch 
and   luddcnly   filled  the  hall.      They   tmnultuuufly  de- '^"^*'"'""'"'» 
manded  "  Bread,  and  the  Conftitution."      The  Jacobin       '^'^'"    . 
party  iiinported  tiie   infurgents  ;  and  one  of  tl^e  niuUi- 
ludc,   in   a   vclieincnt   harangue,  exclaimed,   "  We   are 
men  ot  the  14th  of  Jnl\ ,   of  llie  lotli  of  Au^'ull,  ai.d 


the   feventy  one    imprifoned   members  of  tiie  Girondill  of  the    3  ill  of  May."      Ht   demanded,   that  the  Co.i- 

party,  added  fo  much  to  the   llrcni;th  of  their  antago.  vcntfon  Ihoiild  change  it.s  late  meafiires,  that  the  people 

uills,   that  they  graduidly  loll  their  inflnenct,  and  were  (hould  no  longer  be  tlie  victims  of  mercantile  rapacity, 

threatened  to  be  brought  to  trial  for  their  condutl.  and  that    the  aceufed   patriots   ihould  not   be  facrificcd 

As   early   as  Auguil  fj()4,   Lccoiutre  of  A'trfaiilcs  to  the   palTions  of  their  aiitagonills.     The  Convention 

had  denounced  the  members  of  the  old  committee  of  fafe-  ordered  the  tocfin  Ui  be  rung,   and  the  people  of  Paris 


ty  ;  bat  his  accufation  at  that  time  produced  little  ef- 
letl.  Towards  the  end  of  that  year,  however,  their  ap- 
proaching fall  became  evident.  On  the  26th  of  De- 
cembtr  the  Convention  ordered,  on  the  motion  of  Clau- 
zel,  that  tlie  eonimiLtees  lliould  imiiiLdiately  report  up- 
on the  condudl  of  the  rcprcfentatives  denounced  by  L.c- 
coiiitre  and  all  France.  Accordingly,  on  the  following 
day.  Merlin  of  Douay  reported,  in  the  name  of  the 
committees,  that  there  was  no  caufe  for  inquiry  Into  the 
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General  PIchegru  was  in  I'aris 
at  the  time  ;  and,  upon  the  motion  of  Barras,  he  was 
appointed  to  the  eonmiand  of  the  military  force.  n, 

The  citizens  of  Paris,   who  remembered  wltii  horror  Which  it 
the  domination    of   Rohefplerre  and    '.is  adliereiits,   and '5"='''^<' ''f 
now  faw  themfelves  menaced   with  its  return,   inllimtly '''''^^Sf"- 
called  each  other  to  arms,  and  allembled,   by  fix  In  the 
evening,  for  the  protection  of  the  Convention,   to  the 
amount  of  20,003  men.      Till  that   time  I  he  alTenihly 
conduvSl  ot  Voulaiid,  Amar,  and  David  ;  but  tiiat  there     had  remained   under  no   fmaU  difquietude,   furrounded 
was  room  for  examining  the  condurt  of  Barrere,  BlUaud     by  the  infurgcnts,  and  iilleiiing  to  tlie  addrefll-s  of  their 
Varennes,  Collot  d'Herhols,  and  Vadier.  orators,  and  the  fpeeches  of  the  Jacobin   minority  ia 

In  confeqnence  of  this  report,  a  committee  of  twenty-     their  favour.      The  majority  was  now  refcued  from  this 
one  members  was  appointed  to  make  the  enquiry.      On     flate   of  conllraint  ;  and,  on  the  motion  of  Dumont, 
the  2d  of  March  this  year  (1795),   Saladin   prefented     without  proceeding  farther  in  the  trial,  it  was  decreed 
the  report  of  the  commiirion  ;   in  which   thefe  four  de-     that  Barrere,  Collot  d'Herbois,  and   BlUaud  VarenneS, 
puties  were  aceufed  of  having  participated,  as  members     fhould  immediately  be  tranfported  to  Guiana, 
of  the  governing  committee,  in  the  tyranny  and  atroci-         During  the  following  day  the  infurgents  were  com- Viiftorv  of 
ous  meafures  of  Robefpierre.      Their  trial   commenced     pletely  fubdued  ;  and  the  majority  of  the  Convention, '*''=  *^""- 
before  the  Convention  on  the  2 2d  of  March  ;   but  pre-     taking  advantage  of  their  vlAory,  decreed  the  arreft  ^^"'''"'' 
vious  to  that  period,  Vadier  had  made  his  efcape.    The     and  confinement,  in  tiie  callle  of  Ham  in  Picardy,  of  fe- 
others    remained,    and   relied   their  defence    upon   this     veral  of  the  moll  obnoxious  of  their  anti'^onifts.     A- 
grouiid,   that   although   members  of  the  committee  of    mong  thefe  were  Leonard  Bourdon,  Duhem,  Chafles 
fafety,  they   had  no    power  to  refill    Robefpierre,  and     Choudieu,   Ruamps,  FoufTedoire,   Huguet,    Dtyle,  Le- 
that  they  were  not  more  culpable  in  having  acquiefced     cointre,  Canibon,  Thurlot  Malgnct,  Heutz,  CiafFous, 
in  his  tyranny  than  the  other  members  of  the  Conven-     and  Levafleur.      By  departing  from  the  punifiiment  of 
tion,  who  had  all  been  overpowered  for  the  time  by  the     death,  and  adopting  that  of  banKlunent  on  this  occa- 
knowledge  that   inllant  deflruftion  awaited  every  man     fion,  the  Convention    expefted  to  diminiflj  the  ferocity 
who  (hould   dare  to  oppufe   his   meafures.     Except  in     of  the  contending  faitions  in  the  Hate,  by  rendering  the 
the  cale   of  the  crutltles  committed  by  Collot  d'Her-     refult  of  a  political  defeat  lei's  fatal  than  formerly.    The 
bols  at  Lyons,  this  defence  was  probalily  by  no  means     defigu  wa  .  good  ;  but  in    attempting  to  accompllfh  it, 
dcllitute  of  foundation.      It  had  nuieli  weight  with  the     they  ellablilhtd   the   pernicious   precedent  of  inllicling 
nation  at  large  ;  in  whofe  eyes  it  tended,   not  to  cxcul-     punllhment  without  a  trial,  which  could  fcarccly  fail  to 
pate  the   three  perfons  now  aceufed,  but  to  criminate     prove  highly  dangerous,  if  not   ultimately  fatal,  to  all 

their  profpeds  of  a  free  and  jull  government.  ^^ 

The  Convention   now  followed  up  its  vidory  with  PropoVal 
the   popular  meafnre  of  preparing  for  its  own  dllTolu-for  a  new 
tion,  by  endeavouring  to  frame  a  fixed  conllitution  for ''.""'^'"^ 
the  Republic.     The  conftitution   which   had  been   de-"""' 
creed  in  1793,   under  the  aufplces  of  Robefpierre,  was 


and  degrade  the  charadler  of  the  whole  Convention 
Carnoi,  Llndet,  Cambon,  Duhem,  and  the  other 
nded  1  y  members  of  what  was  now  called  the  Jacobm  party,  de- 
fended their  leaders  with  conllderable  ability,  and  with 
much  vehemence.  Nor  was  tlie  party  lefs  adlive  with- 
out doors  than  within  the  hall  of  the  Convention.     For 


fome  time  they  had   drawn   their  friends  to  the  capital  conhdered  as  impradticable,  and  a  committee  was  ap. 

from  all  quarters  of  the  country  ;  and  in    the  morning  pointed  to  report  upon  the  meafures  which  ought  now 

fitting  of  the  firll  of  April,  ilicy  commenced  their  ope-  to  be   adopted.      It   conlilled  of  Sieyes,    Cambaceres, 

rations   by  an  open   inlurredtlon.      An  inimenfe  multi-  Merlin  of  Douay,  Thibaudeau,   Mathieu,  Le  Sage  of 

tude  having  affembled  in  the  fuburbs,  proceeded  to  the  Eure  and  Loire,  and  Latouche.  On  the  f9th  of  April, 

hall  of  the  Convention.     A  real  or  faftitious  fcarcity  Cambaceres  reported,  that  it  was  the  opinion  of  this 

exifted  at  the  time.     Taking  advantage  of  this  circum-  committee   that  a  commiffiou  fhould  be  appointed  to 

ftance,  they  pretended  they  were  going  to  petition  for  frame  an  entirely  new  conllitution.     The  Convention 

bread;  and  this  pretence  drew  numbers  along  with  them  accordingly  appointed  the  following  perfons  to  this  im- 

who  had  no  fhare  in  their  defigns.  portant    of&ce,    Le   Sage,    Lou  vet,    Boiffy   d'Anglas, 

Boiffy  d'Anglas,  a  confpicuous  member  of  the  mo-  Creuze,  Latouche,  Bertier,  Daunow,  Baudin,  Durand, 

derate  party,   was  addrefling  the  Convention  upon  the  Maillane,  Languinais,  La  Reveillere  Lepaux,  and  Thi- 

means  of  removing  the  prefent  fcarcity  when  the  in-  baudeau.     All  other  citizens  of  every  defcription  were 
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and  eiUercd  the  hall  with  cockades,  on  wliicli  w;is  writ-      ' ^^^ • 
ten  the  infcriptiuu,    "  Bread,  and  the  conllitution  of      211; 
1793."     While   things  were  in   this  Rate,  a  citizen  of  Whomur- 
the  party  of  tlie  Convention   rafhly  tore  off  the  hat  of '^'■'"  f"™' of 
one  of  the   infiirgents,  and  was  immediately  affaulted^      .°°" 
with  fwords  by   the  multitude.      He   fled  towards  the  _j|,(j  jrive 
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at  the  fame  time  invited  to  communicate  projects  upon  obtained  ;   but   the  attack  was  fpeedily  renewed  witii     Frei,ch 

the  fubjec^,  and    the  committee  was  required  to  order  double  fury  by  armed  men,  who  fubdued  all  oppofition,  ^'^'''''"'011/. 
the  bell  conceived  of  thefe  to  be  printed. 

The  Convention  farther  gratified  the  feelings  of  the 
great  majority  of  the  nation,  by  bringing  to  trial  Fou- 
quier  JcnviUe  the  prciident.  ar.d  fifteen  judges  and  jurors 
of  the  late  revolutionary  tribunal.  They  were  couvift- 
ed  on  the  >5th  of  May,  and  executed  on  the  following 

day,  amidll  the  execr.itions  of  a  multitude  of  fpcftators.  prcfident's  chair,  and   was  killed  at  the  fide  of  it  by  a  it  frem  ito 

In  the  mean  time,  though  defeated  on  the  ill  and  raufcet  (hot.      Ferand,  one  of  the  members,  having  at- hall. 

2d  of  April,  the  Jacobins  by  no  means  confidered  them-  tempted  to  refcue  him,  was  alfo  attacked.     He  efcaped 

fclves  as  fnbdned.      On  the  contrary,  they  were  prepa-  into  one  of  the  paffages,  where  he  was  alfo  killed,  and 

ring   a    new   and    more    extenfive    infurreiftion,    which  his  head  was  brought  into  the  Convention  upon  a  pike. 

Ihould  not,   like  the  former,  be  confined  to  the  capital.  The  greater  number  of  the  members  now  gradually  de- 

They  fixed  upon  the  20th  of  May  as  the  day  of  revolt,  parted,    and  left  the  hall  in  poffefGon  of  the  iiifurgcnts, 

Thuriot,    and    Robefpierrc's    financier    Cambon,     had  who  aded  with  fonic  regularity,  and  propofed  a  variety 

found  means  to  efcape  from  the  callle  ot   Ham  in  Pi-  of  laws  favourable  to  their  party,    which  were  inftantly 

cardy,   and  to  come  to  Paris.     They  concealed  them-  decreed.      Dnroi,  Diiquefnoi,  Bourbotte,   and  Goujon, 

ftlves  in  the  fubiirb  St  Antoine,   and  from  thence  gave  were  the  members  who  ftood  mod  openly  forward  on 

counlel  to  their  party,  and  nrged  them  to  aftion.    The  this  occafion,  and  appeared  as  chiefs  of  the  infurrec- 

fcarcity   of  bread  had   increafed,    and    advantage   was  tion.     But  their  triumph  only  lafted  a  few  hours.     To- 

again  taken  of  this  circumflance.      For  fonie  days  the  wards   the  evening  a  large  body  of  citizens  joined  the 

walls  were  covered  in  various  places  of  Paris  with  print-  military,  and  marched  to  the   aid  of  the   Convention, 

ed  accufations  againft  the  Convention  of  withholding  Having  overcome  the  infurgents,  they  entered  the  hall 

bread  from  the  people,  and  attempts  were  made  to  ex-  in  great  force,  and  reftored  the  powers  of  the  majority. 

«.ite  the  troops  in  the  city  to  join  the  difaffefted  party.  The  decrees  that  had  been  forced  upon   them  were  re- 

On  the  evening  of  the  19th,  a  paper  was  openly  dillri-  ptaled   as  fpeedily  as  they  had  been   enabled,  and  the 

buted  in  the  different  ftftions,  explaining  the  ohieit  of  deputies  who  had  propofed  or  fupported  them  were  ar- 

the  approaching  infurreAion.      It  declared  infurreftion  relied.' 

to  be  the  molt  facred  duty  of  the  people,  and  called  The  citizens  of  Paris,  and  even  the  members  of  the 
upon  the  citizens  of  Paris  to  proceed  in  a  mals  to  the  Convention,  appear  now  to  have  fancied  their  viilory 
Convention,  to  demand  from  it  bread  and  the  ellablilh-  complete  ;  for  they  adopted  no  adequate  meafures  to 
ment  of  Robefpicrre's  conilitution,  together  with  a  new  prevent  a  new  dillurbance.  But  the  Jacobins  did  not 
eleftion  of  national  reprelcnt.ilives.  i'o  eafily  give  up  their  own  caufe.  On  the  following 
On  tbe  morning  of  the  20th,  the  tocfin  was  rung,  day  they  once  more  afTembled  in  the  fuburbs,  and  in. 
and  drums  beat  to  arms  in  the  fnburb  St  Antoiut,  the  afternoon  they  returned  to  the  attack.  They  took 
which  had  always  been  the  quarter  of  the  city  in  pofrefTion  of  the  Caroufal  without  oppofition,  and  point- 
which  the  Jacobins  poffeiTed  the  greatell  ftrcngth.  Up-  ed  fome  pieces  of  cannon  againll  the  hall  of  the  Con- 
on  this  alarm  the  Convention  alTembled  ;  but  although  vention.  This  aflembly  was  now  unprotedled,  and  at-  216 
the  intended  infiirreftion  was  no  fecret,  and  though  the  tempted  not  to  fnbdue,  but  to  flatter,  the  infurgents.  A  Meannels 
committee  of  public  and  general  fafety  now  made  a  re-  deputation  of  the  members  was  fent  forth  to  fraternife^f 'he  Con. 
port,  in  which  they  confcfTed  their  previous  knowledge  with  them,  and  to  carry  forth  two  decrees  paffed  at  "'^''"°"" 
of  it,  yet  it  does  not  appear  that  any  vigorous  meafures  that  inllant,  which  ordained  that  bread  fliould  abound, 
of  precaution  had  been  taken  ;  for  it  was  only  ct  the  and  that  Robefpierrc's  conllitution  of  1793  fliould  ini- 
inllaut  when  the  infurgents  were  actually  approaching  mediately  be  put  in  force.  The  infurgents,  in  return, 
that  General  Hoche  was  appointed  to  command  the  fent  a  deputation  to  the  Conventitjn,  to  exprefs  their 
armed  force,  niid  was  fent  forth  to  afiemble  the  military  fatisfadtion  with  the  decrees,  to  demand  the  releafe  of 
»nd  the  citizens  for  the  defence  of  the  Conventii'n.  In  the  imprifoned  patriots,  and  the  punifliment  of  thofe 
the  mean  time,  the  multitude  furrounded  the  hall,  who  preferred  money  to  aflignats.  The  Convention 
They  foon  ovei  powered  the  guards,  and  burft  into  the  pretended  to  agree  to  all  their  demands,  and  the  prefi- 
midll  of  the  sffembly  In  all  the  turbulent  days  of  the  dent  was  ordered  to  give  to  the  deputation  the  frater- 
revolution,  the  women  of  Paris  have  never  failed  to  acl  nal  embrace. 

a   confpicuous    part.     On    this   occafion   they   greatly         The  22d,  which  was   the  third  day  of  the  infurrec- 

augmented  the  crowd  by  their  numbers,  and  the   tu-  tion,  appears  to  have  been  paffed  by  both  parties  in  a 

mult  by  their  cries  of  "Bread,  and  the  conflitution  of  llrange  degree  of  inaftion.     The  Convention  proceed- 

^793«"  ^^hich  was  the   rallying  exclamation  of  the  par-  ed  in  its  ordinary  bufinefs  ;  and  the  Jacobins,   at  their 

ty.  After  fome  fruitlefs  efforts  to  rellore  tranquillity,  head  quarters  in  the  fuburb  St  Antoine,  were  occupied 
Vernier  the  prelident,  an  old  man,  refigned  the  chair  to  in  confultations  and  preparations  for  new  movements. 
BoifTy  d'Anglas,  who  remained  in  it  with  much  firm-  But  on  the  following  day  the  citizens  afTembled  at  their 
nefs  during  the  day.  The  whole  flrength  of  the  in-  feftions,  and  hadened  from  thence  to  the  Thuilleries  to 
furgents  had  not  arrived  at  once  ;  for  the  firil  parly  defend  the  Convention.  Confiderable  bodies  of  the 
that  approached,  altliough  they  forced  their  way  into  military  were  alfo  collefted,  and  the  affembly  at  laft  re- 
the  hall,  were  foon  repulfed  by  the  aid  of  a  few  fol-  folved  to  adl  upon  the  offcnfive.  A  decree  was  paffed, 
dicrs  and  citizens,  who  came  to  the  afiiftance  of  the  declaring,  that  if  the  fuburb  St  Antoine  did  not  m- 
Coiivention.     A  fhort  interval  of  tranquillity  was  thus     tlantly  furreuder  its  arms  and  cannon,  together  with 

the 
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French     the  murderer  of  Ferand,  it  fhould  be  confidercd  as  in  a 
Revolution,  j^^g  ^f  rebellion.     The   conventiornl  gencralj   were  at 
.    '^9'-      ^(^g  fame  time  ordered  to  reduce  it  by    forte.      The  in- 
1,^^      furgents  now  found  thcmfelvcs  unequal  to  the  conleft, 
Ifj  vi<5lory   and  were  compelled  tu  iurrender  witiiout  conditions  by 
♦"T""^!^- the  inhabitants  of  the  fcibiirb,  who  dreaded  the  dcllruc- 
'"       '        tion  of  their  property  by  military  operations.      Several 
foldiers  being  found  among  the  prifoners,   were  put   to 
death  ;  and   fix   members  of  the  Convention  were  tried 
and  condemned  on  this  occafion  by  a  military  commii- 
fion.      Three  of  thefe  perilhcd  by   felfflaughter,  and 
three  were  executed.      The  majority  of  the    Conven- 
tion, elated    by  their    viftory,    ordered    back    Collot 
D'Herbois,  Billaud  Varennes,  and  Barrere,  to  take  their 
trial  ;   but  the  two  former  had  failed  before  the  arrival 
of  the  courier.      Barrere  only  remained,    and  he  was 
brought  back  and  imprifoned. 

In  the  mean  time,  the  Jacobins  in  the  fouth  were 
not  lefs  aftlve  than  their  brethren  at  Paris.  On  the 
20th  of  May  they  formed  a  vigorous  infurreftion  at 
Toulon.  They  felzed  the  gates  and  mounted  them 
■with  cannon  ;  they  liberated  fuch  of  their  alTociates  as 
bad  been  imprifoned,  and  detained  the  fleet  which  was 
about  to  fail.  Having  begun  their  operations  in  this 
fuccefsful  manner,  they  marched  from  Toulon  towards 
Marfeilles.  Their  force  amounted  to  three  thoufand 
men  and  twelve  pieces  of  cannon.  They  were  encoun- 
tered on  their  way,  however,  and  defeated  by  Generals 
Charton  and  Padlod.  Three  hundred  of  them  were 
carried  prifoners  to  Marfeilles,  and  Toulon  was  fpeedily 
retaken. 

The  party  of  the  Mountain,  as  it  had  been  called,  or 
of  the  violent  Jacobins,  who  wifhed  to  revive  the  reign 
of  terror  and  the  meafuresof  Robefpierre,  was  now  re- 
duced very  low  both  In  the  Convention  and  out  of  it. 
Thofe  who  adhered  to  it  were  even  in  many  places, 
and  more  efpeclally  in  the  fouth,  expofed  to  very  vio- 
lent perfecution.  i-iflociations  were  formed,  called  Com- 
panles  of  yefus  and  of  the  Sun,  for  the  purpofe  of  aven- 
ging the  crimes  committed  by  them  during  the  period 
of  their  power.  At  Lyons  feveral  of  them  were  maf- 
facred  In  prifon,  and  many  of  them  In  all  places  pe- 
rifhed  by  aiTaflination.  On  confidering  the  mtrcilcfs 
fharafter  of  the  government  of  Robefpierre  and  his  af- 
lociates,  and  the  perfecution  which  was  iuffcred  under 
it,  not  merely  by  the  nobles  and  the  rich,  but  by  every 
man  who  was  diftinguilhed  by  integrity,  talents,  or 
literature,  it  may  appear  furprifing  that  it  Ihould  have 
obtained  admirers,  or  that  any  number  of  individuals 
fliould  have  been  found  willing  to  hazard  their  lives  to 
procure  its  reiloration.  Accordingly,  from  the  period 
of  the  fall  of  its  leader,  the  party  had  gradually  been 
iorfaken  by  its  adherents  ;  and  the  more  clofcly  its 
conduft  was  confidered,  it  loft  ground  the  more  rapid- 
ly In  the  eftimation  of  the  public.  After  the  unfuc- 
ccfsful  infurreftions  of  the  20th  of  May,  it  was  treated 
with  the  utmoft  contempt,  and  its  unpopularity  was  ex. 
treme.  Still,  however,  a  party  remained.  Itwasfniall, 
;  ,jj  indeed,  but  its  members  compenfated  the  inferiority  of 
''  Tio  dill  their  numbers  by  fuperjor  enterprife  and  aifllvity.  They 
,  tJin  their confiiled  of  outrageous  republicans,  whofe   heated  Ima- 

i'  ginations  beheld  royalty  and  arlftocracy  in  every  propo- 
fal  for  fober  and  regular  government.  In  the  conduft 
of  Robefpierre,  they  remembered  only  the  energy  of  his 
meafurcs,  by  which  France  was  cnaliled  to  triumph  over 
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the  combined  efforts  of  the  kings  of  Europe  ;  and  over-     Frf  nth 
looked  the  atrocities  by  which  he  had  brought  difgrace '^""' "''""' 
upon  their  caufe,  and  rendered  his  party  odious  to  their       '^''■^'    . 
own  countrymen,  as  well  as  to  the   neighbouring  na- 
tions.    Aniidil  the   uiiiverfal  odium,   hovi'evcr,  the  Ja- 
cobins did  not  delpair  of  rifing  once  more  into  power ; 
and  it  is  not  a  little  fingular,  that  we  mufl  date  the  re- 
vival of  their  Rrength  from  the  period  of  the  unfuccefs- 
ful  infurreclions  which  we  have  ju(l  recorded,  and  which 
feemed  to  have  extlnguilhed  their  hopes  for  ever. 

The  unpopularity  under  wiiich  the  Jacobins  labour- 
ed foon  began  to  atFeft  the  Convention  itfelf.  The 
tame  fubmilfion  of  that  body  to  the  government  of 
Robefpierre  was  now  remembered.  It  was  recollefted, 
that  the  majority  ot  its  members  had  been  the  inftru- 
ments  of  his  power,  and  had  applauded,  or  at  leaft  ac- 
quiefced  in,  his  crimes.  As  the  prefs  was  now  free, 
and  the  reins  of  government  unfteadily  held,  their  con- 
duft  was  reprefented  to  the  public  in  the  mod  odious 
colours.  A  celebrated  fong,  Le  Revet/  du  Puple,  be- 
came extremely  popular,  as  the  means  of  marking  dif- 
like  both  to  the  Convention  and  to  the  Jacobins  ;  and 
their  condu<5l  was  canvaffed  with  the  utnioil  bittcrnefs 
in  a  great  variety  of  publications,  but  more  efpccially  in 
ajournal  that  at  this  time  attracted  much  notice,  and 
which  was  condufted  by  Freron,  who  had  himfelt  been 
a  Jacobin,  but  had  now  abondoned  his  party. 

In  this  ftate  of  things,  the  majority  of  the  Conven-^^j  jcr',. 
tion  fpeedily  began  to  repent  of  their  late  vidory  overfy  the  Con- 
the  Jacobins.  In  the  firfl  efforts  of  their  zeal,  they '"^'"'<"'- 
had  taken  meafures  for  the  Immediate  formation  and 
eftablilhment  of  a  fettled  conftltution  to  fuperfede  their 
own  authority  ;  but  they  now  regretted  their  rafhnefs, 
when  they  perceived,  from  the  temper  the  nation  was 
in,  that  the  men,  the  mod  avowedly  hoftile  to  their 
character  and  meafures,  would  without  doubt  be  elefted 
as  their  fuccelfors.  They,  and  their  friends,  had  arifeu 
to  great  dlltindlion  and  wealth  under  the  revolutionary 
government  ;  and  they  now  began  to  dread,  not  onlv 
the  lofs  of  power,  but  alfo  a  fevere  Inveiflgatlon  of  their 
conduft.  Thefe  conliderations  foon  produced  their  na- 
tural effedls.  The  decrees  for  forming  and  putting  in 
force  the  conllltution  could  not  decently  be  recalled  ; 
but  the  majority  ot  the  Convention  fet  about  deviling 
means  fur  rendering  them  of  little  importance,  fo  far  as 
they  themfelves  were  concerned.  j-o 

On  the  23d  of  June,  BoIlTy  U'Anglas  prefented  the  ^^f*  cu"*-- 
report  of  the  committee  that  had  been   appointed  to*^""'!,""' 
prepare   the  plan   ot   a  conltitution.      It    began,    like^j  " 

the  former  coiillitutioiis,  with  a  declaration  of  the  rights 
of  man  ;  and  in  addition  to  this,  conliited  of  fourteen 
chapters,  upon  the  following  fubjedls  : — The  extent  of 
the  territoriaj  pofTclIions  of  the  Republic,  the  political 
ftate  ot  citizens,  the  i)rimary  afieinhlies,  the  eledoral 
aflemblies,  the  legidature,  the  executive  power,  the  mu- 
nicipal bodies,  the  judicial  authority,  the  public  force, 
public  Inftruftion,  the  finances,  foreign  treaties,  the 
mode  of  revifing  the  conllltution,  and,  lalHy,  an  enact- 
ment, that  no  rank  or  fuperiority  (lionld  exllt  among  ci- 
tizens, excepting  what  might  arile  from  the  cxercife  of 
public  funftions. 

The  primary  aflemblies  were  to  poffefs  the  right  of 
elefting  the  members  of  the  cleft  oral  aifembllcs,  and  al- 
fo the  juftlces  of  the  peace.  The  electoral  alTemblles 
\vcre  to  nominate  the  judges  and  the  legiflators  of  t!-.e 

flate^ 
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French  (late.  The  legifiaturc  was  divided  into  two  afTcniblies  ; 
*'^"^*'^"J'""'the  one  of  which  cim filled  of  250  members,  and  was 
called  the  Cnumil  of  the  /Indents,  as  none  but  niirricd 
men  and  widowers  above  40  years  of  age  could  be  mem- 
bers of  it.  The  otiicr  ail'cmbly  or  council  confiftcd  of 
500  members,  and  poffilTed  the  exclafivc  privilege  of 
propofing  the  lu'vs  ;  the  Council  of  Ancients  being  on- 
ly intitled  to  rejetf  or  approve,  wiliiout  power  to  alter 
the  decrees  prefented  to  it.  To  this  rule  there  was 
one  exception,  which  was  afterwards  employed  as  the 
means  of  overturning  the  whole  fabric  ot  the  conilitu- 
tion  ;  tlie  Council  of  the  Ancients  might  decree  the  re- 
inovdl  of  the  legiflature  from  its  ordinary  place  of  fit- 
ting. To  this  decree  the  approbation  of  the  Council 
of  Five  Hundred  was  not  neceffary  ;  and  when  once 
eiiafted,  it  could  not  be  confidered  even  by  the  Coun- 
cil of  Ancients  itfelf.  Onethiid  of  the  members  of 
the  two  Councils  was  to  be  elected  annually.  A  mem- 
ber might  be  once  re-clefted  but  he  could  not  be  ele£l- 
ed  a  third  time  till  an  interval  of  two  years  had 
elapfed. 

The  executive  power  was  intruded  to  five  perfons  of 
DireiJtory.  forty  years  of  age  at  leaft,  to  be  llyled  the  EKecutive 
D'treSory.  Its  members  were  eletled  by  the  two  Coun- 
cils ;  the  Council  of  Five  Hundred  elefting  ten  times 
the  number  of  candidates  that  might  be  neceffary  to  till 
up  the  vacancies,  and  the  Council  of  Two  Hundred  and 
Fifty  nominating  the  direftois  from  this  lill  of  candi- 
dates. One  member  of  the  Direftory  was  to  go  out 
annually  ;  fo  that  the  whole  might  be  changed  every 
five  years.  The  Executive  Direftory  had  no  vote  in 
the  enattment  of  laws  4  but  it  fuperintended  their  exe- 
cution, regulated  the  coining  of  money,  and  difpoftd 
of  the  armed  force.  Foreign  treaties  made  by  it  were 
not  binding  till  ratified  by  the  legillitivc  body,  nor 
could  it  make  war  without  the  authority  of  a  decree  of 
the  two  afl'emblies.  The  public  funflionaries  were  to 
receive  falaries,  and  to  appear  drelTed  in  an  appropriated 
habit. 

Each  article  of  this  conftitution  was  feparatcly  dif- 
cufTed  ;  and  on  the  23d  of  Auguft  the  whole  was  de- 
clared to  be  complete,  and  ordained  to  be  tranfmitted 
to  the  primary  affemblies  for  their  approbation.  Pre- 
vious to  this  refolution,  however  (that  is,  on  the  Z2d 
of  the  fame  month),  the  majority  of  the  Convention 
h.'d  brought  furwaid  the  grand  meafure  by  which  they 
meant  to  provide  for  their  own  fafety,  and  the  fafety 
of  their  friends  and  adherents,  againtl  the  change  which 
the  public  opinion  had  undergtine  concerning  them. 
They  decreed,  that  at  the  approaching  general  eh^^ftion, 
the  elcftoral  bodies  ilionld  be  bound  to  choofe  tauo- 
thirds  of  the  new  legifl:iture  from  among  tiie  members 
of  the  prefent  convention  ;  and  they  afterwards  decreed, 
that,  in  default  of  the  clettion  of  two-thirds  ot  the  Con- 
vention, the  Convention  (hould  fill  up  the  vacancies 
themfelves. 
»33  Thefe  decrees  were  tranfmitted,  along  with  the  Con- 

ventionfec-ft'*^ut'°"'  to  the  primary  affemblies,  to  be  accepted  or 
tersthe       rejefted  by  them.     Many  of  the  primary  affemblies  un- 
frecdom  of  derftood,  that  they  could  not  accept  of  the  conllitntion 
eleSisn.      without   accepting  along  with   it  the  law   for  the  re- 
eleftion  of  the  two-thirds.     The  point  had,  in  all  pro- 
bability,  been   purpofely  left  under  a  certain  degree  of 
ambiguity  ;  and  as  the  people  were  now  weary  of  this 
Convention,  they  acquiefced  in  any  conditions  that  gave 
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them  the  profpeA  of  one  day  getting  quit  of  ft.     But     Freich 
at  Paris,  and  in  the    neighbouring  departments,   where '^'™'"'"'"i 
the  lubjeiA  was  more  accurately  iiiveliigated,  the  public  ,      '^'^'^ ' 
difapprobation  of  the   Convcaliiin   dilplaycd  itleif  with 
great  vehemence.  154 

'I  here   was  indeed  fomething  extremely  aukward   in  Conf<iju'-n« 
the  decree  about    the   re-clettion   of  two-thirds  of  tiie  "*  ?'^it"^ 

„  .  .,11         ,       ,  ■    ,         -r  n-  1  COlidllCt. 

Convention.  I  hat  body  might,  ir  iiecellary,  have  con- 
tinued its  own  exidence  for  lome  time  longer,  or  it 
might  have  dilmidcd  one  third  or  its  number  by  ballot 
or  olherwife,  and  allowed  a  new  elcftion  only  to  that 
extent ;  but  a  compulfory  deiilfon  was  an  abfurdity  fo 
new,  and  fo  obvious,  that  it  gave  their  antagonills  eve- 
ry advantage  again  ft  them.  Accordingly,  at  the  meet- 
ings of  the  feftions  of  Paris,  the  laws  for  the  re-eledtion 
were  rejedtcd  with  contempt,  and  their  abfurdity  de- 
monftrated  with  much  acrimony.  In  confequence  of 
the  debates  which  took  place  at  thefe  meetings,  the 
minds  of  men  were  gradually  inflamed,  and  it  became 
obvious  that  a  political  convidlion  approached.  On 
the  one  fide,  the  Convention  took  care  to  publidi  daily 
the  approbation  ot  tlie  decrees,  along  with  the  conftl- 
tution,  by  the  majoiity  of  the  primary  affemblies,  by 
mod  of  which  the  two  had  been  confounded  and  ac- 
cepted in  the  grofs.  Its  committees  alfo  called  in  the 
aid  of  the  troops  of  the  line  for  its  proteftion.  On 
the  other  hand,  the  language  of  the  feclions  became 
every  day  more  violent.  The  whole  Convention  was 
veprefented  as  a  band  of  tyrants  and  of  murderers,  the 
affociates  of  all  the  cruelty  of  Robefpierre  and  the 
Mountain  party.  It  was  even  propfed  to  bring  to 
trial  every  individual  member  of  the  affembly  before  a 
new  revolutionary  tribunal,  and  to  punilh  him  accord- 
iiig  to  his  demerits. 

For  fome  time  much  anxiety  prevailed  on  both  fidee. 
Numerous  deputations  were  repeatedly  lent  from  the 
feiftions  to  the  Convention  to  remondrate  agaiptl  the 
obnoxious  decrees.  But  the  eagernefs  with  which  thefe 
renionllrances  were  made,  ferved  only  to  convince  more 
llrongly  the  members  of  the  Convention  of  the  dang'er 
to  themfelves  as  individuals  which  would  attend  a  refig- 
nation  of  tl'.eir  power,  and  confirmed  the  refolution  they 
had  taken  to  retain  it.  The  deputies  of  the  fei^u'ons 
having  obtained  inlpetfion  of  the  records  of  the  conven- 
tion, afferted,  that  the  national  majority,  if  rightly  num- 
bered, had  rejected  the  decrees,  as  every  affembly  that 
voted  in  oppofition  to  them  was  only  numbered  as  one 
vote,  however  numerous  its  members  might  be  ;  which 
enabled  the  primary  affemblies  of  remote  didrlcls  to 
outvote  the  more  populous  feClions  of  Paris  and  other 
great  towns.     Whereas  it  was  faid,   that  if  the  indivi-  ';■ 

dual  voters  were  counted,  it   would  be   found  that  the  1 

decrees  were  difapproved  of  by  a  confiderable  majority.  ] 

All  this  was  dih-egarded  by  the  Convention,  and  the 
feftior.s  prepared  to  decide  the  difpute   by  arms.     The  ' 

fird  ftep  taken  by  them,  however,  was  ill  concerted.  A 
notion  was  propagated,  that  as  foon  as  the  primary  af- 
femblies or  ieftions  had  chofen  the  eleftors  who  were 
to  choofe  the  members  of  the  new  legiilature,  the  na- 
tional fovereignty  became  veiled  in  thefe  eledtors,  and 
that  they  had  a  right  to  affume  the  government  in  their 
various  didrifts.  Accordingly,  about  100  of  the  elec- 
tors of  Paris  affembled  in  the  hall  of  the  French  theatre 
in  the  fuburh  St  Germain,  previous  to  the  day  of 
meeting  appointed  by  the  Convention.     Having  chofen 

De 
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De  Nivernoi's  (formerly  the  Duk?  de  Nivernois)  tlieir 
■prcfuteirL,  they  began  their  debates.  The  Convc^ition 
,  was  abrmeii,  and  inftantly  feiit  a  body  of  tlie  military 
to  difmifs  the  meeting  as  illegal.  This  was  calily  ac- 
complifhed,  as  the  citizens  had  not  been  unanimous 
with  regard  to  it,  and  no  mcafures  were  taken  for  its 
proteftion 


r  4°7  1 


REV 


the  firft  blow.   For  this  piirpufe  they  Tent  General  Me-     Preiith 
iinii  to  the  feftion  of  Le  Pellet ier  to  dilpcrfe  the  citizens, '*-*=^'''"""'» 
whofe  greatell  force  was  ad'emblcd  there.      But  this  of-        '_'    . 
ficer  dilhkiiig    the  fervice   which  he   was   employed  to 
perform,  inllead  of  proceeding  to  aftimi,   began  to  ne- 
gociate   with  the  leaders  of  the  fe(Sions,  and  fpent  the 
cveninir  of  this  day  in  fruitlcfs  conferences.     The  fec- 


Noiwithftanding  this  firft  advantage  on  the  fide  of  tions  on  their  fide  appointed  General  Danican,  who 
the  Convention,  the  feftions  regarded  its  power  with  had  dillinguifhcd  himfelf  in  the  war  againll  the  Royal- 
contempt,  and  imagined  themftlves  fecure  of  ultimate  ids  in  La  Vendee,  to  aft  as  their  military  leader.  It 
fuccefs.  In  every  political  conteil  that  had  hitherto  would  appear,  howe\er,  that  this  officer,  from  the  mo- 
occurred  fince  the  commencement  of  the  revolution,  the  ment  that  he  aiTumed  the  command,  began  to  defpair 
immcnfe  population  of  the  capital  hi\<l  given  a  deci^l^'e  of  the  caufe  of  the  fefti;ins.  He  found  them  totally 
fupcrioriry  to  the  faftion  whofe  fide  it  elpoufed.  The  deftitute  of  cannon,  whereas  the  Convention  w:;s  fur- 
citixens  aU'o  regarded  with  indifference  the  armed  force  rounded  by  regular  troops  and  a  numerous  artillery, 
with  which  the  Convention  had  furrounded  itfcif,  from  This  inequality  in  point  of  weapons  appears  to  hive  been 
a  notion,  which  they  fondly  entertained,  that  the  confidered  by  him  as  a  fufiioient  rcafon  for  avoiding  an 
military  would  in  no  cafe  be  brought  to  aft  againft  engagement.  Occupied  in  vifiting  and  arranging  the 
the  peojile.  It  would  appear  that  the  Convention  dilierent  ]ioftp,  be  was  unacquainted  wiih  the  diiaffec- 
itfelf  entertained  fome  jealoufy  upon  tliis  head,  and  tiou  of  the  conventional  generals.  He  thcrelore  thought 
did  not  account  itfcif  entirely  fate  under  the  protec-  he  had  done  much  when  he  had  ]irevented  bloodilied  for 
tioii  ot  the  foldiers.  On  this  occafion,  theretore,  it  another  day,  and  thus  the  favouiabie  moment  for  at- 
had  rccourfe  to  a  new  ally,  and  befought  the  aid  of  tack  was  h^ll.  Whether  the  fefti  )ns  would  have  been 
thofe  very  Jacobins  whom  it  had  almoll  cruthed  on  the  fuccelsful  had  they  been  inftantly  led  to  ba'.lle  on  this 
24th  of  May.  The  members  of  the  Convention  were  important  occafion,  cannot  now  lie  known.  Thougk 
odious  to  the  fcftions  of  Paris,  on  account  of  their  par-  the  fuperior  oflicers  of  the  Convention  were  unfaithful, 
ticipation  in  the  revolutionary  crimes  and  meafurcs  of  yet  the  fubaltcrns  and  the  troops  in  general  irltrht  have 
Robefpierre  ;  but  this  very  circumllance  endeared  them  ftood  firm,  confirmed  as  they  were  by  the  pcrluafion  of 
to  the  Jacobins,  whofe  charafter  it  was  to  imagine  that  their  Jacobin  auxiliaries.      Even  in  this  tafe,  however. 


they  had  never  enough  of  war  abroad  or  of  revolution 
at  home.  It  was  eafy  therefore  to  bring  about  a  re- 
conciliation between  the  Convention  and  thefe  men. 
Several  hundreds  of  them  were  difmiffed  from  the  pri- 
fons,  where  they  had  been  confined  fince  the  two  laft 
infurreftions,  and  they  were  now  put  in  requiiition  to 
defend  the  legiflative  body. 

When   the   feftions  of  Paris  beheld  the  Convention 


the  fate  of  a  battle  might  have  at  leaft  been  doubtful. 
The  battalions  of  Paris  were  very  numerous,  their  con. 
tempt  of  danger  was  great,  and  their  ardtnir  unbcund- 
ed.  The  mere  poflefi'ion  of  cannon  might  not  in  aeon- 
teft  againft  fuch  men  have  afforded  fecuiity  to  the  Con- 
vention. But  the  firft  moments  of  popular  enthiifiafm 
were  fnffered  to  pafs  away,  and  that  dillruft  and  diffen- 
fion,  which  delay  never  fails  to  introduce  among   great 


furrounded  by  thofe  Jacobins  who  had  been  the  nnre-     and  irregular  aflemblages  of  men,  foon  began  to  render 
lenting  agents   of  the  government  of  Robefpierre,  and     the  conduft  of  the  feitious  undecided  and  weak. 


who  were  now  denominated  terror'i/ls  and  men  of  Hood, 
their  ardour  for  aftion  became  unbounded.  They  af- 
fembled  in  arms  at  their  diff'erent  feftions  on  the  1 2th 
Vendemaire  (Oftober  4th)  ;  but  they  do  not  feem  to 
have  afted  with  much  concert,  or  upon  any  well  di- 
gefted  plan  of  operations.     The  general  defigii  of  their 


The  conventional  committees,  during  the  night  of  the- 
I  2th  Vendemaire  (Oftober  4th),  difmifiid  Generals  Me- 
noii,Raffet,and  fome  others, from  theirftations, and  gave 
the  command  of  the  troops  to  Barras.  He  ininicdialely 
collefted  around  him  a  variety  of  able  oflicers,  among 
whom  we  find  the  names  of  Generals  Brune  and  Bona- 


leaders  was  to  feize  the  member'?  of  the  Convention,  and  parte.     With  their  afliftance  he  began  to  provide  for  a 

imprifon  them  in  the  church  of  the  Ciiiatre  Nations  till  moft  vigorous  defence.     Troo[)3  with  cannon  were  fta- 

they  could  be   brought   to  trial.      As  this  would  occa-  tioned  in  all  the  avenues  leading  to  tlie  ThuiOeries.     lit 

fion  a  vacancy  or  interregnum  in  the  government,  it  was  caie  any  of  thefe  ports  ihonld  be  forced,  malked  batte- 

refolved  that  all  affairs  Ibould  be  condufted  by  commit-  ries  were  planted  in   more  retired  fituations.      Nor  was 

tees  of  the  feftions,  till  a  new  Icgiflature  could  be  eltft-  this  all;   meafures  were  taken  for  conveying  the  public 

ed.   General  Miranda,  a  Spaniard,  a  native  of  the  Car-  magazines  of  provifions  and  military  ftores  to  St  Cloud, 

raccas  in    South   America,   who  had   ferved  in   the   re-  whither    the    Convention    prepared  to  retreat   if  they 

publican  armies,  was  to  be  appointed  to  the  chief  com-  ftiould  fufTer  a  defeat  at  Paris. 

maud  of  the  armed  force  after  the  overthrow  of  the  On  the  I  3th  Vendemaire  (Oftober  5th),  from  which 
Convention.  This  man,  in  his  eagernefs  for  preferment,  the  infurreftion  was  afterwards  named,  both  parties  re- 
had  alternately  courted  all  parties,  and  he  now  feem s  to  mained  for  many  hours  upon  the  defenfive.  At  laft,  a- 
have  joined  the  Parifians  upon  the  fuppofition  of  their  bout  three  o'clock  in  the  afternoon.  General  Danicau 
being  the  ftrongeft.  As  he  entertained  fome  doubts  made  advances  to  an  accommodation  by  a  letter  to  the 
of  their  fuccefs,  however,  he  adopted  the  crooked  and  committee  of  public  fafety ;  in  which  he  ftated,  that  the 
timid  policy  of  avoiding  the  ftorm  by  retiring  froDi  the  only  caufe  on  account  of  which  the  citizens  had  taken 
city  till  the  combat  fliould  be  finifhed,  refolving  to  re-  arms  was  the  dread  of  a  maffacre  being  intended  by  the 
turn  immediately  on  its  conclufion  to  fhare  the  rewards  armed  terrorifts  who  furrounded  the  Convention,  and 
and  the  triumph  of  viftory.  that  if  thefe  men  were  removed,  tranquillity  would  im- 
Thc  Convention,  in  the  mean  time,  refolved  to  ftrike  mediately  be  re-eftablifbed.  A  civil  meffage  was  re- 
turned ; 
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T'-ench     turned;  liut  the  Jacobin  party  in  tlie  Convention,  being 
Rcvclut.oii,  no^y  ,^„re  contident  of  viaory ,  and  wiihing  to  ftrengllicn 
,,'''''-'•     .  themfelves,  by  the  defeat  and  punlllimcnt  of  their  anta- 
^^^6        gonilh,   it  was  refolved   that  tlie   difpute  (hould  be  de- 
RuSdiies       cided  by  arms.      It   is  not   corredly    known    liow   the 
the  citizens ^,_,j,j^^().  commenced,   but  the  armed  Jacobins  are  moll 
"'  ''=»"'•      ger.erally  underftood  to  have   begun  the  attack,     l^he 
citizens  on  tl>e  fouthern  fide  of  tlie  river  attempted  to 
reach  the  Convention  by  the  Quay    de  Voltaire,  but 
were  fpecdily  repnlfcd  by  the  conventional  cannon;  but 
on  the  northern  fide  of  the  river,  near  the  Convention, 
the  combat  was  extremely  obftinate.   The  cannon  were 
repeatedly   feizcd  by  the  citizens,  and  repeatedly  reta- 
ken  by   the  troops  and  the  armed  Jacobins.      It   was 
not  till  after  a  contcft  of  four  hours  that  the   feaions 
were  repulfed  and  driven  to  the  poft  of  St  Roch.  This 
poft  was  alfo   taken   after  great  llaughter,  and  the  fec- 
tions   were   driven  to  their  head  quarters  at  the  feaion 
of  Le  Pelletier.      After  a  (liort  interval  they  were  pur- 
sued thither  by  the  troops  of  the  Convention,  who  by 
midnight  were  mailers  of  the  whole  city. 

This  infurreaion  was  afcribcd  by  the  viaorious 
party  to  the  exertions  of  the  Royalitts.  It  is  no 
doubt  true,  that  by  this  time  Royalty  was  become 
lefs  unpopular  even  among  the  rabble  of  France  than 
the  extreme  of  Republicanifm,  as  it  had  appeared  in 
the  condua  of  the  Mountain  party.  It  is  alfo  proba- 
ble, that  the  Royalifts  mingled  in  a  conteft  that  had 
the  overthrow  of  the  prefent  Convention  for  its  ob- 
jea  ;  but  the  infurgents  in  genenil  fteni  neither  to  have 
avowed  nor  entertained  any  farther  view  than  the  dif- 
nrming  of  the  Jacobins,  and  the  obtaining  an  imme- 
diate election  of  new  reprefentatives.  The  failure  of 
the  attempt  had  the  effea  of  placing  the  Mountain 
party  once  more  at  the  head  of  the  ftate.  This  party 
at  firft  thought  of  adjourning  the  new  conftitution, 
and  of  renewing  all  tlie  terrors  of  the  revolutionary 
n gain  at  government.  Tliis  projea,  however,  was  oppofed  in 
the  head  cfjijg  QQj,^,cnt;on  „,ith  fo  much  vehemence  and  ability 
theilate.  ^^^  Thibaudeau,  that  it  was  renounced.  Indeed  it  Was 
become  unnecefTary  to  the  fafety  or  afcendency  of  the 
men  who  propofed  it,  as  the  decrees  for  the  re-elec- 
tion of  two-thirds  of  the  Convention  enabled  them  to 
retain  the  full  pofTcfTion  of  their  power.  A  few  mem- 
bers  of  the  moderate  party,  fuch  as  Boifly  D'Anglas, 
Languinais,  and  Le  Sage,  were  ekaed  by  almoft  every 
place  in  France,  though  they  could  only  fit  for  one 
place.  Hence  the  Convention  itfelf  had  the  re-ekaion  of 
nearly  two-thirds  of  its  own  members;  and  the  Mountain 
party,  which  now  commanded  the  majority,  was  thus 
enabled  to  fill  the  new  legidature  with  its  own  leaders. 

On  the  27th  of  Oaober  the  Convention  terminated 
its  fittings,  and  was  fucceeded  by  the  new  legiflature  as 
appointed  by  the  Conftitution.  By  its  lall  decrees,  a 
general  amnefty  was  granted  for  all  revolutionary  crimes 
and  proceedings.  From  this  amnefty,  however,  were 
tinR"f  the  g^j.|;ptcd  the  emigrants,  the  tranfported  pnefts,  and  all 
"Xre  ' '  perfons  concerned  in  the  laft  infurreaion  ;  fo  that  in 
faa  it  was  merely  a  pardon  granted  by  the  Mountain 
party  to  its  own  friends  for  all  the  exceftes  they  had 
committed.  The  members  of  the  Convention,  who  had 
been  imprifoned  in  the  caftle  of  Ham  fince  the  Jacobin 
infurreaion  in  May,  were  now  fet  at  liberty.  The 
members  of  the  revolutionary  committees,  and  other 
agents  of  Robefpierre  in    Paris  and  the  departments, 
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Vl8 
rflfit- 


08     ]  Ti     E    V 

were   all  difniifTcd  from  their  prifons,  nnd  advanced  to     Trenrh 
the  moll  important  offices  under  the  new  government.    R<-'>'olr(ion, 

As  fuoii  as  the  new  legiiJaturc  had  divided  itfelf  into  i      ^^^' 
two  councils,  it  proce^'ded  to  the  eleclion  of  an  Execu- 
tive Direililory.     Here  the  genius  of  the  French  nation 
lor  intrigue  iitftantly  dilplayed  itfelf.     The  Co?mcil  of 
Five  riundrid  w;.s  bound  to  prefent  to  the  Council  of 
Two  Hundred  and  Fiftv  a  lift  often  times  the  niunbcr 
of  candidates  iieceflary  for  the   office.      It  fulfilled  this  Thj  coun- 
duty  in   the  folioiving  manner.      The   majority  of  the  cil  of  Five 
Council  of  Five  Hundred  made  out  a  lift,  confifting  of '^""'j'''^'* 

the  five  followintr  perfons,   upon  whom  thev  wiftied  thei"'""'.*,'  !"' 

in-  ,   •  1  r  11       ,T  Ti  ,»        .     ,,    Counci,  of 

ckaion   ultimate  y   to  lall:    Sieyes,    Barras,    Rewbell,  ^nci^utj. 

I. a  Reveillere  Lepaux,  and  Letourneur  de  la  Manche. 
To  complete  the  lift,  they  added  the  names  of  45  ob- 
fcure  perlons,  country  jullices,  farmers,  and  even  pea- 
fants.  Thus  there  was  nothing  left  to  the  Council  of 
Ancients  but  the  mere  form  of  an  eleaion  ;  and  from 
the  want  of  other  qualified  candidates,  they  were  under 
the  necedlty  of  nominating  to  the  ofHce  of  direaors  the 
five  perfons  at  the  head  of  the  lift  prefented  by  the 
Council  of  Five  Hundred.  The  crafty  Sieyes,  how- 
ever, who  had  been  the  advlfer  of  all  parties,  but  the 
oftenfible  agent  of  none,  did  not  yet  think  fit  to  ven- 
ture upon  the  pofTcffion  of  power.  He  had  difappro- 
ved  of  the  conftitution  which  was  now  put  in  force, 
and  had  even  framed  one  of  his  own  in  oppofition  to  it, 
which,  however,  was  rejeaed  by  the  Convention.  The 
moft  remarkable  circumilance  in  his  plan  of  government 
was  a  national  jury,  upon  which  he  propofed  to  confer 
the  power  of  difmiffing  from  their  offices,  without  a 
caufe  being  afligned,  any  of  the  public  funaionaries 
whom  they  might  account  dangerous  to  the  ilate, 
Sieyes  having  reluled  to  accept  the  office  of  direaor, 
Carnot  was  eleaed  in  his  Head.  But  on  this  occafion 
the  Council  of  Ancients  was  treated  with  a  little,  and 
but  a  little,  more  decency  than  formerly  ;  as  the  name 
of  Cambaceres,  a  man  of  confiderable  eminence,  ap- 
peared along  with  that  of  Carnot  in  the  lift  of  candi- 
dates voted  by  the  Council  of  Five  Hundred. 

The  republican  government  that  was  now  attempted  New  ^o- 
to  be  eftabliflied  promifed  little  tranquillity  to  the  na-vernment 
tion.  This  great  misfortune  attended  it,  that  the  chief""'  popu- 
offices  in  the  ftate  were  intrufted  to  men  who  were  dif-  "" 
liked  by  the  people.  The  members  of  the  Executive 
Direaory,  with  the  exception  of  Reveillere  Lepaux, 
had  always  belonged  to  the  Mountain  or  moft  violent 
Jacobin  party.  As  they  now  owed  their  power  to  that 
party,  they  employed  its  members  in  almoft  every  offi- 
cial department.  The  government  was  therefore  necef- 
farily  unpopular.  Things  might  have  been  gradually 
altered,  indeed,  by  fuccelTive  eleaious,  which  would 
in  time  bring  other  m«n  into  power :  But  by  the 
forms  of  the  Conftitution,  the  executive  power  was  more 
permanent  than  the  legiflative  body,  without  pofleffing 
any  influence  over  it.  Hence  it  was  to  be  feared  that 
a  contcft  for  power  might  fpeedily  occur  beaveen  a 
direaory  nominated  by  the  Jacobin  party  and  the  new 
legiflators  appointed  by  the  people,  in  which  the  Con- 
ftitution might  fufter  fhipwreck  ;  an  event  which  aau- 
ally  occurred. 

While  the  pofTeflion  of  power  continued  to  fluauate 
in  the  manner  we  have  already  ftatcd,  between  the  Mo- 
derate  and  the  Jacobin  or  Mountain  parties,  the  armies 
of  the  ftate  were  fuffered   to  languish  ;  but  upon  the 

credit 
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French     credit  of  its  forincr  military  fuccefs,  the  Republic  was 
Revolution, [^j.3jgj    ^.jtl,    refpcft    by    fome    of   tlie    neiglibouring 
.     ''■'■^'      powers.     On  tlic  10th  of  April,  a  treaty  of  peace  with 
3,1      PrulTia,  which  had  been   negociated   by  the  committees 
Treatmei't  through  the  medium  of  B<irlliclemi  the  French  refident 
cftheRi--   3j  13a(]c,    was  prcl'ented  to  the  Convention  for  ratifica- 
tion.   By  this  treaty,  it  was  tlipul.ited,  tluit  the  French 
troops  Ihould  immtd'ately  ev.icuate  the  Prulhan  tcrrito. 
ry  on  the  right   bank  of  the   Rhine,   but  iliuuld  retain 
the  territory  belonging  to  that  power  on  the  Lft  bank 
till  a  general  peace.      Prifoners  of  War  were  to  be  mu- 
tually reftorcd,   and  the  commerce  ot  the  two  countries 
was  to  be  placed  on  its  ancient  footing.    Meafures  were 
alio  to  be  taken  to  remove  the  theatre  of  war  from  the 
north  of  Germany  bv  treaties  between  France  and  thofe 
princes   for   whom    the    king    ot   Prnilia    might    inter, 
pofe. 

During  the  fame  month  of  April,  the  French  Re- 
public was  acknowled'^ed  by  the  kii.g  of  Sweden  ;  and 
Baron  Stael  his  amballador  was  received  at  Paris  with 
great  folemnity.  In  the  month  of  May  a  fecond  treaty 
with  PiufTia  was  cor.cluded.  It  chiefly  regarded  the 
line  of  neutrality.  It  is  worthy  of  remark,  that  thele 
treaties  contained  fecret  articles  which  were  to  be  re- 
vealed only  to  a  ferett  conmiittee.  By  authoriling  this 
mode  of  procedure,  the  Convention  fufficiently  demon- 
ftrated  its  refoluticjn,  that  no  form  of  popular  govern- 
ment to  be  adopted  in  France  (hould  Itand  in  the  way 
of  the  national  aggrandifement.  The  Swifs  cantons 
now  followed  the  example  of  Sweden,  and  acknow- 
ledged the  French  Republic.  A  treaty  of  peace  with 
Spain  was  alfo  concluded  at  Bade  on  the  22d  of  July. 
France,  on  this  occafion,  relinquiflied  all  the  conquelts 
flie  had  made  in  the  territoiy  of  that  country,  and  re- 
llored  the  ancient  frontier.  She  received  in  return  all 
the  Spanifh  part  of  the  ifland  of  St  Domingo.  The 
Dutch  Republic  was  included  in  this  treaty;  and  France 
agreed  to  accept  of  the  king  of  Spain's  mediation  in 
favour  of  Portugal  and  the  Italian  princes. 

On  the  9th  of  June,  the  Dauphin,  ion  of  the  unfor- 
^ouisXVII.tunate  Louis  XVI.  died  in  the  prifon  of  the  Temple, 
where  he  had  been  confined,  along  with  his  filler,  fiiice 
the  executions  of  his  father,  mother,  and  aunt.  His 
death,  which  was  probably  piodaced  by  difeaks  arifing 
from  long  confinement,  if  not  by  more  unjullifiable 
means,  excited  in  the  French  nation  fuch  a  degree  of  iii- 
tereft  in  favour  of  his  family,  that  the  Convention  found 
it  neeeffary  to  hbcr-.ite  his  filler  from  imprifoument.  The 
committee  of  public  fafety  propofed  to  the  Emperor  to 
exchange  this  princefs  for  the  members  of  the  -Conven- 
tion whom  Dumourier  had  delivered  up  to  Aullria,  along 
with  two  ambaffadors,  Semonville  and  Marct,  who  had 
been  feized  on  their  way  to  Turkey  This  propofal  was 
accepted,  and  the  exchange  tO(jk  place  at  Bafie  in  Swit- 

avallupc-      O"  the  fide  of  Britain  the  war  maintained  its  former 
ority  of     character.     The   Britidi  retained   their  fiiperiority   by 
main.       j^a,  and  were  unfortunate  in  their  efforts  on   the  conti- 
nent.    On  the  ijth  of  March  the  Britifli  fleet  in   the 
Mediterranean,   under  Admiral  Hothaiii,  engaged  the 
French  fleet,  and  took  two  fail  of  the  line,  the  Ca-Ira 
and  the  Cenfeur  ;   but  as  the  French   fleet,  four  days 
before   the  engagement,  had  captured  the  Berwick,   a 
Britifli  fliip  of  the  line,  when  detached  from  the  fleet, 
and  as  the  Illuftrious,  another  Britiih  Ihip  of  the  line, 
SuppL.  Vol.  II.  Part  II. 
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was  fo  feverely  injured  in  the  action  that  (he  run  alhore     Vn-i  ch 
and  was  hUt   at  Avrnza,   the   fubftantial   lofs  on   both '^'^■■°'""''"> 
fides  was  nearly  equal.      On  the   23d  of  June   another  ,     ''"■'    , 
Britiih  fleet  under  Lord  Bridport  attacked  the  French 
oft  Port  L'Oiieut,  and  took  three  fliipsof  the  line,  the 
reft  ot  the  fleet  tlcapiiig  ir.to  that  port. 

'I'his  evident  luperiority  of  the  Britifh  fleet  in  every 
contell,  induced  the  government  to  take  a'vantage 
of  the  command  which  it  hud  of  the  fea,  to  give  ;J1ill. 
arice  to  the  French  Rovtlills  in  the  wellern  depart- 
ments. Tlufe  Ro\alills,  hitheito  unafrilted  by  foreign 
powers,  had,  by  repeated  defeats,  been  reduced  very 
low.  The  Convention  had  at  lail  oilered  thiiii  a  tre.i- 
ty,  which  was  accepted  and  ligned  at  Nintes  on  the 
3d  of  March,  on  the  one  fide  by  tleputies  from  the 
Convention,  and  on  the  other  by  Charette,  Sapiiieati, 
and  other  chiers  of  the  infuryents  of  La  Vendee,  and 
by  Col  martin,  as  reprefenting  the  party  called  Ckviians 
or  Night  0«ls.  StofHet,  another  chief,  held  out  for 
fome  weeks  longer  ;  but  at  lull,  on  the  2Cth  of  April, 
he  too  was  under  the  necefllty  of  fiibmilting  by  treaty 
to  t  >'  Republic. 

In  a  fhort  time,  however,  the  hopes  of  the  Rovnlifts  E,pprii;jon 
were  revived  by  the  countenance  of  the  Britifli  tjovern- t  >  Qtiibe- 
ment,  and  ihefe  treaties  were   ill  obferved.      In  the  t)e-  ton  Bay. 
ginning  of  June  the   Britifli   expedition  was  ready  to 
lail  for  the  French  coaft.      The  troops  to  be  employed 
confilled  of  emigrants  in  the  pay  of  Great  Britain,  and 
many  of  them   had  been  prifoners   of  war,  who   now 
agreed  to  join  the  royal  caufe.     The  command  during 
the  voyage,  and  the  feleftion   of  the  place  of  landing, 
were  intruiled  to  the   Count   D'Hervilly.      The  com- 
mand on  fliore  was  given  to  Puifaye,  who  had  been  em- 
ployed under  the  Girondifts  in    the  military  fcrvice  of 
the   Republic,   but   had   new  become  a  royalifl:.      The 
Count  de  Sombreuil  was  afterwards  fent  to  join  them 
with  a  fmall  reintorcement. 

On  the  25th  of  June  the  expedition  arrived  in  the 
Bay  of  Quiberon,  and  on  the  27th  25.0  emigrants 
made  good  their  landing,  after  difperfing  a  fmall  party 
of  republican  troops.  The  emigrant  army  loon  after 
dillributcd  itklf  into  cantonments  along  the  fliore,  and 
gave  arms  to  the  inhabitants  of  the  country,  who  ap- 
peared to  receive  them  with  joy.  It  was  foon  found, 
however,  that  the  Chouans,  though  well  qualified  for  a 
defultory  warf'are,  could  not  be  of  much  ufe  to  regular 
troops.  They  had  little  fubordination.  They  were 
eahly  difperfed,  and  never  fought  unlefs  every  advan- 
tage was  on  their  fide.  When  it  was  found  that  .their 
unlleady  aid  could  not  be  depended  on,  arelolution  waj' 
taken  to  withdraw  the  emigrant  army  within  the  pe- 
ninfula  of  Qj^iberon.  The  tort  of  that  name  was  ta- 
ken on  the  3d  ot  July.  Its  garrifon  confiiled  of  five  or 
fix  hundred  men,  and  it  was  now  occupied  by  the  emi- 
grants. A  republican  army,  in  the  mean  time,  under 
General  Hoche,  advanced,  and  attacked  all  the  ports 
that  had  been  left  without  the  peninfnla.  Thefe  were  ^ 
fpeedily  taken.  The  emigrants  and  Chouans  efcaped 
into  the  boats  of  the  Britifh  fleet,  or  fled  under  the 
cannon  ot  the  fort  of  Quiberon.  The  republicans  then 
began  to  contlrudl  formidable  wurks  on  the  heights  of 
St  Barbe,  at  the  entrance  of  the  peninfula.  To  pre- 
vent their  operations,  a  fally  was  made  from  the  fort  on 
the  7th  of  July  ;  but  without  fuccefs.  On  the  15th, 
another  fally  was  attempted  in  greater  force.  The- 
3  F  whole 
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French  whole  troops  in  the .  peiiinfula  amounted  to  about 
Rcwolutlon,  ,  2^QQQ^  including  Chouans.  Out  of  tlicfe  a  detach- 
ment of  5000  was  fent  to  attack  the  heights  of  St 
Baibe.  The  republicans  were  entrenched  in  tjiree 
camps.  The  two  firll  of  thefe  were  talily  taken,  and 
the  detachment  prcfTed  tagerly  forwaid  to  attack  the 
third.  But  here  a  malked  battery  opened  upon  them 
with  grape  (hot.  A  dreadful  carnage  enfued  ;  and  ve- 
ry few  of  the  detachment  could  have  efcaped,  had  not 
the  lire  of  the  Britifli  (hips  foon  compelled  the  repub- 
licans to  delill  from  the  purfuit. 

It  now  became  obvious  that  the  expedition  muft  ul- 
timately fail.  Dcfertion  became  extremely  common 
among  the  emigrants.  Thofe  men  in  particular  who 
had  been  prifoners  of  war,  and  received  their  liberty  on 
condition  of  joining  the  expedition,  leized  every  oppor- 
tunity of  going  over  to  their  countrymen  ;  and  a  cor- 
refpondence  feems  even  to  have  been  eftablidied  be- 
tween the  republicans  and  the  difcontented  troops  in 
the  fort  of  Quiberon.  On  the  evening  of  the  20lh  of 
July,  the  weather  was  extremely  tempeftuous,  which 
produced  a  fatal  fecurity  in  the  emigrant  army.  Suf- 
picious  patroles  were  remarked  ;  but  as  they  repeated 
the  watchword  for  the  night,  they  were  allowed  to 
pafs.  The  republican  troops  were  condufted  in  filence 
along  an  unguarded  quarter  of  the  fhore,  till  they,  were 
enabled  to  furpvife  one  of  the  polls  of  the  garrifon, 
where  they  found  the  artillery  men  fail  afleep.  Their 
matches  were  fcized,  and  the  lanihorn  intended  to  give 
the  alarm  to  the  Britifli  fleet  was  extinguilTied.  The 
fort  was  fpeedily  in  confufion.  Some  regiments  threw 
away  thtir  arms,  and  went  over  to  the  republicans  ; 
ethers  even  maffacred  their  own  officers.  A  cnnfidcr- 
able  number,  however,  maintained  a  violent  conflitt  for 
fome  time  before  they  fnrrendered.  Pnifaye  efcaped 
on  board  the  fleet.  The  Count  de  Sorabreuil  was  ta- 
ken ;  and  this  accompli llied  young  man  was  foon  after 
put  t(>  death,  along  with  the  other  emigrant  officers 
and  all  the  Chouans  that  were  found  in  the  foit.  The 
bifhop  of  Dol  was  alio  put  to  death,  with  his  clergy 
who  accompanied  him  ;  but  many  of  the  private  lol- 
dicrs  of  the  emigrant  army  made  their  peace  with  the 
republicans,  bv  pretending  they  had  been  compelled  to 
engage  in  the  expedition. 

Tiie  Britifh  fleet,  with  tranfports  and  troops,  ftill  ho- 
vered upon  the  French  coall,  and  made  an  unluccefsful 
attempt  upon  the  ifland  of  Noirmontier.  In  conle- 
tjuence  of  the  feafon  of  the  year,  however,  it  returned 
home  in  December,  after  evacuating  a  Imall  ifland 
called  Uljle  JJieu,  which  the  troops  had  for  fome  time 
,^i5  occupied. 
Succeffcscf  On  the  fide  of  Germany  the  fortrefs  of  Luxembourg 
the  French  furrendered  on  the  7tli  of  June,  after  having  been  in  a 
inoerma-  ^.^^^  ^f  blockade  fince  the  preceding  campaign.  The 
French  were  now  in  poflcflion  of  the  whole  left  bank 
of  the  Rhine  excepting  the  city  of  Mentz,  which  they 
attacked  in  vain,  becaufe  the  Aullrians  could  at  all 
times  throw  fuccours  into  it  from  Fort  CaflTel  on  the 
oppofite  bank  of  the  river.  Finding  the  capture  of 
Mentz  impofiible  in  thefe  circumftances,  the  French  re- 
folved  to  crofs  the  Rhine  to  invefl:  the  city  on  all  lldes. 
The  enterprife,  however,  was  delayed  for  fome  time, 
till  the  refult  of  the  Britifli  expedition  to  Quiberon 
fhould  appear.  In  the  month  of  Auguft,  General 
Jourdan  forced  the  pafl'age  of  the  Rhine  at  DulFcldorf, 
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at  the  head  of  wh:n  was  called  the  army  of  the  Sambre  Fremh 
and  Meufe.  After  driving  before  him  three  Aullrian  f^^volutio/i, 
polls  upon  the  Latin,  he  crofled  the  Mein,  and  com-  ,  '^^^'  . 
pletely  invelled  Mentz  and  Caflcl.  Pichegru,  in  the 
mean  time,  crofled  the  river,  with  the  army  of  the 
l»hine  and  Mole  lie,  near  Manheim,  of  which  city  he 
immediately  took  pofleflion.  But  the  French  generals  i-hey* 
foon  found  their  forces  inadequate  to  the  undertaking ccive  a 
in  which  they  were  engaged.  A  con fiderable  detachment '''*^''- 
of  Pichegru's  army,  after  driving  the  Auftrians  under 
General  Wurmfer  from  a  pofl  of  fome  importance,  be- 
gan to  plunder,  and  went  into  confufion.  The  Auftrians 
being  intormed  of  this  tircumflance,  returned  to  the 
charge,  and  defeated  the  French.  General  Clalrfait 
alio,  having  violated  the  line  of  neutrality,  came  upon 
the  rear  of  Jourdan's  army,  and  took  a  confiderable 
part  of  his  artillery.  Both  the  French  generals  now- 
retreated.  Jourdan  was  rapidly  purfued  by  Clairfait 
till  he  returned  to  Duifeldorf,  where  he  maintained  his 
ground.  Pichegru  recroflcd  the  Rhine  near  Manheim, 
leaving  a  garrifon  of  80DO  men  in  that  city.  The  Auf- 
trians advanced  in  all  dlreftions.  Manheim  was  taken 
after  a  vigorous  Cege.  The  French  were  driven  from 
the  neighbourhood  of  Mentz.  The  Palatinate  became 
the  theatre  of  war,  and  the  Auftrians  feized  the  coun- 
try called  the  Hundfruck,  fouth  of  the  Rhine  as  far  as 
I^andau  and  Treves.  After  various  engagements,  in 
which  little  more  ground  was  loft  or  won,  the  two  par- 
ties entered  into  an  armiftice  for  three  months.  « 

On  the  28th  of  Auguft  a  treaty  of  peace   was   con- Treaties 
eluded  between   the  French   Republic  and  the   Land- with  Gcr- 
grave  of  Hefle  Caflel,  on  condition  that  he  ftiould  lend'"-"' i'""- 
no  more  troops  to  Great  Britain  for  the  profecution  of 
the    war.      It  is  not  a  little  Angular,  that  peace   was 
concluded  with  the  Elettor  of  Hanover  at  this  period 
upon  fimllar  terms.      The  Duke  of  Wirtemberg,  and 
fome  other  princes  of  the  empire,  alio  began  to  treat  ; 
but  the  negoclations  were  broken  of!  in  conlequence  of 
the  revcrfe  of  fortune  now  experienced  by  the  French. 

The  Direftory,  however,  refolved  to  continue  the 
v/ar  with  vigour,  and  vaft  preparations  tor  the  approach- 
ing campaign  were  made  during  the  winter.  The 
Mountain  party  being  once  more  polFeifed  of  power, 
its  members  exerted  tbenilelvcs  with  their  uiual  energy. 
Such,  however,  was  the  turbulent  charatttr  of  thefe 
men,  that  they  could  not  long  fubmlt  peaceably  to  any 
government,  and  foon  becsnie  weary  of  tliat  Diredlory 
whom  they  themfclves  had  ettabllflied.  They  held 
chibs  in  all  quarters,  and  were  dontinually  difturbing 
the  public  tranquillity.  For  fofne  time  the  govern- 
ment iupported  tl:em.  The  Parifians,  after  the  3th 
Oftober,  no  loflgcr  dared  to  avow  openly  their  dif- 
like  to  the  Jacobins  ;  but  they  were  underftood  to  ex- 
prcls  this  fentiment  by  wearing  green  filk  cravats,  and 
by  applauding  with  much  vehemence  at  the  public  fpec- 
tacles  the  air  called  Le  Revet/  du  Petiple.  The  Direc-Ridiculoun 
tory  now  prohibited,  by  an  edift,  as  tokens  of  royalIfm,cfindua  of 
the  wearing  of  green  cravats,  or  the  performing  at  any  '''^  Direc- 
of  the  theatres  the  air  now  mentioned,  though  the  fen-  •' 
tlments  It  contained  were  entirely  republican.  The  Di- 
reftory  alfo  ordered  in  its  ftead,  that  the  Marfeillois 
hymn,  and  other  popular  fongs,  ftiould  be  performed 
every  evening  at  all  the  theatres.  The  Parifians  ftiew- 
ed  their  difapprobation  of  the  Direftory  by  maintain- 
ing it  profound  filence  during  the  performance  of  thefe 
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FreJiA     TongJ,  wlii'ch  had  never  failed  till  tiiat  period  to  excite     now  arrefted  by  order  of  the  Direftor)-,  wan  Drouet     Frfnth 

the  pollniartcr  of  Vareniies,  whom  we  formerly  men- ''■'^ '"'"*'""• 


Revolution, ]jy,.(i^5  of  applaufe.     The  DircdVory  foon  became  afha 

'^i"'-  mcd  of  this  ridiculous  conteft,  and  in  a  few  weeks  re-  tioned  as  having  arrcfted  the  unfortunate  Louis  XVI. 
called  their  cdift.  Indeed  they  found  it  impoffible  to  when  attempting  to  efcape  to  the  frontiers.  Along 
give  countenance  for  any  long  period  to  the  relllefs  with  him  were  Babcuf,  Antonelle,  Pclletier,  Gaiidct, 
and  innovating  fpirit  of  the  Jacobins,  who  continually  Julien,  General  Rofiignol,  Germain,  D'Arthe,  Lai'Mie- 
wifhed  and  attempted  to  return  to  revolutionary,  that  lot,  and  Ainar,  who  had  been  a  member  of  the  com- 
is,  to  violent  meafurcs  againft  their  antagoniils.  In  the  inittee  of  general  fafety  along  with  Robefpierre.  Va- 
fouth,  in  particular,  the  prefent  fupremacy  of  the  Jaco-  dier  and  Robert  IJndct  were  alfo  engaged  in  the  con- 
hins  produced  very  pernicious  effedts.  Freron,  who  had 
deferted  them  after  the  death  of  Robefpierre,  and  be- 
came one  of  their  moil  violent  adverlaries,  thought  fit 
to  return  to  their  party  before  the  5th  Odtober,  and 
was  fent  to  Toulon  with  full  powers  of  adminiilra- 
tion.  Here  he  difmifled  the  municipality  that  had  been 
elefted  by  the  people,  rellored  the  Jacobin  clubs,  and 
proceeded  to  imprifon  all  fulpec^ed  perfons,  as  in   the 
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(piracy,  but  they  made  their  efcape.  Drouet  alfo  efca- 
ped  by  the  connivance  of  the  Direftory,  as  was  gene- 
rally underftood  ;  but  the  reft  of  the  confpirators  were 
removed  for  trial  to  the  high  national  court  at  Ven- 
dome,  where  they  were  condemned.  At  the  period  of 
their  removal  thither,  a  new  attempt  was  made  by  their 
party  for  their  refcue.  About  600  men  entered  the 
camp  at  Grenelle  near  Paris,  and  endeavoured  to  pre- 
days  of  Robefpierre.  Thefe  meafures  produced  a  vio-  vail  with  the  foldiers  to  join  them  in  an  infurreflion. 
lent  readlion  on  the  part  of  the  enemies  of  the  Jaco-  This  attempt  was  altogether  unfucctfsful.  A  few  of 
bins.  Aflaffinations  became  frequent,  and  many  perfons  the  infurgents  were  killed,  and  the  reft  fled, 
began  to  leave  the  country.     The  Direftory  was  alarm-  Thefe  defeats  of  the  Jacobins,  and  the  difcredit  un-  ^*'^' 

ed  by  the  many  complaints  againft  the  Jacobins  or  ter-  der  which  they  were  again  biought,  encouraged  thepjr'tv" 
rorirts  that  came  from  all  quarters,  and  refolved  to  aim  moderate  party  in  the  two  Icgiflative  councils  to  at- 
at  popularity  by  deferting  a  fet  of  men  who  could  not  tempt  to  repeal  the  laft  decrees  of  the  Convention 
be  prevailed  upon  to  aft  with  moderation.  Freron  which  had  at  once  granted  them  an  aninefty,  and  con- 
was  recalled  from  Toulon,  and  more  manageable  men  firmed  all  the  laws  wlu'ch,  by  confifcating  the  property- 
were  fought  out  to  replace  the  more  violent  Jacobins,  of  emigrants,  excluded  their  relations  from  the  fuccef. 
who  were  in  general  difmiffed  from  the  fervice  of  go-  fion.  The  difcuflion  lafted  many  days  ;  but  the  refult 
vernment.  was,  that  the  law  with  regard  to  emigrants  remained  oa 

The  Direftory  proceeded  farther,  and  acknowledged,  the  former  footing;  and  the  only  point  which  the  mo- 
by  a  public  refolution,  that  its  confidence  had  been  derate  party  were  yet  able  to  carry  was  a  modification 
abufed.  The  miniiler  of  police  was  ordei-ed  to  remove  of  the  decree  to  this  extent,  that  thofe  tcrrorills  were 
from  Paris  the  members  of  former  revolutionary  tribu-  declared  incapable  of  holding  public  offices  who  owed 
nals,  and  others  who  now  afted  as  leaders  of  the  Jaco-     their  fafety  to  the  aninefty. 

bins,   or  anarchijls   as  they  were   called.      A  body   of         The  ftate  of  the  finances   now  began   to  occupy  the  nid/efTed 
troops,  amounting  to  10,000  men,  called  the  legion  of     French  government  in  a  very  ferious  uianner.      During  ft-ite  of  the 
police,  that  had  afted  againft  the  Parifians  on  the  5th     the  government  of  Robefpierre,  while  the  credit  of  the '*"'"'^"* 

affignats  was  prcfervcd  by  the  influence  of  terror,  or  by 
the  fale  of  the  church  lands,  and  the  property  of  erai- 
grants,  little  attention  was  beftowed  upon  this  fubjeA. 
When  money  was  wanted,  more  aflSgnats  were  fabrica- 
ted; and  as  few  or  no  taxes  were  demanded  from  the 
people,  no  enquiry  was  made  about  the  public  expen- 
diture. But  when  the  boundlefs  extravagance  of  the 
agents  of  government  had  loaded  the  circulation  with 
affignats  till  they  became  of  little  or  no  value,  it  became 
a  very  difficult  queftion  how  the  public  fervice  was 
hereafter  to  be  fupported.  A  new  paper  currency,  call- 
ed re/cripls,  was  firft  adopted.  Thefe  were  orders  oa 
the  treafury  for  calh,  payable  at  certain  periods  But 
then-  credit  foon  paiTed  away,  as  the  treafury  had  no 
means  of  fulfilling   its  engagements.      Ttie  Direftory 


Oftober,  and  was  now  devoted  to  the  Jacobins,  was 
ordered  by  the  Direftory,  with  the  authority  of  the  le- 
giflature,  to  join  the  armies  on  the  frontiers.  Thefe 
Hien  refufed  to  obey  the  order  ;  but  they  were  reduced 
to  fubmiffion  by  fome  troops  that  had  been  brought  to 
the  neighbourhood  to  provide  againft  fuch  an  event. 
The  more  violent  Jacobins  were  enraged,  but  not  inti- 
midated, by  thefe  meafures,  and  began  to  organize  a 
plot  for  the  overthrow  of  the  Diredlory  and  of  the  ma- 
jority of  the  councils,  who  had  now  deferted  them. 
They  were  not  prepared  for  adtion,  however,  before  the 
month  of  May,  and  by  that  time  their  dcfigns  were 
difcovered  and  counterafted.  On  the  icth  of  that 
month  the  guards  were  increafed,  and  bodies  of  cavalry 
ftationed  around  the  Luxembourg  and  the  Thuilleries. 


The  Direftory  at  the  fame  time  informed  the  Council  complained  very  bitterly,  in  a  meffage  to  the  Councils, 
of  Five  Hundred,  by  a  mefiage,  that  a  dreadful  confpi-  of  its  diftrefles,  and  ot  the  want  of  funds  to  carry  on 
racy  was  prepared  to  burft  forth  on  the  following  morn,  the  approaching  campaign.  In  confequcnce  of  this 
ing.  At  the  found  of  the  morning  bell,  which  is  eve-  mcfliige,  a  law  was  pafftd,  on  the  25th  of  March,  au- 
ry  day  rung,  the  confpirators  were  to  proceed  in  fmal!  thorifiiig  the  fale  of  the  remainder  of  the  national  do- 
parties  of  three  or  four  men  to  the  houfes  of  fuch  per-  mains  for  the  price  that  had  been  fixed  upon  them  at 
fons  as  they  had  marked  out  for  deftruftion.  After  an  early  period  of  the  revolution,  amounting  to  about 
aflTaffinating  thofe  perfons,  the  whole  parties  were  to  twenty-two  years  purchafe.  Anew  paper  currency, 
unite,  and  to  aft  againft  the  Direftory,  whofe  guard  called  mandais,  was  to  be  received  in  payment.  But 
they  apprehended  they  could  eafily  overpower.  The  the  credit  of  government  was  now  gone.'  '1  he  man- 
confpirators  had  appointed  a  new  Diredtory  and  a  new  dats  inftantly  loft  in  all  private  tranfadtions  one-fourlh 
legiflature,  to  confift  of  the  moft  violent  of  their  own  of  their  value,  and  they  foon  fill  flili  lower.  This 
,f  arty.    Among  the  leaders  of  this  conlpiracy,  who  were  however,  produced  a  great  demand  for  national  pro- 
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French     perty,  wliicli  was  thus  about  to  be  fold   far  below   its 
Rc!-.o'imon,^^lj,P_      -p^  prevent  this  e{Tc6\,  the  le<j;ilktu.e  broke  its 
i.,,'.^"  '    .  eniragemeuts,  and  decreed,  that  one  fourth  of  every  pur- 
chafe  (licuild  be  paid,  not  in  mandats,  but  in  caih.   I'his 
decree  put  a  Hop  both  to  tiie  k\e  of  national  properly 
and  to  the  circulation  of  mandats. 

Reconrfe  was  next  had  to  taxation  ;  but  this  was  at- 
tended wllli  nuich  difficulty.    By  the  war,  and  the  vio- 
j,,         lent  government  of  Robefpicrre,  the   French  commerce 
Reifoiisof  had  been   in  a  great  mealure  ruined.      Induftrious  men, 
tlieflourilli  who  poflcilcJ  any  capital,   had   therefore   turned  tlieir 
'"K.'l^'' "'  attention  to  the  cultivation  of  land.     Many  cireumllan- 
tJ'""        ■j.j.g  1j.j  tQ  tliis.      By  the  enu'gration  of  the  nobles,  and 
the  coniifcation  of  the  church  lands,  the  farmers  were 
left  with  no  landlord  but  the  government  ;   which,  be- 
ing fupported  by   afiignats,   paid  little  attention  to  any 
other  fource  of  revenue.    Hence  they  paid  no  rent,  and 
fpeedily  rofe  into  opulence.    The  revolutionary  govern- 
ment, whicli  kept  the  inhabitants  of  the  towns  under 
dreadful  bondage,  was  fcarcely  felt   by  the   inhabitants 
of  the  country,  who  thus  enjoyed  the  advantage  of  ex- 
citing no  fufpicion  in  the  rulers,  and  of  paying  neither 
rent  nor  taxes.      The  law  which  declared  affignats  to 
be  a  legal  tender  of  payment,  was  a  great  fource  of  pro- 
fit to  the  cultivators  of  the  foil.    They  contrived  to  fell 
the  produce  of  their  farms  only  to  fuch  as  offered  them 
ready  fpecie  ;   while,  at  the  fame  time,   they  paid  their 
rents,  where   the  landlord  had  not  emigrated,  in  affig- 
nats, which   they  obtained  at  a  triHing   price.      Hence 
it  ufually  happened,  that  while  the  tenant  enjoyed  af- 
fluence, his  miferable  landlord  was  reduced  to  the  ne- 
ceffity  of  felling  his  moveables  to  buy  a  portion  of  the 
grain  that  grew  upon  his  own  eftate,  or  was  tempted  to 
fell  the  eftate    itfelf  at    an    undervalue,   to   obtain  the 
means  of  emigration.      By  thefe  and  other  circumftan- 
CCS,  the  whole  indullry  of  the  French  nation  came  to  be 
direfted  towards  agriculture.     Their  country  was  ac- 
cordingly well  cultivated  ;  but  as  the  riches  of  agricul- 
tural nations  are  not  eafily  fubjefted   to  taxation,    the 
French  Direfloi-y  now  found  it  impoflible  to  carry  on 
the  fchemes  of  ambition  and  of  conquell,  wliich  they 
bad  already  formed,  without  relying  for  relources  upon 
the  plunder  of  the  neighbouring  Itates,  wliich  ipeedily 
rendered  their   armies  odious  in  all  tliole  quailers  of 
Europe  to  which  they  penetrated. 

Amidft  their  preparations  for  the  approaching  cam- 
paign, the  Dircftory  attempted  to  increafe  their  own 
reputation  at  home,  by  eftablifliing  what  is  called  the 
National  Ivjlitute  ;  which  is  a  fociety  of  men  of  letters, 
under  the  protcftion  of  the  government*.  Into  this  bo- 
dy were  collected  the  moft.  celebrated  literary  charaifers 
in  the  nation  tliat  had  efcaped  the  tury  of  the  Mountain 
Party.  Among  thefe  were  La  Place,  Lalande,  Four- 
croy,  Berfhollct,  Volney,  Dolomieu,  and  others,  well 
known  throughout  Europe.  The  firft  public  meeting 
of  the  Tnltitute  was  held,  with  great  fplendour,  on  the 
4th  of  April,  in  the  hall  of  the  Louvre,  called  the  Hall 
of  Antiques,  The  ambafFadors  ol  Spain,  Pruflia,  Sweden, 
I)enmark,  Holland,  America,  Tufcany,  Genoa,  and 
Gentva,  were  prefent.  The  members  of  the  Direftory 
attended  in  their  robes,  and  their  prefident  made  a 
fpeech  of  inllallation,  declaring  the  determination  of 
the  executive  power  to  proteft  and  encourage  literature 
and  the  arts.  Dufaulx,  the  prefident  of  the  Inftitute, 
replied,  in  a  fpeech  in  which  he  declared  the  refulution 
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of  the  members  to  labour  to  give  luftre  to  the  republi-     French 
can  government  by  their  talests  and  productions.     Fif-  Revolution, 
teen   hundred   fpeCtators  applauded  the  fpeeches  with  , 
enthuiiafm,  and  vainly  imagined  that  all  the  evils  of  the 
revolution  were  terminated,   and  that  their  country  was 
now  entering  upon  a  career  of  unexampled  glory   and 
profperity. 

At  this  period  the  Britilh  government  made  an  ap- Overtures 
proach  towards  a  negociation  with  France.  On  the  8th  "f  the  Hri. 
of  March  MrWickham,  the  minifter  plenipotentiary  to  "^'"'8°'"^'"- 
the  Swifs  Cantons,  traiifmittcd  to  Barthclemy,  ambaf- 
fador  from  the  French  Republic  to  the  Helvetic  body, 
a  note  containing  tiiree  qucllions ;  Whether  Fiance 
would  be  difpofcd  to  fend  minifters  to  a  congrefs  to  ne- 
gociate  peace  with  his  Britannic  Majclty  and  iiis  allies? 
Whether  France  wouhl  be  difpofed  to  communicate  the 
general  grounds  on  which  file  would  be  willing  to  con- 
clude peace,  that  his  Majcfty  and  liis  allies  might  con- 
fider  them  in  concert  i  and,  lallly.  Whether  France 
would  defire  to  communicate  any  other  mode  ot  accom- 
plidiing  a  peace  ?  The  note  concluded  with  a  promife 
to  tranfmit  to  the  Britifh  court  whatever  anfwer  (hould 
be  returned  ;  but  declared,  that  Mr  Wickham  was  not 
authoriied  to  enter  into  any  difcufiion  upon  thefe  fub- 

On  the  26th  of  the  fame  month  Barthelemy  return- inf,,|^ntly 
cd  an  anfwer  in   name  of  the  French  Direftory.      Thisrcjeilcd  by 
anfwer  began  by  complaining  of  inlincerity  in  the  pro- •''^  ■'-*""" 
poial  made  by  the  Britifh  court,   feeing  its  ambaffador     '^' 
was  not   autliorifed   to  negociate,   and  that  a  congrefs 
was  propofed,   which   mult  render  negociation  endleis. 
It  proceeded  to  ftate  the  ardent  dcfire  of  the  Directory 
for  peace  ;  but  alTerted,  that  it  could  liften  to  no  pro- 
pofal  for  giving  up  any  territory  that  had  been  declared 
by  the  conllitutional  att  to  form  a  part  of  the  Republic 
(alluding    to    the    Auftrian    Netherlands)  ;    declaring, 
however,  that  other  countries  occupied  by  the  French 
armies,  and  political  or  commercial  interells,  might  be- 
come the  fubjeft   of  negociation.      Upon  thcie  points 
the  Diredtory  declared  its  readinefs  to  receive  reafonable 
propoials. 

To  this  anfwer  no  reply  was  fent ;  but  the  Britidi  court 
publiihed  a  note,  of  which  copies  were  prefented  to  the 
foreign  minillers  reiidmg  at  London;  and  in  it  the  fpi- 
rit  ot  the  Diredtors  anivver  was  complained  of,  and  alfo 
the  refufal  even  to  negociate  about  the  retention  of  fo- 
leign  territory,  under  pretence  of  an  internal  regulation. 
It  was  added,  with  truth,  that  while  fuch  diipofitions 
were  perfifted  in,  nothing  was  left  but  to  prolecute  a 
war  equally  juil  and  necefl'ary ;  but  that,  when  more  pa- 
cific fentiinents  fliould  be  manitelted,  his  Majefty  would 
be  ready  to  concur  with  his  allies  in  taking  mealures  for 
ellabl  filing  a  juft,  honourable,  and  permanent  peace. 

The   French  Dircftory   had  fucceeded,  during  the 
winter,   in  reducing  the  wellern  departments  into  iub- 
jedtion.     The  emigrant  expedition  from  England  had 
induced  the  royalilts  once  more  to  try  the  fortune  of 
war  ;  but,  after  various  defeats,  their  leaders,  Charette 
and  Stofflet,  were  taken,  and  put  to  death  on  the  29th 
of  March,  and  the  infurgents  were  fupprefled  in  all  quar-      ^,. 
ters.  The  French  government  being  thus  left  without  an  French  ar* 
enemy  at  home,  was  enabled  to  make  great  efforts  onniiej. 
the  frontiers.   The  military  force  of  the  Republic  was  di- 
vided  into  three  armies.   On  the  Lower  Rhine,  the  army 
of  the  Sambre  and  Meufe  was  chiefly  ftationed  about 
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DiiiTcltlorf  and  Coblentz,  and  was  commanded  by  Joiir- 
dan.  Moreau  commanded  the  army  of  the  Rliine  and 
Mofclle,  ill  the  room  of  General  Pichegni,  who  had 
been  difmifled  from  his  command.  Tills  army  was  fla- 
tioned  on  the  Upper  Rhine,  and  from  Landau  to  Treves. 
The  third  and  lall  army  was  llationed  on  the  coaft  of 
Italy,  from  Nice  towards  Genoa,  and  now  received 
Bonaparte  as  its  commander.  The  name  and  tlie  ac- 
tions of  this  man  mud  liereafter  fill  fo  large  a  fpace  in 
the  detail  of  this  eventful  period,  that  it  is  nccelTary  to 
pay  fome  attention  to  his  perfonal  hiilory. 

A  Covfican  gentleman,  a  lawyer  by  profefllon,  but 
who  had  appeared  in  arms  under  the  celebrated  Paoli  in 
defence  of  the  independence  of  his  n.itive  idand,  was  the 
fdlher  of  Napolone  Bonaparte.  Napulone  was  born  at 
Ajaccio  in  1767  ;  aad  by  ttie  intercft  of  M.  de  Mar- 
boeuf,  the  French  governor  of  the  ilhn.l,  he  was  placed 
for  his  education  at  the  celebrated  military  academy  of 
France  [Ecole  Mi/ilniir),  which  his  produced  fo  many 
accomplilhed  men.  At  a  very  early  period  of  lite  he 
pi'efented  hinifelf  as  candidate  for  a  comniifrmn  in  the 
artillery,  and  was  fuccefsful,  being  the  izth  on  the  lill 
out  of  36  viftorious  candidates.  In  confequence  of 
this  event  he  ferved  two  or  three  years  in  the  French 
■Army  as  a  lieutenant  in  the  regiment  of  La  Fere.  Bo- 
naparte having  rifen  to  the  ranii  of  Captain  of  artillery, 
returned  to  Corfica  after  the  revolution,  and  was  there 
elcfted  lieutenant-colonel  of  a  corps  of  Corfican  national 
guards.  Here  he  formed  a  connection,  which  had 
iiearlv  proved  fatal  to  him,  with  General  I'aoli,  the 
friend  of  his  father.  lie  refented  the  treatment  which 
Paoll  received  from  Robefpierre's  government,  and  en- 
tered fo  far  into  his  interells  as  to  write  the  remon- 
ilrance,  which  was  tranfmitted  by  the  municipality  to 
the  Convention,  againft  the  decree  which  declared  the 
general  an  enemy  to  the  Republic.  In  conlequenre  of 
this,  a  warrant  was  at  one  time  iffued  for  his  arrell  by 
the  commiffioners  of  the  Convention.  He  made  his 
peace,  however,  on  this  occalion  ;  and  refolved  to  ad- 
here to  the  interells  of  France,  in  oppolition  to  Great 
Britain,  which  at  this  period  formed  the  defigii  of  ta- 
king pofTeffion  of  Corfica.  He  embarked  with  the 
other  members  of  his  family  for  France,  and  arrived 
there  at  the  time  when  Lord  Hood  was  in  potltlTion  of 
Toulon.  Salicetti,  a  deputy  from  Corfica  to  the  Con- 
vention, introduced  him  to  Barras,  who  was  now  fuper- 
intending  the  fiege  of  Toulon.  Here  Bonaparte  was 
advanced  to  the  rank  of  general  of  artillery  ;  and,  un- 
der Dugommier,  directed  the  attack  of  the  various  for- 
tified poils  around  the  city.  He  was  afterwards  em- 
ployed for  a  fhort  time  againfl  the  royalifts  in  the  weil 
of  France  ;  and  we  have  already  mentioned,  that  he 
was  at  the  capital,  and  a^ifted  Barras  in  the  conteft  be- 
tween the  Convention  and  the  Parifians  on  the  5th  Oc- 
tober. Hence  he  was  rocrarded  with  diflike  by  the 
moderate  party,  and  reprefented  as  an  unprincipled  ad- 
venturer, brought  forward  to  fupport  the  terrorift  fac- 
tion. He  had  many  enemies,  therefore,  at  the  commence, 
ment  of  his  career,  and  his  character  was  treated  with 
much  freedom.  The  fcandal  of  the  times  went  fo  far  as  to 
aflcrt,  that  he  owed  his  prefent  preferment,  not  fo  much 
to  any  talents  he  had  yet  had  an  opportunity  to  dif- 
play,  as  to  his  marriage  with  Madame  Beaucharnois, 
a  beautiful  French  woman  whom  Barras  had  taken  un- 
der his  proteftioB. 
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The  French  army  of  Italy  amounted  at  this  time  to  '  Ftcuch 
56,000    men.      Bon  iparte   at    his   arrival   found    it    iU ''■"'''""^"» 
equipped,  and  the  troops  mutinous  for  want  of  pay  and  ^  '     ■ 

neceir.iries.      He  addreffed  them,   however,  in  the  true        15 , 
(lyle  of  military  entcrprife,   "  If  we  are  to  be  vanquifli-  1  >kcs  the 
ed,  we  have  already  too  much  ;  and  if  we  conquer,  we  comniand 
n    ,1  ■■..11,1  c     oftheaimy 

mall  want  notluiiT  ;"  and  ordered  them  to  prepare   'oref  i,jiy. 

immediate  aftion.  His  opponents,  however,  anticipa- 
ted him  in  the  attack  The  AuRrians  employed  in  the 
defence  of  Italy,  under  Gen  ril  Beanlicu,  are  faid  to 
have  more  than  cqualUd  the  French  in  nuipbers.  To 
thefe  were  united  the  Kinjj  of  Sardinia's  army,  under 
Count  Colli,  of  6o,O0D  regular  troops,  bcfidea  the  mi- 
litia of  the  country,  which  was  now  embodied,  and  a 
fmall  body  of  Neapolitan  cavalry,  amounting  to  about 
23OO  men.  G:neral  Beaulieu  began  the  campaign,  on 
tlie  9th  of  April,  by  attactiing  a  poll  called  Vollri, 
wblcU  the  French  pofTcffed,  witlu'n  fix  leagues  of  Genoa. 
They  defended  themlllves  till  the  evening,  and  then 
retreated  to  Savona.  Next  morning  lleaulieu,  at  the 
head  of  15,000  men,  prefilng  upon  the  centre  of  the 
French  army,  was  c^impletely  luccefshil  till  one  o'clock 
attcrnoon,  whe;i  he  reached  a  redoubt  at  Montennote, 
which  was  the  lall  of  their  ci.trciichments.  This  re- 
doubt contained  1  ^00  French.  Their  commander, 
Rjmpon,  prevailed  with  them,  in  a  moment  of  enthu- 
fiafui,  to  fwear  that  they  would  not  furrcnder  ;  and  the 
coafcquence  was,  that  they  arrcited  the  progrefs  of 
Beaulieu  for  the  remainder  of  the  day.  During  the 
night,  Bonaparte  ftationed  his  right  wing  under  La 
Harpe,  a  Swifs  exile,  in  the  rear  of  the  redoubt  of 
Montenotte,  which  ftiU  held  out,  while  he  himfelf,  with 
MatTena,  Berthier,  and  Salicetti,  advanced  by  Altara, 
to  take  the  Auftrians  on  their  flank  and  rear.  Beau- 
lieu,  in  the  mean  time,  had  received  powerful  reinforce- 
ments, and  on  the  morning  of  the  i  tth  renewed  the 
attack  on  the  French  under  La  Harpe  ;  but  Maflfena 
foon    advancing   upon  the    flank  of  the   Aullrians  and  g. 

Sardinians,  they  gave  way  on  all  fides.  Two  ot  their  j^j;  f^^j^f, 
generals,  Roccavina  and  Argentau,  were  wounded.  Theyfts. 
lott  2500  prifoners,  and  were  piirfued  beyond  Cairo,  of 
which  the  French  took  pofl'cflion  on  the  following  day. 
On  the  13th  at  day-break,  tlie  defiles  of  Milefimo, 
were  forced  by  the  French  General  Augereau  ;  and, 
by  a  fudden  movement,  General  Provera,  a  knight  of 
the  order  of  Maria  Therefa,  at  the  head  of  1500  Auf- 
trian  grenadiers,  was  furrounded  ;  a  clrcumflance  which 
proved  not  a  little  embarralTing  to  the  French  army. 
For  this  refohite  officer,  inflead  of  furrendering,  in- 
flantly  withdrew  to  a  ruined  caftle  on  the  top  of  the 
mountain,  and  there  entrenched  himfelf.  Augereau 
brought  up  his  artillery,  and  fpent  many  hours  In  at- 
tempting to  diflodge  him.  At  lall  he  divided  his  troops 
into  tour  columns,  and  endeavoured  to  carry  Provera's 
enirenchmtnts  by  Itorm.  The  French  loil  two  gene- 
rals, Banel  and  Quenin,  and  Joubert  was  wounded  in 
this  attempt,  which  proved  unfuccefsful.  Provera  paf- 
fed  the  night  in  the  midft  of  the  French  army,  which 
had  been  prevented  by  his  obilinate  refiftance  from 
coming  to  battle.  On  the  14th  the  hofiile  armies  faced 
each  other,  but  a  dlvlfion  ot  the  French  troops  was 
Hill  occupied  in  blockading  General  Provera.  The 
Auftrians  attempted  to  force  the  centre  of  the  French, 
but  without  fuccefs.  MatTena,  in  the  mean  time,  turn- 
ed the  left  flank  of  their  left  wing  near  the  village  of 
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Dcgo  ;  wliile  La  Harpe,  with  his  divifton  in  three 
clofe-columns,  turned  the  right  flank  of  the  fame  wing. 
One  column  kept  in  awe  the  centre  of  the  Auftrians,  a 
fecund  attacked  the  flank  of  their  left  wing,  while  the 
third  column  gained  it9  rear.  Thus  was  the  left  wing 
of  the  combined  army  completely  furrounded  and 
thrown  into  confulion.  Eight  thouiand  men  were,  on 
this  occafion,  taken  prifoners,  and  General  Provera  at 
lad  alfo  furrendered. 

Thefe  viAories  were  not  gained  over  a  timid  or  an 
inaftive  adverfary.  On  the  morning  after  his  fatal  de- 
feat at  Millelinio,  Beaulleu  made  one  of  thofe  fpirited 
eff"orts  which  often  retrieve  and  alter  the  fortune  of  war. 
At  the  head  of  7000  chofen  Aullrian  troops  he  at- 
tacked, at  day-break,  the  village  of  Dego,  where  the 
French  repofed  in  fecurity  after  their  fuccefs.  He 
took  the  village  ;  but  the  French  having  rallied  under 
General  Maffcna,  fpent  the  greater  part  of  the  day  in 
attempting  to  retake  it.  They  were  thrice  repulfed, 
and  one  of  their  Generals,  CaufTe,  was  killed.  Towards 
evening,  however,  Bonaparte  in  perfon  having  brought 
up  reinforcements,  the  port;  was  retaken,  and  the  Auf- 
trians retired  with  the  lofs  of  14.00  made  prifoners. 

Bonaparte  had  now  thrown  himfelf  between  the  Auf- 
trian  and  Sardinian  armies.  By  the  pofTeffion  of  the 
llrong  pofl  of  Dego,  his  right  was  fecured  againft  the 
efforts  of  Beaulieu,  while  he  was  enabled  to  aft  with 
the  niafs  of  his  force  againft  the  Piedmontefe  troops. 
His  enterprifes  in  this  quarter  were  facilitated  by  the 
exertions  of  Augereau,  who  had  opened  a  communica- 
tion with  the  valley  of  the  Tanaro,  where  Serrtirier's 
i^;ivifion  was  approaching  the  town  of  Ceva,  near  which 
rhe  Piedmontefe  had  an  entrenched  camp  defended  by 
8000  men. 

On  the  i6th  Augereau  attacked  the  redoubts  which 
covered  this  camp,  and  took  nioft  of  them  ;  which  in- 
duced the  Piedmontefe  to  evacuate  it  during  the  night, 
and  on  the  17th  Ceva  was  entered  by  Serrurier.  Count 
Colli  now  retreated  to  cover  Turin  ;  making  choice, 
-however,  of  the  ftrongeft  pofts,  and  fighting  in  them 
all.  He  was  able,  on  the  20th,  to  repulfe  ben-urier  ; 
but  on  the  22d  Bonaparte,  ftill  preffing  on  the  Pied- 
montefe general,  defeated  him  near  Mondovi,  and  en- 
tered that  place.  The  retreating  army  next  endeavour- 
ed to  make  a  fland,  with  its  head  quarters  at  Foffano, 
and  its  wings  at  Coni  and  Cherafco.  On  the  25th 
Maffena  advanced  againft  Cherafco,  which  was  fpeedily 
evacuated.  Foflano  furrendered  to  Serruricr,  and  Alba 
to  Augereau. 

Previous  to  thefe  laft  movements,  however,  Count 
Colli,  on  the  23d  of  April,  had  written  to  Bonaparte, 
requefting  an  armiftice,  to  allow  the  King  of  Sardinia 
an  opportunity  of  negociating  a  peace.  The  French 
army  was  now  within  26  miles  of  Turin  ;  and  that 
prince  faw  himfelf  fuddenly  reduced  to  the  neceffity  of 
ftanding  a  fiege  in  his  capital,  or  of  accepting  fuch  terms 
as  the  conqueror  might  think  fit  to  impofe.  Bonaparte 
granted  an  armiftice,  on  condition  that  the  three  for- 
trefTes  of  Coni,  Ceva,  and  Tortona,  fhould  be  delivered 
up  to  him,  with  their  artillery  and  magazines,  and  that 
he  fiiould  be  allowed  to  crofs  the  Po  at  Valentia.  The 
armiftice  was  figned  on  the  29th,  and  it  was  followed 
by  a  formal  treaty  with  the  French  Republic,  which 
was  concluded  at' Paris  on  the  17th  of  May.  The 
conditions  impofcd  by  this  treaty  upon   the  Kiug  of 
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Sardinia  were  humiliating  and  fevere.     He  gave  up  to    French 
France  for  ever  the  duchy  of  Savoy,   and  the  counties ^"'"'"■'°*i 
of  Nice,  Jenda,  and  Brt tueil.      He  gave  an  amnefty  to  ,    '^^       . 
all  his  fubjedls   that  were   profecuted  for   political  opi- 
nions.    He  agreid  that  the  French  troops  Ihould  have 
free  accefs  to  Italv  through  his  territory  ;  and,  in  addi- 
tion  to  the   fortreflcs  furrendered  by   the  armiftice,  he 
gave  up  thofe  of  Exiles,  Sufa,  Brunette,  Alllette,  Cha- 
teau Dauphin,  and  Alexandria,   to  be  pofTeftcd  by   the 
French   during   the  war  ;  and  they  were  authorifcd  to 
levy  military  contributions  in  the  territory  occupied  by 
them.      He  agreed  to  ereft  no  fortrtfles  on  the  fide  of 
France,  to  demolilh  the  fortrefl'esof  Brunette  and  Sufa, 
atid   to  (lifavow  his  dlfrefpeftful  conduft  towards   the 
laft  French  ambaftador. 

In  the  mean  time  the  French  army  advanced  towards 
the  Po.  Beaulieu  was  deceived  by  the  arcicle  in  the 
armiftice  ;  which  ftipulated,  that  the  French  ftiould  be 
allowed  to  crofs  that  river  at  Valentia,  and  made  all  his 
preparations  for  refiftance  in  that  quarter.  Bonaparte 
laboured,  by  fevcral  evolutions,  to  confirm  this  error  ; 
and  while  the  Auftrian  general  waited  for  him  near  Va- 
lentia, in  various  well  fortified  poCtions,  he  advanced 
haftily  Into  Lombardy,  and  had  proceeded  fixty  miles 
down  the  river  to  Placentia,  where  he  arrived  on  the 
7th  of  May,  before  the  direftion  of  his  march  was  dif- 
covered.  He  Immediately  feized  whatever  boats  or 
other  craft  he  could  find,  and  affefted  his  paflage  with- 
out difficulty,  there  being  only  a  fmall  party  of  Auf- 
trian  cavalry  accidentally  on  the  oppofite  bank,  and  they 
fled  at  his  approach.  Beaulieu  in  the  meanwhile  had 
fent,  when  too  late,  a  body  of  6000  infantry  and  2000 
cavalry,  to  prevent  if  poflible  the  French  from  paffing 
the  river  ;  but  Bonaparte,  now  on  the  fame  fide  of  the 
river  with  themfelves,  met  and  defeated  them  on  the 
8th  at  the  village  of  Fombio.  Another  body  of  5000  **i 
Imperialifts,  advancing  to  the  afliftance  of  thole  at  Fom- ^yj™ ',"[,e* 
bio,  was  met  at  Codogno,  and  repulfed  by  General  La  Duke  of 
Harpe;  but  this  officer  was  killed  on  the  occafion.  OnPamia. 
the  9th  Bonaparte  granted  an  armiftice  to  the  Duke  of 
Parma,  on  condition  of  his  paying  a  contribution  of 
2,ooo,oco  of  French  money,  and  delivering  10,000 
quintals  of  wheat,  5,060  quintals  of  oats,  and  2,000 
oxen,  for  the  ufe  of  the  army.  This  prince  alfo  agreed 
to  deliver  up  20  of  his  beft  paintings,  to  be  chofen  by 
the  French.  This  laft  ftipulation  was  no  fooner  known 
in  France,  than  many  men  of  letters  and  artifts  remou- 
ftrated  againft  it  as  both  Impolitic  and  ufelefs.  They 
contended,  that  it  would  render  the  French  Republic 
odious  to  all  Italy,  without  producing  any  advantage  to 
compenfate  this  evil,  as  the  progrefs  of  the  arts  could 
not  be  promoted  by  removing  their  beft  produftions 
from  the  fcenes  in  which  they  originated.  But  the 
Direftory  was  too  much  occupied  by  views  of  national 
aggrandifement  to  liften  to  confiderations  of  this  kind, 
and  fimllar  ftipulations  were  ordered  to  be  inferted  In 
every  future  treaty  ;  by  which  means  the  moft  valuable 
curiofities  of  Italy  were  gradually  transferred  to  the 
French  capital. 

Beaulieu,  now  driven  from  the  Po,  croffed  the  Adda 
at  Lodi,  Pizzighitone,  and  Cremona.  He  left  fome 
troops,  however,  to  defend  the  approaches  to  Lodl. 
The  advanced  guard  of  the  French  attacked  thefe  on 
the  ibth,  and  drove  them  Into  the  town  ;  which  was  en- 
tered in  fuch  clofe  purfuit,  fchat  the  Imperialifts,  on  lea- 
ving 
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ving  it,  had  not  leifure  to  break  down  the  bridge  over 
•  the  Adda.  At  the  other  end  ot  the  bridge  the  Impe- 
rial army  was  drawn  up,  and  tliirty  pieces  of  cannon 
defended  the  paffiige.  The  French  generals,  after  a 
confultalion,  agreed  that  it  could  not  be  forced.  But 
Bonaparte  having  demanded  of  his  grenadiers  if  they 
were  willing  to  make  the  attempt,  tlicy  applauded  the 
propofal,  and  he  formed  them  into  a  clufe  column. 
Taking  advantage  of  a  cloud  of  fnioke  which  iifued 
from  the  hoilile  artillery,  they  rulhed  along  the  bridge, 
which  was  about  100  yards  in  length,  and  were  at  the 
middle  of  It  before  they  were  dilcovered.  Here  a  ge- 
neral difcharge  from  the  Audrians  dcllroyed  700  men. 
The  French  column  hefitated,  and  the  carnage  became 
terrible  ;  but  Maffena,  Berthier,  Dalleraagne,  Cervoni, 
Lafnefs,  Dupat,  and  other  officers,  flying  to  the  head 
of  the  column,  urged  on  the  foldiers,  and  preffing  for- 
ward, broke  into  the  ranks  of  the  Imperial  army,  which 
immediately  gave  way,  and  fled  in  all  direiftions.  This 
exploit  has  been  much  celebrated.  The  intrepidity  of 
the  troops  by  whom  it  was  accomplifhed  is  unquellion- 
able  ;  but  how  far  the  leader  who  urged  them  to  fuch 
an  enterprife  is  entitled  to  approbation  may  well  be 
doubted.  He  had  pafTed  the  Po  with  fcarcely  the  lofs 
of  a  man.  The  Adda  is  a  very  inferior  ilream,  which 
has  fords  both  above  and  below  the  town  of  Lodi.  The 
river  was  atlually  crolTcd  at  one  of  thefc  by  Augereau 
with  the  cavalry,  during  the  attack  upon  the  bridge. 
With  the  delay  of  one  day  therefore  the  palTage  might 
have  been  effefted  without  difficulty  by  the  whole  army, 
and  there  was  no  adequate  motive  to  jullify  the  lavilh 
expenditure  of  blood  which  was  here  made  ;  for  the 
French  army  no  longer  preiTed  forward  in  purfuit  of 
Beaulieu,  but,  after  the  furrender  of  Pizzighitone  and 
Cremona  on  the  12th,  returned  upon  Pavia  and  Milan 
on  its  left  (a  ).  Thefe  places  opened  their  gates  without 
refiftance,  though  the  citadel  of  Milan  held  out  for  a 
Ihort  time. 

It  would  feem  that,  in  the  original  plan  of  Bona- 
parte's campaign,  the  utmoft  expefkcd  from  his  ciforts 
was  to  gain  fuch  an  afcendancy  in  Italy  as  might  induce 
the  princes  and  ttatts  of  that  country  to  dcfert  the 
coalition  againd  France,  which  all  of  them  afiifted  with 
money  and  provisions,  if  not  with  troops.  To  accom- 
plifli  this  objett,  though  he  fent  Maflena  in  purfuit  of 
Beaulieu  as  far  as  Verona,  yet  he  himfelf  now  turned 
afide  into  Modena  and  the  territories  of  the  Pope.  He 
took  Ferrara,  Bologna,  and  Urbino  ;  and  at  lail  grant- 
ed an  armiftice  to  his  holinefs  and  the  Duke  of  Modena, 
on  the  ufual  conditions  of  large  contributions  of  money, 
paintings,  and  curioikies.  From  the  Pope  lie  farther 
exacted  the  ceffion  of  the  legations  of  Bologna  and 
Ferrara,  and  pofTcffion  of  the  citadel  of  Ancoiia.  His 
march  into  the  Roman  territory  fo  alarmed  the  Neapo- 
litan cabinet,  that  It  now  folicited  peace  ;  and  Bona- 
parte granted  an  armiftice,  without  attempting  to  add 
to  it  the  humiliating  conditions  to  which  the  other  Ita- 
lian ftates  were  fubjefted.  From  the  territories  of  the 
Pope,  Bonaparte  haftily  advanced  with  a  body  of  troops 
to  Leghorn,  in  the  neutral  ftate  of  Tufcany,  under  pre- 
tence of  driving  out  the  Englllh,  whole  property  there 
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he  confifcated.     By  thefe  meafures  the  tafl:  affigned  to    Freich 
Bonaparte  was  completed  by   the  time   the   campaign '^■'^™'""°''» 
upon  the   Rhine  was  begun.     Mantua  was  flill  Indeed         j'"'"    . 
In  the  hands  of  the  Imperialills,   but  it   was  blockaded,       266 
and  all  Italy  was  now  fubmiffive  to  France.  Succcflci  of 

Todimlnini,  if  poffible,  the  efforts  of  the  French  on"^<^  ^""^ 
the  fide  of  Italy,  the  Imperialiils  thought  it  neceffary'",  "''"*' 
to  renew  the  conteft  In  Germany.  An  Intimation  was 
therefore  fent  to  General  Jourdan,  that  the  armiftice 
would  terminate  and  hollllities  commence  on  the  31(1 
of  May.  At  this  time  General  Wartenflcben  oppofed 
Jourdan  ;  and  the  Archduke  Charles  commanded  the 
army  In  the  Hundfruck,  which  covered  Meiitz  and 
Manhcim,  and  was  ftationed  againft  Morcau  on  the 
Upper  Rhine.  The  French  began  their  operations  with 
a  very  artful  ftratagem,  intended  to  draw  the  whole 
Auilrlan  force  to  the  Lower  Rhine,  that  Moreau  might 
have  an  opportunity  of  fuddenly  penetrating  into  Swa- 
bia,  and  confequently  of  carrying  the  war  towards  the 
hereditary  territories  of  Auftria.  For  this  purpofe 
Moreau  remained  quiet,  while  Jourdan  began  to  adt  vi- 
goroufly.  On  the  3 ill  of  May  his  left  wing,  under 
Kleber,  iffued  from  the  lines  of  Dufteldorf,  yn  the  right 
bank  of  the  Rhine,  and,  advancing  towards  the  Sieg, 
defeated  the  Imperialifts.  Thereafter  they  were  driven 
fucceffively  from  the  ftrong  pofitions  of  Ukareth  and 
Altenklrchen,  and  retreated  acrofs  the  Lahn,  Jourdan, 
in  the  mean  time,  having  advanced  with  his  centre  and 
right  wing,  forced  the  Auftrlan  pofts  on  the  Nahe, 
croffcd  the  Rhine,  formed  the  blockade  of  the  fortrefs 
of  Ehrenbreitftein,  and  haftened  forward  as  if  about  to 
form  the  bloc;;ade  or  fiege  of  Mentz.  By  thefe  move- 
ments the  Archduke  found  hiinfelf  in  the  hazardous  h- 
tuation  of  having  Moreau  in  his  front,  while  Jourdan, 
with  a  viftorious  ariry,  commanded  his  rear.  He  there- 
fore haftily  crofTed  the  river,  leaving  the  fortrtfTes  of 
Mentz  and  Manheim  to  keep  Moreau  In  check.  Ha- 
ving joined  the  retreating  army,  he  encoiintertd  Jour- 
dan's  advanced  guard,  which  he  compelled  to  retire  af- 
ter an  obftinate  conflitt.  Jourdan  did  not  hazard  a  ge- 
neral  engagement,  but  withdrew  to  his  former  pofitiouf, 
the  Archduke  preffiug  hard  upon  him,  till  he  raited  the 
blockade  of  Ehrenbreitftein,  and  crofled  the  Rhine  ui 
its  neighbourhood,  till  Kleber,  on  the  20th  of  June, 
entered  the  lines  of  Duflehlorf,  from  which  he  had  fct 
out. 

Thefe  movements  were  forefeen.  For  the  inftant 
that  the  Archduke  withdrew  from  the  Palatinate  to 
drive  Jourdan  down  the  Rhine,  Moreau  afcended  ra- 
pidly towards  Stralburgh  ;  fo  that  thefe  hoftlle  armies 
feemed  to  be  flying  from  each  other  with  all  poffible 
fpeed.  On  the  24th  of  June,  Moreau  effedled  the  paf- 
fage  of  the  river  ojipofite  to  tort  Kelil.  This  was  an 
enterprife  of  confiderable  difficulty  ;  for  a  fudden  fwell, 
by  covering  a  part  of  the  Iflands  with  which  the  river 
abounds,  had  prevented  the  iVuftrians  from  being  taken 
by  furprife,  as  was  originally  Intended.  The  entrench- 
ments on  fuch  iflands  as  were  occupied  by  troops  were 
fpeedlly  carried  by  the  bayonet,  and  2600  French  land- 
ed on  the  oppofite  fliore,  but  without  cavalry  or  artil- 
lery.      Here  they  were  expofed  to  the  attacks  of  the 

Auftrlan 


(a)  We  think  this  conduft  cannot  be  accounted  for,  but  by  the  fuppofition  of  a  very  improper  correfpondence 
between  Bonaparte  and  the  Auilrian  officers. 


REV 


[    4«6    ] 


REV 


J-'Siich     Auftriaii  horfe  from  the  camp  of  Wilftedt,   and  to  the 
Rev-)lutioii,f„-e  of  the  cannon  of  the  fort.     Tiiey  maintained  their 
^I'A      ground,  however,   and  even  afted  on  the  offtnfive,  till 
'        *  the  boats,  which  had  been  fent  back,  returned  with  a 

rei.iforccment.  The  whole  redoubts  and  the  fort  were 
th.n  inllai.tly  taken  by  ftorm,  or  with  the  affiftance  of 
fuch  cannon  a.;  had  been  foi'nd  in  the  lirll  redoubts  at 
which  the  I  .etich  arrived,  and  the  Imperiallfts  (led  to- 
wards Offtnbur'fh. 

The  departure  of  the  Archduke  to  the  Lower  Uhine 
in  piM-fuit  of  Jourdan,  and  the  larjre  detachments  which 
had  recently  been  fent  towards  Italy  to  oppote  Bona- 
parte, now  enabled  Moreau  to  enter  Swabia  with  a 
great  fuptriority  of  force.  The  ftrong  military  pofi- 
tions,  however,  which  the  country  affords,  prefented  to 
him  confidcrable  difficulties.  On  the  26th  of  June  he 
drove  the  Auilrians  from  their  camp  of  Wililedt  ;  and 
on  the  27th  he  advanced  with  his  army,  in  three  co- 
lumns, againft  another  camp  of  15,000  men  in  front  of 
Offenbnrgh.  General  Wurmfur  fent  a  ilrong  reinforce- 
ment from  Manheirn  to  the  afliftance  of  tbefe  troops  ; 
but  having  encountered  two  of  the  French  columns  on 
its  way,  the  reinforcement  was  defeated,  and  the  camp 
at  OflTenburgh  was  evacuated  during  the  night.  The 
Auftrians  made  an  obllinale  (land  at  Renchen,  near 
Phihpihurgh,  on  the  29th,  but  were  at  laft  compelled 
to  retire  with  the  lofs  of  1  2CG  men  taken  prifoners,  and 
feveral  pieces  of  cannon.  On  the  2d  of  July  a  divilion  of 
the  French  army,  under  General  Laroche,  fucceeded  in 
feizing  the  mountain  Knubis,  which  is  the  higheft  point 
of  the  ridge  of  mountains  called  the  Black  Forelt.  On 
the  :;d,  after  an  obftinate  conflitt,  the  Auftrians  were 
driven  from  the  pafs  of  Friedenitadt  ;  in  cnnlequence 
of  which  ihey  loft  all  communication  with  the  emigrant 
troops  under  the  Prince  of  Condc,  and  other  Imperial 
troops  ftationed  on  the  Rhine  towards  Switzerland. 
On  the  6th,  the  left  wing  of  the  French,  under  Defaix, 
encountered  the  Imperiaiills  at  Raftadt,  where  the  Au- 
ftrians, who  had  received  fome  reinforcements  from  the 
Lower  Rhine,  made  a  very  determined  rchftance  ;  but 
■were  at  lail  compelled  to  give  way,  and  to  retire  to  Et- 
tingen. 

The  Archduke  Charles  now  arrived  in  perfon  with 
his  army  from  the  Lower  Rhine,  where  he  had  left 
W-artenfleben,  but  with  inferior  force,  to  oppofc  Jour- 
dan. The  French,  under  this  general,  had  inflantly 
refumed  the  offenfive  upon  the  departure  of  the  Arch- 
duke. Kleber  advanced  from  the  lines  of  Dulfcldorf, 
ai  formerly  ;  while  the  centre  and  right  wing  crolfed  the 
Rhine  near  Cobleutz.  The  pofts  of  Ukarcth  and  Altcn- 
kirchen  were  forced,  and  on  the  9th  (-F  July  the  whole  of 
Jourdan's  army  crofted  the  Lahn.  On  the  1  oth,  Warten- 
.  flebtn  was  defeated  near  this  river,  after  great  (laughter 
on  both  fides,  with  the  lofs  of  5C0  prifoners  ;  and  the 
French  on  the  1  2th  entered  Franckfort.  The  lltuati^jn 
of  the  hoftile  armies  was  now  become  extremely  impor- 
tant. The  two  Imperial  armies  were  at  no  great  dil- 
tance  from  each  other,  and  were  placed  in  the  centre 
between  the  armies  of  Moreau  and  Jourdan.  Could 
the  Archduke,  who  was  commander  in  chief,  have  re- 
fifted  one  of  thefe  armies  for  a  (liort  time,  at  any  ftrong 
pofition,  by  a  detachment  of  hid  troops,  while  he  pre- 
cipitated himfelf  with  the  raafs  of  his  force  upon  the 
other,  is  is  probable  that  any  farther  invafion  of  Ger- 
inany  might  have  been  prevented.     But  the  aftivity  of 


the  French  generals,  whofe  progrefs  could  nowhere  be    F  c^cli 

refiited  by  partial   efforts,    prevented  the   polubllity   of ''■'^™'""""i 

executing  fuch  a   plan.     He   was  therelore  under  the  .    '^^.     , 

neceffity  of  making  his    final  exertion    for  the   prefent 

fafety  of  Germany  againft  Moreau  at  Ettinjren,  on  the 

9th  of  July,   without  having  formed  any  jumSion  with 

Warteiidubcn.     The  battle  was  moll  obliinately  fought. 

The  French  were  four  times  lepnlfed  in  their  attempts 

to  force  the  heights  of  Rollenfolhe  ;   and  it  was  not  till 

they  had  experienced  a  dreadful  (laughter  that  they   at 

lalt;  carried  the  field  by  the  bayonet. 

The  lofs  of  the  battle  of  Ettingen  compelled  the  two 
Imperial  armies  to  retire  laftward.  After  placing 
ftrung  garrifons  in  Mentz,  Manheirn,  and  Fhillpfb'iig, 
the  Archduke  retreated  through  Swabia  towards  Ulm, 
where  his  magazines  v/ere  placed.  At  every  ftrong  po- 
luion,  however,  he  made  an  obftinate  ftand  ;  thus  endea- 
vouring to  render  the  progrefs  of  the  French  under 
Moreau  as  tardy  as  polTihle.  Wartenfleben,  with  thi 
other  Imperial  army,  retired  through  Franconia,  refift- 
ing  Jourdan  in  the  fame  manner.  Many  bloody  battles 
were  fought,  of  which  it  is  here  unneceftary  to  give  a 
minute  defcription.  It  is  fuificient  to  remark,  that  the 
French  were  long  fuccefsful  in  them  all.  They  gra- 
dually preffed  forward  till  Moreau's  army  compelled  the 
Archduke  to  crofs  the  Neckar,  and  afterwards  the  Da- 
nube, leaving  the  whole  circle  of  Swabia  in  the  rear  of 
the  French.  Wartenfleben  was  in  like  manner  driven 
through  Afchaftenburgh,  Wurtzburg,  Schwcinfurt,  and 
found  it  neceffary  to  crofs  the  Rednitz,  on  the  6th  of 
Auguft,  at  Bamberg,  to  avoid  the  prefturc  of  Jourdan'.s 
army  in  his  rear.  This  army  continued  to  advance  till 
its  right  wing,  under  Bernadotte,  was  pofted  at  Neu- 
raarck,  with  his  advanced  pofts  at  Teining,  while  the 
body  of  the  army  had  driven  Wartenfleben  beyond 
the  Nab,  and  had  reached  Ambcrg  on  the  2 2d  of 
Auguft.    _  _  267 

Excepting  a  part  of  the  mountains  of  Tyrol,  threeAlarm 
French  armies,  under  Jourdan,  Mufeau,  and  Bonaparte,'*^'"' P*^""' 
now  occupied  the  whole  country  reaching  from  the  "^^  '' 
frontiers  of  Bohemia  to  the  Adriatic  Sea.  The  alarm 
throughout  Germany  was  extreme.  The  Duke  of 
Wirtemberg  obtained  peace  from  the  French  on  condi- 
tion of  paying  4,0^0,000  of  French  money.  The 
ciicle  of  Swabia  did  the  fame,  on  engaging  to  pay 
I  2,000,000  of  livres,  and  to  deliver  8,40:-  horfes  5,000 
oxen,  100,0:0  quintals  of  wheat,  50,coo  <^intals  ot  rye, 
loo.oco  facks  ot  oats,  100,000 pairs  of  flioes,  and  a  large 
quantity  of  hay.  The  Margrave  of  Baden  obtained  peace 
on  fimilar  terms.  The  elector  of  Bavaria  and  the  circle 
of  Franconia  uegociated,  and  offered  large  payments  ; 
and  even  the  diet  of  Ratifbon  fent  a  deputation  to  treat 
with  the  French  generals  for  neutrality.  The  King  of 
PruiTia  now  entered  into  a  new  treaty  with  the  French  ; 
the  conditions  of  which  were  concealed,  but  its  nature 
appeared  in  the  advantage  which  he  took  of  the  pro- 
grefs of  their  arms  to  take  podtllion  of  certain  teirito- 
ries  in  Germany,  and  particularly  of  the  fnbuibs  of 
Nuremberg,  under  pretence  of  fome  antiquated  title. 
Spain  alfo  entered  into  a  treaty  oflenfive  and  defenfive 
with  France,  which  was  afterwards  followed  up  by  a 
declaration  of  war  again  Britain.  ,„ 

The  danger  of  the  houfe  of  Auftria  was  now   very  Q^pger  of 
great  ;   and  had  Bonaparte,  inftead  of  being  detained  in  t'ne  houfe 
Italy,  by  events  of  which  vre  fhall  imraediately  take  no-  of  Auftria. 
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uce,  bun  able  to  crofs  the  Tyrol  by  Infpruck,  and  to 
■  leach  the  banks  of  the  Danube,  tlieie  is  httle  doubt 
that  the  Emperor  niuft  have  lubmitted  to  fuch  condi- 
tions as  the  French  thought  fit  to  impofe.  Deicrtcd 
in  all  quarters  by  the  members  of  the  coalition,  he  ilill, 
however,  retained  an  ally  in  Great  Britain,  whole  riches, 
liberally  bellowed  in  the  form  of  a  loan,  extricated  him 
Jrcm  the  prcfcnt  difficulties.  Having  the  corriiiiand  of 
abundance  of  money,  he  was  enabled  to  fend  one  army 
after  another  to  oppofe  Bonaparte  in  Italy,  while  he 
reunited  his  armies  in  Germany  l)y  exteiifive  levies,  and 
bv  taking  into  his  pay  the  troops  uf  thole  Hates  that 
made  peace  with  France. 

The  Archduke,  having  received  powerful  reinforce- 
ments, refolved  to  niake  a  Hand,  on  the  iithof  A  u- 
gull,  againll  Moreau  at  Umcnhtim.  A  fevcre  battle 
was  fought  during  feveuiecn  hours,  and  one  of  tlie 
wings  of  the  Auftrir.n  army,  under  General  Riele,  even 
fnectcdcd  in  occup)ing  tour  leaguts  of  territory  in  the 
rear  of  the  French  armiy  ;  but  the  Archduke  having  re- 
ceived intelligence,  in  the  mean  time,  thai  Wartenlle- 
ben  could  not  maintain  his  ground  againd  Jourdan,  he 
thought  it  necellary  to  continue  his  retreat,  and  to 
adopt  new  meafures.  On  the  17th  of  Augull  he  left  Ge- 
neral I^a  Tour,  with  a  part  of  his  numerous  army,  to  op- 
pofe Moreau,  and  having  crofTed  the  Danube  at  Neuburg 
and  Ingollladt,  he  marched  to  Wartenfleben's  affillance 
to  fall  upon  Jourdan  with  united  forces.  On  the  23d 
he  attacked  Bernadotte  at  Teining,  and  forced  him  to 
retire  towards  Nuremberg.  The  Archduke  was  thus 
upon  the  right  of  Jourdan,  while  Wartenfleben  was  ita- 
tioned  on  his  front.  The  French  general,  finding  his 
pofition  dangerous,  began  to  retreat  on  the  24th.  From 
the  (late  of  the  finances,  the  French  armies,  at  the  com- 
tnencement  of  this  campaign,  had  been  extremely  ill 
equipped  and  ill  paid.  Hence  the  two  armies  of  Mo- 
reau and  Jourdan  plundered,  without  decency  or  mercy, 
every  place  into  which  they  entered  In  Jourdan's 
army,  more  efpecially,  the  want  of  difcipllne  was  ex- 
treme (a).  Hence,  when  they  began  to  retreat,  load- 
ed as  they  were  with  fpoil,  they  fuffercd  not  leis  from 
the  enraged  inhabitants  of  the  countries  through  which 
they  palled,  than  from  the  military  efforts  of  the  hoftile 
army.  The  Archduke  having  joined  Wartenfleben,  was 
enabled  to  fend  off  Naueiidort  with  reinforcements  to 
La  Tour,  who  oppofcd  Moreau,  and,  in  the  mean  time, 
he  continued  In  perfon  to  purfue  Jourdan  towards 
Wurtzburg.  Here  the  French  made  a  (land,  on  the 
3d  of  September,  and  a  general  engagement  took  place. 
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Doth  parties  fufTered  great  lofs,  but  more  efpecially  the     Prf '  cS 
French,  who  retreated  during  the  niglit.     Jourdan  now  *'•"'"'  """"• 
fled    by    Fuldaw   to   Wetzlaer.       Having    crolfed    the  » 
Lahn,   where  he   made   fomc  refillancc,    he  delcendeJ 
along  the  banks  of  the  Rhine,  till  his  army,  on  the  17th, 
reached    Coblentz   and  Dulfeldorf,  from   which   it   had 
origlnallv  departed. 

The  fituation  of  M<'reau'*  army  was  now  uncom-  Critical  fi. 
monly  dangerous.  He  maintained  his  politlon,  how- tuatimi  of 
ever,  till  the  17th  of  September;  but  he  was  undeci- ^'of'*"- 
ded  in  his  movements,  and  was  <'bvIou(lv  at  <\.  lofs  how 
he  ought  to  proceed.  He  atteiiipted,  with.uit  luccefs, 
tu  \\itlidraw  the  Archduke  from  the  jnirlult  of  Jourrfau, 
by  detaching  a  part  of  his  troops  towards  Nuiembeij.;. 
Many  attacks  were  made  uppn  him,  but  all  of  them 
without  fuccels  ;  and  the  Imperial  generrds  at  hiil  gave 
way  to  him  when  ver  he  turned.  Finding  at  lall  that 
Jourdan's  defeat  wis  irretrievable,  ar.d  that  Bonaparte 
did  not  .irrlve  from  Italy,  he  refolved  to  retreat.  He 
had  recrofled  the  Lech  to  prepare  for  this  event  ;  but 
now  fuddenly  paiFiug  it  again,  as  if  determined  to  ad- 
vance farther  into  r^ullrla,  he  drove  back  General  La  ,,, 
Tour  as  far  as  Landiberg.  Having  thus  obtained  free- Hi^  (kilful 
dom  for  his  future  movements,  he  fet  ont  in  full  retreat,  retieat. 
proceeding  between  the  Danube  at  Ulm  and  the  lake 
of  Conllance.  La  Tour,  however,  foon  prefled  upon 
his  rear.  He  found  the  palTes  of  the  Black  Foreft  oc- 
cupied by  large  bodies  of  Auftrlans  and  armed  peafants, 
while  Generals  Nauendorf  and  Petrarfch  harailed  his 
right  flank  with  74,000  men.  Once  more  therefore 
he  turned  upon  La  Tour,  at  Biberach,  on  the  ^d  of 
Oclober,  with  great  Iinpetuofity,  and  having  defeated 
him,  took  no  Icfs  tlian  5000  priioners  ;  whom  he  was 
able  to  carry  to  France.  He  now  continued  his  re- 
treat ;  his  right  wing,  under  General  Defalx,  keeping 
Nauendorf  and  Petrarfch  In  check,  while  the  reil  of 
the  army  cleared  the  pafliiges  In  front  till  he  arrived  at 
what  is  called  the  Valley  of  Hell  (  Fa/  d' Enfer),  a  nar- 
row  defile,  running  for  fome  leagues  between  lofty 
niountains,  and  in  fome  places  only  a  few  fathoms  in 
breadth.  The  centre  of  his  army,  advancing  in  a  mafs, 
forced  this  paffage,  while  the  wings  refilled  the  Im- 
perial troops  under  La  Tour  and  Naucr.dcrf.  After 
this  defpeiate  ellort  he  reached  F.iboiirg  on  the  1  jth 
of  October,  and  was  foon  compelled  by  the  Archduke 
Charles,  who  had  now  arrived  trom  the  i)urfult  of 
Jourdan,  to  evacui.te  all  his  pofitions  on  tlie  Swahlan 
fide  of  the  Rhine,  with  the  exception  of  Kehl,  and  a 
temporary  fortification  erected  at  Hunlngcn,  called  a 
3  G  bridge 


(a)  It  would  be  improper  to  interrupt  our  military  detail  with  the  following  information  rcfpedling  the  mo- 
rals of  Jourdan's  army  at  this  time  ;  which,  however,  it  is  of  importance  tor  our  render's  to  know.  We  have  it 
from  a  German  Count,  who  faw  with  his  own  eyes  a  confiderable  extent  of  the  march  and  countermarch  of  the 
French  through  Franconia. 

Almoft  every  officer  in  Jourdan's  army  had  a  miftrefs  ;  and  fuch  of  them  as  by  plunder  could  fupport  the  ex- 
pence,  gave  balls,  afted  plays,  and  exhibited  every  fpecies  of  gaiety  when  the  army  was  not  in  actual  motion. 
In  all  this  there  was  nothing  wonderful.  The  ladies,  however,  were  not  unfrcquently  pregnant  ;  and  as  nurfing 
would  keep  them  from  thcfe  aflemblies,  where  their  company  could  not  be  difpenfed  with  by  the  foldiers  of  li- 
berty, they  drowned  their  newborn  infants — they  drowned  them  publicly  !  Our  correfpondent  (the  Count)  faw 
two  of  the  httle  viflims,  and  he  heard,  from  unqueftionable  authority,  of  feveral  more.  At  a  place  within  fix 
miles  of  Nuremberg,  a  Pruflian  parifh-minifter,  who  was  alfo  a  fort  of  jullice,  endeavoured  to  fave  one  innocent, 
and  was  thrown  into  the  river  and  fired  at  by  the  French,  when  his  parifliioners  endeavoured  to  fave  him.  He 
had  the  happinefs,  however,  to  fave  the  child,  and  was  allowed  to  keep  it,  the  mother  never  enquiring  after  it  1 
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Freficli     briilire-'hfad  {lotc  de  pont),  though  there  was  no  bridge 
Rcvclution.^j  that  place. 

^    '^^  The  Imperial  troops,  in   the  mean   time,  had  taken 

advantage  of  the  defencclcfs  (late  of  the  French  frontier 
to  crofs  the  Rhine  at  Manheim,  and  to  advance  in  va- 
rious detachments  to  WeilTemburg,  Stltz,  Hagenau, 
and  almoll  to  the  gates  of  Strafburgh,  levying  contribu- 
tions and  taking  hoftages  wherever  they  came.  Thefe 
dctacliments  being  now  recalled,  the  Archduke  refolved 
to  terminate  the  campaign  by  the  capture  of  Kehl,  and 
of  the  fortification  at  Hnningen.  But  this  proved  no 
eafy  tailc.  A$  the  communication  with  the  French  fide 
of  the  river  was  open  at  both  places,  the  divilions  of 
Korean's  army  did  duty  at  them  by  turns.  A  great 
part  of  the  winter  was  fpent  in  fruitlefs  attempts,  on 
the  part  of  the  Auftrians,  fometimes  to  take  them  by 
ftorm,  and  fometimes  to  reduce  them  by  the  forms  of  re- 
gular fiege.  Different  fallies  were  made  by  the  French, 
and  immenfe  numbers  of  men  were  loft  on  bjth  fides 
ly  the  fword,  and  by  the  feverity  of  the  feafon.  It 
was  not  till  the  loth  of  January  that  the  French  agreed 
to  evacuate  Kehl,  and  the  fortification  at  Huningen  was 
pot  given  up  till  the  fucceeding  month. 

During  the  invafion  of  Germany  that  has  been  now 
mentioned,  and  the  reverfes  that  were  fuffered  by  the 
French  armies  there,   Bonaparte  ftill  continued  to  gain 
viiElories  in  Italy.     The  fiiccefs  and  the  wonderful  for- 
tune of  this  man,  require  that  we  fhould  give  fome  ac- 
count of  the  arts  by  which  he  was  enabled,   fo  unex- 
471         pecledly,  to  triumph  over  the  moll  experienced  military 
R(fle<ftionS(,gj^j^2^j^rg  ^f  the  age  in  which  he  lived.      In  the  ml- 
ferent^or-    I'tary  art  three   orders  of  battle,  or  forms  of  drawing 
«le-8of        up  an  army,  have  been  chiefly  adopted  by  thofe  nations 
battle.  whofe   force  has  principally  confiiled  of  foot   foldiers. 

The  firft  form  or  mode  conlifts  of  arranging  the  troops 
in  a  deep  line  ;  that  Is,  with  from  16  to  ^o  men  placed 
clofe  behind  each  other.  This  is  the  moft  ancient  and 
the  fimplell  order  of  battle.  It  was  carried  to  perfec- 
tion by  the  Greeks,  under  the  name  of  the  Phalanx  ; 
and,  when  the  foldicrs  were  armed  with  the  long  fpcar, 
it  was  extremely  formidable.  It  left  little  to  the  IkiU 
of  the  general,  except  the  choice  of  the  ground  wliere 
he  was  to  fight,  and  made  all  to  depend  upon  the  fleadi- 
rcfs  of  the  troops.  It  was  attended  with  thele  difad- 
vantages,  however,  that  an  army  thus  drawn  up  com- 
manded very  little  territory,  and  that  if  its  ranks  hap- 
pened to  be  brnken  by  unequal  ground,  or  an  uncom- 
mon effort  of  tlie  enemy  at  a  particular  quarter,  its 
parts  could  not  eafily  be  re-united,  and  it  infallibly  went 
into  confufion.  In  modern  times,  this  order  of  battle 
cannot  be  adopted  with  fuccefs  on  account  of  the  faci- 
lity with  which  it  is  broken  by  artillery,  ajid  the  (laugh- 
ter to  which  it  expofes  the  troops  from  every  kind  of 
fire  arms.  The  fecond,  or  modern  order  of  battle, 
confifts  in  forming  a  front  of  an  immenfe  extent,  with 
only  two  or  three  men  in  depth,  and  ufually  fupporting 
thefe  by  another,  and  perhaps  a  third  equally  flender 
line,  at  a  confiderable  dlflance  in  the  rear.  Troops 
thus  drawn  up  derive  the  greatefl  poffible  benefit  from 
their  own  fire  arms,  and  fuffer  the  Icaft  lofs  from  thofe 
of  the  enemy.  They  provide  for  their  own  fubfiftence  by 
covering  an  immenfe  trail  of  country,  'i'heir  battles  are 
not  fanguinary,  as  they  are  feldom  very  clofely  engaged; 
and  in  cafe  of  a  defeat,  little  lofs  is  fuffered,  becaufe  they 
can  fcatter  themfelves  over  a  wide  fpace,  as  the  rear  pro- 
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tefts  the  advanced  body  ;  and  as  the  troops  in  a  long  French 
line  can  feldom  all  be  engaged  at  once,  they  are  fup. '^'*'"'"''<"», 
ported  by  each  other  in  a  retreat.  This  order  of  battle,  .  ' ' ^  ' 
however,  is  eafily  broken  ;  and  the  moment  the  flank  of 
an  army  is  turned,  it  is  under  the  neceflity  of  retreat- 
ing, as  troops  cannot  fpcedily  be  brought  from  other 
quarters  to  face  the  enemy  there.  The  laft  order  of 
battle  confifts  of  dividing  an  army  into  columns  of  a 
narrow  trout  and  very  great  depth,  and  of  ilationing 
the  columns  at  fome  diftance  from  each  other,  with  a 
fecond  fet  of  columns  oppofite  to  the  intervals  between 
the  fiift.  This  arrangement  is  fuperior  to  the  phalanx, 
in  this  refpeft,  that  it  does  not  expofe  an  army  to  dif- 
order  by  inequalities  of  jjround,  by  the  turning  of  itj 
flank,  or  even  by  the  defeat  of  one  of  its  parts.  The 
celei)rated  F.paminondas  won  the  battles  of  Leuftra 
and  Mantinca,  by  forming  a  part  of  his  troops,  on  each 
of  thefe  occafions,  into  a  ftrong  column,  which,  by  its 
great  depth,  and  the  mechanical  weight  of  its  fhock, 
broke  through  the  Spartan  phalanx.  The  Romans  are 
known  to  have  owed  their  military  fuccefs,  in  a  great 
mealure,  to  the  arrangement  of  their  legion.  It  was 
drawn  up  upon  the  principle  now  mentioned  ;  and  tho' 
the  columns  were  only  16  men  in  depth,  it  was  con- 
fefedly  fuperior  to  the  phalanx.  In  modern  times, 
h<iwever,  this  order  of  battle  is  attended  with  great  dif- 
ficulties. It  mull  reduce  an  army  to  embarraffment 
with  regard  to  provifions  from  the  fmalhiefs  of  territory 
which  is  thus  occupied,  and  it  expofes  the  troops  in  an 
engagement  to  dreadful  deftrudlion  from  the  powerful 
miffile  weapons  which  are  now  employed.  In  every 
enterprife  they  muft  inftantly  carry  their  point  or  be 
undone,  as  the  fire  of  a  few  guns  from  a  fingle  battery 
or  redoubt  would  exterminate  them  by  thoufands. 
With  all  its  imperfedlions,  however,  this  laft  order  of 
battle  has  at  times  been  employed  by  enterprifing  men. 
It  was  the  favourite  arrangement  of  Guftavus  Adol- 
phus  ;  and  his  troops  were  drawn  up  according  to  it~at 
the  battle  of  Lutzen,  where  he  himfelf  was  killed,  while 
his  army  was  viftorious.  The  celebrated  Marquis  of-p],g  ^j^„ 
Montrofe  alfo  ufed  it  on  more  than  one  occafion,  and  adapted  hy 
it  was  now  adopted  in  all  important  cafes  by  Bonaparte.  Honaparte. 
TruPiMig  to  its  fuccefs,  he  pufhcd  his  columns  into  the 
midft  of  the  Auftrian  army  at  Millefimo,  and  fairly  cap- 
tured one  of  its  wings.  He  ventured  farther  to  throw 
himfelf  into  the  centre,  between  the  Auftrian  and  Sardi- 
nian armies,  and  to  vanquilh  the  one,  by  afting  agamft  it 
with  his  while  troops  while  feparated  from  the  other. 
Being  carelcfs  about  the  fhedding  of  blood,  he  never  he- 
fitated  to  expofe  his  whole  army  to  utter  ruin  in  cafe  of 
a  failure.  Ti)e  fuccefs  of  his  battles,  by  enabling  him 
to  lay  almoft  all  Italy  under  contribution,  gave  him  the 
means  of  maintaining  the  moft  fteady  and  fevere  difci- 
pline  over  a  well  paid  army.  Filled  with  high  notions 
<if  military  glory,  which  he  is  faid  to  have  derived  from 
the  writings  of  Plutarch,  he  laboured  to  inflame,  with 
the  fame  fpirit,  the  minds  of  his  foldiers  by  proclama- 
tions, exprelTed  in  a  very  different  ftyle  from  the  formal 
and  more  modeft  language  of  modern  times.  "  Soldiers  j^-  _*„,. 
(faid  he,  when  he  firil  entered  Lombardy),  you  have  pi,us  pro- 
rufhed  like  a  torrent  from  the  fummit  of  the  Appe-damation. 
nines,  you  have  driven  back  and  difperfed  all  who  op- 
pofed  your  fnarch.  Your  fathers,  your  mothers,  your 
wives,  your  lifters,  your  fweethearts,  rejoice  in  your 
fuccefs,  and  boaft  with  pride  of  being  related  to  you. 

But 
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Iffrnoh  But  remains  there  nothing  more  for  you  toeffeft?  Shall 
Revolution,  p„[\;.rity  reproach  us  with  having  found  a  Capua  in 
Lombard)' .'  But  I  already  fee  you  rulhing  to  arms  ; 
an  unmanly  rcpofe  fatigues  you,  and  the  days  loll  to 
glory  are  loll  to  your  felicity.  But  let  the  people  be 
tranquil  ;  we  are  the  friends  of  all  nations,  and  more 
particularly  of  the  defcendauts  of  the  Brutufes,  the  Sci- 
pios,  and  the  iUuftrious  pcrfonages  wliom  we  have  cho- 
fea  as  models.  To  reilore  the  Capitol,  to  replace  with 
honour  the  tlatues  of  the  heroes  who  rendered  it  re 
iiowned,  and  to  roufe  the  Roman  people,  become  torpid 
by  fo  many  ages  uf  (lavery,  fuch  will  be  the  fruit  of 
your  viiilories  ;  they  will  form  an  cpiich  to  pofterity, 
and  you  will  have  the  immortal  glory  of  renovating  the 
faireil  portion  of  Europe.  The  French  nation,  free 
and  refpefted  by  all  the  world,  will  give  to  Europe  a 
glorious  peace.  You  will  then  return  to  your  homes 
and  your  tellow-cltizens  ;  who,  when  pointing  to  you, 
will  fay,  He  -was  of  the  army  of  Italy." 

At  the  commencement  of  the  French  invafion  of 
Germany,  Marlhal  Wurmfer  was  fent  into  Italy  to  re- 
place Beaulieu,  who  was  removed  from  his  command. 
On  his  arrival,  he  collected  the  wrecks  of  the  Aulbian 
army,  and  prepared,  till  he  fhould  receive  reinforce, 
ments,  to  confine  the  French  within  as  narrow  limits  as 
poffible,  by  lines  drawn  from  the  lake  of  Garda  to  the 
river  Adige.  At  the  end  of  June,  however,  thefe  lines 
were  attacked  and  carried  by  Maffena's  divifion,  which 
induced  Wurmfer  to  avoid  farther  exertion  till  he  fliould 
receive  an  increafe  of  firce.  In  the  mean  time  Bona- 
parte was  not  a  little  difturbed  by  partial  infurrcitions 
ot  the  Italians.  Soon  after  his  arrival  in  Lombardy, 
the  inhabitants  of  Milan  and  of  Pavia  had  rilen  in  con- 
cert againll  his  troops  ;  but  they  were  reduced  to  fub- 
jedion  with  little  bloodlhed.  In  the  beginning  of  July, 
farther  infurreftions  broke  out  in  the  Romagna.  The 
infurgents  eftabliihed  their  head  quarters  at  Lugo,  and 
repulfed  a  party  of  French  cavalry  that  was  fent  againll 
them.  It  was  not  till  Augereau  had  overcome  them, 
on  the  6th,  in  a  battle  in  which  he  loft  200  men,  that 
they  could  be  fubdued.  The  flaughter  of  thefe  unhappy 
people  was  very  great.  Their  town  was  given  up  to 
pillage,  and  all  found  in  arms  deftroyed. 

The  firft  part  of  the  month  of  July  was  fpent  by  Bo- 
naparte in  commencing  the   fiege  of  Mantua  in  regular 
form  ;  and  towards  the  clofe  of  that  month  he  expefted 
its  capture.     In  this,  however,  he  had  ill-calculated  the 
immenfe   military  efforts  which  Auftria,  aided  by   the 
money   of  Britain,  was  capable   of  making.     Twenty 
thoufand  troops  had  been    fent   from  the   Rhine,   and 
other  reinforcements  were  marching  towards  Italy  from 
all  quarters;  fo  that  Bonaparte,  inilead  of  being  able  to 
take  Mantua,  had  fpeedily  to  defend  himl^elf  againft  the 
force  of  a  fuperior  army  to  his  own,  that  approached 
to  raile  the  fiege,  and  even  threatened  to  drive  him  out 
J,.      of  Italy.     Wurmfer's  army  defcended  from  the  Tyrol 
artial  fue-  in  two  divifions.     One  half  of  it  proceeded  along  the 
:(res  of       tail  fide  of  the  lake  of  Garda,   and  the  other  came  by 
urmfer.    ^^^  ^^^  ^^  ^.^  ^^  jj^^  retreat  of  the  French,  who  were 
thus  enclofed  by  the  Auftrians.      On  tlie  29th  of  July, 
at  three  o'clock  in  the   morning,  Maffena  was  driven 
from  the  ftrong  poll  of  La  Corona,  on  the  eaft  of  the 
lake,  while,  at  the  fame  time,    1  5,000  Auftrians  drove 
the  French  from  Salo,  and  afterwards  from  Brefcia,  with 
all  the  magazines  and  hofpitals  of  Bonaparte's  army. 
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There  was  a  fatal  error,  however,  in  the  jjeneral  plan     Frerch 
of  operations  that  had  been  formed  by  the  Imperialifts. 
Their  army  united  was  an   overmatch   for  the  French  ;  i 
but  they  had  voluntarily  divided  it  into  two  parts,  pla. 
cing  Bonaparte  between  them.     The  eiror  was  inftanti 
ly   difcerncd,  and   taken    advantage  of  by   their  anta- 
gonllt.      On  the  night  of  the  jcth,    he  fuddenly  raifcd 
the  fiege  of  Mantua,  and  leaving  a  fmall  body  of  troops 
to  keep  in  check  the  Imperialifts  on  that  fide,  he  march- 
ed rapidly  weilward,  and  on  the  firll  of  Auguft  retook 
Brefcia,   with   the   magazines   and    hof])rtals.      Having 
the  mafs  of  his  army  united,   Bonaparte  furpaffed   his 
antagonifts  in  numbers  wherever  he  encountered  them. 
He  prepared  to  attack  the  Imperialifts  on  the  ^d  at  Salo, 
Lonado,  and  Caftiglione,  but  was  anticipated  by  them. 
Having  formed  a  large  body  of  his  troops  into  clofe  co- 
lumns, the  Auftrians,  who  were  not  yet  aware  of  the  na- 
ture of  his  mode  of  fighting,  extended  their  line  to  lur- 
round  them;  a  movement  which  enabled  the  columns  to 
penetrate  the  Imperial  army  in  all  dfretlions,  and  throw 
it  into  complete  diforder.     The  French  took  4000  pri- 
foners,  and  20  pieces  of  cannon.     The  Imperial  troops  He  i«  dc- 
were  here  fo  completely  defeated,  that  a  confiderablef"ts<^ 
divifion  of  them  having  in  vain  attempted  to  retreat  by 
Salo,  which  they  found  occupied  by  the  French,  wan- 
dered about  in  fearch  of  a  road  by  which  to  efcape  ;  and 
having  next  day   come  to  J^onado,  they   fummoned  it 
to  furrender,  upon  the  fuppofition  that  the  greater  part 
of  the  Freuch   army  had  gone  eaftward    to   encounter 
Wurmfer.     This  was  actually  the  cafe  ;  but  it  fo  hap- 
pened, that  Bonaparte  was   in  ptrfon   at  Lonado  with 
only  1200  men.      He  was  fufficiently  perplexed  by  this 
accident  ;    but    having    ordered    the    inciTcuijer    to    be 
brought  into  his  prcfcnce,   lie  threatened  to  deftroy  the 
whole  divifion   for  having  dared  to  infnlt   the  French 
army,  by  fummoning  its  commander   in   chief  to   fur- 
render.     The  ftratagem  was  fuccefsful.     The  Imperial 
officers  imagined  that  the  whole  army  was  in  the  place, 
and    immediately,  with   their  troops,  laid  down  their 
arms,  to  the  number  of  4000  men. 

Such  13  the  account  of  this  tranfaclion,  which  wc 
have  from  the  partial  pen  of  the  panegyriH  of  Bona- 
parte, who  writes  the  hiftory  of  his  campaigns  in  Italy  ; 
but  we  believe  that  the  General  has  himt'elf  affigned 
the  true  reafon  of  his  fuccefs  on  this  occafion,  and 
others,  where  fuccefs  could  not  be  reafonably  cxpetled. 
In  one  of  his  intercepted  letters,  Bonaparte  informs  his 
correlpondent,  that  the  Auftrian  armies  in  Italy  colt 
him  more  money  than  his  own  ;  and  indeed  it  is  not 
within  the  compafs  of  fuppofition,  that  a  body  of  ve- 
teran  loldiers  could  have  been  intimidated  to  lay  down 
their  arms  by  lo  vainglorious  a  threat  as  this,  had  not 
their  officers  been  corrupted  by  French  gold  and' French 
principles.  The  ftratagem  might  have  its  effeft  upon 
the  common  foldiers,  but  it  could  not  poffibly  impofe 
upon  their  leaders,  or  upon  the  mcftenger  who  fummon- 
ed Lonado  to  furrender. 

On  the  5th  and  6th,  Bonaparte  attacked  Marfiial 
Wurmfer,  and  drove  him  from  Pefchiera  and  the  river 
Mincio.  On  the  ^th,  the  Auftrians  were  compelled  to 
quit  Verona,  and  to  retire  once  more  to  the  mountains 
of  Fyrol.  The  conteft,  which  had  lafted  more  than  Ai^ir  de- 
fix  days,  coft  the  Imperialifts  more  than  20, coo  men,featc(l. 
upwards  of  15,000  of  whom  were  made  prifoners.  A 
part  of  the  Emperor's  troops  had  betn  levied  in  GaU 
3  G  2  liciai 
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French    licla,  the  part  of  PolanJ  wliicii,  in  the  partition  of  that 

*''^''''°"'°"' country,  had  been  allotted  to  Aullria.      Thclc  men  fci- 

^         zed  the  moiiieiit  of  dcttiit   to  quit  a  ftrvice  which  they 

difliked,  and  to  ga  over  to  the  French  ;  a  circunillante 

which  greatly  {willed  the  lill  of  prifonevs. 

It   was  now  necciiaiy  fur  the    French   to   commence 
the  ficgc  of  Mantua  anew.  The  garrifon  in  their  abfcnce 
had  dcHro'  ed  their  works,  and  carried  into  the  place 
140  pieces  of  heavy  cannon  which  they  iiad  left  behind 
them,  and  procured  a  confiderable  quantity  of  provi- 
fions.     The  blockade  was  renewed;  but  the  French,  by 
the  lofs  of  their  artillery,  were  unable  to  proceed  to  a 
regular  fiegc  ;  and  by  the  beginning  of  the  month  of 
September,  Marflial  Wurmfer,  having  received  new  re- 
inforcements, WIS  again   enabled  to   attempt  the  relief 
of  the  place.      Bonaparte  having  information  of  his  in- 
tended approach,  left  fufficient  troops   to  keep  up  the 
blockade,  while  he  advanced  northward  with  his  army ; 
and  on  the  4th  of  September  drove  the  Auftrlans  from 
the  pafTes  of  St  Marco  and  the  city  of  Roveredo  to  the 
aSo      pafs  of  Galliano,  where  they  made  their  principal  ftand. 
HU  n-.after- Here  a  battle  enfued,  in  which  the  French  took  no  lefs 
lyconduift   ,jj^^  6000  prifoners,  and  entered  Trent  as  conquerors, 
defeat  Upon  fuffering  this  defeat,  Marlhal  Wurmfer  adopted  a 

nieafurc  which  cannbt  be  fufficiently  approved  of.  In- 
ftead  of  retiring  before  the  conqueror,  who  might  have 
driven  him  to  Infpruck,  aid  arrived  at  a  critical  mo- 
ment at  the  Danube,  where  Moreau,  after  much  hefita- 
tion,  had  only  commenced  his  retreat,  he  fuddenly 
threw  himfelf  with  his  vanquiihcd  army  into  Bafiano, 
upon  the  flank  and  rear  of  Bonaparte,  and  then  advan- 
ced by  haily  marches  towards  Mantua.  He  attempted 
to  make  a  ftand  at  BafTano  on  the  8th,  but  was  defeat- 
ed, and  50CO  of  his  men  were  taken  prifcners.  He 
had  ftill  a  confiderable  body  of  troops  however.  With 
thefe  he  puflied  forward  ;  and  having  fought  different 
fcattered  divifions  of  the  French  at  Cerea,  Caftellano, 
280  and  Due  Caftello,  he  effefted  the  paffage  of  the  Adige  at 
He  enters  Porto  Legnano,  entered  Mantua  with  the  wreck  of  his 
JVlamua.  army,  amounting  to  about  40:0  infantry  and  4500  ca- 
valry.  In  this  enterprife  the  Imperialifts  loft  altogether 
20,000  men  ;  hut  the  efFe6t  of  it  was,  that  it  fixed  Bo- 
naparte in  Italy,  where  he  was  obliged  to  remain  watch- 
ing and  keeping  under  blockade  the  numerous  garrifon 
of  Mantua.  He  hoped  that  its  numbers  would  foon 
reduce  it  by  famine  to  the  neceffity  of  a  capitulation  ; 
but  in  this  he  was  deceived,  as  the  flefh  of  the  horfes, 
carried  into  it  by  Wurmfer,  afforded  fubfifteiicc  to  the 
troops  during  a  very  long  period. 

In  the  mean  time,  the  fame  which  their  countryman 

Bonaparte  gained  by  thefe  victories,  produced  in  the 

i3i      Corficans  a  deiire  to  change  the  Britifli  government  for 

Corfjca  re-  that  of  France.     They  accordingly   dilplayed  fo  mu- 


tinous a  fpirit,  that  the  Biitifh  Viceroy  thought  fit  to 


volts  from 

and  unites  ^v^cate  the  ifland,  which  was  no  longer  of  any  value  to 
wiihFrai  ce.his  government  after  all  Italy  had,  i«i  a  great  meafure, 
fubmitted  to  the  French.  The  Imperial  fubjecfs  in 
'Italy  alfo,  along  with  the  inhabitant  of  Bologna,  Fer- 
T3ra,  and  Modena,  who  were  completely  corrupted  by 
the  falle  philofophy  of  the  age,  began  now  to  republi- 
canife  themfelves  under  the  patronage  of  the  French 
general.  They  fent  deputies  to  a  conveption,  levied 
troops,  and  abolifhed  all  orders  of  nobility. 

The  Emperor  foon  fent  into  the  field  a  new  army  to 
attempt  the  relief  of   Mantua.     In  the  beginning  of 


November  this  army  advanced  under  the  command  of     French, 
Field  Marlhal  Alvinzi,  who  advanced  towards  Vizenza '^'^""''""'» 
on  the  call,  feconded   by  General  D.ividovich,  who  dc-         ^^  '    . 
feended    with   another   divifion    from    Tyrol.      Alvinzi 
had  already  croffcd  the  Piava,  when  he  was  met  by  the  „ 

French,  and  compelled  to  repafs  that  river.  But  Du-  partial  fuc. 
vidovich,  in  the  mean  time,  aiter  levcral  engagcnicnts,  cefics  if  the 
having  fuccecded  in  driving  the  French  down  the  Auftnans. 
Adige  towards  Verona,  Bonaparte  was  under  the  ne- 
ceihty  of  concentrating  his  forces.  He  now  adopted 
his  uiual  expedient  of  keeping  one  divifion  of  the  hollile 
army  in  check,  v\hile  he  contended  with  the  mafs  of  his 
forces  againft  the  other.  He  lelt  Vaubois  with  fome 
troops  to  detain  Davidovich,  while  he  advanced  in 
perfon  againft  Alvinzi,  who  was  now  hallcning  towards 
Verona.  He  was  met,  on  his  way,  by  the  Aullrians  at 
the  village  of  Arcole.  To  leize  this  village,  which  could 
not  be  Ipccdily  turned  on  account  of  a  canal,  the 
French  were  under  the  necefiity  of  paffing  a  narrow 
bridge  in  the  face  of  the  fire  of  the  Auftrians.  They 
made  the  attempt  without  fuccefs.  Their  oflicers  rulh- 
td  to  the  head  of  the  column,  and" in  vain  attempted  to 
rally  the  troops.  Generals  Verdier,  Bon,  Verne,  aad 
Lalnes,  were  carried  off  the  field.  Augereau  advanced 
with  a  ftai.dard  to  the  extremity  of  the  bridge,  but  no- 
body followed  him.  At  laft  Bonaparte,  who  in  the 
mean  time  had  fent  Guieux  with  2000  men  to  turn  the 
village  at  two  miles  diftance,  haftened  to  the  bridge  of 
Arcole.  Seizing  a  ftandard,  he  advanced  at  the  head 
of  the  grenadiers,  crying,  "  Follow  your  general." 
They  accordingly  followed  him  to  within  30  yards  of 
the  bridge,  when  they  were  intimidated  by  the  terrible 
fire  of  the  Auftrians  ;  and  their  leader  found  it  neceffary 
to  retire.  Attempting  to  mount  his  horfe  to  rally  the 
column,  left  the  Auflrians  fhould  advance  to  the  pur- 
fuit,  he  was  thrown  into  a  morals,  while  ftill  under  the 
fire  of  the  troops  in  the  village  ;  but  here  he  again  efca- 
ped,  as  the  Auftrians  did  not  atteiiipt  to  follow  up  their 
advantage. 

The  village  of  Arcole  was  taken  towards  the  even- 
ing by  Guieux,  and  afterwards  evacuated  by  the  French. 
On  the  following  day  (the  ifth  of  November)  an  ob- 
llinate  conflift  enfued   in  its   neighbourhood,  at  which  „ 

nothing  dccifive  was  accomplilhed.  On  the  i^th  theTheyare  . 
Auftrians,  having  preffed  impetuoufly  forward  upon  the  defeated,  j 
centre  of  the  French  army,  jvere  taken  by  furprife  up- 
on their  flank  by  the  left  wing  of  the  French,  which 
had  been  ftaiioned  for  that  purpofe  in  ambufcade. 
Their  left  wing,  however,  maintained  its  ground  till 
Bonaparte  fent  round  a  patty  of  horle  with  twenty  five 
trumpeters  to  their  rear,  who,  by  the  noiie  they  made, 
induced  the  Auftrians  to  believe  themfelves  furroundcd, 
and  to  fly  on  all  lides  in  confufion. 

iicre  again  appear  evidences  of  treachery  among  the 
Auftrian  officers,  though  the  battle  of  Arcole  was  the 
moft  levere  which  the  French  had  yet  fought  in  Italy, 
and  extremely  fatal  to  their  officers,  as  well  as  to  a 
multitude  of  their  troops.  During  its  continuance,  Da- 
vidovich had  fucceeded  in  defeating  Vaubois,  who  was 
oppofed  to  him  and  Rivoli,  and  the  blockade  of  Man- 
tua  was  adlually  uncovered  for  a  time.  But  Bona. 
parte  now  returned,  after  having  driven  Alvinzi  acrofs 
the  Brenta,  and  the  pofitions  of  Rivoli  and  La  Corona 
were  retaken,  and  Davidovich  repulfed  into  Tyrol. 
General  Wurmfer,' however,  ftill  held  out  in  Mantua 

during 
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during  the  remaining  part  <if  the  year  ;  nnd  ttie  only 
fruit  hitherto  derived  from  fo  many  vielorits  was,  that 
the  French  nation  was  led  to  look  towards  Bonaparte 
as  Its  only  invincible  commander,  upon  whom  all  its 
hopes  of  conqneli  were  to  depend. 

During  tliete  military  trani'adions,  Great  Britain  had 
entered  into  a  negociation  with  France.  In  confe- 
quence  of  pail'ports  obtained  from  the  DircAory,  I.urd 
Ntalmcibury  arrived  in  Paris,  and  began  the  negociation 
with  De  la  Croix  the  minHler  for  foreign  affairs.  Tho' 
the  Directory  conlJ  not  decently  refnfe  to  negociate, 
yet  they  were  unwilling  feriouily  to  conclude  a  peace 
with  Britain.  On  the  other  liand,  the  Britifh  miniltry 
have  fince  declared  that,  as  individuals,  they  aftually 
difapproved  of  a  peace  at  this  time,  but  that  they 
thought  it  nccefTary  both  to  negociate,  and  even  to 
conclude  a  treaty,  if  proper  terms  could  be  obtained. 
In  judging  thus,  they  were  certainly  right  ;  for  the 
country  at  large,  not  feeing  the  danger  of  peace,  was 
very  dcfirous  of  it,  whilll  a  dcfperate  faftion  was  con- 
Ifantly  afcribirig  the  continuance  of  the  war  to  tlie  cri- 
minal obftinacy  of  the  Britifh  government.  The  nego- 
ciation which  was  now  fet  on  foot  opened  the  eyes  of 
all  but  thofe  who  wilhed  to  fell  tlieir  country  to  French 
regicides.  Lord  Malmefbury  propofed,  that  the  prin- 
ciple ot  mutual  reflitutions  (hould  be  agreed  upon  as 
the  bafis  of  the  treaty.  After  much  ufclels  altercation, 
and  many  notes  had  pafTed  upon  tir's  fubjeft,  and  alfo 
upon  the  queftion,  how  far  Lord  Malmeibury  could  ne- 
gociate for  the  allies  of  Great  Britain,  from  whom  he 
had  received  no  official  powers,  the  Direftory  at  lail 
agreed  to  the  general  principle  of  mutual  re.litutions, 
and  required  that  the  objeifts  of  thefe  (Tiould  be  fpeci- 
fied.  Accordingly,  the  Brltidi  ambaflador  propofed, 
in  two  memorials,  that  France  fhould  relinquifli  the 
Auftrian  Netherlands,  and  oflered  to  give  up  the  French 
foreign  fettlements  in  return.  An  offer  was  idfo  made 
to  rellore  a  great  part  of  the  Dutch  foreign  poffcflions, 
on  condition  that  the  Stadtholder's  ancient  authority 
fiiould  be  acknowledged  in  that  country.  The  Direc- 
tory now  req\iired  Lord  Malmeibury  to  prefent  the  ul- 
timatum of  his  conditions  within  twenty-four  hours. 
On  his  complaining  of  this  demand,  he  was  informed, 
on  the  19th  of  December,  that  the  Direftory  would 
agree  to  no  conditions  contrary  to  the  French  conlliui- 
tion  ;  and  it  was  added,  that  his  farther  refidenee  at 
Paris  was  unneceffary  ! 

During  this  year,  Great  Britain  retained  her  ufual 
fuperiority  by  fea.  A  Britifh  fquadron,  under  Admi- 
ral  Elphinflon,  had  taken  poffeffion  of  the  Dutch  fet- 
tlement  at  the  Cape  of  Good  Hope,  on  the  i6th  of 
September  1795.  This  fettkment  the  Dutch  wilhed 
eageily  to  recover;  and  for  this  purpolc  they  adv.mced 
money  to  enable  the  French  to  tit  out  a  fquadron  to 
co-operate  with  them  in  an  attack  upon  it.  The  French 
government  took  the  money,  but  the  fquadron  was 
never  equipped.  The  Dutch  thcmfelves  this  year  fent 
a  fquadron  of  feven  fhipsof  war,  under  Admiral  Lucas, 
to  attempt  to  reconquer  the  Cape;  but  being  no  match 
for  the  Britifh  fquadron,  and  being  likewife  caught  be- 
tween two  fires,  without  the  poffibility  of  efcaping,  the 
Dutch  fleet,  without  firing  a  gun,  was  delivered  up  to 
the  Britifh  admiral. 

Notwithftanding  the  fuperiority  of  Great  Britain  by 
fea,  the  French,  towards  the  clofe  of  this  year,  attempt- 
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td  an  Invafion  of  Ireland;  but    the   plan    was  ill   con-     French 
certed,   and,   of  courfe,  uufuccefstul.      Tlie  whole  con-  "lun, 

duft  of   it  was    intrulled   to  one  man,    General  Hochc,  ^  '    . 

and  no  tecond  was  prepared  to  occupy  his  place  in  cafe      igj 
of  any  accident.     The  dilalfifted  fattion    with    whom  Unfuccefs- 
the    French   meant  to    co-operate  was  not   warned  off"  attempt 
their  approach,  and  the  fleet  was  fent  towards  a  1"'"'terpJ^^|jj.jj  ^^ 
of  the  country    where  the  people  were  little   difpofed,  Ireland, 
or,  at    Icall,    by  no  means  prepared  to  receive  them. 
Eighteen   ihips    of   tiie    line,   thirteen   frigates,   twelve 
(loops,   and  iome  tranfport.s,  having  25,o;o  land  iorci* 
on  board,   were  employed   In    this   expedition.      When 
about  to  lall,  it  was  detained  for  fume   time  by  a  muti- 
ny which  aroie  In  confequence  of  the  enllitment  of  about 
1,200  galley   Haves,      'fhe  fleet    failed  on  the    loth  of 
December  ;    but  a  flilp  ot  the  line  was  loll  in  going  out 
of  Breft,  and    lomc  of  the  rell   were  damaged.      The 
frigate  in  which  the  commander  in  chief  had  embarked 
was  feparated  from  the  fleet  in  a  gale  of  wind  ;  and  the 
confequence   was,   that  when   the  greater  part    of  the 
fleet  arrived  at  Bantry  Bay,  on  the  well   coatl  of  Ire- 
land,  nobody  had    inllruiStlons  how   to  proceed.      The 
troops  and  their  officers  wilhed  to  l.ind,   but  the  admi- 
ral, Bouvet,  refufed  to  comply  with  their  requell.   Ha- 
ving remained  fevcral  days  upon  the  coafl,  he  failed  for 
France,  and  arrived  at  Brell  with  a  part  of  the  fleet  on 
the  31(1  of  Dedember.      General  Hoche  did  not  reach 
Bantry  Bay  till  it  was  too  late,  and  therefore  could  not 
land.     The  fleet  fuffered  great  loffes  in  Its  return.    One 
fliip  of  the  line  and  two  frigates  foundered  at  fea,  a  fri- 
gate was  taken  by  the  Britifh,  and  a   ihip  of  the  line,, 
after   an    engagement   with  two   Btitilh  fhlps,  was  run 
aflioie  to  j)revent  her  being  captured. 

At  the  commencement  of  the  year  1797,  the  Arch-  '79?- 
duke  Charles  was  lliU  occiijiicd  in  the  reduftion  of 
Kehl,  and  of  the  French  fortifications  oppoCte  to  Hu- 
ningen.  Moreau  Hill  commanded  the  army  that  oppo- 
fed  the  Archduke  ;  but  General  Hoche,  after  his  re- 
turn  from  the  expedition  to  Ireland,  was  appointed  to 
fucceed  Jourdan  on  the  Lower  Rhine.  Bonaparte  was 
llill  engaged  in  the  blockade  of  Mantua,  while  tiie  Auf- 
trian government  was  making  vail  efforts  to  recruit  the 
army  of  Alvinzi  after  its  defeat  at  Arcole,  and  to  en- 
able  (hat  General  to  make  a  lail  and  defperate  eftort  for 
the  relief  of  Mantua.  The  young  men  of  Vienna  were 
urged  to  give  their  affillance  on  this  iniportant  occa- 
fiun,  and  6000  of  them  marched  into  Italy  as  volun- 
teers. Alvinzl's  army  amounted  now  to  nearly  50,000 
men  ;  and  he  commenced  his  operations  on  the  8th  of  »8S 
January,  by  fklrmllhing  along  the  whole  of  the  French  "7"^"  *• 
line  from  below  Porto  Legnago  upwards,  to  La  Co-jj^jj^,  " 
rona  near  the  Lake  Garda.  He  continued  for  fome 
days  to  alarm  the  French  at  all  points,  and  thus  to 
conceal  the  plan  of  his  future  efforts.  On  the  10th 
Bonaparte  was  lllll  at  Bologna,  on  the  other  lide  of 
Mantua,  taking  precautions  againfl  tlie  efcapeof  Wurni- 
fcr  by  that  quarter,  which,  from  an  intercepted  letter, 
he  had  learned  was  in  contemplation.  Being  now  in- 
formed of  the  approach  of  the  Auftrian  army,  he  ha- 
Hened  to  Mantua,  and  from  thence  to  Verona,  which 
was  the  centre  of  the  line  of  his  army  that  oppofed 
Alvinzi.  He  arrived  at  Verona  on  the  morning  of  the 
1 2th  ;  but  as  the  Auftrians  continued  to  make  their  at- 
tacks upon  all  quarters  at  once,  he  was  unable  to  pene- 
trate the  defign  of  their  leader.     At  laft,  on  the  J  3th, 
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tlie  efforts  of  the  Auftrlans  tiegan  to  afTiime  a  more  for- 
'  *  ■"""■midable  afpeft  on  tiie  lower  part  of  his  h'ne  near  Porto 
^^'"  .  Legnago  ;  but  on  the  evening  of  the  fame  day  he  re- 
ceived intelh'gence,  that  the  upper  extremity  of  his  line, 
where  Joubert  commanded,  'had  been  attacked  by  fuch 
an  immenfe  fiiperiorlty  of  numbers,  that  there  could  be 
no  doubt  that  the  greatell  number  of  the  Imperial 
troops  was  concentrated  there.  The  poll  of  La  Coro- 
na had  even  been  forced,  and  Joubert  compelled  to 
withdraw  to  Rivoli,  which  he  alfo  abandoned. 

The  Aullrians  ftiil  perfifted  in  their  unfortunate  plan 
of  dividing  their  army,  that  they  might  have  two  chan- 
ces of  fuccefs.  Ten  thoufand  chofen  troops,  among 
whom  were  the  Vienna  volunteers,  were  deftined  under 
General  Provera  to  penetrate  to  Mantua  by  Porto  Leg- 
nago, at  the  lower  extremity  of  the  French  line ;  while 
Alvinzi  in  perfon  advanced  with  the  mafs  of  the  army 
againft  Joubert  at  its  other  extremity.  On  the  13th 
all  went  well;  Joubert  was  compelled  to  retreat  ;  and 
he  was  fo  fituatcd,  that  the  eafy  capture  of  his  whole 
divifion  on  the  following  day  appeared  a  very  probable 
event. 

Bonaparte,  in  the  mean  time,  having  learned  the 
Hate  of  affairs,  left  Verona  in  the  evening  of  the  13th, 
having  firft  ordered  the  whole  centre  of  his  army  under 
Maffena  to  follow  him  to  the  neighbourhood  of  Rivoli 
with  all  poffible  fpeed.  Here  he  fpent  the  night  with 
his  officers  in  arranging  the  order  of  battle  for  next 
day,  and  in  occupying  proper  politions.  At  day-break 
of  the  14th  the  attack  was  began  by  Joubert's  divifion, 
to  the  no  fmall  furprife  of  the  Imperialitls,  who  were 
not  aware  of  the  arrival  of  Bonaparte  with  reinforce- 
ments. The  battle,  however,  was  long  and  obflinate. 
The  fuperiority  of  numbers  on  the  fide  of  the  Aullrians 
enabled  them  to  defeat  all  the  efforts  of  the  French  to 
turn  their  divifions.  They  at  lail  fucceeded  in  driving 
back  upon  the  centre  the  two  wings  of  the  French  ar- 
my in  confiderable  diforder.  Alvinzi  now  attacked  the 
^centre,  which  fcarcely  maintained  its  pofition  ;  and  the 
Auftrian  wings  advancing  on  both  fides,  completely 
furrounded  the  French  army.  The  vidlory  feemed  al- 
ready won  ;  and  it  is  faid  that  Alvinzi  difpatched  a 
courier  to  Vienna  to  announce  the  approaching  capture 
of  Bonaparte  and  his  army.  Bonaparte  indeed  confi- 
dcred  his  own  fituation  as  very  alarming  ;  and  is  faid  to 
have  meditated  his  efcape  acrofs  the  Aullrian  right 
wing.  From  the  nature  of  his  order  of  battle,  his 
troops  had  rather  been  concentrated  than  fcattered  by 
the  repulfe  they  had  received,  and  it  was  therefore  ftlU 
in  his  power  to  make  a  defperate  effort.  Having  form- 
ed three  ftrong  columns,  he  fent  them  againft  the  Au- 
ftrian right  wing.  They  fucceeded  in  penetrating  it 
at  different  points  ;  and  it  fled  in  fuch  confufion,  that 
having  encountered  a  party  of  French  that  had  not  ar- 
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rived  in  time  to  join  the  body  of  the  army,  4000  Auf-     French 
triaiis  laid  down  their  arms  in  a  panic,  and  furrendered  'devolution, 
thenifelves  priloners  of  war.      Night  put  an  end  to  any       '^^"'    . 
farther  ccnteft  ;  but  Bonaparte,  confidering  this  quarter      jgo 
ot  his  line  as  no  longer  in   danger,  departed  to  oppofe  And  arede- 
General  Provera,  leaving  Joubert  to  profecute  the  vic-f'-""*- 
tory  now  gained.  Tliis  fervice  he  performed  with  great 
fuccefs.      A  detachment  under  General  Murat  having 
marched  all    the  night   of   the    14th  after  the  battle, 
kized  Montebaldo  in  the  rear  of  the  pofition  at  Co- 
rona, to  which  a  confiderable  divifion  of  the  Auftrians 
had  retreated,  while  Joubert,  next    morning,   attacked 
them   in  front.      Finding  themfclves  furrounded,  they 
foon  fell  into  confufion.      Six  thoufand  men  were  made 
prifoners,   many  were  drowned  in  attempting   to   crofs 
the  Adige,  and  the  remainder  fled  to  Tyrol. 

During  this  fanguinary  conteft  on  the  upper  part  of 
the  Adige,  General  Provera  had  forced  his  paffage  a- 
crofs  the  lower  part  of  that  river  at  Angiara  near  Porto 
Legnago,  and  compelled  the  French  General  Guieux 
to  retire  to  Ronco.  Augereau  colletled  all  the  troops 
in  the  neighbourhood,  and  marched  to  attack  Provera  ; 
but  as  he  haftened  towards  Mantua,  Augereau  could 
only  come  up  with  his  rear  ;  of  which,  after  an  engage- 
ment, he  took  2000  priloners.  On  the  i  ^th,  however. 
General  Provera  arrived  in  the  vicinity  of  Mantua.  The 
city,  which  ftands  in  a  lake,  was  blockaded  at  the  two 
points,  by  which  it  has  accefs  to  the  inain-land  called 
St  George  and  La  Favorite.  Alvinzi  was  to  have  form- 
ed his  junftion  with  Provera  at  the  poll  of  St  George. 
Receiving  no  intelligence  of  him.  General  Provera  fum- 
mored  the  French  commander  here  to  furrender ;  and 
on  his  refufal,  endeavoured  to  carry  the  pofition  by  af- 
fault.  Having  failed  in  this  attempt,  he  turned  his  at- 
tention tovi-ards  the  poft  of  La  Favorite,  which  he  at- 
tacked on  the  morning  of  the  i6th:  while  Wurmfer, 
who  had  perceived  his  arrival,  advanced  with  the  troops 
of  the  garrifon  againft  the  fame  point.  But  by  this 
time  Bonaparte  had  arrived  with  reinforcements.  Ge- 
neral Wurmfer  wasrepulfed(B);  and  Provera  being  com- 
pletely furrounded  by  the  French,  was  under  the  necef- 
fity  of  furrendering  himfelf  with  his  troops  prifoners  of 
war.  The  refult  of  all  thefe  battles  at  Rivoli  and  Man- 
tua was  the  capture  of  23,000  prifoners  and  60  pieces 
of  cannon  ;  and  thus  four  Imperial  armies  had  perilhed 
in  Italy  in  the  attempt  to  prcferve  Mantua.  The  cap- 
ture of  this  city,  however,  was  now  inevitable,  in  con- 
fequence  of  famine.  It  furrendered  by  capitulation  onMantuj 
the  2d  of  February.  Bonoparte  on  this  occafion  en-furreOdei3l«i 
deavourtd  to  acquire  the  reputation  of  humanity.  To 
allow  the  French  emigrants  in  the  garrifon  to  efcape, 
he  confented  to  an  article  in  the  capitulation  that  Ge- 
neral Wurmfer  flrould  be  allowed  to  feledl  and  carry 
out  of  the  garrifon  700  men,  who  were  not  to  be  exa- 
mined 


-(b)  Marfhal  Wurmfer  had  before  this  time  begun  to  fnfpeft  that  his  plans  were  betrayed  to  the  enemy.  When 
he  refolved  to  make  his  laft  fally  to  co-operate  with  Alvinzi,  he  kept  his  plan  to  himfelf;  and  in  the  morning  of 
that  day  on  which  the  army  was  to  march  out,  he  gave  to  each  of  the  generals  commanding  the  divifions  (which 
we  think  were  feven)  his  orders  in  a  fealed  packet.  The  troops  marched  at  the  hour  fixed  on,  in  fo  many  divi- 
fions ;  and  they  were  inftantly  attacked  at  all  points  by  the  enemy.  Upon  this  the  old  General  faid  to  a  Britifli 
officer  of  high  rank,  who  was  with  him  in  the  fortrefs,  We  are  betrayed,  make  your  efcape  by  any  means  that  you 
can.  This  anecdote  was  communicated  to  us  through  a  channel  which  leaves  no  doubt  of  its  truth  in  our  own 
minds  ;  but  not  being  authorifed  to  give  the  names  of  our  informers,  we  thought  it  not  right  to  iniert  it  in  the 
text.     Its  truth  or  falfehood  may  be  eafily  afcertained. 
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FrencH    mined  nor  confidcred  as  prifoners  ;    and  the  General 
Revolution, jjj^fglf  jygj  allowed  to  depart  unconditionally. 

'7S7'  In  the  itieanwhile,  the   Pope,  who  of  all   the   Euro- 

'  J      pean  princes  had  the  bed  reafon  for  difllking  the  French 
The  P"P«    caufc,  uncautioiifly  pevfevered  in  hollility,   in  the  hope 
perfeveres   ^[,3^  fonie  one  of  the  Imperial  armies  might  fucceed  in 
in  holh-      driving  Bonaparte  from  Italy.     Having  recovered  from 
*'  the  panic  which   induced   him    to    folicit  an   armiilice 

when  the  French  firll  entered  Lombardy,  he  had  avoid- 
ed concluding  a  treaty  of  peace,  and  attempted  to  enter 
into  a  clofc  alliance  with  the  court  of  Vienna.  He 
procured  officers  to  be  fent  from  thence  to  t^ke  the 
command  of  his  troops,  and  flattered  himfelf  with  the 
vain  hope  of  being  able  to  make  an  important  diverfion 
in  favour  of  the  Imperial  troops. 

As  the  Emperor  and  the  French  were  both  prepa- 
ring with  all  poflible  fpeed  to  renew  their  bloody  con- 
teil  on  the  frontiers  of  Germany,  it  was  of  importance 
to  Bonaparte  to  leave  all  Italy  in  peace  on  his  rear.  On 
the  I  ft.  of  February  he  fent  a  divifion  of  his  troops  un- 
der General  Viftor,  along  with  what  was  called  the 
J^ombard  Legion,  confifting  of  Italians,  to  enter  the  ter- 
ritory of  the  Pope  ;  and  upon  the  furrender  of  Mantua 
Bonaparte  followed  in  perfon.  The  troops  of  his  Ho- 
linefs  made  feeble  refiilance.  The  new  raifcd  Lombard 
legion  was  made  to  try  its  valour  againll  them  on  the 
river  Senis  on  the  2d.  After  ftorming  their  entrench- 
,„,  ments,  it  took  their  cannon  and  1000  of  themfelvcs  pri- 
But  is  con-  foners.  Urbino,  Ancona,  and  Loretto,  fuccefTively  fell 
^ered.  an  eafy  prey  to  the  French.  From  the  chapel  at  Lo- 
retto the  papal  General  Colli  had  carried  moft  of  the 
treafure  ;  but  the  French  Rill  found  gold  and  filver  ar- 
ticles worth  1,000,000  of  livres,  and  the  image  of  the 
virgin  was  conveyed  as  a  curiofity  to  Paris.  Bonaparte 
now  proceeded  through  Maccrata  to  Tolentino.  He 
was  here  met  by  a  meffenger  from  the  Pope  with  offers 
of  peace,  and  concluded  a  treaty  with  his  Holincfs,  on 
the  19th.  By  this  treaty  the  conditions  of  the  armi- 
ftice  were  confirmed  ;  and  in  addition  to  the  payments 
then  ftipulated,  the  Pope  promifed  to  pay  15,-00,000 
of  livres,  and  to  deliver  8:0  cavalry  horfes,  with  as  ma- 
ny draught  horfcs  and  oxen.  He  alio  engaged  to  pay 
300,000  livres  to  the  family  of  the  French  envoy  Baf- 
ieville,  who  had  been  murdered  at  Rome,  and  to  apo- 
losjife  bv  his  miniller  at  Paris  for  that  event. 
594  ,  The  French  had  been  fo  unfucceisful  in  their  late  ir- 
Bonaparte  ruption  into  Germany,  through  Swabia  and  Francouia, 
that  they  now  refolved  to  make  their  principal  cff"ort 
from  Italy  under  Bonaparte.  For  this  purpofe,  the 
Directory  detached  great  bodies  of  the  veteran  troops 
that  had  fought  under  Moreau  as  fecretly  as  poffible 
through  Savoy  into  Italy.  The  court  of  Vienna,  how- 
ever, was  aware  of  the  approaching  danger,  and  gave 
the  command  on  the  fide  of  Italy  to  the  Archduke 
Charles,  who  of  all  their  military  leaders  had  alone  of 
late  been  fuccefsful  again  ft  the  French.  He  brought 
along  with  him  his  beft  troops  from  the  Rhine,  and 
numerous  levies  were  endeavoured  to  be  made  in  all  the 
hereditary  ftates  for  his  farther  fupport.  The  war  was 
now  about  to  be  carried  into  new  territories,  on  which 
the  houfe  of  Auftria  had  fcarcely  hitherto  beheld  a  foe. 
ItwasnrcefTary  that  Bonaparte  (houldonce  more  attempt 
to  fcale  the  fummit  of  the  Alps.  This  immenfe  chain 
of  mountains,  which  takes  its  rife  in  the  vicinity  of  Tou- 
lon, at  firft  ftretches  northward  under  the  names  of 
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Piedmont  and  Savoy.     It   then   runs  towards   the  eaft,     French 
forming  the  countries  of  Switzerland,  Tyrol,  Carinthia, '*-'^™''"_""'> 
and  Carniola.      The   three   laft   ofthcfe,   Daflinir  alonyr  .     '^^"    . 
the  head  of  the  Adriatic,  form  the  frontier  in  this  quar- 
ter of  the   hereditary  ftates   of  Auftria.      Between  the 
mountains  and  the  fea  lies  the   level  and  fertile  traft  of 
territory  which  belonged  to   Venice.      It   is  crofted  by 
many  large    ftreams,    which    are    fed   by  the   melting 
fnows  of  the  Alps,  and  whufe  nature  is  this,  that  they 
are  greateft    in  fummer,  and  that   their  waters  diminifh 
during  the  frofts  of  winter.  j-^ 

The  council  of  war  at  Vienna  now  committed  an  im- Blunder  nf 
portant  error  in  the  plan  of  defence  which  it  adopted,  the  Court 
Inftead  of  making  a  ftand  in  the  defiles  of  the  moun-"'  Vienna. 
tains,  the  Archduke  was  fent  down  into  the  plain  to 
defend  the  paffages  of  the  rivers.  War  is  effentially  an 
oft'enfive  art.  Whatever  the  general  purpofe  of  hofti- 
lity  may  be,  it  is  always  condufted  with  moft  fuccefs 
when  the  detail  of  its  operations  is  fu  managed  as  to 
affume  the  form  of  enterprife  and  of  vigorous  attack. 
Thisarifes  not  from  any  thing  in  the  nature  of  the  art 
of  war,  but  from  the  immutable  conllitutlon  of  the  hu. 
man  charafter.  The  ftrength  of  men  who  are  fixed 
without  motion  in  a  particular  fpot,  is  fubdued  by  the 
depreffing  paffion  of  fear,  and  by  the  defpair  of  accom- 
plilhing  any  important  objedl  ;  whereas,  when  urged  to 
aftion  and  to  entcrprile,  their  energy  is  increafed  by 
hope,  and  by  that  prefumption  of  their  own  fuperiority 
which  all  men  readily  entertain.  Hence  we  have  fo  few 
inftances  in  hiftory  of  nations  fuccefsfully  defended  by 
rivers  or  extenfive  fortified  lines  ;  whereas  mountainous 
countries  have  ufually  fet  bounds  to  the  progrefs  of  ar- 
mies. In  fuch  fituations,  the  defending  party  can  al- 
ways aft  upon  the  offenfive.  He  finds  his  adverfaries 
divided,  by  their  fituation,  into  Imall  parties.  He  hopes 
to  vanquilh  them  in  detail,  and  he  acquires  ftrength  and 
cotirage  from  the  prolpeft  of  fuccefs. 

While  Bonaparte  was  advancing  into  the  territory 
of  the  Pope,  the  Auftrian  army  was  arranging  itlclf 
along  the  eaftern  bank  of  the  Piava.  The  French  ■ 
were  on  the  oppolite  bank,  and  Bonaparte  haftened  to 
join  them  after  he  had  concluded  his  treaty  with  the 
Pope.  The  beginning  of  March  was  fpent  in  prepa- 
rations; but  at  lall  the  troops  advanced,  that  the  puint 
of  refiftance  might  he  difcovered.  Having  crofted  the protrreis of 
Piava  on  the  1  2ch  of  March,  the  Auftrians  retired,  fl<ir-  the  Frtmh 
mifhing  for  fome  days  till  they  had  crofted  the  Taglia- •''''iny. 
mento,  where  they  made  a  ftand  with  their  whole  force. 
Early  on  the  17th  the  French  army  arrived  at  Valva- 
fone,  on  the  oppolite  bank  ;  and  after  fome  helitatlon, 
refolved  to  force  the  paftage  of  the  river.  To  have  ac- 
complifhed  this  object  very  fpecdily  would  have  been 
difficult,  had  not  a  recent  troft  diminifhed  the  ftream, 
by  which  means  the  French  were  enabled  to  crofs  it  in 
the  face  of  the  enemy  in  columns  at  various  points. 
The  army  of  Bonaparte  was  now  in  three  divifions. 
Joubert,  with  the  left  wing,  advanced  along  the  courie 
of  the  Adige  into  Tyrol,  and  was  ordered  to  crofs  over 
from  tlience,  and  to  defcend  along  the  valley  of  the  ri- 
ver Drave,  which  is  beyond  the  higheft  chain  of  what 
the  Romans  called  the  Noric  ^■J/f>s.  MafTena,  with  the 
centre,  after  crofting  the  Tagliamcnto,  advanced  into 
the  defiles  of  thefe  mountains;  while  the  right  divifion, 
which  was  attended  by  Bonaparte  in  perfon,  proceeded 
along  the  coafl  of  the  Adriatic. 
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After  forcing  the  ppfla'Te  of  the  Tagli'amcnto  on  tlie 
R<:v<.lution,,^t,,^  the  French  had  e-ilily  defeated  the  Auftriins 
.      '^  on  the  oppofite  b.mk,   and  compelled  them  everywhere 

to  retreat.  The  other  rivers  were  eafily  pafTed  ;  and 
on  the  19th,  the  town  of  Gradilca,  on  the  river  I^i- 
fonzo,  furreiidcred  to  the  riglit  wing  of  the  aripy,  and 
its  garrilon,  anviunting  to  3000  men,  were  made  pri 
fon'.rs  of  war.  Oil  tlie  21II  Goritz  was  entered  by  the 
fame  divifion,  who  found  there  the  principal  Anlhian 
magaxiiies  and  hofpitals.  Trielle  was  entered  on  the 
23d;  and  the  Frencii  fent  off  in  waggons,  from  the 
quickfilver  mines  of  YdrJa,  materials  worth  2,000,000 
oflivres.  In  the  mean  time,  the  Auftrians,  in  their 
hally  retreat,  entangled  themfelves  and  their  baggage 
among  the  mountains.  On  the  24th,  a  large  body  ot 
them  was  hemmed  in  between  M;  ffena,  who  had  reach- 
ed Tarvis,  and  a  part  of  the  Trench  right  wing  under 
Guieux.  Reinforcements,  however,  having  found  means 
to  reach  them  from  the  Archduke's  head  quarters  at 
Clagenfurt,  they  hazarded  an  engagement  on  the  follow- 
ing day,  but  were  defeated,  with  the  lofs  ot  5000  ta- 
ken prifoners,  and  40O  waggons  loaded  with  baggage. 
The  French  left  wing  under  Joubert,  Baraguay  D'Hil- 
liers,  and  Delmas,  was  equally  fucccfsful.  On  the 
banks  of  the  Lavis,  after  an  obilinate  engagement, 
4000  Auftrians  were  taken ;  and  thereafter  at  Clauzen 
they  were  again  defeated,  with  the  lofs  of  I  5C0  taken 
prifoners.  Having  entered  Brixen,  this  divifion  turned 
eaftward,  and  defcended  the  valley  of  the  Drave  to- 
wards Clagenfurt,  the  capital  of  Carinthia,  where  it  was 
met  by  General  Maifena  ;  the  Archduke,  after  a  flight 
conteft,  having  evacuated  the  place,  and  advanced  lar 
ther  towards  the  capital  of  the  empire,  which  was  now 
feiioully  menaced,  and  in  which  great  conllernation 
Wonderful  prevailed.  In  15  days  Bonaparte  had  taken  20,000 
fii£crfs  of  prifoners,  and  croffed  the  Alps  ;  and  though  the  coun- 
Bonaparte.  j^y  j^jn  prefcted  fome  difficulties,  there  was  no  forti- 
fied place  capable  of  refilling  his  progrefs  towards  Vi- 
enna. He  did  not,  however,  coididcr  his  own  litua'Jon 
as  deflitute  of  liazard,  and  feized  the  prefent  moment 
of  unbounded  fuccefs  to  make  propofals  of  peace.  On 
the  31ft  of  March  lie  fent  a  letter  to  the  Archduke,  in 
which  he  depricated  the  ufelefs  prolongation  ot  the 
war,  and  intreated  him  to  interpofe  his  good  o&ices  to 
put  a  ftop  to  its  farther  ravages.  But  this  prince,  who 
ieems  to  have  dont^tcd  his  own  influence  at  the  court  ot 
Vienna,  returned  a  cold  anfwer,  ftating,  that  it  belong- 
ed not  to  him  to  invelligatv;  the  principles  on  which  the 
war  was  carried  on,  and  that  he  had  no  powers  to  ne- 
gociate. 
199  Tiie  Auftrian  cliiefs  made  a  laft  effort,  by  raifing  the 

Partial  fuc-peafants  of  the  Tyrr)l  in  a  mafs  to  cmbarrals  the  rear  ot 
ceflesof  the^jjg  French.  They  accordingly  gained  fome  luccelTes 
Auftrians.  ^^^^^  General  Landohn,  and  drove  out  the  French 
troops  that  had  been  left  at  Botzeii  and  Brixen.  The 
inhabitants  of  the  Venetian  ilates  alfo  role  againft  t,he 
troops  that  remained  in  their  country  ;  and  being  join- 
ed by  ten  regiments  of  Sclavonians,  which  had  been  in  the 
pay  of  the  government  of  Venice,  they  put  the  French 
to  death  wherever  they  were  found,  without  excepting 
the  fick  in  the  hofpitals,  of  whom  500  were  man"acred 
at  Verona.  A  party  of  Imperialifts  alfo  drove  the 
French  garrifon  out  of  Triefte,  and  thus  attempted  to 
furround    the    invading  army.     Bonaparte,    however, 
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knew  that  the  court  of  V  ienna  mu  (l  be  at  kiiR  ?.s  n.uch      Frenth 
embarralfed  as  himlelf.     His  army   ainoni.tid  to  95,000 '*'*'"''"'"''. 
men.      It  had  hitherto  proved  irrt  (illible  ;  and  the  Auf-^ 
triaiis  knew,   that   to    furround   was  not  to  conquer  it, 
lie    therefore   perfilled   in   advancing.      On   tie   2d  of 
April   he   lucceedcd   in   forcing  .the   Uiong  di files  l;c- 
tween  Ficifach  and  Newmalk,  after  a  lioooy  battle,  in 
which  he   took  600  prifoners.      On  the  4th,  his  advan- 
ced   gjard    reached    Hunfmurk,    where    the    Aiifliians 
were  again  defeated  ;  and   his  army   occupied  Kinten- 
feld,  Murau,  and  Judenbourg.      Tlufc  advantages  com-  The  AiT- 
pelled  the  Auftrian  cabinet  to  treat  for  peace,  as  there '^'■'^" '^''W. 
was  no  longer  any  point  at  which  the  Arciiduke's  army  '."^'  '"^" 
could  hope  10  make  a  ftand   till  it   came   to   the  moufl-  ""^ '"■  '•'^* 
tains  in  the  vicinity  of  Vienna.      Meafureswere   taken 
for  removing  the  public   treafure  and  tff"eits  into  Hun- 
gary, while  Generals  Bellegarde  and  Morvcld  were  fent 
to  requeft  fnnii   Bonaparte  a   fufpcnfion   of   hoftihties. 
On  being  fuftcred  to  take  pofreffion  of  Grat-/.  and  l.eo- 
bcn,   within   little  more  tiian    50  miles  of  Vienna,   he 
confented,  on  the  yth  of  April,  to  an   armiftice,  which 
was  only  to  endure  till  the  night  of  the    I3lh,  but  was 
afterwards  renewed   for  a   longer   period.      It  was  fol- 
lowed on  the  igth   by  a   preliminary   treaty,   figned  at 
Leoben  ;  by  w^hich  it  was  agreed  that  the  Auftrian  Ne- 
therlands Ihould  belong    to    France,  and  that  the  new 
republic  in   Lombardy  iliould  continue  under  the  name 
of  the  Cifulpine  Republic.,  and  fliould  include  the  Mila- 
nefe,  the  duchy  of  Mantua,   and  the  territories  of  Mo- 
dena,   Ferrar,   anj   Bologna.     There  is  reaion   to   luf- 
peft  that  fomething  hollile  to  the  independence  of  Ve- 
nice was  here  alio   ftipulated.       Bonaparte    agreed  to  unjjj'J^' 
withdraw   without  delay  into    Italy,   on    receiving   fub- and  cruel    ' 
flftence  for  his  army  during  its    march  ;   and  it  was  re- ":"n'^""^  °^ 
folved,   that  all  farther  dilpntes  fliouId    be  afterwards '^'^"'''"'"*- 
fettled  by  a  dehnitive   treaty  of  p^ace.      On  his  return 
he  accufed  the  Venetian   government  of  connivance  at 
the  iiilurrection  which  had  takenplacc  againll  thef  rench 
in  his  abfeiice  ;   and  having  leized  their  cit)   and   whole 
territory,   he   diifolved  that  ancient  and  lingular,    but 
now  feeble,  arillocracy. 

While  Bonaparte  was  advancing  towards  Vienna,  the 
French  armies  on  the  Rhine   had  begun  to  prels  upon 
tne  Auftrians,  to   prevent  farther  reinforcements  from 
being  lent  againft  him   from   that  quarter.      i'he  Au- 
.  tlrians  ottered  an  armiltice  ;  but  as  the  French  demand- 
ed the   fortrels   of  Ehrenbreitftein   as  the  price  of  it, 
both  parties  prepared  for  action.     The  left  wing  of  the 
army  of  General  Hoche  advanced  rapidly  from  Uuffel- 
dorf,  wliile  the  centre  and  right  wing  crofted  the  Rhine 
near  Coblentz.      The  Auftrians   under  General   Wer- sufcefTes  of - 
necht  retreated  to  the  Lalin,  where  they  waited  the  ar- the  French 
rival  of  the  French.      Here  a  violent  conteft  cnfued  on""  .''^^ 
the    18th  of  April,   in  which  4000  Auftrians  were  ta-  ■ 

ken  prifoners.  The  French  took  poffeffion  of  Wetz- 
laer,  and  drove  their  antagonifts  to  the  gates  of  Franc- 
fort.  In  the  mean  time.  General  Moreau,  on  the  Up- 
per Rhine,  forced  the  paffage  of  the  river  near  titraf- 
burg,  and  attacked  the  village  of  Dieilheim,  of  which 
he  at  laft  retained  poffeffion,  after  having  been  more 
than  once  driven  out,  and  the  village  nearly  deflroyed. 
The  following  day,  however,  the  Auftrians  renewed  the 
attack,  and  forced  the  French  for  fomc  time  to  give 
way  ;  but  powerful  reinforcements  having  crolfed  the 
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?rfn>h     river,   the  French    were   at  lad  enabled  to   renew  the 
.evolution,  [j^jjjj.  ^^.j[[,  f^j-ji  vigour,  that  tliey  took  Fort  Kehl,  to 
'^'''^'    ,  gcthcr  with  5000  prifoiiers.      The   IinperialiiU  in   this 
qiuirter  were  now  purfued  towards  the  Danube  ;   when 
,0,         all  mihtiry    operations   were  luddenly  arrclled  by  mcf- 
•eacecofi-  fengers  lent  through  Germany  by  the  Archduke  Charles 
iluJeJ.        and  Bonaparte,   announcing  that  peace  was  conciudeil. 
Thefe    meffengers  found  the  army   ot  Hoche   violently 
attacking  Francfort  on  the  Maine,  whicii  General  Wer- 
necht  was  endeavouring  to  defend.     The  news  was  dit- 
fuled  in  an  inllatit  through  both   armies  ;  and  the  con- 
tending troops,  throwing  ufide  their  weapouo,   congia- 
tulated  eacii  otlier  upon  the  event. 
>ower  of  France  now  held  a  very  elevated   rank,  and  a  formi- 

France  at  dable  character,  amfng  the  nations  of  Europe.  Spain, 
ills  period  j(2jy^  3„  J  Holland,  were  held  in  dependence;  while 
her  vii.'lorions  armies  had  compelled  the  laft  continen 
lal  member  of  tiie  coalition  to  accept  of  peace  from  an 
army  that  approached  his  capital.  Had  the  Aullrian 
officers  been  faithful,  and  the  court  of  Vieima  lefs  lel- 
filli,  fubfe  juent  events  have  indeed  lliewn  that  the  affairs 
of  the  Emperor  were  not  yet  defparate,  and  that  Bo- 
naparte was  not  that  invincible  hero  which  his  rapid 
fuceelFes  gave  foine  reaiou  to  hippofe  hira.  After  the 
perufal  of  his  letters  from  Egypt,  his  viftories  lofe 
much  of  their  brilliancy  ;  nor  does  any  aftion,  or  all 
the  atlions  of  his  life,  dllplay  fuch  military  ficill,  as  the 
retreat  of  Moreau  through  .Swabia,  when  prefTed  on  the 
l-ear  by  a  viftorlous  army,  and  furrounded  on  all  hands 
by  an  incenfed  populace.  But  Bonaparte  had  been 
fuccefsful  ;  the  Archduke  knew  not  whom  to  trull : 
there  is  reafon  to  believe  that  his  plans  were  continual- 
ly thwarted  by  a  corrupt  council  at  home  ;  and  the 
court  of  Vienna  was  bribed  to  make  a  peace.  Of  all 
the  enemies  of  the  French  revolution,  Britain  alone  re- 
mained in  hoftility.  From  her  command  of  the  ocean, 
(lie  was  enabled  indeed  to  retain  the  feeble  (late  of  Por- 
tugal, attached  to  her  caufe;  but  on  land,  fuch  was  the 
terrible  energy  of  France,  that,  with  this  exception, 
which  feemed  only  to  exill  by  tolerance,  the  Britidi 
trading  velTels  were  excluded,  by  her  influence,  from 
all  approach  to  the  continent,  from  the  Elbe  to  the  A- 
di  iatic  ;  and  the  Britilh  government  was  once  more  in- 
duced, in  thefe  clrcumllances,  to  try  the  cffcH  of  a  new 
negociation.  All  thele  external  advantages,  however, 
were  (peedily  loft  by  the  French  nation  ;  and  it  (eem- 
ed  the  unhappy  dcdiny  of  this  people  to  be  conftautly 
deprived  of  the  fruits  of  all  their  lufFerings,  and  cheir 
courage,  by  the  turbulence  of  their  domellic  fatlions, 
and  the  profligacy  and  unprincipled  conduct  of  their 
rulers. 

A  ferious  conteft  between  the  executive  power  and 
sen  the  the  legiflature  was  now  approaching.  We  already  re- 
■edtory    marked,   that  the  Direftory  was  originally  feledted  by 
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triole  men  who  had  been  the  allociates  of  llobefpierre  ; 
and  though  deferted  of  late  by  Come  of  the  more  vio- 
lent fpirits,  who  were  termed  Anarchijls,  it  was  Hill 
confidered  as  the  head  of  the  Mountain  party.  By  the 
viftory  obtained  over  the  feftions  of  Paris  on  the  5th 
of  October,  all  oppofition  had  been  fet  at  de(iance  for 
a  time  ;  but  the  nation  at  large  had  never  been  recon- 
ciled to  thefe  men.  The  period  now  arrived  when  a 
third  of  the  legiflative  body  was  to  be  changed.  On 
the  1 9th  of  May,  Letourneur  went  out  of  the  Direfto- 
ry  by  lot.  On  the  20th,  the  new  third  took  their 
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feats  in  the  Councils,   a  third  of  their  predeceflTors  ha-     Ffich 
ving  evacuated  tiicir  feats  by  lot  ;  and  on  the  foUuwing  ^  ^'l^l"!'"". 
day,    Bartlieleml,  the   ambaflador  to  Switzerland,   was  "    . 

chufen  to  fueeeed  Letourneur  in  the  Direftoiy.  The 
election  of  the  members  of  the  new  third  had  almod 
entirely  fallen  upon  men  who  were  underllood  to  be 
hollile  to  the  Direeloiy.  Many  Generals  out  of  em- 
ployment were  chofen  ;  fuch  as  Piehegru,  Jourdaii,  and 
Wlllot,  and  many  reprefentatlves  of  the  fiimilles  of  tlic 
ancient  rublliiy  who  had  not  emigrated  (among  whom 
was  the  Prince  ot  Coiili)  were  now  eleoled  into  the 
legilliture.  The  moderate  or  opjjofition  party  in  tiie 
two  Councils  now  poilcDTed  a  complete  majority.  C.ir- 
not  and  Bartlieleml  were  underllood  to  be  favourable 
to  them  in  th;  Uiridlory  ;  the  former  having  made  his 
peace  with  them,  and  the  latter  being  ellublKlied  by 
themfclvco.  The  eiTedl  of  this  change  in  the  Itate  of 
tlie  Councils  fpeedily  appeared  in  their  adopting  every 
mealure  that  could  embarrals  the  Directory,  or  call 
odium  upon  the  Mountain  party,  and  alter  tlie  ILae  of 
things  which  it  had  eftablilhed. 

On  the  14th  of  June,  Gilbert  DefmoLVres  bri>ught 
forward  a  report  from  a  committee  upon  the  (l:ite  of 
the  finances  ;  in  which  he  exhibited  and  repiobntcd  in 
the  ftrongeft  terms  the  prodigality  of  the  Dlrcrtory, 
and  the  profulion  and  rapacity  ot  its  agents.  O.i  the 
1 8th  the  fame  committee  propofed  a  new  plan  of  li- 
nance,  the  objefl  of  which  .vas  to  deprive  the  Direc- 
tory of  any  (hare  in  the  adminiftration  of  the  public 
money.  In  the  mean  time,  on  the  17th  ot  the  ianie 
month,  Camille  Jourdan  had  prefeiited  a  long  repoit  on 
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demonllrate  the  impropriety  of  prohibiting  the   public 
difplay  of  its  ceremonies,  and  the  injuftice  of  the  perfc- 
cution  which  its  minillers  had   undergone  for   rcfufing 
to  take  oaths   preferibcd   by  the  legiflature.     This  re- 
port was  afterwards,  on  the  15th  of  July,  followed  up 
in  the  Council  of  Five  Hundred,   by  a  decree,   repeal- 
ing all  the  laws  againll  refraftory  prielts,  or  which  affi- 
milated  them  to  emigrants.      On  the  iollowlng  day,  an- 
other decree,   requiring   from  them  a  diclaraiion  of  fi- 
delity to  the   conilitution,    could  only  be  carried  by  a 
majority   ofjio   againft   204.      A   propofal   was   now  i^|],j  „,g3. 
brought  forward   in  the   Council  of  Five  Himdrcd  by furcsof  ihe 
Emery,  a  new  member,  to  repeal  the  laws  which  con- Councils, 
fifcated  the  property  of  emigrants,  and   to  allow  their 
relations  to  fucceed  to  them   as  if  they  had  died  at  the 
period  of  their  emigration.      Thole  who  had  fled  into 
foreign  countries  from   I'oulon  and  other  places,  during 
the  reign  of  terror,  were  alio  encouraged  to  return,  a;.d 
allowed  to   expeft   that   their  names  would  be   erazed 
from  the  llil   of  emigrants.     The   conduct  of  the  Di- 
rectory towards  foreign   powers  was   attacked    on  dide- 
rent  occafions  ;   and  Dumoullard  propoled  the  appoint- 
ment of  a  committee  to  enquire  into  the  external  rela- 
tions  of  the  republic.     This  was  a  delicate  fubjeft  ;  as 
it  involved  the  charafter  of  the  armies  and  their  leaders, 
and  as  it  might  fubvert  the   interefts  of  the  Dlrcftory 
with  fome  of  their  friends  of  the  Mountain  party.  The 
Venetian  republic,  though  a   neutral  (late,   had  been 
overturned  by  Bonaparte  on   account  of  a  popular  in- 
furredlion,  for  which  the  government  apologifcd.   Little 
account  had  been  given  of  the  immenfe  fums  of  money 
that  had  been  levied  in  Italy.     The  armies  in  the  pre- 
ceding year  had  entered  Germany  in  the  character  of 
3  H  plunderers; 
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pliimlerers  ;  which  had  dlfgufted  all  thofe  in  that  coun- 
"  try  wtio  bad  once  been  friendly  to  their  cault,  and 
longcJ  for  rhii'r  arrival.  The  Direftury,  at  the  fame 
tiixij,  inftcad  of  e'ncouniging  the  progrifs  of  revolution, 
which  the  Jiicohiii?  eagerly  defifed,  had  fuddenly  made 
j>eace  witli  the  German  ptinccs,  upon  receiving  pecu- 
niary confributiohs,  which  were  kit  to  be  exacted  ac- 
coiding  to  the  ancient  laws  of  the  different  ftates  (which 
exempt  the  nobles  and  the  clergy)  and  thus  fell  hea- 
vielt  upon  thofe  very  pcrfons  who  had  cherilhed  the 
iiew  republican  principles.  ^ 

The  difciiflion  of  thefe  fubjefts  brought  the  majority 
of  the  Dlreftovy  and  of  the  Councils  into  a  flate  of 
complete  hollility.  Both  parties  refolved  to  violate  the 
conliitution,  under  the  pvetcnce  of  prefcrving  it.  The 
one  vvilhed  to  change  xlw  DIreftory  before  the  time 
prefcribed  by  law,  and  the  other  to  deprive  of  their 
feats  a  great  number  of  the  new  legillators  elffled  by 
the  people.  Barraa  was  the  moft  obnoxious  of  the  di- 
redoi-s  ;  and  an  attempt  was  made  to  deprive  him  of 
his  office,  upon  the  footing  that  he  was  lefs  than  40 
vears  of  age.  But  his  colleagues  alTertcd  that  he  was 
born  in  the  year  7755  ;  and  as  no  proof  to  the  con- 
trary could  be  bi'oU"-ht,  this  abottive  attempt  ferved  on- 
ly ftiU  farther  to  irritate  the  contending  parties,  and 
they  began  to  prepare  for  mote  efitr6tual  meafures. 
Had  not  force  been  fptedily  nfed  on  the  fide  of  the 
Direftory,  the  Councils  muft  nutiii":i!ly  have  prevailed. 
The  majority  of  the  people  corfided  in  them.  The 
national  pnrfe  was  in  their  hands  ;  and  they  hoped  to 
fubdue  the  DireQory,  as  the  conllituent  alfembiy  had 
done  the  king,  by  avoiding  to  vote  the  neceffary  fup- 
plies.  They  could  enacl  what  laws  they  p!eaftd.  They 
had  not  indeed  the  command  of  the  armies  ;  but  to  re- 
tnedy  their  weakntfs  ih  ';his  refpeiii.  General  Pichegru, 
on  the  20tii  of  July,  prefenttd  a  plan  for  reorganifing 
the  national  guard,  and  placing  it  mote  at  the  difpofal 
6f  the  Councils,  by  depriving  the  DitTsftory  of  the  no- 
Siination  of  the  officers. 

In  the  mean  time  the  Direflory  was  by  no  means 
£e;titute  of  adherents,  f  he  refolutior.s  of  the  Councils 
In  favour  of  the  prieils,  and  the  relations  of  emigrants, 
looked  fo  like  a  defertion  of  former  maxims,  that  many 
|;trfons  expected  an  immediate  counter  revolution.  The 
rbyalifts  gained  courage,  and  a  multitude  of  journals  or 
TSewfpapcrs,  favourable  to  their  cauie,  began  to  be  pub- 
lifhed.  Emigrants  obtained  paffports,  and  ^laftened  to 
taris  in  the  hope  of  being  ftruck  off  the  lid.  upon  al- 
■k'dging  that  they  fied  to  avoid  profcription  during  the 
Jiower  of  the  Jacobins.  The  effeiil  of  all  this  was,  that 
the  purchafcrsof  national  property,  and  thole  who  had 
■fcecome  rich  by  the  reVohltmn,  were  alarmed.  The 
vVholv  Mountain  palrty,  and  all  thofe  who  had  been 
•  aftive  in  oppofition  to  royalty,  rallied  round  the  Direc- 
tory. The  armies,  Whoffc  thiefs  found  themfelveS  in- 
volved in  feme  of  Xhi  actufdtions  brought  againft  that 
tody,  fent  addrefles,  in  which  they  declared  their  refo- 
lution  to  fupport  its  powet.  The  Councils  declared 
thef  •  addreltcs,  which  the  Dfreftory  had  received  ffoWi 
drmed  bodies,  unconftilutional,  and  procured  counlef- 
adi.iclTes  from  different  departments.  At  laft  the  par- 
Ifza-is  of  the  two  contending  powers  began  to  diftin- 
^uiHi  themfelves  in  Paris  by  their  drefs,  and  every  thing 
.prefaged  an  approaching  appeal  to  force.  On  the  20th 
■fif  July  the  Council*  ftcrivtd  imdligence  that  ft  divi- 
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fion  of  the  arhiy  cf  General  Hoche  had  adtanccd  with-  F'emk 
irt  a  few  leagues  of  Pan's  ;  uhcreas,  by  the  conliitution,''""''"''* 
the  Diieftory  incurred  the  penalty  ot  ten  years  impri- 
fonmtnt  if  it  authovifed  tioops  to  approach  nearer  to  the 
refidcnce  of  the  Icgiflative  body  than  twelve  leagues, 
without  its  own  confent.  An  explanation  of  this  event 
was  immediately  demanded.  The  Directory  denied  that 
they  had  orderLU  the  march,  and  afcribed  it  to  a  millake 
of  the  ofHcf  r  by  w  horn  it  was  con<lnftcd.  Their  explana- 
tion was  treated  with  contempt,  and  much  angry  debate 
took  place  in  the  Councils  concerning  it;  the  DireAory 
ail  the  while  conducting  themfelves  with  much  feeming 
modeiation,  and  even  fubniifllvenets.  In  the  mean  time 
their  aiitagonilts  ac^ed  a  very  undecided  part 
long  hoped  to  gain  Lareveillere  L*jaux  to  their  fide  ;t>ry  vido' 
in  which  cale  they  would  have  had  a  majority  in  the ■''""''*• 
Diieftory.  This  vain  expeitation  rendered  their  cou- 
dncf  indecilive.  At  length  the  majority  of  the  Direc- 
tory procured  an  addrels  of  adherence  from  the  fuburb 
St  Antoinc,  which  in  all  the  tempeftuous  days  of  the 
revolution  had  been  the  rallying  point  of  the  Mountain 
party.  Encouraged  by  this  addrefs,  they  proceeded  to 
immediate  aftion.  General  Augereau  had  been  fent 
from  Italy  under  pretence  of  prelenting  fome  Auftrian 
ftandards  to  the  Directory,  and  he  was  employed  as 
their  tool  upon  this  occafion.  They  commanded  the 
garrifon  of  Paris,  and  they  had  managed  to  bring  over 
to  their  party  the  foldiers  compofing  the  guard  of  the 
two  councils.  Before  day-bieak,  on  the  morning  of  the 
4th,  Augereau  furrounded  the  Thuilleries  with  a  divi. 
fion  of  the  troops.  The  guard  of  the  Councils  refufed 
to  refill,  and  their  commander,  Ramel,  was  taken  pri- 
foner.  Having  entered  the  hall,  he  found  Pichegru  and 
other  twelve  of  the  chiefs  of  the  oppofite  party  fitting 
in  confultation,  and  immediately  fent  them  priioners  to 
the  Temple.  Some  other  obnoxious  members  of  the 
Councils  were  alfo  put  under  arrtll.  The  direftor  Car- 
not  had  made  his  efcape  on  the  preceding  evening,  but 
Bai'.liclfmi  remained,  and  was  inipriloncd. 

All  this  was  accomplilhcd  without  noife,  and  in  an  in- 
ftant.  Mjny  members  ol  the  Councils,  when  they  cair.t 
to  the  hall  at  the  uUial  hour  were  luiprifed  to  Ijndihat 
ftals  were  put  upon  the  doors,  and  that  they  could  not 
obtain  admittance.  They  were  invited,  however,  to  go 
to  the  Surgeons  Hall  and  the  theatre  of  the  Odeon, 
where  ihey  were  told  the  Direiftory  had  appointed  the 
Councils  to  affemble.  At  thefe  places,  about  forty  of 
the  Council  of  Ancients,  ar.d  double  that  number  of  the 
other  Council,  alFembled  about  noon,  and  fent  to  de- 
mand from  the  Directory  an  account  of  the  proceed- 
ings of  the  morning.  They  received  an  anfwer,  decla- 
ring, that  what  had  been  done  was  necefTary  to  the 
falvation  of  the  Republic,  and  congratulating  the  Coun- 
cils an  tktir  efcape  from  the  machinations  of  royal- pretende 
ifts.  Being  llill  at  a  lofs  how  to  atl,  the  Council confpirac 
of  Five  Hundred  appointed  a  committee  of  four  mem- 
btrs  (of  whom  Sieyes  was  one)  to  report  upon  the 
meafures  to  be  adopted.  On  the  following  day  Boullay 
de  la  Meurth  prefented  a  report  from  this  committee, 
in  which  he  announced,  that  a  vail  royalift  confpiracy, 
whofe  centre  was  in  the  bofom  of  the  Councils,  had 
been  formed  to  overturn  the  conliitution,  but  that  it 
had  been  baffled  by  the  wildom  and  activity  of  th;  Di- 
Tedlory.  The  report  concluded,  by  propofmg  the  im- 
ttteidiate  tTaftfpBrtaUon  cJf  the  Confpirsftors  without  a 
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trial.  Accordlnjjly,  tliefc  degraded  rcprffentntive  bo- 
bles  proc'ecJed,  after  fonie  debate,  on  hearing  the  iianics 
ot  the  accufed  perfoiis  read  over,  to  vote  the  traiifpor- 
tation  to  Guiana  in  South  America,  of  fifty-three  of 
their  own  nicnibers,  and  twelve  other  pt;rfons,  among 
whom  were  the  direftors  Carnot  and  Barlhelemi.  They 
annulled  the  eledtions  in  forty-nine  deprrtments,  repeal- 
ed the  laws  lately  enafted  in  favour  of  the  difallcdtcd 
clergy  and  the  relations  of  emigrants  ;  and  even  fo  far 
aboliflied  the  liberty  of  the  prefs,  as  to  put  all  periodical 
publications  under  the  infpeClion  of  the  police  for  one 
year.  New  taxes  were  voted  without  hefitation,  T'ran- 
cit  de  Neufchauteau  and  Merlin  were  eletted  to  fill  the 
v-acancies  in  the  DlreAory,  and  affairs  were  endeavour- 
ed to  be  conducted  in  their  ordinary  train. 

All  this  while  the  city  of  Paris  remained  tranquil. 
That  turbulent  capit..!,  which  had  made  fo  many  lan- 
guinary  efforts  in  f.iv  lur  of  what  it  accounted  the 
caufc  of  freedom,  h 'd  been  fo  comDletely  fiibdued 
fmce  it«  unfortunate  lir.trg'e  on  the  sth  of  Oilober, 
that  it  now  permitted  the  national  reprefentation  to 
be  violated,  and  the  mod  obvious  rules  of  practical 
liberty  to  be  infringed,  without  an  effort  in  their  de- 
fence. The  Direftury,  in  the  mean  time,  attempted 
to  jullify  their  conduct  to  the  nation  at  large,  by  pub- 
lilbing  various  documents  intended  to  prove  the  exift- 
ence  of  a  royalift  confpiracy.  The  moft  remarkable  of 
thefe  was  a  paper,  faid  to  be  written  by  M  d'Antraigues, 
and  found  by  Bonaparte  at  Venice  ;  in  which  a  detail 
was  given  of  a  correfpondence  between  General  Piche- 
gru  and  the  Prince  of  Conde  in  the  year  179?.  The 
correfpondence  itfelf  was  alfo,  at  the  fame  time,  faid  to 
be  found  by  General  Moreau  among  papere  taken  by 
him  at  the  late  pafTage  of  the  Rhine.  It  dated,  that 
Pichegru  had  offered  to  the  Prince  of  Conde  to  crofs 
the  Rhine  with  his  army,  and  having  joined  the  Au- 
itrians  under  General  Wurmfer,  and  the  emigrants  un- 
der the  Prince  of  Conde,  to  return  with  the  united  ar- 
mies and  march  to  Paris,  where  they  were  to  re-eftalifh 
royalty.  The  Prinae  is  faid  to  have  refufed  to  accept 
of  the  offer,  from  jealouiy  of  the  participation  of  the 
Auflrians  in  the  honour  of  the  tranfaction.  He  there- 
fore infilled  that  it  ITiouId  be  coudufted  without  their 
aid  ;  but  Pichegru  thought  th«  attempt  too  hazardous  in 
this  form,  and,  being  foon  after  removed  from  his  com- 
mand, the  projeft  faded.  At  the  time  of  its  publication, 
the  genuinenefs  of  this  correfpondence,  and  alfo  of  the 
paper  found  by  Bonaparte,  was  denied  ;  and  nothing  has 
appeared  iince  to  induct  an  unprejudiced  man  to  think 
othcrwife  at  prefent.  Moreau,  who  was  certainly  in- 
volved  in  this  confpiracy,  if  real,  has  been  intrufted 
lince  that  period  with  the  command  of  the  armies  of 
the  republic ;  and  though  defeated  by  Marfhal  Suwarrow, 
he  is  fo  far  from  being  now  confidered  as  a  royalill, 
that  the  revolutionary  government  feems  inclined  to  in- 
truft  to  his  military  fl<ill  and  fidelity  its  laft  efforts  for 
the  continuance  of  its  exiftence. 

From  the  violation  of  the  reprefentative  government 
that  has  been  now  ilated,  it  became  obvious  to  fur- 
rounding  nations,  that  France  had  pafied  under  the  do- 
minion of  a  fmal!  faftion  at  variance  with  the  majority 
of  the  people.  The  Direftoiy  was  all  powerful.  Its 
members,  however,  feem  very  loon  to  have  become 
giddy  by  the  devattd  nature  of  their  fituation,  and  to 
iiave  adopted  a  notioti  that  there  was  no  projeA  of  am- 
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bition  or  rapacity  In  which  they  mi^ht  not  venture  to  Trereh 
cng.".gc.  During  tlieir  conteft  with  the  Councils,  they  ^<^v°'""  "> 
had  protracted  the  negociations  with  J^ord  Malmefbury  ^'''  . 
at  1-ifle,  and  had  fuffercd  thofe  to  rilax  which  had  bum 
entered  into  between  Bonaparte  and  the  Imperial  am- 
baffadors  at  Campo  Formio  near  Udine.  Great  Bi  i- 
tain  had  offered  to  confent  to  peace,  on  condition  of 
being  allowed  to  retain  the  Dutch  fettlement  of  the 
Cape  of  Good  Hope,  and  the  Spanidi  ifland  of  Trini- 
dad, which  had  been  taken  in  tlie  month  of  Fibruary 
this  year.  The  Diredlory  now  recalled  their  former 
negociators  Letourneur  atid  Marct,  and  fent  two  others, 
Trcilhard  and  Bonnier,  in  their  Head  ;  who  imuicdiately 
demanded  whether  I.,ord  M.ihnelbury  had  full  power 
to  rellore  all  the  fettlemcnts  taken  from  France  and  her 
allies  during  the  war  ?  Upon  his  Lordfhip's  declining 
to  aiifwer  fuch  a  quellion,  becaufc  it  implied  an  enquiry, 
not  into  his  powers,  which  were  in  the  ufual  form,  but 
into  his  inilruftions,  which  would  preclude  all  negocia- 
tion,  he  was  required  to  return  home  to  procure  more 
ample  powers.  The  negociations  with  the  Emperor, 
however,  were  now  fpeedily  brought  to  a  conclufiun. 
On  the  17th  of  Oftober,  a  dcMiiitive  treaty  was  figned  jn 
at  Campo  Formio.  By  it  the  Emperor  gave  up  theTre^fyof 
Netherlands  to  France,  the  Milanefe  to  the  Cifalpine '-'*"^''." 
republic,  and  his  territories  in  the  Biifgaw  to  the  Duke  ""*" 
of  Mudena,  as  an  indemnification  for  the  lofs  of  his 
duchy  in  Italy.  The  Emperor  alio  confented  that  the 
French  fhould  poffcl's  the  Venetian  iflands  in  the  Levant 
of  Corfu,  Zante,  Cephalonia,  Santa  Maura,  Ccrigo,  and 
others.  On  the  other  hand,  the  French  Republic  con- 
fented that  the  Emperor  Ihould  poffefs  in  full  fovcreign- 
ty  the  city  of  Venice,  and  its  whole  other  territory,  from 
the  extremity  of  Dalmatia  round  the  Adriatic  as  far 
as  the  Adigc  and  the  lake  Garda.  The  Cil'alpine  Re- 
public was  to  poffels  the  remaining  territory  of  Venice 
in  this  quarter,  along  with  the  city  and  duchy  of  Man- 
tua, aud  theecclefiaflical  ftates  of  Ferrara  and  Bulogna. 
Upon  whatever  principles  the  war  might  hnvc  hither- 
to been  conduced,  the  terms  of  this  treaty  fufiiciently 
demonllrated  to  all  Europe,  that  its  le.Ter  (lates  had  np 
better  rcafon  to  expeCl  fecurity  from  the  houfe  of  Au- 
ftria  than  from  that  of  the  new  republic.  This  truth 
would  have  been  Itill  more  evident,  had  the  articles  of  a 
convention,  which  was  figned  by  thefe  parties  at  the 
fame  period  at  Campo  Formio,  been  publifhed  to  the 
world.  Fearing,  however,  to  alarm  too  much  the  Ger- 
manic body,  thefe  articles  were  kept  fccret,  and  the  par- 
ties agreed  to  prevail  with  the  German  princes,  at  a 
congrefs  to  be  opened  at  Rafladt,  to  confent,  in  con- 
fequence  of  an  apparently  fair  negociation,  to  wb»t 
France  and  Aullria  had  determined  fhould  take  place. 
By  the  fecret  convention  or  treaty  now  alluded  to,  it 
was  ilipulatcd,  that  the  Rhine,  including  the  fortrefs  of 
Mentz,  fhould  be  the  boundary  of  the  French  Republic; 
that  (he  princes,  whofe  territories  were  alienated  by  this 
agreement,  fhould  be  indemnified  by  the  fecularization 
of  church  lands  in  Germany  ;  that  the  Stadtholder  »f 
Holland  fhould  be  Indemnified  for  the  lofs  of  his  eftates 
in  that  country,  by  receiving  German  territory  ;  that 
the  Emperor  fhonld  receive  the  Archbifliopric  of  Saltz- 
burg,  and  the  part  of  the  circle  of  Bavaria  fituated  be- 
tween that  archbifliopric,  the  rivers  Inn  and  Saltz,  and 
the  Tyrol ;  that  the  Imperial  troops  fhould  immediate- 
ly withdraHT  to  the  cenfmes  of  the  hereditary  ftates  be- 
3Hz  yond 


f; 


French 
Revolution 


3 '3 
Violent 
meafures 
of  the  Di- 
redory. 


314 
Invafion  of 
Wales. 


REV  [4 

yond  Ulm  ;  and  if  the  Germanic  body  (liould  refufe 
peace  on  tin  above  terms,  it  was  ilipulatcd,  that  the 
Emperor  fhould  fupply  to  it  no  more  troops  than  iiis 
contingent  as  a  co-cllate  amounted  to,  and  that  even 
thefe  lliould  not  be  employed  in  any  fortltied  place. 

Thefe  treaties  were  immediately  begun  to  be  put  in 
execution.  The  Aullrians  left  the  Rhine,  which  ena- 
bled the  French  to  iurrouud  the  fortrrffes  of  Mcntz 
and  Ehrenbreicflein.  Of  the  former,  they  fpeedily  ob- 
tained polTeffion  ;  but  the  Idttcr  toll  them  a  very  tedi. 
ous  blockade,  before  the  garrifun,  confilling  of  troops 
of  the  Palatinate,  would  agree  to  furrender.  The  Im- 
perial troops,  at  the  fame  time,  entered  Venice  ;  the 
French  having  evacuated  that  city  after  carrying  ofFor 
dellroying  its  whole  navy.  The  Cifalpine  Republic 
was  eftabliibed,  and  Bonaparte  left  Italy  ;  leaving,  how- 
ever,  an  army  of  25,000  men  to  garrifon  Mantua, 
Brefcia,  Milan,  and  other  places,  and  to  retain  this  new 
republic  in  dependence  upon  France.  Genoa  was,  at 
the  fame  time,  brought  under  a  fmiilar  dependence  by 
means  of  popular  commotion,  inftigated  by  the  French, 
and  a  revolution  in  its  government  which  took  place  at 
this  period.  And  thus  the  French  Diredory,  without 
the  excufe  of  hoftility,  as  in  the  cafes  of  Holland  and 
Spain,  began  a  fyftem  of  interference  in  the  afiairs  of 
weaker  neighbouring  ftates,  which  was  fpeedily  carried 
to  an  height  that  once  more  alarmed  all  Europe.  Thefe 
men  even  attempted,  at  this  time,  to  compel  the  Hates 
of  North  America  to  purchafe  with  money  their  for- 
bearance from  war.  This  was  done  through  a  circui- 
tous  channel,  and  in  the  form  of  an  intrigue,  by  private 
pcrfons,  who  v^ere  iuftrudled  to  inform  the  American 
minillers  at  Paris,  that  a  large  loan  on  the  part  of 
America  would  be  the  befl.  means  of  fecuving  peace;  and 
jt  was  hinted,  that  it  would  be  rendered  more  acceptable 
if  accompanied  with  a  private  prefent  of  L.  jo.coo 
fterling  to  the  members  of  the  Direftory.  This  laft 
propofal  was  indeed  denied  by  the  French  miniiler 
Tallyrand,  who  had  given  his  countenance  to  this 
crooked  negociation  :  but  the  general  impreiTion  produ- 
ced by  the  tranfaftions  could  not  be  removed  ;  and  its 
effeA  was  to  injure  very  deeply  the  tharafter  of  the 
French  government  in  the  opinion  of  thofe  diftant  na- 
tions that  were  otherwife  dlfpufed  to  regard  it  in  the 
moft  favourable  light.  Nor  was  its  refpectability  in- 
creafed  by  a  law  which  the  two  Councils,  at  the  defire 
of  the  Direftory,  thought  fit  to  enatt,  declaring  the 
fhips  of  all  rieutral  ftates  bound  for  Britain,  or  return- 
ing from  thence,  liable  to  capture.  This  law  was  not 
lefs  impolitic  than  unjuft.  It  placed  the  whole  carry- 
ing trade  of  the  weftern  world  in  the  hands  of  the  Bri- 
tifli,  and  thus  enriched  the  very  people  whom  it  was  in- 
tended to  injure. 

For  at  this  period  Britain  had  acquired  over  the 
ocean  a  degree  of  uncontrouled  dominion  that  was  al- 
together unexampled  in  former  times.  During  the  whole 
year  the  French  fleet  lay  blockade  I  in  its  owns  ports, 
and  no  enterprife  was  attempted  by  fea,  excepting  in 
one  folitary  but  fingular  inftance.  We  have  already 
mentioned  that  a  number  of  galley  ihves  were  fent  as 
foldiers  with  Hoche  in  his  attempt  upon  Ireland.  On 
the  failure  of  that  expedition,  the  Dirtdory  were  at  a 
lofs  how  to  difpofe  of  thefe  men.  They  could  not  now 
with  propriety  be  fent  back  to  pu-  ifliment,  the  troops 
would  not  ferve  along  with  them  in  the  army  ;  and  as  the 
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new  laws  of  France  allow  no  reminion  of  crimi's,  they  F'ench 
could  not  receive  a  pardon,  nor  was  it  fafe  to  let  loo(e'^^*"'''"'o''V 
upon  the  country  1400  crimirials.  In  this  dilemma,  the 
Directory  refolvtd  to  throw  them  into  England.  Ac- 
cordingly, they  were  fent  in  two  frigates  and  foniefmall 
veftels  to  the  coall  of  Wales,  and  there  landed  with 
mulkets  and  ammunition,  but  without  artillery.  In  the 
evening  of  the  very  day  on  which  they  landed,  the  23d 
of  February,  they  furrendered  themfelves  prifoners  of 
war  to  a  party  of  militia,  yeomanry,  cavalry,  ci>lliers,  and 
others,  under  thecommand  of  Lord  Cawdor.  ThcDirec- 
tory  boalted  that,  by  this  enterprife,  they  had  demon- 
ilrated  the  puffiblHty  of  landing  troops  on  the  BritiHi 
coaft  in  fpite  of  the  vigilance  of  the  navy  ;  but  this  af- 
fertion  was  ill  fupported  by  the  fate  of  the  two  fiigates 
accompanying  the  expedition  ;  both  were  captured  in 
attempted  to  return  to   Breil. 

Though  the  French  navy  remained  in  port,  and  con- Brilliant 
fequenlly  fafe  during  the   reft  of  the  year,   their  allies, '|'^<"'y  "f 
the  Spaniards  and  Dutch,   fuffcred  fcvcrcly.      On  the  5"' J"''" 
14th  of  February,  a  Britilh  fleet  of  15  fail  of  the  line,tjjg  ripLir.ifh! 
under  the  command  of  Sir  John   Jervis,   engaged  the  fleet, 
Spanilh  fleet,  amounting  to  27  fail  of  the  line,  off  Cape 
St  Vincent.      In  this  aftion,  the  Spanifli  force.  If  it  be 
eftimated  by  the  number  of  men,  the  number  of  guns, 
and  the  weight  of  metal,  was  more  than  double  that  of 
the  Britifh  ;  but  by  the  ll<ilful  manosuvres  of  its  heroic 
commander,  the  Britifh  fleet  twice  crofled  through  the 
line  of  the  Spaniards,  and  fucceeded  in  cutting  off  a  part 
of  their  fleet  from  the  reft.     Four  fhips  of  the  line  were 
taken,  and  the  Spanifli  admiral's  own  fhip  efcaped  with 
difficulty.      The  fleet  had  been  on  its  way  to   Breft  to 
join  the  French  fleet  there  ;   but  in  confequence  of  this 
atlion,  it  returned  to  Cadiz,  where  it  was  blockaded  by 
the  Britifh. 

For  his  gallant  conduiSl  in  this  engagement,  which,, 
when  every  clrcumftance  is  taken  into  conflderation,  is 
perhaps  unparalleled  in  the  annals  of  naval  war,  Sir 
John  Jervis  was  immediately  created  Earl  St  Vincent, 
and  received  the  thanks  of  both  houfes  of  the  Britlflt 
Parliament.  ,,^ 

The  Dutch  were  ftill  more  unfortunate.  The  Texel,  And  of  Atf- 
within  which  their  fleet  lay,  was  blockaded  during  the miral  Dun»- 
whole  fummer  by  Admiral  Duncan,  The  French  in- 
tended, by  means  of  the  Dutch  fleet,  to  make  another 
attempt  upon  Ireland.  Troops  were  accordingly  em- 
barked, under  the  command  of  General  Daendcis  ;  but 
a  refolution  having  at  lall  been  adopted  of  hazarding 
an  engagen.ent  with  the  Britifh,  the  Dutch  admiral 
De  Winter,  in  oppofitiun  to  his  own  remonftrances, 
was  ordered  to  put  to  fea.  The  Britifli  admiral  had 
by  this  time  left  his  ftation  near  the  Texel,  and  gone 
to  Yarmouth  to  refit.  On  receiving  intelligence,  how- 
ever,  that  the  Dutch  had  failed,  he  Inftantly  proceeded 
In  quefl  of  them.  On  the  1  ith  of  Offober  the  Britifh 
fleet,  amounting  to  16  fail  of  the  liric  and  3  frigates, 
came  in  fight  of  the  Dutch  fleet,  which  in  force  was 
nearly  equal,  within  about  nine  miles  of  Camperdown 
In  Holland.  Admiral  Duncan  immediately  run  his 
fleet  through  the  Dutch  line,  and,  though  on  a  lee 
fhore,  began  the  engagement  between  them  and  their 
own  coafl.  A  mofl  bloody  and  obftinate  conflict  en- 
fued,  which  lafted  nearly  three  hours.  By  that  time, 
it  is  faid  that  alrnoft  the  whole  Dutch  fleet  had  ftruck. 
The  fhips  could  not  all  be  approached  and  feized,  how- 
ever. 
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French    ever,  on  account   of  the  nialluwiiefs  of  the  water  upon      of  foulgti  aid,  and  acciiflonied  to  luimlllations,  had  fub-     Trench 
R«voliitiou,j|,j.    coaH^    ^^J   which   tlie   fleets  were   row  very   near,      mitted  to  every  deniard  inade  hy    iiini  for  reducing  the '^'^'"'•"''°"> 

^  ,'^'''         Eit;ht  Ihips  of  the  line,  willi  two  of  56  guns,  and  one.  number  of  iiis  troops,  and  fetting  at  liberty  perfons  im-  , '798- 

01  44,  ucie  taken,  befides  a  frigate,   which  was  after-      prifoiitd  on  account  of  pohtical  opinions.   But  an  event      310 

wards  loll  near  the  Britifli  coall,  and  one  of  the    (lilps  loon  occurred  to  afford   the   Directory   a  pretence  for'nfurrec 

of  56  guns  foundered  at  lea.      Adiiiiial  dc  Winter  vias  accomplilhing   the   ruin    of  this  decayed  governinent. ''"" '"  • 
taken  with  his  (hip,  and  alfo  the  Vice-adniiril  Rentiles.      On   the   26th    of  December   1-07,  three  perfons  had'"''' 

Siindar  honours  weie  conferred  upon  Admiral  Dun-  waited  upon  the  French   ambaflador,   and  folicited  the 
can  as  upon   Sir  John  Jervis,   and   both  admirals  had  proteftion  of  his   government  to  a  revolution    which  a 
each  a  pen  lion    of  L..2000  per   annum  conferred   upon  party  at  Roine  meant  to  accomplirti.      He  reieded  their 
him  for  life,  with  the  full  approbation,  we  may  venture  propofals,  and  diffauded  them  from  the  attempt ;  but  did 
to  lay,  of  every  well  affefted  man  in  the  kingdom.  not,  as  was  certainly  his  duty,  communicate  thefe  pro- 
Tiic  internal  hillory  ot  France  now  ceafed  to  be  very  polals  to  the  papal  government,  to  which  h«   was   fent 
intercfting.       Pohtical    freedom  could  not   be  faid    to  oii  a   friendly    embaffy.      On    tlie  fullowin?  day     how- 
exill  aftcu-  fo  many  of  the  reprcfentatives  chofen  by  the  ever,  a  tumult  took  place,  in  which  the  French  cockade 
Decline  of  people  had  been  driven  from  the  legiHature,  and  the  de-  was  worn  by  about  1  00  infurgents.      Thev  were   fpee- 
K  .       ''""  partments  reduced  to  the  neceflity  of  elcdting  me;i  more  dily  difperftd,  but    two   of  the  Pope's   dragoons  were 
acceptable  to  their  prefent  rulers.      Public  fpirit  there-  killtd.     The  ambaffador,   who  probably  knew  the  dif- 
fore  rapidly  declined.     The  high    notions  of  the   free-  poikion  of  tht  Directory   towards   tiie  Pope    fecms  to 
dom  and  felicity  it  was  about  to  enjoy,  which  had  once  have  relolved  that  his  ov.'u  perfonal   conduct   lliould  be 
been  fo  eagerly  cherllhed  by  a  great  part  of  the  nation,  blanieleis  on  the  occafion.      He  therefore  went    on  the 
now  gave  way  to  a  growing  indifference  about  political  aSlh  of  December  to   the   fecretarv  of  ftate,   and  pre- 
queftions,  and  the  future  deftiny  of  the  republic  ;  for  fented    a   lilt  of  the  perfons   under  his   protoflion  who 
the  people  at  large  found  themlelves  little  interclled  in  were  entitled   to  wear  the  French  cockade     confentiiif 
a  government  which  exilted   independent  of  their  will,  that  all  others  adoptiiiir  it  lliould  be  puiiilhed.      He  al- 
which  confided  of  a  narrow  circle  of  perfons,  and  whofe  fo  agreed  to  furrenderlix  of  the  Infurgents  who  had  ta- 
condudl  was  furely  not  lefs  crooked,   intriguing,  and  ken  refuge  in  his  palace.     I'owards  the  evening  of  this 
unprincipled,  than  that  of  the  ancient  royalty,  and    its  day,  however,  the  popular  tumult  became  more  ferious 
attending  court,  from  which  they  had   efcapcd;  whilit  particularly   in    the  couits  and  neighbourhood   of  the 
its  ferocious  cruelty,  and  total   difregard  even  of   the  French  minifter's  palace.      The   Pope   appears  to  have 
forms  of  juftice,  were  infinitely  greater.      But  though  be«n  perfonally  unacquainted  with   the  flate  of  affairs; 
the   Directory   was  all-powerful,  yet   its   power  was  li-  but  tlie  governor  of  the<:itv  fent  parties  of  cavalry  and 
mited  by  the   prefent   ibte  of  things,   which  denied  it  infantry  to  difperfe  the  infurgents.     About  twenty  per-  - 
the  pofFcflion  of  an  abundant  revenue.      It  had  not  yet  fons,   having  a    Frenchman  a't   their  head,   had,   in  the 
been  found  poffible   to    recifablilb  a  fyftem  of  prcduc-  mean   time,   rufhed  into  the  palace,  and   demanded  aid- 
live    taxation.     The   legiflative  councils,  indeed,   who  towards    accomplilhing  a  revolution.      A    number    of 
now  complied  with  every  wifh  of  the  Diredtory,  voted  French  officers,   and  others  who  were  with    the  ambaf- 
abundance  of  taxes  ;  but  thefe  were  fcantily  paid  ;  part-  fador,  propofed  to  drive  the  whole  infurgents  by  force 
ly  on  account  of  the   total   lofs   of  the   national    com-  from  the  jurifdiclion  of  the  palace.     This" was  certainly 
merce,  and  partly  becaufe  the  people  were  not  difpofed  to  a  falutary  advice,  and  fuch  as  could  not  have   been  re- 
make great  exertions  in  this  way  for  the  fupport  of  go-  jefted  by  the  ambaffador,  had  not  his  defigns  been  hof- 
vernment.      By  the  conllitution,  they   Hill  pofleffcd  the  tile  to  the  eftabliflied  government.      Rejefted,  however, 
eleftion  of  the  judges  and  other  magiftrates;  the  coun-  it  was;  for,  pretending  to   believe  that   his'authority 
try  was  filled  with   veteran   foldiers,  who  at   different  would  be  fufficieiit  to  accomplilh  the  objeCi  in  a  peace- 
times had  returned- from  the  armies  after  the  lapfe  of  able  manner,  he  went  out  into  the  court  to  addrefs  the 
Melfure  of  the  ufual   period  of  fervice.      The   Direftory,  kept  in  multitude.      He  was  prevented  from  doing  fo  by  a  dif- 
the  Direc-   awe  by  thefe  circumllances,  turned  its  attention  abroad,  charge  of  raufquetry  from  the  military,  wlio  were  firing 
"'^-            and  found  means  to  eftablilh  an  extenfive  patronage,  by  witiiin  the  jurifdiftion    of  the  palace.      He   intcrpofed 
dividing  among  its  adherents  the  plunder  of  neighbour-  with   his  friends    between  the   military  and  the  infur- 
ing  {fates,  in  whofe  welfare  the  people  of  France  were  gents  ;  and  while  a  part    of  the  French   officers  in   his 
little    intereilcd.      The    Girondilt  party   had   formerly  train  drove  back  the  infurgents   with  their  fabres,  the 
propofed  to  propagate  their  principles  by  ellablilliing  ambaffador  advanced  towards  the  foldiers,  and  dei^and- 
a  number  of  petty  republics  in  the  vicinity  of  France,  ed  why  they  prefumed  to  violate  iiis  jurifdiftion  ?   as  if 
The  Direftory   now    adopted   the  fame   projed  ;   that,  the  juiifdidtion  of  a  foreign  ambaffador  were  a  legal  afy-. 
under  the  pretence  of  diffufing  liberty,  they  might  ob-  lum  for  men  in    open  rebellion  againll  the  government 
tarn  new  fources  of  revenue  and  of  power,  by  the  do-  of  the  ftate.      It  is  not,   therefore,  furprifing,    that  no 
mmion  which  they   meant  to    exercife   over  thefe  new  attention  was  paid  to  this  arrogant  and  abfurd  demand; 
governments.   Holland  and  the  Cifalpine  republic  were  and  the  nature  of    the    ground  beinir  fuch,   that  the 
already  placed  in  dependence  upon  them;  and  Rome  and  troops  could  fire  over  his  head  upon  the  multitude  in 
Switzerland  readily  afforded  them  opportunities  for  ex-  the  rear,  they  made  a  fecond    difcharge,  which    killed 
tending  their  plan.  feveral  of  the   infurgents.     Upon  this  the  ambaffador 


3<8 


319 


EmbafTy  to      After  the  treaty  with  the  Emperor  had  been  conclu-     advanced  clofe  upon  the  foldiers,  to  prevail  with   them 

I     ■"«•        ded  at   Campo   Formio,  Jofeph  Bonaparte,  brother  of     to  depart  ;  but   they  remained  in  a  menacing  attitude, 

j  the  General,  had  entered  Rome  as  ambaffador  from  the     and  prepared  for  another  difcharge.     Eager  to  prevent 

French  Republic.  The  Pope,  now  deprived  of  all  hope     this,  the  French  General  Duphot,  who  was  with  the! 

ambaf' 


Rc\'oIurioO 

1798. 


R    H     V  r    430     1  REV 

p.rrbanr.dur,  nnd  was  next  day  to  liave  manied  liib  fiftcr,     feel  with  more  poignancy  his  humiliating  fittiation,  the     FrfnA 
riifhcd  into  the  ranks  of  the  military,   intrenting  them     day  chofon  for  planting  the  tree"  of  liberty  on  the  Ca- '^'^^"'''"''"' 


3»2 
The  papal 
pov'in- 
nunt  over 
turiitd. 


jjitol  was  the  annivcrfary  of  his  elcttion  to  the  fove-  '^j^  , 
reigiity.  Whilft  he  was,  according  to  cultom,  in  the 
Siilinc  chapel  celebrating  his  acccffioii  to  the  papal  chair, 
and  rcceiviiig  the  congratulations  of  the  cardinals.  Citi- 
zen Haller,  the  commiiFioner-general,  and  Cervoiii,  who 
then  commanded  the  French  troops  within  the  city,  gra- 
tified themfelves  in  a  peculiar  triumph  over  this  unfor- 
tunate potentate.  During  that  ceremony  they  both 
entered  the  chapel,  and  Haller  announced  to  the  fove- 
reign  Pontiff  on   his  throne,   that  his  reign  was  at  an 

"  The  poor  oW  man  feemed  fhocked  at  the  abrupt-  Cruel  treat, 
nefs  of  tln'f.  unexpefted  notice,  but  foon  recovered  him- "'^"'"f  the 
felf  with  becoming  fortitude;  and   when -General  Cer-      P'" 
voni,  adding  ridicule    to   oppreffion,  prefented  him  the 
national   cockade,   he   rejetled   it  with   a  dignity  that 
fhewcd  he  was  ftill  fqperior  to  his  misfortunes.    At  the 
fame  time  that  his  Holinefs  received  this  notice  of  the 
diffolution  of  his  power,   his  Swifs  guards  were  difmif- 
fed,  and  republican  foldiers  put  in  their  place." 

He  was  himfelf  removed  to  the  territory  of  Tufcany, 
where  he  rellded  in  much  oblcurity,  till  his  enemies, 
driven  from  Rome  in  their  turn,  thought  fit  to  carry 
him  ftill  farther  from  his  capital,  to  end  his  days  be- 
yond the  Alps. 

In  the  mean  time,  the  Roman  ftates  were  converted  Roman  re. 
into  a  republic  after  the  French  model  ;  excepting  that  public, 
the  ancient  appellations  of  confuls,  faiators,  and  tribunes. 


to  defift.  Here  a  petty  officer  of  the  Pope's  troops 
difcharged  his  mufliet  Into  the  body  of  Diiphot.  Upon 
this,  the  ambaffador  and  his  other  friends  found  it  ne- 
cefTary  to  make  tluir  efcape  through  a  bye- way  into  the 
palace.  The  Spanifh  nnniller  hearing  of  this  event,  fern 
to  the  fecretary  ot  ftate  to  proteft  againft  this  violation 
of  the  privileges  ot  ambalfadors  But  the  government, 
equally  alarmed  and  perplexed  by  the  fear  of  a  revolu- 
tion, and  of  French  vengeance,  remained  during  many 
hours  totally  inaftive  All  this  while  the  palace  of  the 
French  ambaffadnr  remained  clofely  befet  by  the  mili- 
tary, who  occupied  the  whole  of  its  jurifdiftion,  and  all 
its  courts  and  palfages.  He  at  lall  fent  to  demand 
paffports,  to  enable  him  to  leave  the  territories  of  the 
Pope.  They  were  granted  ;  but  with  many  protefta- 
tions  of  the  innocence  of  the  government,  and  its  re- 
gret on  account  of  this  unfortunate  occurrence. 

Jofcph  Bonaparte  retired  to  Florence,  and  from  thence 
to  Paris.  The  Pope  folicited  the  proteftion  of  the  courts 
of  Vienna,  Naples,  Tufcany,  and  Spain  ;  but  they  all 
ftood  aloof  from  his  misfortunes:  and  this  government, 
which  had  once  pofTefled  the  moft  uncontrouled  domi- 
nion  over  the  minds  of  men,  now  fell  without  a  ftruggle. 
General  Berthier,  at  the  head  of  a  body  of  French  and 
Cifalpine  troops,  encountered  no  oppofition  in  his  march 
to  Rome,  where  he  overturned  the  government  of  the 
Pope,  and  proclaimed  the  foverctgnty  of  the  Roman 
people,   with   circumflances    of  wanton    infult  ;   which 

convey   a   ftriking   example   of  French   humanity  and     were  adopted,  inftead  of  the   new  names  oi  3l  DireSory 
French  delicacy.  and  <too  Councils  {^d).     But  this  oftentatious  grant  of 

«'  That  the  head  of  the  church  might  be  made  to     freedom  was  rendered  completely  illufory,  by  a  condi- 
tion 

(d)  The  charafter  of  a  nation,  like  that  of  an  individual,  will  not  perhaps  admit  of  a  fudden  and  total  change. 
This  remark  is  exemplified  in  the  French  ;  who,  even  when  they  afftft  to  affume  the  Hern  manners  of  Republi. 
cans,  cannot  diveft  themfelves  of  their  frivolous  and  fantaftical  turn,  and  of  that  fondntfs  for  pomp  and  (how  by 
■^vhich  they  were  always  diftinguiflied.  The  following  account  of  the  rc-eftabli(hment  ot  the  Roman  Republic, 
by  an  author  of  refpeftability  who  ■witneffed  the  folemn  farce,  will  amply  confirm  the  truth  of  our  aiTertion. 

"  That  the  regenerated  Roman  people  might  be  conftitutionally  confirmed  in  their  newly-acquired  rights,  a 
day  was  fet  apart  folemnly  to  renounce  their  old  government,  and  fwear  fidelity  to  the  new.  F^or  the  celebra- 
tion of  this  folemnity,  which  took  place  on  the  20th  of  March,  an  altar  was  erected,  in  the  middle  of  the  piazza 
of  St  Peter's,  with  three  ftatues  upon  it,  reprefenting  the  French,  Cifalpine,  and  Roman  Republics.  Behind 
the  altar  was  a  large  tent,  covered  and  decorated  with  filk  of  the  Roman  colours,  fui-mounted  with  a  red  cap,  to 
receive  the  deputies  from  the  departments  who  had  been  fummoned  to  afiift.  Before  the  altar  was  placed  an 
open  orchellra,  filled  with  the  fame  band  that  had  before  been  employed  to  celebrate  the  funeral  honours  of  Dii- 
phot. At  the  foot  of  the  bridge  of  St  Angelo,  in  the  piazza  di  Ponte,  was  erefted  a  triumphal  arch,  upon  the 
general  defign  of  that  of  Conflantine,  In  the  Campo  Vacino,  on  the  top  of  which  was  alfo  placed  three  colofTal 
figures,  reprefenting  the  three  republics.  As  a  fubftitute  for  bas-reliefs,  it  was  painted  In  compartments  in 
chiara  fcura,  reprefenting  the  moft  diftingulthed  aftions  of  Bonaparte  in  Italy.  Betore  this  arch  was  another 
orcheftra. 

"  rhe  ceremony  In  the  piazza  began  by  the  marching  In  of  the  Roman  legion,  which  was  drawn  up  clofe  to 
tlie  colonnade,  forming  a  femicircular  line  ;  then  came  French  infantry,  and  then  cavalry,  one  regiment  after 
another  alternately,  drasvn  up  In  feparate  detachments  round  the  piazza.  When  all  was  thus  in  order,  the  con- 
fuls  made  their  entrance,  on  foot,  from  the  Vatican  palace,  where  they  had  robed  themfelves,  preceded  by  a 
company  of  national  troops  and  a  band  of  mufic  ;  and  If  the  weather  had  permitted,  a  procefiion  of  citizens,  fe- 
Itcted  and  drefied  In  gala  for  the  occafion,  from  the  age  of  five  years  to  fifty,  were  to  have  walked  two  and  two 
carrying  olive  branches;  but  an  excclTively  heavy  rain  prevented  this  part  of  the  ceremony. 

"  Before  the  high  altar,  on  which  were  placed  the  ftatues,  there  was  another  fmaller  one  with  fire  upon  it. 
Over  this  fire  the  confuls,  ftretching  out  their  hands,  fwore  eternal  hatred  to  monarchies,  and  fidelity  to  the  re- 
public ;  and  at  the  conclufion,  one  of  them  committed  to  the  flames  a  fcroU  of  paper  he  held  in  his  hand,  con- 
tSir.ing  a  reprefentation  of  all  the  infignia  of  royalty,  as  a  crown,  a  fceptre,  a  tiara,  &c.  ;  after  which  the  French. 
troops  fired  a  round  of  muflcetry  ;  and,  at  a  fignal  given,  the  Roman  legion  raifed  their  hats  in  the  air  upon  the 
points  of  their  bayonets,  as  3  demonftration  of  attachment  to  the  new  government  :-but  there  was  no  fliouting — 
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ftench  ti'on  annexed  to  it,  that  for  ten  years  the  French  Gcne- 
fct»olution,j.j|  Oij^iij  polTcfs  3  negative  upon  all  laws  and  public 
^  '  "  '  ,  afts.  At  rirft,  however,  the  conquerors  took  care  to 
place  the  government  in  the  hands  of  the  moll  refpeit- 
able  perfons  in  the  ftate  favourable  to  democracy.  But 
thefe  men  finding  that  they  were  merely  to  be  employ- 
ed as  tools  to  plunder  their  fellow-citi/.ens,  for  the  emo- 
lument of  their  northern  matters,  foon  renounced  their 
odious  dignities,  and  were  fucceeded  by  men  of  more 
compliant  charafters,  and  lefs  fcrupulous  integrity. 
The  whole  public  property  was  feized  by  the  invaders, 
and  contributions  were  levied  without  end.  The  pro- 
perty of  (ho  cardinals  and  others  who  fled  was  confif- 
cated,  and  thofe  members  of  the  facred  college  who  re- 
mained were  thrown  into  prifons,  from  which  they 
could  only  efcape  by  purchaling  their  freedom  at  a  high 
price. 

When  this  was  done,  and  Generals  and  CommKTaries 
had  glutted  themfelves  with  wealth,  quarrelled  about  a 
jufi  divifion  of  the  fpoil,  mutinied,  and  difperfed,  other 
unpaid,  unclothed,  unprovilioned  armies  from  the  north, 
with  new  appointments,  fucceeded;  and  when  at  length, 
even  by  thefe  con/lilulioniil  mezns,  nothing  more  was  to 
be  obtained,  and  artifice  had  exhaufted  every  refource, 
the  mafl<:  was  put  under  the  feet  that  had  been  long 
held  in  the  hand  ;  liberty  waS  declared  dangerous  to 
the  fafety  of  the  republic,  the  conftituted  authorities  in- 
Su^  f  ded  '^^P^ble  of  managing  the  affairs  of  the  ftate,  and  mili- 
by  military  *3''y  '^w  the  only  rational  expedient  to  fupply  their 
fcfpotim.  place.  Thus  at  once  the  mockery  of  confular  dignity 
was  put  an  end  to,  tlie  fenators  fent  home  to  take  care 
of  their  families,  and  the  tribunes  to  blend  with  the  peo- 
ple whom  they  before  reprefented.  This  new  and  pre- 
ferable fyllem  began  its  operations  with  nothing  lefs 
important  for  the  general  welfare,  than  feizing  the 
whole  annual  revenue  of  every  eflate  produftive  of  more 
than  ten  ihoufand  crowns  ;  two-thirds  of  every  eftate 
that  produced  more  than  five,  but  Icfs  than  ten  ;  and 
one-half  of  every  inferior  annual  income. 

Even  the  degenerated  Romans  could  not   have  fub- 
mitted  to  all  this,  or  at   Icall  would  not  have  afiiftcd  in 
forging  their  own  chains,  had  not  the  fame  means  been 
'  ■employed  to  eradicate  from  their  minds  every  moral  and 

religious  principle,  which  had  been  formerly  employed 
for  the  fame  purpofe  in  Paris.  In  order  that  the  fpirit 
of  equality  might   be  more  cxtenfively   diflufed,  a  cou- 


ftitutional  democnitic  club  was  inflituted,  and  held  in     Prf;Tch 
the   hall  of  the  Duke  d'Altemp's  palace.     Here  the  "''"'"""n, 
new-born  fons  of  freedom  harangued  each  other  on  the  ,     '79°-    ^ 
bleffings  of  emancipation  ;   talked  loudly  and  boldly  a-      ,,6 
gainll    all  conftituted  authority  ;   and  even   their  own  Metl  o.l« 
confuls,   when  hardly  inverted  with  their  robes,  became '^'"•'P')'' 
the  fubicfts  of  cenfure  and  abufe.     The   Englilh  were  't"  '"""P^ 
lield  as  particularfy  odious,  and  a  conltant  theme  of  im-ytuth. 
precation  ;  and  this  farce  was  fo  ridiculouf]y  carried  on, 
tiiat  a  twopenny  fubl'cription  was  fet  on  font  to  reduce 
what   they  were  pleafcd    to  call  the  proud  Carthage  of 
the  Nortfi. 

If  this  fooliili  fociety  had  had  no  other  objeft  i:i 
view  than  fpouting  for  each  other's  amufement,  bow- 
ing to  and  kiffing  a  bufl  of  Brntus  which  vias  placed' 
before  the  roflrum  (a  ceremony  ruiiilanily  pracliled  bt- 
fore  the  evening's  debate),  it  would  have  been  of  little 
confcquence  to  any  but  the  idle,  who  preferred  that 
mode  of  fpending  their  time  ;  but  it  had  other  objedts 
of  a  very  different  tendency,  more  baneful,  and  more 
deftruftive  to  the  peace  and  morals  of  focicty — that  of 
intoxicating  young  minds  with  heterogeneous  pinciplcs 
they  could  not  underfland,  in  order  to  fuperfede  the 
firtl  laws  of  nature  in  all  the  focial  duties  ;  for  there 
were  not  wanting  men  who  knew  hour  to  direft  the 
folly  and  enthufiafm  of  thofe  who  did  not  know  how 
to  direft  themfelves.  Here  they  were  taught,  that 
their  duty  to  the  Republic  ought  ever  to  be  paramount 
to  every  other  obligation  ;  that  the  illuflrlous  Brutus^ 
whofe  bufl  they  had  before  them,  and  whofe  pjtrioilc 
virtue  and  julllce  ought  never  to  be  loft  fight  of,  fur. 
nifhed  them  with  the  ftrongell  and  moft  heroic  example 
of  the  fubordination  of  the  deareft  ties  of  humanity  to 
the  public  good  ;  and  that,  however  dear  parent*!  af- 
fe£lion  might  be.  yet,  when  put  in  competition  with 
the  general  welfare  of  focicty,  there  ought  not  to  be  a 
moment's  hefitatinn  which  was  to  be  preferred. 

This  fort  of  reafoning  might  perhaps  have  done  no 
harm  to  the  fpeculative  clofet  metaphyfician,  who 
might  have  had  neither  father,  nor  mother,  nor  brother,, 
nor  filler,  nor  a  chance  of  ever  being  thrown  in  the  way 
to  reduce  his  theory  to  practice  ;  but  with  a  people 
who  knew  of  no  other  ties  but  fuch  as  depended  on 
their  religion  and  their  natural  feelings,  without  haviup 
been  previoufly  educated  to  dllcriminate,  how  far  their 
reafon  might  be  deluded  by  fophittry,  or  tipon  what 

caufes 


no  voluntary  figns  of  approbation  ;   nor  do  I  believe  that  there  ever  was  a  lliow,   in  which  the  people  were  in- 
tended to  aft  fo  principal  a  part,  where  fo  decided  a  tacit  difapprobation  wWs  given  as  on  this  occafion. 

"  After  the  ceremony  was  concluded,  the  French  officcra,  with  the  confuls  and  deputies  from  the  departments,. 
flined  together  in  the  papal  palace  on  Monte  Cavallo,  and  in  the  evening  gave  a  magnificent  ball  to  theexnobW- 
and  others,  their  partlzans,  which  was  numeroufly  attended,  yet  with  an  exception  to  the  houfes  Borghefe,  Sairta- 
t^roce,  Altemp,  and  Cefatinl  :   I  believe  not  one  diftingullhed  family  was  prefent  from  defire  or  inclination  :   buf 
it  was  now  no  longer  time  to  accumulate  additional  caufes  for  oppreffion  :   and  he  who  hoped  to  fave  a  remnant 
of  his  property,  avoided  giving  occafion  for  perfonal  refentment.      At  night  the  dome  of  St  Peter's  was  illumlna- 
ted,  -with  the  fame  fplendour  as  was  cuftomary  on    the  annlvcrfary  of  St  Peter's  day.     This  was  the  fecond  time 
of  its  illumination  fii.ce  the  arrival  of  the  French,  having  been   before  difplayed  on  the  evening  of  the  foleirm 
ffte  to  honour  the  manes  of   Duphot,   which,  though  not  quite  lo  opportune,  was  done  to  gratify  the  officers 
that  were  to  leave  Rome  on  the  morrow. 

"  The  day  after  this  federation,  the  French  publiflied  the  Roman  contlitution  in  form,  which  was  only  a  re- 
Jjetition  of  the  one  given  to  the  unfortunate  Venetians,  confilting  of  372  articles,  and  which  I  think  unnecejTary 
to  tranfcribe,  as  it  would  only  be  giving  what  we  have  already  had  from  time  to  time  in  tranfktions  made  from 
their  own."—  Dappa's  Journal  of  ihe  mojl  remarhabk  occurrences  thai  took  flace  in  Rome,  upon  the  Siibv<;rilon  of 
Ecclefiaftical  Govcrntnent  in  179^. 
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caufes  the  permanent  j;-o()d  of  focicty  depended,  it  had 
the  mod  direct  tenJciicv  to  generate  the  worll  paflioiia, 
and  to  annihilate  the  beil. 

Young  men  were  thus  initiated  to  !ofe  all  refpeft  for 
their  parents  and  relation^;,  and  even  encouraged  to 
lodge  ijiformation  againll  them,  with  the  hopeful  prof- 
ped  of  being  confidered  as  deferving  well,  of  what  they 
were  pleafed  to  denominate,  the  republic  ;  and  by  thus 
weakening  or  deilroying  the  bonds  ot  affeftion,  the  way 
was  made  fmooth  and  eafy  to  the  dellruftion  of  every 
tiling  like  what,  in  a  ftate  of  civilization,  is  called  cha- 
racter ;  doubtlcfs,  in  order  to  prepare  them  the  better 
to  become  the  falthfid  agents  of  thofe  whom  they  were 
thus  educated  to  ferve. 

The  moll  remarkable  curiofities  of  this  celebrated 
city  had  already  been  conveyed  to  Paris  ;  and  as  na- 
tional vanity  had  now  given  place  to  avarice  in  the 
minds  of  the  Dircftory,  the  remaining  monuments  of 
ancient  or  of  modern  art,  with  which  Rome  abounded, 
were  fold  by  public  auAion.  Advertifements  (e)  were 
fent  through  Europe,  offering  paflports  to  the  natives 
of  countries  at  war  with  France,  if  they  {hould  wiih  to 
become  purchaferB  ;  and  thus  the  wealthier  inhabitants 
of  the  Roman  territory  not  only  favv  themfelves  fubjecl- 
ed  to  fevere  exactions,  but  they  beheld  with  cruel  mor- 
tification thofe  objcfts  now  given  up  as  a  prey  to  vul- 
gar fpeculation,  and  difperfed  over  the  world,  which 
had  lo  long  rendered  their  city  the  refort  of  all  na- 
tions. 

Such  was  the  progreflive  conduft  of  the  Great  N^a- 
lion  towards  an  injured  and  opprefftd  people,  whofe 
happintfs  and  dearell  interr-fts  were  its  firft  care,  and 
to  whom  freedom  and  liberty  had  been  reilored,  that 
they  might  know  how  to  appreciate  the  virtue  ot  their 
benefaflors,  and  the  ineftimable  bleffings  of  indepen- 
dence. 

More  fanguinary  fcen^s  were,  in  the  meanwhile,  ta- 
king place  in  Switzerland.  That  country  had  remain- 
■ed  neutral  during  the  conteft  in  which  France  had  late- 
ly been  engaged  •,  and  had  thus  protefted  the  weakell 
portion  of  her  frontier,  while  the  reft  of  it  was  affailed 
by  the  combined  forces  of  Europe.  The  merit  of  this 
fervice  was  now  forgotten,  and  the  Diredory  relolved 
to  render  Switzerland  one  of  their  tributary  ftates. 
Ambitious  nations  have  in  all  ages  found  it  an  eafy 
matter  to  devife  apologies  for  invading  the  territory  of 
■their  neighbours.  The  wealthier  branches  of  the  Swifs 
confederacy  were  in  general  governed  by  hereditary  ari- 
ftocracies.  Some  of  the  cantons  had  no  government 
within  themfelves,  but  were  the  fubjefts  of  neighbour, 
ing  cantons.  In  confequence  of  this  circumftance,  and 
of  the  contending  privileges  of  different  orders  of  men, 
popular  infurreftions  were  more  frequent  in  Switzerland 
than  in  aoy  country  in  Europe,  though  none  was  more 
equitably  governed.  When  an  infurredtion  took  place 
in  one  canton,  its  government  was  frequently  under  the 
neceffity  of  foliciting  the  aid  of  the  government  of  an 
adjoining  canton,  or  even  of  the  neighbouring  monarchs 


of  France  or  Sardinia,  to  enable  it  to  fuhdue  ila  mvn  Fie-ch 
rebellious  fubjefts.  A  dangerous  precedent  was  ttms^'^vo'utiaii, 
ellablifhed  ;  and  as  the  French  kings  had  formerly  in-  ' ' ^  '  , 
terfered  in  favour  of  the  rulers,  the  republican  Direc- 
tory now  interfered  in  favour  ot  the  lubjefts.  The  jan- 
ton  of  Berne  was  fovereign  of  the  territory  called  the 
Pnys  de  Vuud.  In  this  diftricl  dil'contents  had  always 
exifted  ;  and  an  infurretlion,  under  the  countenance  of 
the  French  Direftory,  broke  out  towards  the  end  of 
the  year  1  797.  The  g  jvernment  of  Berne  taw  the  dan- 
gerous  nature  of  its  own  fituation  ;  and  on  the  5th  of 
January  ifTued  a  proclamation,  commanding  the  inhabi- 
tants of  the  Pays  de  Vaud  to  atlemble  in  arlus,  to  re- 
new their  oath  of  allegiance,  and  to  rcfoi  m  every  abufe 
that  might  appear  to  exitl  in  their  government.  A 
commifilon  was  at  the  fame  time  appointed  by  the  Se- 
nate or  Sovereign  Council  at  Berne  to  examine  all  com- 
plaints, and  to  redrefs  all  grievences.  The  proceedings 
of  this  coinmilVKin,  however,  did  -not  keep  pace  with 
the  popular  impatience  ;  and  the  infurgents  began  to 
feize  the  ftrong  places  in  their  country.  The  govern- 
ment of  Berne  now  refolved  to  reduce  them  by  force, 
and  fent  troops  againft  them  ;  but  their  commander 
Weifs  appears  to  have  afted  with  much  hefitation,  if 
not  with  treachery.  In  the  mean  time,  a  body  of 
French  approached  under  General  Menard.  He  fent 
an  aid  de  camp  with  two  huIFars,  with  a  meflage  tu 
General  Weifs.  On  the  return  of  the  metfengers,  an 
accidental  affray  took  place,  in  which  one  of  the  huf- 
fars  was  killed.  This  was  magnified  into  an  atrocious 
breach  of  the  law  of  nations.  The  French  advanced  ; 
and  by  the  end  of  January  obtained  pofleffion  of  the 
whole  Pays  de  Vaud.  Still,  however,  the  government 
of  Berne  attempted  to  preferve  peace,  while  it  endea- 
voured to  prepare  for  war.  The  loldiers  who  had  kill- 
ed the  French  huffar  were  delivered  up,  negoeiations 
were  begun,  and  a  truce  entered  into  with  General 
Brune,  who  fucceeded  Menard  in  the  command  of  •  .le 
French  troops  in  the  Pays  de  Vaud.  As  internal  com- 
motions were  breaking  out  in  all  quarters,  an  attempt 
was  made  to  quiet  the  minds  of  the  people,  that  they 
might  be  induced  to  unite  againit  the  threatened  inva-  ^^ 
lion.  Fifty  two  deputies  from  the  different  dillrlils  Undeci<te<l 
were  allowed  to  tit  in  the  Supreme  Council  of  Berne,  conduflnf 
and  a  limilar  meafure  was  adopted  by  the  cantons  of '"^  ""^S'" 
Zurich,  Lucerne,  Fribourg,  Soleure,  and  Schaff  haufen.  g^.^.^^^. 
An  army  of  20,000  men  was  at  the  fame  time  affem- 
bled,  and  entrulted  to  the  command  of  M.  d'Eilach, 
formerly  field  marfhal  in  the  French  fervice.  But  dif- 
affeftion  greatly  prevailed  in  this  army,  and  the  people 
could  not  be  brought  to  any  tolerable  degree  of  union. 
The  French  knew  all  this,  and  demanded  a  total  change 
of  government.  M.  d'Erlach,  dieading  the  increafing 
tendency  to  defertion  among  his  troops,  requelled  leave 
to  dillulve  the  armiilice.  It  was  granted  by  the  govern, 
ment,  and  immediately  recalled.  But  the  French  now 
refuted  to  negociate  ;  and  on  the  2d  of  March,  Gene- 
ral Schawenberg,  at  the  head  of  13,000  men,   entered 

Soleure. 


(a)  A  copy  of  an  advertifement,  iflued  on  this  occafion  by  what  was  called  The  y^Jminl/lration  of  Finances  and 
Contributions  of  the  French  Republic  in  Italy,  is  to  be  found  in  Nicholfen's  Journal  of  Philofophy,  Chemiftry,  and 
the  Arts,  for  May  1798.  The  advertifement  is  dated  at  Rome,  28th  Feb.  1798.  A  copy  of  it  was  fent  by 
Hubert,  the  agent  of  the  French  adminiftrators,  to  Mr  Trevor  the  Britifli  niinifter  at  Turin,  and  by  liina  wa-s 
tranfmitted  to  England. 
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Soleiire.  Friburg  was  afterwards  reduced  by  Crane, 
aiiJ  the  Swifs  army  retreated.  The  government  of 
Berne  was  in  conllernation,  and  decreed  what  was  call- 
ed the  landjlhurm,  or  rifing  of  the  peoi)le  ;  which,  in  cafes 
of  emergency,  was  anthoriied  by  their  ancient  cnftoms. 
The  people  accordingly  alTeinblcd  ;  and  tlieir  firll  at\ 
was  to  dilTolve  the  government,  and  to  otFer  to  difmifs 
the  army,  on  condition  that  the  French  troops  (hould 
proceed  no  farther.  This  offer  was  refufed,  unlefs  a 
French  garrifon  lliould  be  received  into  Berne,  and  the 
invaders  continued  to  advance.  The  regular  troops  un- 
der M.  d'Erlach  were  reduced  by  defertion  to  14,003. 
The  rifmg  of  the  people  had  indeed  fupplied  him  with 
numbers,  l)Ut  there  was  no  time  for  arranging  them.  On 
the  5th  of  March  he  was  attacked,  and  driven  from  the 
polls  of  Newenbeg  and  Favenbrun.  He  rallied  his 
troops,  however,  at  Uteren,  where  ihcy  made  a  Hand 
for  fome  time.  They  renewed  the  contcft  at  Grau- 
holtz  without  fuccefs,  and  were  driven  from  thence 
about  four  miles  farther  to  the  gates  of  their  capital. 
Here  the  Swifs  army  made  a  laft  and  bloody  eifort. 
Being  completely  routed,  they  murdered  many  of  their 
officers  in  defpair,  and  among  others  their  commander 
M.  d'Erlach.  The  flaughter  on  both  fides  is  laid  to 
liave  been  nearly  equal  ;  but  the  French  lucceeded  in 
obtaining  pofTeifiou  of  Berne  by  capitulation  on  the 
evening  of  the  day  on  which  thele  battles  were  fought. 
Upon  the  capture  of  this  city,  the  other  more  wealthy 
and  populous  ftates  fubmitted  to  the  French  ;  but  the 
poorer  cantons,  who  had  leaft  to  lofe,  made  a  terrible 
effort  in  defence  of  their  Imall  pofTeflions,  and  the  inde- 
pendence of  their  country.  They  even  at  firft  com- 
pelled Schawenberg  to  retire  with  the  lofs  of  30ro 
men  ;  but  were  at  laft  overpowered  by  the  fuperior 
numbers  and  military  fliill  of  the  French  army.  Swit- 
zerland was  treated  as  a  conquered  country.  Its  p\ib- 
lic  magazines  were  leized  by  the  French,  heavy  contri- 
butions were  levied,  and  a  new  conilitution,  in  imita- 
tion of  that  of  France,  was  impofed. 

While  the  Directory  continued  to  encroach  upon 
the  independence  of  othtr  nations,  they  were  not  liiiely 
to  refpict  the  freedom  of  their  countrvmen  at  home. 
In  the  month  of  April,  a  third  of  the  legillature  was 
changed.  Francis  de  Neufchateau  v/ent  out  of  the  Di- 
rectory by  ballot,  and  Treilhard  was  chofeu  in  his 
ftead.  The  Directory  had  made  great  eftorts  to  in- 
flnence  the  eleftions  in  favour  of  their  triends,  but  with 
little  fuccefs.  They  prepared  therefore  to  preferve  the 
legiflature  in  fubjeftion  to  them  by  a  new  violation  of 
the  conilitution.  On  the  2d  of  May  they  complained 
to  the  Council  of  Five  Hnndered  of  the  plots  of  anar- 
chifts  and  royalills;  by  which  they  alleged  that  tH^  elec- 
tions had  in  many  places  been  made  to  fall  on  men  ho- 
llile  to  the  Republic.  On  the  7th  a  committee  made 
a  report  upon  this  mcffage,  and  propoied  that  the  pro- 
ceedings of  many  electoral  affcmbiies  iliould  be  totally 
or  partially  annulled,  according  to  the  charadlers  of  the 
peifons  they  had  chofen.  General  Jiiurdan,  and  fome 
others,  ventured  to  oppofe  this  plan  as  utterly  incon- 
fillentwith  the  freedom  of  election,  and  as  pvoceedi.ig 
upen  alleged  intrigues  of  confpirators  againll  the'  Re- 
public, while  no  conipiracy  liad  been  proved  to  ex- 
ift.  But  the  majority  agreed  to  the  propofal  of  the 
committee,  and  arbitrarily  annulled  the  whole .elefliors 
in  fix  or  feven  departments,  befidts  the  particular  elec- 
tions of  a  great  number  of  individuals. 
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The  Diredlory  now  carried  into  cfledl  the  mcft  fatal      FrTf.*! 
of  all  their  projeds,  that  of  fending  a  powerful  army  to  Kev»'  »'""• 
the  call  to  feize  upon    Egypt,   and   from  thence  to  at-  .     ''j'  "    ■ 
tack  the  empire  which   Britain  has  acquired  in  India.         333 
The  treaty  with  Auftria  had  no   fooner  been  figued  at  Plan- an 
Campo  Formio,  than  the  Diredlory  excited  the  cxpec-"''^''"'"" 
tat  ion  of  r  ranee  and  01  all  r-urope,  by  iouuly  proclaim- j|,j  inii;», 
ing  their  determination  to  invade  Great   Britain.  They 
fent    troops  into  their  own  wellern   departments,  called 
them  the  jlrmy  of  England,  ard  appointed  Btmapartc 
their  commander  in  chief.      This  oificer,   in  the  mean 
time,  had  refided  during  the  winter  at  Paris.      Here  he 
fcems  to  have  endeavoured  to  guard  againll  the  jealoufy 
of  government,  and  the  envy  of  individuals,  by  paffing 
his  time  in  retirement,  and  aifunnng  the  charadler  of  a 
man   of  letters.      He    procured  hinifelf  to  be  eledled  a 
member  of  the  National    Inftitute  ;  but  fo  fcldom   did 
he  appear  abroad,  that  when   he  attended  fome  of  its 
pulilic  fittings   his   perfon  was  altogether  unknown  to 
the  fpeftators.      Greedy  of  renown,  but  awctre  that  it 
ultimately  depends  upon  the   libours  and  the  approba- 
tion of  the  learned,  he  never  failed,  when  called  into 
military  fervice,  to  remind  this  order  of  men  of  his  al- 
liance with  them,  by  adding  to  his  name  at   all  procla- 
mations and    difpatches  the  delignation   of  Llcmlcr  of 
the  Nat'toval  Iti/1'itule, 

Whether  the  expedition  to  Egvpt  was  now  fuggeft- 
ed  by  Bonaparte  himfelf,  or  whether  it  was  not  a  fnare 
by  which  the  prefent  rulers  of  France  impofed  upon  the 
vanity  of  an  enterprifing  young  man,  to  eiialle  them  to 
get  quit  of  him  and  his  veteran  army,  is  not  known. 
It  is  very  poffihlc,  however,  that  Bonaparte  might  nei- 
ther be  the  devifer  nor  the  unconfcious  viflim  of  this 
plan  ;  but  that  he  might  account  himfelf  more  fafe  a- 
broad,  upon  the  molt  hazardous  expedition,  than  expo- 
fed  at  home  to  the  malice  of  a  government  that  had  be- 
come jealous  of  his  reputation,  Sid  was  by  no  means 
fcrupulous  in  its  conduiil. 

The  projeftcd  invafion  of  Egypt  was  condufted  with  Prepara- 
rauch   fecrecy.     The   world  was  amnfed  with  tales  of  tions for  it 
nionllrous  rafts  to  he  conftrin.''led  to  convey  the  army  of '^"'Y""'^'^ 
England  over  into  Britain.     To  favour  the  deception, ^.^.^^ 
Bonaparte  made  a  journey  to  the  weiltrn  coad.      In  the 
mean   time,  the  fleet  was  preparing  at     T(  nlon,    and 
troops  aheuibling  in  its  neighbourhood.      When  all  was 
in  readinefs,    Bonaparte  embarked  with   40,000  of  the 
troops  that  hr.d  fought  in  Italy.     On  the  9th  of  June 
he  arrived  at  the  ifland  of  Malta,  and  contrived  to  quar- 
rel with.tlie  Grandijialler,  becaufe  he  rtfufed  to  admit 
fo  large  a  fleet  all  at  once  into  his  ports  to  water.     The 
French   General   immediately  landed  his  troc[)S  in   dif- 
ferent quarters,  and  endeavoured   to  reduce  the  iflarid. 
The  knights  were  divided  into  fadlions.   Many  of  them, 
as  io  now  wlU  know  11,  v.-ere  of  the  order  of  Illl'mina- 
Ti,  and  of  courfe   prepared  to  ait  the  part  of  traitors. 
After  making  a  very  feeble  retlftancc,  the  Grandmader  Conqucft  of 
propofed  a  capitulation;    and  thus  was  treacheroufiy  Malta, 
furreiidered,  in  a  few  days,  a  fortrcfs  which,  if  defended 
by  faithful  troops,  might  have  held  out   for  as   mimy 
weeks  againll  all  the  forces  of  the  French  Republic.    Bo- 
n-c'parte,  after    leaving   a  garrifon   of  4000  men  in  the 
ilhiid,  failed  on  the  31ft  of  Ju.ie  for  Alexandria.  ^-^^ 

In  the  mean  time.  Rear  admiral  Nelfon,  who,  in  the  Admiral 
ftalion  of  Commodore,  had  figralized  himftlf  in  a  very  .'^^■'^''"  '■"'* 
high  degree  imder  Lord  St  Vincent,  had  benn  difpatrh-  p'  '^'"^ 


ed  in  quell  of  him  from   the    Britifh  fleet,  which  flill 
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French  blockaded  Cadiz.  Not  knowing  the  objeft  of  the 
R"^°'"^""> French  expedition,  the  Britifh  Admiral  failed  fiift  to 
'^  '  .  Maplpg  ;  and  iiavinnp  there  been  informed  of  the  attack 
upon  Mal'a,  he  direded  his  conrfe  to  that  ifland.  By 
the  time  he  arrived  there,  however,  Bonaparte  had  de- 
parted. ConjeAiiring  now  that  Alexandria  migiit  be 
the  dellination  of  the  French  troops,  he  failed  thither  ; 
but  they  had  not  been  feen  in  that  qnarter,  and  he 
therefore  went  eagerly  in  learch  of  them  to  otlier  parts 
of  the  Mediterr.inean  Bonapirte,  in  the  mean  while, 
inftead  of  lleering  in  a  direct  line  for  Alexandria,  had 
proceeded  (lowly  with  his  immenfe  train  of  nearly  400 
Iranfports,  along  the  coaft  of  Greece,  till  he  arrived  at 
the  eallcrn  extremity  of  the  ifland  of  Candia.  Here  he 
fuddcnly  turned  fouthward  ;  and  in  confeqnence  of  his 
circuitous  courfe,  did  not  arrive  at  the  coall  of  Egypt 
till  Admiral  Nelfon's  fleet  had  left  it.  He  landed  his 
troops  ;  and  on  the  5th  of  July  took  by  Itorm  the  city 
of  Alexandria.  The  inhabitants  defended  themfelves 
very  defperately,  but  without  lliill  ;  and  for  fome  time 
a  fcene  of  barbarous  pillage  and  maifacre  enined.  The 
tranfports  that  had  conveyed  the  army  were  now  placed 
within  the  inner  harbour  of  Alexandria,  and  the  (hips 
of  war  under  Admiral  Brueys  caft  anchor  in  a  line  clofe 
along  the  (hore  of  what  proved  to  them  the  fatal  Bay 
Conquefts  of  Aboukir.  The  army  proceeded  to  tlie  Nile,  and 
of  Bona-  afcended  along  the  banks  of  that  river,  fuffering  great 
Irarddiips  from  the  heat  of  the  climate.  They  were 
met  and  encountered  by  the  Mamalukes,  or  military 
force  that  governed  Egypt  ;  but  thefe  barbarians  could 
not  refilt  the  art  and  order  of  European  war.  Cairo 
was  taken  on  the  23d  of  July.  On  the  25th  another 
battle  was  fought  ;  and  on  the  26th  the  Mamalukes 
made  a  lad  effort  in  the  neighbourhood  of  the  celebra- 
ted pyramids  for  the  prefervation  of  their  empire.  Two 
thoufand  of  them  were  killed  on  this  occafiou,  400  ca- 
mels laden  with  their  baggage  were  taken,  along  with 
50  pieces  of  cannon. 

A  provilional  government  was  now  eftablifhed  in  E- 
gypt.  Proclamations  were  ifUied  in  the  Arabian  tongue, 
declaring  that  the  French  were  friendly  to  the  religion 
of  Mahomet,  that  they  acknowledged  the  authority  of 
the  Grand  Signior,  and  had  only  come  to  puni(h  the 
crimes  committed  by  the  Mamalukes  againft  tiieir  coun- 
trymen trading  to  Egypt.  Thus  far  all  had  gone 
well ;  but  on  the  ill  of  Auguft  the  Bil'ilh  fleet  appear- 
ed at  the  mouth  of  the  Nile  ;  and  the  fnuation  of  the 
French  fleet  having  been  difcovered,  Admiral  Nelfon 
prepared  for  an  attack.  In  nnipber  of  fnips  the  fleets 
were  equal  ;  but  in  the  number  of  gu'is  and  weight  of 
Kelffin  at-  metal  the  French  fqnadron  had  the  fuperiority.  It 
tacks  and  ^,33  Jrawn  up,  too,  in  a  form  which  fuggetled  to  its 
ill-fated  commander  the  idea  of  its  being  invincible  ;  but 
remaining  at  anchor,  the  Britifh  Admiral  was  enabled, 
by  running  fome  of  his  (hips  between  thofe  of  the  ene- 
my and  the  (hore,  to  iurround  and  engage  one  part  of 
their  fleet,  while  the  reft  remained  unemployed  and  of 
no  fervice.  In  executing  this  plan  of  attack,  a  Britifh 
(hip,  the  Culloden,  run  aground  ;  but  this  accident  on- 
ly ferved  as  a  beacon  to  warn  the  others  of  the  fpot 
that  ought  to  be  avoided.  The  battle  commenced  at 
funfet,  and  was  continued  at  intervals  till  daybreak.  At 
laft,  nine  fail  of  the  French  line  were  taken  ;   one  fhip 
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of  tlie  line  was  burned  by  her  own   commanier  ;  a  fri.     French 

gate  was  burned  in  the  fame  manner,  to  prevent  her  be-'^^"''"'''^!'. 

ing  taken.     The  French  Admiral's  Ihip  L'Orieiit  took      '^^ 

(ire,  and  blew  up  during  the    aition,   and   only  a   (mall 

number   ot    her  crew  of  1000  mtn  cfcaped  dcflruclion. 

Two  French  Ihips  of  the   line    and   two  frigates   were 

faved  by  a  timely  flight  (f).  ,,„ 

No  naval  engagement  has  in  modern  times  produced  Confequen. 
fuch  important  confequences  as  this.  The  unexampled "^^^  "f ''''" 
military  efforts  made  by  France  had  gradually  didolved^  ''" 
the  combination  which  the  princes  of  Europe  formed 
againft  her.  By  the  train  of  victories  which  Bona- 
parte had  gained,  the  houfe  of  Anilria,  her  moft  power- 
ful  rival,  had  been  humbled  and  intimidated.  The 
whole  continent  looked  towards  the  new  Republic  with 
confternation  ;  and  when  the  Directory  feized  upon 
Rome  and  Switzerland,  none  were  found  hardy  enough 
to  interpofe  in  their  favour.  The  current  of  affairs  was 
now  almoft  inftantaneoufly  altered.  Europe  beheld  Bo- 
naparte,  with  his  invincible  army,  exiled  from  its  fhores, 
and  fhut  up  in  a  barbarous  country,  from  which  the 
triumphant  navy  of  Britain  might  for  ever  prevent  his 
return.  The  enemies  of  France  could  not  beforehand 
have  conceived  the  poffibility  of  the  event  which  was 
now  realifed  ;  and  the  hope  was  naturally  excited  of 
being  able  to  form  a  new  and  more  efficient  coalition 
againll  a  government  which  had  (o  grolsly  abufcd  the 
temporary  profperity  it  had  enjoyed.  The  northern 
powers  began  to  liften  to  the  propofals  made  to  them 
by  Great  Britain  for  commencing  hoftilities  anew,  and 
the  Italian  ftates  prepared  to  rrjake  another  effort  for 
independence.  The  court  of  Naples  in  particular  open- 
ly avowed  its  joy  on  account  of  the  recent  deftrutfion 
ot  the  French  fleet.  The  king  himfelf  put  to  fea  to 
meet  Admiial  Ntlfon  on  his  return  from  the  Nile.  Il- 
luminations lock  place  in  the  capital,  and  vigorous  pre- 
parations were  made  for  war.  The  Grand  .Signior,  who 
had  pofleffed  of  late  little  authority  in  Egypt,  and  might 
perhaps  have  been  induced  to  relinquilh  his  claims  on 
that  province  rather  than  engage  his  decaying  empire  in 
war,  now  entered  into  clofe  alliance  with  Britain,  and 
engaged  in  hoftilities  againft  the  French.  Tippo  Sul- 
tan had  ftipulated  for  the  aid  of  a  French  army  againft 
the  Britifli  in  India  ;  but  Bonaparte,  on  taking  pof- 
fefGon  of  Suez  and  the  other  Egyptian  ports  on  the 
Red  Sea,  found  no  (hipping  there  Ht  to  tranfport  his 
army  to  the  Indian  peninfula.  Inftead  of  proceeding 
therefore  upon  any  fplcndid  fcheme  of  farther  conquefl, 
he  was  compelled  to  remain  in  his  prefent  fituation,  and 
to  contend  for  cxiftence  againft  the  whole  force  of  the 
Ottoman  empire.  340 

The  French  at  this  time  did  not  venture  to  fend  forth  R'hellion 
any  large  fleet  upon  the  ocean;  but  wherever  their'"  "  ^nd. 
fmaller  fquadrons  appeared,  the  fortune  of  Britain  over- 
powered them  there  no  lets  than  it  had  done  in  the  Me- 
diterranean. T;iey  had  long  promiled  aid  to  the  dif- 
affe&ej  party  in  Ireland  ;  but  weary  of  fruitlefs  expec- 
tation, the  Irifh  had  during  this  fummer  broken  out  in- 
to rebellion,  without  waiting  the  arrival  of  the  troops 
whom  the  Directory  had  engaged  to  fend  to  their  af- 
fntance.  While  the  rebellion  was  at  its  height,  and  al- 
though the  infurgents  for  fome  time  occupied  the  fea 
port  of  Wexford,  the  French  did  not  arrive.  After- 
wards, 


(f)  The  two  fhips  of  the  line  and  one  of  the  frigates  have  been  fince  taken. 
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French     wards,  however,   when  the  rebellion  had  been  totally 
Revolution,  Cijfj J yg(j^   (},jy  attempted  to  elude  the  vigilance  of  the 
'^^^        Britiih  fleet,  and  to  land  nun  in  fmall  paities.      On  the 
■lAi        2  2d  of  Auguft,^  General  Humbert  came  afliore  at  Kil- 
FcfHy  f  p- lab,  at  the  head  of  about  lico  men.      Even   this  fmall 
portc '  by    party  mi^ht  have  been  dangerous  had  it  arrived  a  month 
earlier;    and   it   aduaily   produced   very  fcrious  alarm. 
It    confilled  of  men   fcledled   with  great  care,   and   ca- 
pable oPenduring  much  fatigue.      They  were  joined  by 
a  few  of  the  moil  refolute  of  the  difcontented  Irlfh  in 
the  neighbourhood,  and  fpeediiy  defeated  General  Lake, 
who  advancfd  agalnft   them  with  a  fuperior  force,   ta- 
kin:^from  him  fi;;  pit ces  of  cannon.    They  next  march- 
ed in  different  direetioji,  for  the  pnrpofe  of  raihng  the 
people,  and  maintained  their  ground  in  the  country  du- 
ring three  weeks.      Findir.g.  however,  ihat  he  was  not 
feconded  by  additional  troops;  from  France,  that  the  re- 
bellion  in   Ireland   had   been   fully    fubdued,   and    that 
25,000  men  under  Lo'd  Cornwallis  were  clofing  round 
him,   Humbert  difrtiificd   his   Irifli  aflociates  ;   and  fonr 
days  thereafter,  having  encountered  one  of  the  Britiih 
columns  in   his   march,  he  laid  down  his  arms.      Now, 
when  it  was  too  late,   the  Direttory  was  very  aftlve  in 
fending  troops  towards   Ireland  ;    but  all  their  efforts 
34»        were  defeated  by   the  fupcriorily   of  the  Britifli  navy. 
Whofe  ef-    On  the  1  2th  of  Oftober,  6ir  John  Borlafe  Warren  took 
La  Hoche,   a    fliip  of  84  guns,  and  four  frigates,  at- 
tempting to  reach   Ireland   with  nearly   3000  men   on 
board.     Tlie  other  (hips  belonging  to  the  French  fqua- 
dron,  which  conveyed  5000  men  in   all,    contrived  to 
make  their  efcape  by  failing  round  by  the  north  of  the 
ffland.      On   the   2cth   of  the  fame  month  another  fri- 
gate bound  for  Ireland    was  taken  ;  and  the  French 
finding  that  the  fea  was   completely   occupied  by  the 
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terminc  the  prcclfc  boundary   of  France  ;   whether  Iier     Fri'tli 
territory  (hould  extend  to  the  left  bank,  the  right  bank,  R<-v.mition, 
01    the   thalweg,   that  is,  the  middle  of  the  navie'-able ,       '''       • 
channel  of  the  river.      It  became  alfo  a  qutilion   how 
thofc  princes  ought  to  be  indemniiied  who  loft  their  re- 
ven\ieii  or  territories  by  the  new  acquifitions  of  France  ; 
and   it   was  at   Icngtli  agreed   that  they  flionld  receive 
portions  of  the  ecelefiaftical  cftates  in  Germany. 

1  hefe  difcnfTions,  coiidi;ftcd  with  cndlefs  formality 
and  procraftination,  ftill  occupied  the  congrefs  at  Ra- 
fladt  :  but  it  now  became  gradually  more  probable  that  344 
no  treaty  would  be  concluded  at  that  place.  At  ftria  I'repara- 
began  to  ilrengthen  her  arnn'es  in  all  quarters.  Ruflla,  "'^"'  "'' 
that  had  hitheito  avoided  any  adtive  interferenet  in  thep^mj^  - 
conteft,  nlaccJ  a  large  body  of  troops  in  I'riiilh  pay, 
and  fent  them  towards  the  German  frontiers.  J  he  king 
of  Naples  avowedl)  and  eagerly  prepared  for  war.  This 
impatiert  monarch,  ref(»!vir,g  to  attack  vilhout  delay 
the  French  troops  who  cecupied  the  Roman  territory, 
procured  General  Mack  and  other  officers  from  the 
court  of  Vienna  to  aflur.ie  the  command  of  his  army. 
Without  waiting,  however,  till  Auitria  rtiould  com- 
mence the  attack,  he  raflily  began  the  war  alone  and 
unaidfd,  excepting  by  the  Britifn  fleet,  and  thus  drew 
upon  himfelf  the  whole  force  of  the  French  Republic. 
The  Diredtory  did  not  fufpeft  fuch  imprudent  conduA 
on  the  part  of  this  prince  ;  and  accordingly,  when  Gene- 
ral Mack  entered  the  Roman  territoiy.  at  the  head  of 
45,000  men,  'he  French  troops  in  that  quaiter  were  al- 
together unequal  to  the  conteft.  A  French  ambaffa- 
dor  Itill  refidic!  rt  Naples  when  this  event  took  plae'e, 
and  war  was  not  JecareJ.  When  the  French  Generaf 
Championet  complained  of  the  attack  made  upon  his 
pofts  under  thefe  circumftar.ces,   he  was  informed  in  a 


Brltidi  fleet,  were  at  laft  compelled  to  defift  from  their     letter  by   General   Mack,  that  the  king  of  Naples  had 
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refolved  to  take  poSeffion  of  the  Roman  territory,  ha- 
ving never  acknowledged  its  cxillence  as  a  Republic  ; 
he  therefore  required  the  French  quietly  to  depart  into 
the  Cifalpine  Hates  ;  declaring,  that  any  aft  of  holtility 
on   their  part,  or  their  entrance  into  the   territory  of 
Tufcany,   would   be  regard*!  as  a  declaration  of  wav". 
Championet   finding  himlelf  unable  to  refill   the  force 
now  brought  agninii.  him,  atlually  evacuated  Rome.   He      ,. 
left,  however,  a  garriion  in  the  caille  of  St  Angelo,  and;.  ].p  ,,qC_ 
endeavoured  to  concentrate  whatever  troops  he  could fcffion  of 
peror  and   the  Direftory  in    the   fecret  convention   of     haftily  collcft  in  the  northern  extremity  of  tiie  Roman  R'^e. 
Campo   Formio,    which   has  been    already   mentioned.     Hate.     Towards  the  end  of  November,  General  Mack 
That  the  articles  of  tl/s  conveiulon  might  be  concealed,     entered  Rome  without  oppufition. 

the  French  minlfters  at   Raftadt  formerly  brought  for-  When  thefe  events  came  to  be  known  at  Paris,   war 

ward  their  propofals  in  fucccflion  for  the  difcuflion  of     was  immediately  declared  againll  the  king  of  Naples, 
the  German  deputies.     The  French  demanded  that  the      and  alfo  againlt  the  king  of  Sardinia.     This  laft  prince 

had  made  no  attack  upon  France;  but  he  was  accufcd 
by  the  Dire<3ory,  in  their  m.eflage  to  the  Councils,  of 
difiifftdion  to  the   Republic,  and  of  'u.'iJLing  to  join   the 

accufation 


enterprife 

Ever  fince  the  treaty  of  Campo  Formio  had  been 
concluded,  a  congrefs  of  rriinifters  from  the  French  Di- 
reftory,  and  from  the  German  princes,  had  been  uego- 
clating  at  Raftadt  a  treaty  between  France  and  the  em- 
pire. As  thefe  negociatlons  terminated  in  nothing, 
and  were  tedious  and  unlnterefting  during  their  pro- 
grtfs,  it  is  unneceffary  to  enter  into  a  detail  of  the  fteps 
by  which  they  were  condufted.  Ths  intended  refult 
of  them  had  been  previoufly  arranged  between  the  Em 


Rhine  fliould  be  the  boundary  of  their  Republic.  The 
Germans  rehfted  this.  References  were  made  to  the 
diet  of  Ratifbone,  and  long  difcuftions  and  negocia- 
tlons took  place  among  the  different  princes.  When 
it  was  found  that  little  was  to  be  cxpefted  from  the 
proteftioii  of  Aufiria,  the  German  deputies  at  Raftadt 
were  inftrufted  to  offer  one  half  of  the  territory   de. 


king  of  Naples  in  his  boftile  efforts.      1  his  accufa 
could  not  well  be  falfe.      From  the  period  of  Bonapar- 
te's fuccelsful  irruption  into  Italy,  the  king  of  Sardinia 
had  felt  himfelf  placed  in  the  moft  humiliating  circnm- 
ftances ;    his   moft  important  fortrcdes  were  occupied 
by  the  French  ;   they  levied   in   his  country  what  con- 
tributions they   thought   fit  ;   and  when  tliey   recently 
the  ceded  territory,   which  the   French  refufed  to  pay.      required  him  to  receive    a   gurrifon  into  his  capital,  he       346 
The  tolls   upon  the  river,   and  upon  the  rivers  flowing     found  himfelf  unable  to  refill  the  demand.     Even  now,  H.-\rd  fate 
into  the  Rhine,  alfo  gave  rife  to  much  altercation.      It      when  they  perforn'.ed  the  ufelefs  ceremony  of  declaring  "J'  ^J.'".*^ 
was  even  a  matter  of  no  fmall  difficulty,  after  all,  to  de-     war,  he  could  make  no  effort  in  his  own  defence,  and  '^ 

3  I  2  quietly 


manded.  This  offer  was  refufed,  and  new  negociations 
took  place.  The  other  half  was  at  laft  yielded  up,  and 
a  long  difcufiion   commenced   about   the  debts  due  by 
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quietly  gave  tliem  a  formal  relignation    n  writing   of     mod  any  other  country  in   Europe.     Hence   anTes  a     P^-enrh 
his  whole  continental  dominions,  cunt'cnting  to  retire  to     general  propeniity  to  idlenefs,  which  is  iiicreafed  by  the'^''°'""°"i 
the  ifland  of  Sardijiia.  numerous  charitaWe  inllitutions  to  which  the   Roman  .   '^'^^'     ■ 

In  tirs  Tne.in  time,  the  conttft  with  Naf 'es  was  foon     Catholic  religion  gives  rife.     Iti  the  city  of  Naples  there        -43 
decided.     'J'he  French  011  their  retreat  were  much  ha-     had  long  exilled  a  body  of  perfons  under  the  denomina-  ''^e  Lazza- 
rafled  by  the  people  of  the  country.      Tiie  Neapolitan      tion  of  Lazziinjiii  or  Beggars,  amounting  to  the  incre-'""'  "'^  *■ 
troops  regarded  them  with  fuch   animofity,  that  they     dible  number  of  from   thirty    to  forty  thoufand  men,  p'^^^j^.j^  ^"^ 
fcarctly  obfcrved  the  modern  rules  of  war  towards  the      who  did  nothing,  and  fuhfilled  merely  by  charity,  or  by 
prifoners  who  fell  into  their  hands.      Even  their  k-aders     fuch  Oiifts  as  occafionally   occurred  to  them.     One  of 
leemed  in  this  refpeift  to  have  forgotten  the  pradice  of     thefe  frequently  was  the  menacing  the  (late  with  an  iii- 
nations  ;  for  when  General  Bouchard,  by  order  of  Ge-     furreftion,   in  cafe  their  wants  were  not  inftantly  fup- 
neral  Mack,  fummoned  the  calUe  of  St  Angelo  to  fur.     plied  ;  which  ufually  drew  from  a  feeble  admiaillration 
render,   he  declared,  that    he  would   confider  the  pri-     very  libera!  dillrlbutions  of  money  and  provifions.      On 
foners  of  war  and  the  fic!c  in  the  hofpitals  as  hoftages     the  prefent  occafion   they  demonllrated  abundance  of 
for  the  condnft  of  the  garrifon  ;  and  that  for  every  gun      loyalty  ;   but  the  king  had  thought  fit  to  avoid  entrull- 
that  fliould  be  lired  from  the  callle,  a  man  (hould  be     ing  his  fafety   to  fuch  defenders.      During  the  confu- 
put   to   death.      It  cannot   well  be   imagined  that  the     fion  which  followed  the  flight  of  the  court  and  the  ap- 
Neapolitan  officers  would  have  adled  in  tiiis  vehement     proach  of  the  French  army,  the  Lazzaroni  became  mu- 
manner,   had  they   not  expLxSted  countenance  and  fap-     tinoua.     They  heard  that  the  French  abolilhed,  where-  » 

ever  they  came,  all  thofe  monafteries  and  other  religious 
eilabliihments  which  are  the  great  fources  of  public 
charity.  The  Lazzaroni,  therefore,  conceived  the  moil 
violent  hatred  againft  them,  and  againtl  all  who  were 
fufpedled  of  favouring  opinions  hoftile  to  royal  govern- 
ment. In  the  beginning  of  January  they  began  to 
fhew  fymptoras  of  difcontent,  and  in  a  few  days  broke 
out  into  open   infurreftion.      The  members  of  the  go- 


port  from  the  immciUate  co-operation  of  Aullrian 
troops.  In  their  hopes  from  this  ([uarter,  however, 
I. they  were  completely  difappointed.  Mindful  of  her  re- 
cent calamities,  and  attentive  only  to  her  own  aggran- 
difement,  Auftria  feems  (liil  to  have  cxpefted  more  from 
negociation  than  from  war,  and  the  territory  of  Naples 
foon  fell  into  the  hands  of  the  French.  Such  indeed 
was  the  terror  of  the   French  name  in   Italy,  or  fuch 


was  the  difaffeftion   or  cowardice    of    the   Neapolitan  vernment  left  by  the  king,  overcome  by  habitual  terror 

troops  themfelves,  that  they  were  beaten  by  one-tourth  of  the  Lazzaroni,  confulted  merely  their  own  perfonal 

of  their  number  in  different  engagements,    at  Terni,  fafety,  and  made  no  effort  to  preferve  the  public  tran- 

Porto   Fermo,  Givita  CaftcUana,   Otrlcoji,    and  Calvi.  quillity.      Prince  Militorni  had  gained  confiderable  ap- 

At  the  commencement  of  the  contell;,'  a  body  of  Nea-  plaufe  on  account   of  his  vigorous  defence  of  Capua  a- 

politans,  with    the  affiflance  of  the   Britllh  fleet,  had  gaiuft  the  French.      The  Lazzaroni   therefore  elefted 

been  landed  at  Leghorn,  for  the  purpofe  of  taking  the  him  their  commander  in  chief;  but  he  attempted  in  vain 

French  in  the  rear  :  but  they,  difregarding  this  attempt  to  rellrain   their  violence  and  love  of  phinder.      They 

on  the  part  of  fuch  an  eneir.y,  pr-jiled  on  towards  Na-  declared  hoflility   agalnll  the   French  and   all  the  ad- 

ples.      By  degrees,   General  Mack's  army  being  redu-  vifers  of  the  armillice.      They  broke  open  the  prifons, 

ced  by   the  refult  of  the  battles  wliich  it  fought,  and  and  put  to  death  all  thofe  who  were  confined  on   ac. 

by   defertion,  to  12, coo  men,  he  found  it  neceffary  to  count  of    political    ofieuces  i.galnft  the  royal  govern- 


advifc  the  king  and  royal  family  of  Naples  to  take  re- 
fuge on  board  the  Britilh  fleet.  They  did  fo  ;  and 
arrived  at  Palermo,  In  Sicily,  on  the  27th  of  Decem- 
ber, in  the  Britifli  Admiral  Lord  Nelfnn's  (hip.  Ge- 
neral Mack,  in  the  mean  time,  requelled  an  armillice. 
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ment.     They  ne,\t  fpread  themfelves  over   the   city  in-phch  oiit- 
fearch  of  thofe  perfons  whom   they   confidered  as  fa- rages 
vourable  to  the   iavaders,  and  committed  murder  and 
robbery   in   all  quarters,    concluding    by    burning  the 
houfes  of  thofe  accounted  difaffedled.    An  attempt  was 


to  afford  an  opportunity  for  making  peace  ;  but  tats  made  by  a  confiderable  body  of  the  inhabitants,  who 
was  refufed.  Being  driven  from  Capua,  which  is  the  thought  themfelves  in  the  greatefl  danger,  to  refill  their 
laft  military  poll  of  any  flrength  in  the  Neapolitan  ter-     fury,  by  fortifying  the  Consent  of  the  Cclellins,  and  re- 


ritory,  and  his  life  being  in  no  fmall  danger  from  the 
difaff'eftion  of  his  own  troops,  he  at  lall  found  it  necef- 
fary to  feek  for  fafety,  by  furrendering  himfelf,  along 
with  the  officers  of  his  Itaff,  to  the  French  General. 
The  governor  of  Naples,  in  the  mean  time,  offered  to 
the  French  a  contribution  in  money,  if  the  commander 
in 


tiring  thither  ;  but  the  Lazzarr>ni,  after  encountering 
the  fire  of  cannon  and  of  mullcetry,  fucceeded  in  llorm- 
ing  the  place,  and  dellroyed  all  who  had  taken  refuge 
there.  Their  power  and  their  fury  were  now  equally 
boundlefs,  and  the  city  became  in  many  quarters  a  Ictiie 
of  maffacre  and  pillage.      Prince  Militorni,   therefore. 
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chief  would  confent  to  avoid  entering  that  city.  The  went  to  Cajiua,  and  requefted  Championet  to  refcue 
offer  was  accepted,  and  the  invading  army  remained  at  Naples  from  utter  ruin  by  occupying  it  with  his  army. 
Capua.  General  Serrurier,  on  the  iSth  of  December,  For  this  purpofe  it  was  arranged,  that  a  column  of 
at  the  head  of  a  column  of  French  troops,  expelled  the  French  troops  fliould  fecretly  advance  by  a  circuitous 
Neapolitans  from  Leghorn,  and  took  poffeffion  of  that  march,  and  fudilenly  enter  tiie  city  from  the  oppofite 
place.  So  far  as  the  efforts  of  regular  armies  are  to  be  quarter.  Before  this  plan  could  be  fully  executed,  the 
confidered,  the  war  might  now  therefore  be  regarded  as  Lazzaroni  had  adopted  the  daring  relolution  of  attack- 
brought  to  a  termination  ;  but  the  French  had  fpee-  ing  the  French  within  the  fortifications  of  Capua.  Ac- 
dily  a  new  and  unufual  enemy  to  contend  agalnll.  cordingly  two-thirds  of  them  marched  out  upon  this  en- 

From  the  mildnefs  of  the  climate,  and  the  fertility  of  terprlfe,  and  fpent  the  19th  and  20th  of  January  in  at- 

the   foil,  human  life  can   be  fuflained  in   the  foulhern  tempting  to  take  Capua  by  affault.   Multitudes  of  thefe 

parts  of  Italy  with  fewer  efforts  of  induflry  than  in  al-  men  here  perilhed  by  the  artillery  of  the  place  ;  for  the 

French, 
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French  French,  to  favour  the  capture  of  Naples  by  the  party 
Revjlution.ji^jj  had  been  fent  eallward  for  that  purpofe,  avoided 
.  ^^^'  making  any  Tally,  and  remained  upon  the  defenlive.  The 
Lazzaroni  at  Capua,  however,  haviiiir  learned  on  the 
2lft  that  a  French  column  had  nfiarched  to  Naples,  and 
approached  the  gates,  fuddenly  returned  to  the  afull- 
auce  of  tlielr  brethern  in  the  capital.  They  were  clofe- 
ly  ptu-fued  by  the  French  ;  hut  they  had  leifure,  ne- 
verthelefs,  to  barricade  the  ftrects,  and  to  form  them- 
fclves  into  parties  for  the  defence  of  different  quarters. 
A  dreadful  and  fang\iinary  conteft  now  enfued,  which 
lalled  from  the  morning  of  the  22d  to  the  evening  of 
the  23d  of  January.  The  Lazzaroni,  with  fonie  pea- 
fants  who  had  joined  them,  dilpiited  obftinately  every 
fpot  of  ground  ;  and  by  the  energy  which  they  dif- 
played,  call  a  levere  reproach  upon  the  feeble  and  un- 
flcilful  government,  vs-hich  had  not  been  able  to  direft 
in  a  better  manner  the  courage  of  fuch  men.  At  length", 
after  having  been  gradually  driven  from  ilreet  to  ftreet, 
the  Lazzaroni  rallied  ior  the  lall  time  at  one  of  the 
gates  of  the  city,  where  they  were  nearly  exterminated. 
The  inhabitants  rejoiced  on  account  of  their  own  efcape 
terminated. from  immediate  ruin;  and  while  the  French  armies 
found  themfelves  become  odious  in  all  the  other  coun- 
tries which  they  had  entered,  they  here  found  them- 
felves, from  the  peculiar  circumllances  of  the  cafe,  re- 
ceived with  unfeigned  welcome,  in  a  city  which  holds 
the  third  place  in  population  and  fplendour  among  the 
capitals  of  Europe. 

This  may  be  regarded  as  the  lad  triumph  enjoyed  by 
the   Dlreftory.     I'he  coufequences    of   their    conduft 
were  now  gathering  fail  around  them.      They  were  de- 
fervedly  unpopular   at  home  ;   not   only  from  the  viola- 
tions they  had  oflered  to  the  conllitution  of  their  coun- 
try, but  alfo  from  the  manner  in  which  they  condufted 
public   auairs  in  detail.     They  fet  no   bounds  to  their 
profuiion,   or  to  the  exadlions  with  which  their  agents 
vexed  the  conquered  countries.    Championnet,  afhamed 
of  the  extortions  of  which  the  Commilfaries  of  the  Di- 
rectory were    guilty,    attempted    in    Italy    to    reflrain 
them  ;  and  the  conlequence  was,  that,   upon  the  com- 
plaint of  the  comraiflary  Taypoult,   he  was  deprived  of 
his  command,  and  thrown  into  prifon.     Scherer,  the  ini- 
niller  of  war,  was  appointed  his  fuceeffor.      Under  him 
351         the  rapacity  of  the  agents  of  government,  and  the  em- 
Upjcity  olbe/zlement   of  the   public   (lores,    was   carried    to    its 
lie  Once     luight.     The  members  of  the  armies  were  faffered  to  de- 
"'^' .  dine,  that  the  Direftory,  the  commifljvics,  and  the  ge- 

nerals, might  become  rich.  Thus  the  Hate  was  left  to- 
tally unprepared  ngainil  the  ftorrn  which  was  now  ra- 
pidly gathering  from  abroad.  Still,  however,  France 
was  feared  by  the  neighbouring  nations,  to  whom  the 
prefent  ftate  of  her  internal  affairs  was  obfcurely  known. 
Though  an  army  of  45,000  Ruffians  ha<l  advanced  to 
the  aid  of  Auilria,  yet  that  Cabinet  hefitated  to  declare 
war.  Pruffia  was  eagerly  folicited  by  Britain  to  take 
■up  arms   again  (I  France,  and  large  pecuniary  aid  was 
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offered  ;  but  Sieycs,  the  Direftory's  ambaffador  at  Bor-     French 
lin,  artfully  contrived  to  defeat  this  negociation,  and  to    '™'"'"'" 
counteraft   the    unpopularity  of  his  country  in  Oerma. ,  f 

ny,  by  publifhing  the  fecret  convention  at  Campo  For- 
mio,  which  we  have  already  mentioned.  This  treaty 
demonflrated  fo  clearly  to  the  German  jirinces  the  ut- 
ter unconcern  with  which  their  independence  and  their 
interells  were  regarded  by  the  head  of  the  empire,  that 
no  (leady  co-operation  with  Auflria  could  henceforth 
be  expe(fted  from  them.  The  greater  number  of  them, 
therefore,  refolved  to  maintain  their  neutrality  under 
tlie  protection  of  Pruffia. 

On  the  2d  of  January,  the  French  minifters  at  Ra- 
fladt   prefentcd   a  note  to  the  congrefs,   in  which  they 
intimate<l,  that  the  entrance  of  Rullian  troops  into  Ger- 
many,  if  not  refilled,  would  be  regarded  by  them  as  a 
declaratiou    of  war.      Some   negociation   took  place  in 
confetjuencc  <jf  this  note,  but  no  fatisfaftory  anfwer  was 
returned.      On  the  26th  of  that  month,  the  flrong  for- 
trefs  of  Ehreubreitftein   furrendered,    after   having  re- 
mained under  blockade  fmce  the  conclufion  of  the  trea- 
ty of  Campo  Formio.      By  the  poflcfiion  of  this  place, 
and  of  Meiitz  and  Duffeldorf,   France  was  now  render- 
ed very  formidabl'  on  the  Rhine.     As  fhe  poffcffed  al- 
fo the  flrong  country  of  Switzerland,   and  all  the  forti- 
fied  places  of  Italy,  fhe  was  well  prepared,  not  only  for 
defence,  but  for  active  operation  ;   for  it  is  now  known, 
that   the   conferences  of  P..a(ladt  were  purpofcly   pro- 
trafted,   by  orders 'from  the  Direftory,  till  the  French 
armies  flionld  be  ready  to   take  the   field  with   advan- 
tage afrainfl  an  enemy  whofe  conduft  betrayed  the  moll 
culpable  tardinefs.     At  this  time  Jonrdau   commanded  \Var  re- 
on  the  Upper  Rhine  from   Mcntz  to  Huningen  ;   Maf-ncwedcn 
fena  occupied  with  an  army  the  callern  frontier  of  Swit-  ''^^  l^lune. 
zerlaiid  towards  the  Grifon  country  ;  Scherer  was  com- 
mander in  chief  in  Italy  ;   Moreau   aAed  as  general  of 
a  divifion  under  him  ;  and   Macdonald  commanded  the 
troops  that  occupied  the  territory  of  Rome  and  Naples. 
But  thefe  armies  that  kept  In  fubjeftion,  and  were  now 
to   defend   fo    many   countries,    fcarcely    amounted    trt 
170,000  men  in  all,  and  were  far  outnumbered  by  the 
armies  which  Auflria  alone,   without  the  aid  of  Riiflia, 
could   bring   into  the  field.      Tiie   Direftory,   however, 
confiding  in  the  unity  of  its  own  plans,   in  the  undeci- 
ded politics  of  the  court  of  Vienna,   and  in  the  confc- 
quent  flow  movements  of  the   Imperial  armies,   was  cn- 
ger  to   renew  the  war;  and  the   two  Councils,   on  the' 
13th  of  M?.rch,    declared  France  to  be  at  war  with  tlie  ■  • 
Emperor  of  Germany  and  the  Grai)^  Duke  of  I'ulca- 
ny.      The  war,  however,  had  already  been  begun.     On 
the  id  of  March  Jourdau  eroded  the   Rhine  at  Straf- 
liurgh,  and  occupied  feveral  ftrong  jiofitions  in  Swabia. 
Manhclm  was  takeji,  and  Phlllpfburg  fummoned  to  fur. 
render  by  Bernadotte  (g),  while  St  Cyr  entered  Stut- 
gard.      On  the  4th  of  March  the  Auflrians  croffed  ll,e 
Lech,  under  the  command  of  the  Archduke  Charles,  to 
oppofe  this  army.     Maffciia  advanced  into  the  terrltoiy 

of 


(g)  This  fummons  was  conceived  in  very  extraordinary  terms,  and  tannot  be  accounted  for  but  upon  the  fnji- 
pofitlon  that  Bernadotte  believed  the  Auflrian  oflicers  infefted  with  French  principles.  He  calls  upon  the  com- 
mander  of  the  fortrefs  to  furrender  witliout  refiflance,  and  thus  violate  the  trull  repofed  in  him  by  his  fovereigu. 
He  tells  him,  that  a  difcharge  of  his  duty  would  produce  the  tlefe8ion  nf  his  officers  and  men.  He  warns  him  of 
the  folly  and  danger  of  leading  troops  to  aftion  againjl  thdr  ivi// ;  and,  laftly,  he  threatens  him  with  veiigeaitit  if 
he  diould  dare  lo  refxjl  ! 
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TrencTi     of  the  Grifona )  and  furprifiiig  a  (Irong  body  of  Auf- 
Revolution, j^jg^g^  took  them  all  prilontrs,  together  with  their  Ge- 
''''■      neral  AufTcnhiirgh,  and   the  whole  of  his  ftaff,   after  a 
defperate  refillanee  under  llie  walls  of  Cr.ire.     The  re- 
dudion  of  the  Grifons  was  the  confcquence  of  this  vic- 
tory. 

But  in  order  to  complete  the  plan  of  the  French, 
which  was  to  effcft  a  junftion  with  their  two  armies, 
that  of  Mafiena  in  Switzerland  with  that  of  Jourdaii  in 
Germany,  it  was  neceffary  to  carry  the  important  poll 
of  Fcldkirch,  which  was  occupied  by  the  Auftrian  Cie- 
neral  Hotzc,  whofe  line  extended  from  the  frontiers  of 
the  Grifons,  to  the  north  caft  by  the  Vorelberg,  to  the 
eaftcrn  extremity  of  the  Lake  Coiiftance.  Vigoroufiy 
repulfdl  in  his  firft  attack,  Mafiena  renewed  it,  five  dif- 
ferent times,  with  frelh  forces,  and  increafed  impetnofi. 
ty.  But  all  could  not  avail  againft  the  fteady  bravery 
of  the  AuftrianSi  who  drove  back  the  alTailants  with 
immenfe  (laughter.  The  French,  however,  being  in 
polTeflion  of  the  Grifons,  ihe  invafioji  of  the  Engadine, 
and  the  county  of  Bormio,  by  a  divifion  of  the  army  of 
Italy  cantoned  in  the  Valtelinc,  under  the  orders  of  Ge- 
neral Cafabianca,  was  facilitated.  The  Auftrians,  too 
weak  in  that  quarter  to  refill  them,  retreated  into  the 
Tyrol,  whither  they  were  purfued  by  the  French,  who 
forced  fome  of  the  defiles  by  which  the  entrance  of  that 
country  was  defended,  and  extended  their  deftruAive 
incurfions  as  far  as  Glurenz  and  Nauders. 

Meanwhile  the  van -guard  of  the  main  arm.y  of  the 
Imperialids  pulhed  forward  to  meet  the  enemy.  On  the 
20th  of  March  it  was  attacked  by  Jourdan,  who  drove 
in  the  outpoils  ;  but  on  the  following  day  that  general 
was  himfclf  attacked  in  the  centre  of  his  army,  dri- 
ven from  his  pofition,  and  compelled  to  retire  during 
the  night  to  Stockach.  Both  parties  now  prepared  for 
a  decifive  engagement.  On  the  24th,  the  Archduke 
encamped  before  Stockach,  with  his  right  wing  towards 
Nellenburgh,  and  his  left  near  Wallenweis.  On  the  2  ^th 
at  day-break,  the  French  army  began  the  attack.  They 
direfted  their  chief  eflbrts  againd  the  right  wing  of  the 
Auftrians  commanded  by  General  Meerfeldt.  The  battle 
was  long  and  obllinate.  From  five  o'clock  in  the  morn- 
ing till  paft  one  of  the  afternoon,  its  termination  re- 
mained extremely  doubtful.  The  French  fucceeded  in 
their  attempt  againft  General  Meerfeldt.  His  pofition 
was  forced,  and  he  retreated  into  a  wood  between  Lip- 
tino-en  and  Ptockach.  Here  he  renewed  the  combat 
The  F.ench  without  fuccefs.  He  was  gradually  driven  to  the  ex- 
are  defea--  tremity  of  the  wapd,  though  it  is  a  German  mile  in 
«din  Swa- ^j,.g3j[|,_  Xhe  Im  wing  of  the  Auftrians,  however, 
had  in  the  mean  time  maintained  its  ground,  and  rein- 
forcements were  fent  from  it  to  General  Meerfeldt. 
With  the  alTiftance  of  thcfe  he  at  laft  fucceeded  in  ma- 
king a  ftand,  and  even  obliged  the  French  to  retire  in 
their  turn.  At  length,  about  two  o'clock,  the  French 
found  it  neceffary  to  withdraw  from  this  quarter.  The 
battle,  however,  was  continued  in  different  points  till 
night  came  on.  The  French  remained  upon  the  ground 
where  they  had  begun  the  attack,  and  they  even  retain- 
ed 4000  prifoners  whom  they  had  taken  during  the 
various  movements  of  the  day.  The  refult  of  the  battle, 
upon  the  whole,  however,  was  fatal  to  their  affairs. 
Their  lofs  was  fo  great,  and  the  fuperiority  of  the  Auf- 
trians fo  manifeft,  that  Jourdan  dared  not  to  hazard 
another  engagement.     On  the  following  day  he  retired 
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to  Welller  near  Dutllngeii  ;  and  finding  liia  army  iilto.     F'wch 
gcther  unequal  to  offciUive  operations,  he  frnt  back  one '^'^^"'"^ *" 
part  of  it  to  cover  Kdil  aiid  Strafourgli,  whiL-  he  with- ,     '^^^'   , 
drew  with  the  other  towards  Switzerland.     This  event 
compelled  Mafiena,   who  was  preiruig  upon  Tyrol  and 
the    Engadine,   to  return   to  the  defence   of  Switzer- 
land.    He   was  immediately    intruded   with  the   chief 
command  of  the  troops  in  this  quarter,  in  the  room  of 
Jourdan,  who  was  removed.      The  Aifftrians  continued 
to   advance   in   every  direction,   and   immediately  occu- 
pied tlw   whole  of  the   light,  or  German   fide  of  the 
Rhine,  from  the  lake  of  Conftancc  to  Mentz. 

In  Italy  the  fuccefs  of  the  Auftrians  was  equally  con-  And  in 
fplcuous,  notwithftanding  the  treachery  of  the  French  Italy, 
in  attacking  them  before  the  expiration  of  the  truce. 
The  attempt  of  the  latter  to  force  the  advanced  polls 
of  the  former,  on  the  26th  of  March,  at  Santa  Lucia 
and  Buftelango,  was  rendered  abortive;  and  at  Legnago, 
the  Auftrian  general,  Kray,  obtained  a  complete  vic- 
tory, and  compelled  them  to  feek  protedlion  under  the 
walls  of  Mantua.  On  the  5th  of  April,  the  Auftrians 
again  attacked  them  in  their  pofition  at  Memiruolo, 
which  lies  on  the  road  from  Mantua  to  Pefchiera,  and 
compelled  them,  after  an  obftinate  confiicl,  once  more 
to  retreat.  The  lofs  of  the  French  in  thule  different 
actions  was  undoubtedly  great  ;  but  it  is  probably  over- 
rated at  30,000  men  killed,  wounded,  and  taken. 

The  fuccefs  of  the  Auftrians,  however,  was  not 
cheaply  p\iichafcd.  Scherer,  who  commanded  the 
French  army,  gained  over  them,  at  firft,  fome  advan- 
tages, which,  had  he  known  how  to  improve  them, 
might  have  given  a  different  tuin  to  the  tide  of  affairs. 
One  divifion  of  his  army  had  aftually  forced  the  Auf- 
trian pofts  on  the  26th  of  March,  and  taken  4000 
prifoncis;  but  the  other  divifion  being  repulfcd,  he 
withdrew  his  troops  fiom  their  advanced  pofition,  and 
thus  rclinquiftied  the  advantage  which  he  had  gained. 
Even  on  the  5th  of  April,  Moreau's  divifion  perform- 
ed prodigies  of  valour,  and  took,  it  has  been  faid,  30CO 
prifoners  ;  but  from  the  injudicious  difpofitions  which 
had  been  made  by  Scherer,  that  general  was  not  fup- 
ported,  and  the  viftory  of  the  Auftrians  was  complete. 
Kvay  now  quickly  drove  the  French  from  the  Mantuan, 
and  compelled  them,  after  having  fuftained  new  loffes, 
to  relinquilh  their  ftrong  holds  on  the  Miucio  and  the 
Adige,  and  to  retreat  to  the  Adda. 

On  the  banks  of  this  river,  rendered  remru-kable  for 
the  dear  bought  vitlories  which  Bonaparte  had  obtain-  g 

ed  at  the  bridge  of  Lodi,   the  French  general  Moreau,  Moreau 
to  whom   the  Dircdlory  had  given   the  chief  command  fnrtlfies  his 
of  their  army,   prepared  to  make  a  vigorous  defence. '^''"'l'" 
The  military  talents  of  this  man  had  been  rendered  un- 
queflionable  by  his  celebrated  retreat  through  a  hollile 
country,  and  before  a  vidlorious  army  ably  commanded. 
On    the   prefcnt  occafion   he  did   not  belie   his  former 
character.     Nothing  that  could  give  courage  or  confi- 
dence  to   his   troops    was   neglefted.      Entrenchments 
were  thrown  up  wherever  the  river  was  confidered   as 
paffable  ;  and  a  fituation,  remarkably  ftrong  by  Nattire, 
was  ftrengthened  by  every  means  which  art  could  fup- 

Before  this  period,  a  confiderable  body  of  Ruflians 
had  joined  the  Imperialifts  ;  and  the  chief  command  of 
the  allied  army  was  now  afliimed  by  Field  Marftial  Su- 
warrow  Rimniflvi.     This  celebrated  leader,  whofe  cha- 
rade r 
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racter  every  d;:mocrate  labours  to  mifreprofent,  liad  en- 
tered into  the  army  at  the  age  of  twelve,  and  rifen  from 
the  ranks  to  the  ftation  which  he  now  liolds,  of  Gene- 
ralilTimo  of  ihe  RulTiaii  armies.  PoflefTed  of  ftroiig  na- 
tural talents,  he  had  likcwife  the  benefit  of  an  excellent 
education,   and   is   faid,    by  tliofe    who   are   pcrfonally 
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the   upper  part    of  the  river,  where  the    French    had     French 
tliouglit  fuch  an   enterprife  unlikely  or   impoffible.      ^  Re»"'utmn, 
party  of  the  combined   army  was  thus  enabled,  on  the         j^       ■ 
following  morning,  after  croffing  the  river,   to  turn  the 
Frencii  fortifications,  and  to  attack  their  flank  and  rear, 
while  the  nil  of  the  army  forced  the  paflage  of  the  ri- 
known  to  him,   as  well  as   acquainted  with   the  ftate  of     ver  at  different   points.     The  French  fought  obftinate- And  de« 
literature  in  Ruflia,  to  be  one  of  the  beft  claifical  fcho-     ly,  but  were  fpcedily  driven  from  all  their  politions,  and  feats  him 
lars  of  all  the   natives  of  that  great   empire.      He  had     compelled  to  retire  to  Pavia,  leaving  6ooo  men  on  the"'''*^  R'"'''' 
lludied,  in  early  life,  mathematics  and  natural  philolophy,      field;   whde   upwards  of  5000   priloncrs,    including   4   *"^    "'  . 
as  branches  of  fciejice  abfolutely  necelTary  to  the   man     generals,  fell  into  the  hands  of  the  allies,  togetlier  with 
whofe  highell  ambition  is  to  become  a  great  commander  ;      80  pieces  of  cannon. 

and    his   knowledge  of  the  learned,   as  well    as  of  the  The  advantage  thus  obtained   over  the   French,   in 

fa'hionaljle  languages,  has  enabled  him  to  avail  himfelf  coniequence  of  the  adelrefs  with  which  the  Adda  was 
of  all  that  has  been  written  either  by  the  aiicierjts  or  croffed,  is  faid  to  have  gained  for  Suwarrow  more  elli- 
the  moderns  on  the  art  of  war.  This  art  has  indeed  mation  from  his  antagonills  than  they  had  originally 
been  his  chief  ftudy  from  his  youth  ;  it  has  been  at  once  been  difpofed  to  grant  to  any  military  officer  coming 
his  bufmefs  and  his  amufement.  from    Ruflia,   and  who  had   never  before   had    perfonal 

FofleiTed  with  his  countrymen,  in  general,  of  the  raoft      experience  of  the   mode  in  which   war  is  conduced   in 

the  fouth  of  Europe.  But  this  is  probably  affedlation. 
The  French  had  furely  no  caufe  to  defpife  Ruflian  ge- 
nerels,  fince  they  could  not  but  know  that  Laudohii 
was  born  in  Pvuffia,  that  he  had  his  military  education 
there,  and  that  he  had  rifen  to  a  high  rank  in  the  army 


undaunted  courage,  and  formed  by  Nature  to  endure 
the  greateft  fatigue,  it  is  not  furpnling,  that  with  all 
thefe  advantages  Suwarrow  fliould  have  long  ago  acqui- 
red  the  charafter  of  one  of  the  ableft  generals  of  his  time. 
It  is  indeed  true,  that,  till  the  opening  of  the  campaign 


of  1799,    he  had  dillinguillied  himfelf  only   againft   the  before  he  entered  into  the  fervice  of  the  Emprefs  Queen 

Turks,  whom  we  are  too  apt  to  defpife,  and  againft  the  Maria  Therefa.      'ndeed  it   is  evident,  that  wiille  their 

Poles  when   divided   among   themfelves  ;   but  let  it  be  orators  were  declaiming  againft  Suwarrow  and  his  Kuf- 

remembered,  that  the  cnthufiaftic  courage  of  thofe  fame  fians  as  mercilefs  barbarians,  they  were  fecretly  trembling 

Turks  had  found   employment  tor  the  talents  of  fome  at  his  prowefs  and  refources,  which  they  could  not  but 

of  the  ableft  generals  in  Europe,  a  Laudohn  and  a  Co-  remember  had  more  than  once  faved  the  armies  of  the 

bourg  ;   and   that    the  Polifti    armies  which   Suwarrow  Prince  of  Cobourg  in  the  Turkitli  war. 
fubdued  were  united  by  the  ftrongeft  of  all  ties — the  Moreau  now  eltabliftied  the  wreck  of  the  French  ar- 

knowledge  that  they  muft  conquer  or  perifti.     All  this  my,  amounting  to  about  1  2,coo  men,  upon  the  Po,  be- 

was  fo  well  known  to  Frederic  the  Great,   that  he  held  tvveen  AlefTandria  and  Valentia.      On  the  11th  of  May 

the  military  talents  of  the  Ruffian   hero  in  the  higheft  he  compelled  a  body  of  Auftriansto  retire,  though  they 

efteem  ;  and  the  attention  of  all  Europe  was  now  turned  had  already  pafied  the  river,  and   took  a  great  number 

towards  the  quarter  where  thofe  talents  were  to  be  ex-  of  them  prifoners.      On  the  following  day,  70CO  Ruf- 

erted  in  the  fupport  of  focial  order,  and  ot  every  thing  fians  crofied  the  Po  at  Bafignano,  and  advanced  on  Pe- 

which  ennobles  man.      His   operations  in   Italy  did  not  cetto.     Moreau  immediately   fell    upon  them   with  his 

difappoint    the  higheft    expeAations    which   had   been  army.     They  maintained  a  long  and  defperate  conflict  ; 

formed  of  them.      At  an  age  confiderably  above  fixty,  but  being  at  laft  thrown  into  confution,  and  refufing  to 

he  began  a  campaign  not  lefs  remarkable  for  its  activity  lay  down  their  arms,  about  2000  of  them  were  drown- 

than  any  which  had  gone  before  it  fince  the  commence-  ed  in  recroffing  the  river,  and  the  French,  with  difficul- 

ment  of  the  French  revelution.      We  are  by  no  means  ty,   took  a  fmall    number  of  them  prifoners.      But  Su- 

prepared,  however,  to  do  juftice  to  the  various  military  warrow  foon  advanced,  and  terminated  this  aftive,   but 

efforts  which  were  now  made,  or  to  explain  clearly  the  petty  warfare,  which  was  all  that  the  French  could  now 

means  employed  to  infure  fuccefs.     If  the  work  e:ilitled  maintain,     Moreau  was  under  the  neceffity  of  retiring 

the   Hijlory  of  Swwarroiu's  Campaigns  be  deferving   of  with   his  troops  to    occupy  the   Bochctta,    and   other 

credit,  the  fuperiority  of  that  commander  over  his  rivals  pafTes   which   lead   to   the  Genoefe   territory;  and  the 


and  opponents  feems  to  have  at  all  times  coniifted  prin- 
cipally in  the  promptitude  with  which  he  formed  his 
plans,  and  the  rapidity  with  which  he  carried  them  in- 
to execution.  It  is  likcwife  faid  to  be  a  maxim  of  hio, 
always  to  commence  the  attack   when    he   fees  a  battle 


conibined  army  commenced  w'goroufly,  and  at  once,  the 
fiege  of  all  the  fortreffes  in  the  part  of  Italy  which  is 
now  occupied.  Pefchiera,  Mantua,  Ferrara,  Tortona, 
AlefTandria,  and  the  citadels  of  Turin  and  Milan,  were 
all  attacked.     The  French  were  driven  from  the  Enga- 

in 
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inevitable,   from  the   perfuafion  that    the  ardour  of  the  dine   by  Bellegarde  ;   Mafl'ena,   clofely  prefled  in  Swit- 

attacklng  army  more  than  counterbalances  the  advan-  zerland  by  the  Archduke  Charles,   was  compelled  to 

tage  of  ground,    if  that  advantage  be  not  very   great,  retreat  to  the  neighbourhood  of  Zuricli,  and  almoft  all 

Such  was  certainly  the  principle  upon  which  be  aAed  Piedmont  had  rifen  in  infurreftion  againft  the  French  ; 

at  prefent.  fo  that  in  every  quarter  their  affalis  feemed  defperate. 

Oil  the  24th  of  April  the  combined  army  advanced  Few  or  no  reinforcements  arrived  from  the  interior,  and 

to  the  Adda  ;   and  having  driven  in  Moreau's  outpofts,  their  generals  were  left  to  aft  upon  the  defenfive,  and  to 

Suwarrow  refolved,  on  the  26th,  to  attack  him  in  his  detain   the  enemy  at  a  diftance  from  the  frontiers  of 

entrenchments.     For  this  purpofe,   while  the   fhew  of  France  as  long  as  poffible.     One  effort  of  offen five  war 

an   attack    was    maintained    along   the    whole    line,   a  only  remained,  and,  after  fame  dday,  it  was  made  with 

bridge  was  fecretly  thrown  over  among  the  rocks  at  much  vigour, 

Macdonaldi 


REV  [     440     ]  REV 

Freiich         MacJonald  was  ftill  with  a  confiJerable  Frencli  army  brought  him  a  powerful  reinforcement  of  troops,  in  the     French 

Kevoluuun,  |„  (j,^.  (outhern  parts  of  Italy,   and  occupied  the  tcrri-  hope  of  withdrawing  froin  Macdoiiald  the  atteution  of '^"^^o'-'i'm, 

torics  of  Ronie  and  Naples.      No  attempt  was  made  on  Suwarrow.    Tliis  laft  officer  was  himfelf  at  I'urin.    His       '^^i*' 

the  part  of  the  combined  powers  to  cut  of  his  retreat  ;  advanced  troops  poJTefl'cd  the  paOTcs  of  Sufa,   Pignerol, 
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Mac.lcinaM  probably  from   the   c.onviftion    that  fuch  an   enterprife  and  the  Col  d'Affiotte  ;   while,  at   the  lower  extremity 

ajdM)-     could  not   be  accomplifhcd  with-  fuccefs  in   the  moun-  of  the  vail  track  of  country  over  which   his  army  was    ^^fi^l 

cert  mea-     tainous    countries    of   Tufcany   and    Genoa,    through  fcattered,  General  Hohcnzollern  was  polled  at  Modena cede,  of 

fures  fur      which  it   would  be  in  his  power  to   pafs.      Aware  of  with  a  conlidcrable  force,  and  General  Ott  was  at  Reg- M^^'lo- 

attaclu:ig     this  circiimftance,  he  was  in  no  hafte  to  remove,  though  gio  with  10,000  men.      On  the  12th  of  June,   Macdo-" 

tliea.jes.     ji^^  combined  army  now  occupied  almofl.  the  whole  ter-  nald  began  his  operations.      His  advanced  divifions  at- 

ritory  between   him  and   France.      He  gradually   con-  tacked  Hohenzollern   at  Modena   on  that  day,   defeat- 

centrated  his  forces,   however,  and  drew  near  to  the  ed   him,  and  took   2000  of  his  men   prifoners.      The 

fcciie  of  aftioii.      His  army  amoimted  to  30,000  men  ;  French,  at  the  fame  time,  attacked  General  Ott  ;   and, 

:md  he  was  ordered  by  the  Dircftory  to  evacuate  the  after  obliging  him  to  retreat,  they  entered   Parma  on 

new  born  republics  of  Rome  and  Naples,  and  to  form  a  the    14th  of  June.      On  the    17th,  General  Ott  was 

jur.ftion,   if  pofiible,  with  the  army    of  Moreau.     The  again  attacked,  and   compelled  to  retire  upon  Caftel  Sc 

prefent  fituation  of  the  allies,  however,  tempted  Mac-  Giovanni."   But   here   the   progrcfs  of  Macdonald  was 

donald  to    hazard   an    aftion  by  himfelf.     Marfhal  Su-  arreiled. 

warrow  had  extended  his  forces  over  Lombardy  and  Suwarrow  had  been  informed  of  his  approach  and 
part  of  Piedmont,  in  order  to  afford  proteiElion  to  the  alarming  fucceffes;  and  with  that  prefence  of  mind,  and 
well  difpofed  inhabitants  of  thefe  countries  ;  and  Mac-  that  ])romptitude  of  energy,  which  fo  ilrongly  mark 
donald  and  Moreau  had  concerted  between  them  a  plan  the  whole  of  his  conduft,  he  fuddenly  left  Turin  on 
for  dividing  tiieir  antagonills,  and  vanquiihing  them,  as  the  15th  of  June,  at  the  head  of  20,0:0  men  ;  and  ba- 
the French  generals  had  often  vanquifhcd  their  enemies  ving  marched  fevcnteen  leagues  in  eight-and-foity  hours, 
in  detail.  It  was  only  by  Macdonald,  however,  that  came  up  with  Macdonald's  army  on  the  banks  of  the 
any  important  blow  coidd  be  ftruck  ;  but  it  was  ne-  Tidone.  The  Ruflian  Generals  Rofenberg  and  Foer- 
caflary  that  Moreau  fhould  draw  upon  himfelf  a  great  iter  commanded  the  right  and  the  centre;  the  left 
part  of  the  A ullro- Ruffian  forces,  th:it  the  remainder  wing  was  commanded  by  the  Auftrlan  General  Melas  ; 
might  be  more  completely  expofed  to  his  colleague's  the  Ruffian  General  Prince  Procration  commanded  the 
attack.  For  this  purpofe  he  had  recourfe  to  a  lira-  advanced  guard,  and  Prince  Lichteullein  the  referve, 
tagem.  A  defperate"adtion  now  commenced,  which,  contelled 
Towards  the  end  of  April,  the  French  fleet,  amount-  with  equal  obilinacy  on  both  fides,  was  fought  during 
inf  to  16  fhips  of  the  line,  had  ventured  out  of  Brell  three  fueceffive  days.  At  length  viftory.  Hill  faithful  Hc 
harbour.  Ireland  was  fuppofed  to  be  the  place  of  its  to  the  ft.uidard  of  Suwarrow,  declared  for  the  allies,  iletely  dc 
dellination  ;  and  the  Britifli  fleet  was  llationed  in  the  The  French,  driven  on  the  id  day  from  the  Tidone  to ''-'^''^'' ''?' 
fituations  moil  likelv  to  prevent  its  arrival  there.  The  the  Trebbia,  were  there  ultimately  defeated  on  the  1 9th,  '"'*''"°*' 
French,  however,  intending  to  form  a  junftion  with  after  a  carnage  on  both  iidcs,  fueli  as  lume  of  the  oldell 
,  the  Spanilh  fleet,  which  was  flill  bloekaded  in  the  port  officers  in  the  army  declared  that  they  had  never  before 
Tunetion  of  of  Cadiz,  failed  fouthward.  When  they  approached  feen.  I'he  Ruffians  and  French  repeatedly  turned  each 
the  French  Cadiz,  a  ftorm  arofe,  which  prevented  any  attempt  on  others  line,  and  were  mutually  repulled.  Suwarrow,  who 
aiKlSpanifliflj^.ji-  p^rt  to  enter  the  harbour,  and  any  effort  on  the  appeared  in  perfon  wherever  the  fire  was  heaviell,  and 
part  of  the  Britifli  admiral,  Lord  Keith,  to  biiiig  them  his  troops  mofl  clofrly  prefled,  is  faid  to  have  had  feven 
to  an  engagement.  On  the  4th  and  5th  of  May,  there-  horfes  killed  under  him,  and  to  have  ftript  himfelf  to 
fore,  they  pafTed  the  Strait  of  Gibraltar,  and  ileered  the  fliirt  on  the  19th,  running  on  foot  from  r.nnk  to 
for  Toulon.  Lord  Keith  kept  his  llation  near  Cadiz  rank,  to  urge  the  troops  forward  by  his  prefence  and 
till  the  9;  h  of  May,  and  then  entered  the  Mediterra-  example  (h).  With  all  thefe  exertions  of  heroifm,  how- 
nean  in  queft  of  the  French  fleet.  The  Spaniards  iin-  ever,  and  greater  have  feldom  been  made,  the  iflue  of 
mediately  put  to  fea,  and  went  into  the  Mediterranean  the  conteft  continued  doubtful,  till  the  gallant  Kray,  in 
alfo.  The  French  fleet  entered  Toulon,  and  afterwards  direft  difobedience  to  the  pernicious  orders  of  the  Au- 
went  out  in  queft;  of  the  Spanifli  fleet.  They  failed  to-  lie  Council  at  Vienna,  arrived  at  the  head  of  a  large 
■wards  Genoa,  and  afterwards  to  Carthagena,  where  they  detachment  from  the  ai  ray  befieging  Mantua,  and,  on 
inet  their  allies.  The  tv.-o  fleets  being  now  united  once  the  19th,  decided  the  fate  of  the  day. 
more,  pafled  Gibraltar,  and  failed  round  to  BriJl,  where  The  French  fled  during  the  night ;  and  on  the  morn- 
they  arrived  in  fafety,  without  being  overtaken  by  the  ing  of  the  20th,  Suwarrow  purfued  them  with  his  army 
Britifli.  in  two  columns.  It  feldom  happens  that  German 
More.ju,  in  the  mean  time,  took  advantage  of  the  troops  can  overtake  the  French  in  3  march.  The  Ruf- 
arrival  of  the  French  and  Spanifh  fquadrons  in  the  vi-  iians  now  did  fo,  however;  and  at  Zcna,  the  rearguard 
cinity  of  Genoa,    to  fpread   a  report    that   they    had  of  the  French,  being  furrounded,  laid  down  their  arms. 

The 
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fleets. 


(h)  We  had  this  information  from  an  officer  of  high  rank,  now  refiding  in  AVeim.ar,  who  was  prefent  in  the 
a&ion  ;  and  who  added,  that  the  Coflacs,  as  foon  as  they  faw  their  old  commander  in  his_/2);>.',  ruihed  upon  the 
enemy  with  an  impetuofity  which  nothing  could  withftand.  The  llory  is  by  no  means  incredible  ;  for  Suwarrow, 
who  defpifes  coftume,  is  known  to  have  fought  repeatedly  in  his  fliirt  agaiull.  the  Turks;  and  he  would  be  as  hot 
on  the  Trebbia  as  ever  he  was  on  the  Danube, 
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REV  [     44«     ]  REV 

Tlic  reft  of  the  French  army  foutid  fafety  in  the  palFea     the  nuinbcr  of  the  allies  who  defended  that  town  ex-     French 
of  the  Appennines  and  the  Genoefe  territory,  after  ha-     ceeJed  not  2000  men  !  •  Foiled  in  eleven    different  at- '^""'''"'^"' 
vrng  loft  on  this  occaiion,   in  killed,  wounded,  and  pri-     tempts  to  cany   it  l>y  affault,  one  of  which  was  made  '    • 

foners,   not  Ids  than  17,000  men.  during  the  truce  which  he  himftlf  had  folicited  to  bury 

Moreau,   in   the  mean  time,  had  attacked  the   Au-     the  dead,   he  was  ultimately  oWij^ed  to  retreat,  Icuving 
ftrians  under  General   Bellegarde  in  the  vicinity  of  A-     eight  of  his  generals,  eit;hty-rivc  of  his  officers,  and  one 

half  oi  his  army  behind  him.  The  fuperiority  of  the 
Britifli  over  the  Corfican  hero  was,  during  this  fiege, 
more  fully  difplayed  in  conduft  than  even  in  courage. 
The  true  magninimity  evinced  by  the  former  ;  his  tem- 
perate replies  to  tiic  auciacious  eahimnies  and  atrocious 
falfehoods  of  his  advcrfavy  ;  and  the  moderation  and 
humanity  which  charafterifed  his  dilpatclies,   and  inva- 


lexandria.  Though  fuperior  to  him  in  numbers,  they 
were  completely  beaten  ;  but  Suwarrow  having  return- 
ed witli  inhnite  rapidity  after  his  viilory  over  Maedo- 
nald,  the  temporary  advantage  gained  by  Moreau  became 
of  no  imoortance.  Suwarrow  complamed  loudly  of  the 
conduct  of  t  lie  Aulic  Council  on  this  occafion  ;  while  they, 
in  return,  imputed  their  difafter  under  Bellegaide  to  his 


unflvilfnl  diltiibution  of  the  whole  troops,  which  had     riably  marked  his  behaviour  to  thole  whom  the  fortune 


expofed  an  immcnfe  army  to  great  danger  from  the  en 
terprifcs  of  an  handful  of  men.  It  is  not  our  bulineis 
to  decide  between  them.  The  inftruftions  of  the 
Council  to  Kray  not  toco-operate  with  the  commander 
in  chief  of  the  conibined  army,  feem  to  us  in  the  high- 
eft    degree  abfurd,  if  not  treacherous  ;   aiul   we    have 


I 


cecded. 


Bonapar- 
te's unfuc 
cefsful  at- 
U:k  of 
Acre. 


of  war  Inbjetted  to  his  power — give  additional  luftre  to 
the  brilliant  viflury  which  his  valour,  his  energy,  and 
his  perleverance,  fo  efl'entially  contributed  to  iecure. 

But  while  we  pay  a  tribute  of  jultlce  to  the  merits  of 
our  gallant  countryman,  we  mull  not  omit  to  notice 
the  high  deferts  of  the  brave,   the  loyal,  the  virtuous        ' 

heard  a  general  officer,  whofe  name,  w«re  we  at  liberty  Philipeaux,   his  gallant  comrade,  the  partner  of  his 

to  give  it,  would  do  honour  to  thefe  pages,  fay,  that  the  toils,  and  tlic  partaker  of  his  glory.      The  fl.-ill  of  this 

dillribution  of  the  troops,   of  which  that  council  com-  French  officer  as  an  engineer  was  raoft  fuccefsfuily  dif- 

plaiued,  was  the  nioft  mallerly  thing  that  has  been  done  played  in  tlie  defence  01  Acre  ;   and,  indeed,  his  e.xer- 

during  the  war.      Be  this  as  it  may,  a  dillruft  and  mu-  tions  on  that  memorable  occaiion  fo  far  furpafled  his 

tual   mifnnderftanding  thus  commenced,    or,    at  leaft,  ftrength,  that  he  aftually  perilhed  through  fatigue.  .^f, 

made  its  firil  open  appearance,   which  gave  good  rcafon         The  defeat  of  Bonaparte  at  Acre,  which  effectually  His  vail 

to  fufpeft  that  little  cordiality  of  co-operation   would  flopped  his  deftrudlive  career,  will  be  confidered  as  im-r"'i':'^'> 

long  exift  between  thefe  allies.      They  continued,  how-  portant  indeed,   when  it  is  known  that  his  arts  of  in-  ' 

ever,  for  fome  time  to  enjoy  uninterrupted  profperity  trigue  had  fo  far  fucceeded  as  to  prevail  on  the  nume- 

under  the  command  of  Suwarrow.     The  fieges  of  the  rous  tribe  of  the  Drufes  to  join  his  ftandard  v/\\.\\  fusty 

dift'erent  Italian  fortreffes  were  very  clofelypreifed.  They  thoiifand  men  immediately  after  the   reduftion  of  that 

all  furrendered  in  fucceffion  ;   and  the  period  appeared  town.      Had  this  junftion  been  effefted,  it  was  intend- 

faft  approaching  when  it  would  be  in  the  power  of  the  ed  to  proceed  to  Conftantinople,  and,  after  plundering 

allied  armies  to  enter  the  ancient  territory  of  France.  the  city,   to  lay  it  in  afhes  !      It  is  fcarcely   pofTible  to 

If  we  turn  our  eyes  to  a  different  quarter,  we  Ihall  calculate  the  dreadful  confequences  of  fuch  an  event  on 

find  the  French  as  much  humbled  at  this  time  in  Pa-  the  political  ftate  of  Europe.     If  fervices  are  to  be  efti- 

leftine   by   Britilh   valour,  as  they  were  in  Italy  by  the  mated  in  proportion  to  their  effects,  we  know  of  none, 

united  armies  of   Ruffia    and  Auftria.       The  hero  of  during  the  prefent  war,  fertile  as  it  has  been  in  brilliant 

France,  the   conqueror  of  Italy,  the  boafted  legiflator  atchievements,  that  deferves  a  higher  reward  than  the 

of  Europe,  after  having  defeated  the  Mamalukes,  taken  defeat  of  Bonaparte  at  Acre. 

poffeffion  of  Alexandria  and  Cairo,  and  profefled  him-         During  thefe  reverfes  abroad,   France  had  begun   to 

felf  a  Mahometan  in  Egypt,  led  an  army  into  Paleftine  fuffer  much  internal  agitation,  and  the  DIredory  found 

with  the  avowed  purpofe,  it  has  been  faid,  to  take  pof-  itfelf  in  a  very  difficult  filuation.       The  eleftions,  as 

feflion  of  Jerufaleni,   and  by  rebuilding  the  temple,  and  ufual,  were  unfavourable  to  them  ;  and  amidft  the  con- 

relloring  the  Jews,  to  give  the  lie  to  the  prophecies  of  tempt  with  which  they  now  began  to  be  regarded,   it 

the  Divine  founder  of  the  Chriftian  religion.      At  the  was  no  longer  poffible  to  fecure  a  majority  in  the  Coun- 

head  of  a  chofen  band,  exceeding  12,000  in   number,  cils,  by  unconftitutionally  annulling  the  elcftions  of  their 

and  poffeflcd  of  a  ilaff  eminent  for  military  flvill  and  ex-  political  opponents.     They  demanded  money,  and  were 

perience,  he  arrived  at  the  fmall  town  of  Acre,  Ikuated  anfwered  by  reproaches,  on  account  of  their  profufion, 

on  the  fea-coaft,  28  miles  fouth  of  Tyre,  and  37  north  and  the  rapacity  of  their  agents.     The  royalifts  in  the 

of  Jerufalem.      To  this  town,   which   was   wretchedly  fouth  and  the  weft  began  to  form  infurreftions.      I'hey 

fortified,  and  defended  only  by  a  fmall  garrifon  cf  Muf-  were  fubdued  with   much  difiitculty,  on  account  of  the 

felmans,  he  laid  iiege  in  form  ;  and  the  governor  would  abfence  of  the  troops.     The  people  had  totally  loft  that 

have  furrendered  unconditionally,  had  he  not  been,  we  enthufiafm  which,  in  the  earlier  periods  of  the  revolu- 

fay  not  perfuaded,   but  decoyed,   by  an  Englifh  tic-val  of-  tion,   induced  them  to  fubmit  to  fo  many  evils,  and  to 

ficer,  to  make  a  vigorous  reliilance.     We  need  not  add,  make  the  moft  violent  efforts  without  murmuring.  I'hey 

that  the  naval  officer  was   Sir  Sidney  Smith,  or  that  beheld  the  renewal  of  the  war  with   regret,   and  were 

the  belleging  general  was  Bonaparte.  unwilling  to   affift  by    their  exertions  to  reftore  power 

The    command    of   the    garrifon    being    entrufted  and  fplendour  to  the  faftion  which  had  trampled  upon 

to   Sir  Sidney  Smith,  who  w  as  not  to*  be  bribed  by  their  freedom. 

French  gold,    or    corrupted    by    French    philofophy,         Amidft  all  thefe  difficulties,  an  event  occurred  which, 

the  hero  who,  by  the  aid  of  thefe  allies,  had  fo  quickly  for  a  time,  gave  the  Directory  the  hope  of  being  once 

routed  armies,  and  conquered  ftates  in  Italy,   was  de-  more  able  to  roufe  the  dormant  energies  of  their  coun- 

tained  before  the  town  of  Acre ^x/ji-n/nf  days ;    hough  trymen.     After  the  defeat  of  Jourdan,  a  detachment 
SupPL.  Vol.  II.  Part  II.  3  K  frora 
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from  the  army  of  the  Archduke  Charles  had  occupied 
Radadt,  where  the  Coiigrcfs  ftill  fat.  On  the  28th  of 
April  an  order  was  fent  hy  an  Imperial  officer  to  the 
French  minillers,  requiring  them  to  quit  Ralladt  in  24 
liours.  Thev  demar.did  a  paifport  tron  Colonel  Bar- 
bafcy,  whohad  fcut  theordcr;  but  tin's  he  could  not  grant, 
none  having  that  power  but  the  commander  in  chief. 
They  declared  themfelves  determined  to  depart  without 
delay,  although  the  evening  approached.  They  were 
detained  about  an  hour  at  the  gate  of  the  town,  in  con- 
fequcnce  of  general  orders  which  had  been  received  by 
the  military  to  fufTer  none  to  pafs.  In  conlequence  of 
an  explanation,  however,  and  of  the  interpohtion  of  fu- 
perior  officers,  they  were  allowed  to  depart.  The  three 
ininifters.  Bonnier,  Roberjot,  and  Jean  Debry,  were  in 
carriages.  Tlie  wife  of  Roberjot,  and  the  wife  and 
daughters  of  Jean  Debry,  were  along  with  them  ;  and 
they  were  attended  by  the  minillers  of  the  Cifalpine 
republic.  When  they  had  advanced  to  a  very  (hort 
diftance  from  Ralladt,  they  were  met  by  about  50 
huflars  of  the  regiment  of  Szeckler,  who  made  the  car- 
riages to  halt,  and  advancing  to  the  firft  of  them,  con- 
taining Jean  Debry,  demanded  his  name.  He  told 
them  his  name,  and  added  that  he  was  a  French  miniiler 
leturning  to  France.  On  receiving  tliis  anfwer,  they 
immediately  tore  him  from  his  carriage,  wounded  him 
in  feveral  places  with  their  fibres,  and  call  him  into  a 
ditch,  on  the  fiippoCtion  that  he  was  killed.  They 
trea^d  in  the  fame  manner  the  two  other  ambafladors. 
Bonnier  and  Roberjot,  whom  they  murdered  upon  the 
fpot.  They  offered  no  perfonal  violence,  however,  to 
the  reft  of  the  company,  who  were  allowed  to  return 
to  Ralladt  ;  but  they  robbed  the  carriages  of  whatever 
fffeiSs  they  contained  ;  and  the  papers  of  the  ambalhi- 
dors  were  conveyed  to  the  Auftrian  commander.  Af- 
ter the  departure  of  the  fulJiers,  and  the  return  of  the 
carriages  to  Raftadt,  Jean  Debry  wandered  about  the 
woods  all  night,  and  returned  alfo  to  Ralladt  on  the 
following  day.  He  claimed  the  papers  belonging  to  the 
legation  from  the  Auftrian  commander,  but  they  were 
refufed  to  be  relbored. 

During  the  whole  of  the  long  period  that  the  Con- 
grefs  had  fat,  Raftadt  and  its  vicinity  had  been  occu- 
pied by  French  troops,  and  it  was  only  a  few  days  fiuce 
tiie  Auftrians  had  obtained  poffeflion  of  it.  This  event 
therefore  caft,  at  leaft,  a  fevd|f  reproach  upon  the  dif- 
cipline  of  the  Auftrian  army.  It  did  more  ;  it  made 
evci-y  honeft  man  regret,  that  troops,  engaged  in  the 
fupport  of  a  good  caufe,  fliould  think  to  promote  that 
cauie  by  the  murder  even  of  the  greateft  villains.  The 
Arclidnke  Chailes  made  halle  to  difclaim  all  knowledge 
of  it  in  a  letter  to  Mafl'ena  ;  but  the  Frencii  Directory, 
regarding  it  as  a  fortunate  occurrence,  from  its  tendency 
to  roufe  the  refcntment  of  the  nation,  addrefted  to  the 
two  Councils,  on  the  5th  of  May,  a  meffage,  in  which 
they  aicribed  it  to  a  deliberate  purpole  on  the  part  of 
the  Auftrian  government  to  infult  France  by  the  afiaf- 
fination  of  her  ambaffadors.  They  thus  converted  the 
private  aft  of  a  few  defperate  individuals  into  ameufure 
of  public  policy ;  as  if  the  death  of  thofe  wretched  mif- 
creants  could  have  been  of  confequence  to  the  enemies 
of  the  great  nation.  The  unpopularity  of  the  Direc- 
tory, however,  and  the  obvious  inutility  of  fo  grofs  a 
crime,  prevented  this  accufatiou  from  obtaining  much 
credit,  or  producing  great  eiicfts  upon  the  people.     la 
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a  private  letter  which  a  friend  of  cur's  received  at  that       tc red 
period  from  the  Continent,  he  wapaffured  that  the  mur-'^™''"'""> 
der  of  the  envoys  "  fail  plus  de  bruit  que  de  feiifation  j"  ,     '  ^^^'    . 
and  that  the  general  opinion  was,  that  the  Directory         ' 
itfelf  knew  more  <if  the  authors  of  that  crime  than  the 
Archduke  or  the  Auftrian  government.  -69 

Upon  the  introdnftion  of  the  new  third  of  this  year  1^''^'="'""" 
into  the  Councils,  a  violent  op])orition  to  the  Directory  '"  ^'""'^• 
commenced.  Sieyes,  who  was  ambadador  at  Berlin, 
and  who  had  enjoyed,  during  the  whole  progrefs  of  the 
revolution,  a  very  confiderable  inliuence  over  all  the 
parties  that  had  lucceflively  enjoyed  the  fupreme  au- 
thority, was  elected  into  the  Dirtftorv.  At  the  fu it 
cftablilhment  of  the  conftitutiou  he  had  refufed  to  oc- 
cupy this  ftation,  and  it  excited  much  furprife  when  he 
readily  accepted  the  office  in  the  prel'ent  calamitous 
ftate  of  the  Republic.  His  admiffion  into  the  Direc- 
tory, however,  did  not  reconcile  the  pulic  or  the  two 
Councils  to  that  body.  A  violent  conteft  for  power 
betwixt  the  Moderate  and  the  Jacobin  parties  feemed 
to  approach  ;  but  they  foon  came  to  a  compronu'fe. 
Treilhard  was  removed  from  the  Directory,  under  the 
pretence  that  he  had  held  an  office  in  the  ftate  within 
lefs  than  a  year  previous  to  his  nomination.  Merlin 
and  Reveillere  were  compelled  to  relign,  to  avoid  an 
impeachment  with  which  they  were  threatened  ;  but 
Barras  ftill  contrived  to  retain  his  ilation.  Moulins, 
Gohier,  and  Ducos,  men  little  known,  and  by  no  means 
leaders  of  the  contending  parties,  were  appointed  Di- 
rectors. The  power  was  underftood  to  be  divided,  and 
that  neither  paity  greatly  predominated.  An  attempt 
was  made  to  revive  public  fpirit,  by  encouraging  anew 
the  inttitution  of  clubs,  which  had  been  fupprelfed'by 
the  Directory.  The  violent  Jacobins  were  the  firft  to 
take  advantage  of  this  licence.  i'hey  refumed  their 
ancient  ftyle,  their  propoltils  for  violent  mcalures,  and 
their  praCtice  of  denouncing  the  members  and  the 
niealures  of  government.  But  the  Dircftory  becoming 
alarmed  by  their  intemperance,  obtained  leave  from  the 
Councils  to  iupprels  their  meetings  before  tliey  were 
able  to  interclt  the  public  iu  their  favour.  ,-, 

Confiderable  eftorts  were   now  made  by  the  French  U'a: like  cf- 
governmcnt  to  recruit  their  armies  ;   but  the  derann'ed '^^T"'  '^  ^^^ 
ftate  of  the  finances,  which  the  votes  of  the  Councils  ^^" '='-''"' )• 
could  not  Immediately  remedy,  prevented  the  poflibility 
of  their  gaining  a  iuperionty  during  the  preient  cam- 
paign.     The  diificulty  was  alio  iucrcafed  by  the  necef- 
fity  of  refiiting  immenie  armies  in  different   quarters  at 
the  lame  time,  France  being  affaded  at  once  on  the  fide 
ol   Holland,   Switzerland,  and  Italy.      Such,  however, 
were  the  exertions  of  the  Direftory,  that   they  iecmtd 
not  dellitute  ef  the  hope  of  being  able  Ipeedily  to  af- 
fume,  on  the  frontier,  a  formidable,  and  even  menacing 
pofture.      In    the    beginning  of  Auguft,   their   Italian 
army  amounted  to  415,000  men.      The  different  bodies 
of  troops  of  which    it    confifted  had  been  drawn   to- 
gether, and  concentrated  nearly  in   the  fame  politiong 
which  Bonaparte   had    occupied  before  his  battles  of      ,.j 
Montenotte    and   Millefimo.       The    command  of    the  Jm.bcrt 
whole  was  given  to   Joubert,  a  young  man,  who  had^'^"™'* '"* 
been  much  dillinguiftied  under   Bonaparte;  and   who,  ?^"'j'"'^," 
in   the   ityle   of  gafconade  employed  by   that  general, 
allured  his  government  of  victory,  declaring,  that  he 
and  Suwarrow  Ihould  not  both  furvive  the  lirft  battle. 
In  tliis  boalling  declaration   he   feeras  to  have  been  in 

earueft  ; 
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French      ejrnefl  j  for,  on  taking  tli;  command,  he  prevailed  witli 
R''*'"'"''""'Morcau   to  remain   in   tlic  army   as  a  volunicer  till  the 
,^   '~^^'      (irll  battle   flioiilJ  be   foiit;ht.     The  allies  had  now  ta- 
ken Tiirln,  Aleflandria,  Mijjn,  Pefchicra,  and  Ferrara, 
with  3  rapidity  which  would  lead   one   to  fiippofe  that 
.-J      fome  new  mode  had  been  invented  of  materially  abn'd- 
Siicctikfs  of  ffing  the  duration    of  fiejjes.       The  (Irong  citadel  of 
tin;  allii;!.    "furin  opened  its  gates,  to  the  aikonilhment  of  Europe, 
after  a  bombardment  of  only  t/jrfe  days  ;  the  citadel  of 
AlefTandria  furrendered  to  the  Aulbian   General  Belle- 
garde,  on  the  2;d  of  July,  after  a  liege  of  /evtn  il<iys  ; 
and  the  ftill    more   important  fortrels  of  Mantua  fur- 
rendered  to   the  brave    General  Kray,  on  the  29tli  of 
the  fame   month,   after   a  fiege   of  only  fourteen    days. 
'i'he   garrifon   of  Aleffandria  amounted   to   2400  men  ; 
that  of  Mantua  to  13,000.    .The  former  were  detain- 
ed prifoners  of  war,  and  the  latter  were  allowed  to  re- 
turn   to    France  on   iWn  parole ;  a  parole  which   the 
commanders  of  the  allied  armies  could  not  reafonably 
expect  to  be  kept.     This  has  given  rife  to  a  fufpiclon, 
that  the  fortrefs  was  voluntarily  furrendered  to  the  Au- 
itrians,  in   order   that   the  Diretlory   might  recruit  its 
armies  with  the  garrifon. 

The  allies  next  began  to  befiege  Tortona,  and  Jou- 
bert   refolved  to   attempt  its  relief.     He  hoped  to  ac- 
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the  French  loft  in   tin's  battle  40:0  killed  and  an  equal     French 
number    taken    prifoners.       They  acknowledged   their ''■'*'^''''"''' 
own  lofs  in  killed  to  be   equal  to  that   of  the   French, 
but  the  lols  lullained  by  tlic    Rufliani  was  never  pub- 
liflaed.     The  general  refult  of  the  battle  was  the   total 
ruin  of  the  French  affairs  in   this  quarter.      The  allies 
retained  their  decided  fuperiority  ;  and   there  was  nu 
enterprife  which,  on  the   prefent  theatre  of  the    war, 
they  might  not  have   ventured    to     undertake.      The 
French   renounced  all  hope  of  defending  Genoa,  and 
prepared  to  evacuate   that  city  and  its  territory.      The 
Diredlory  cxpeded  nn  immediate  invjfion  of  the  fouth 
of  France,  and  addielfed  a  proclamaticm  to  the  people, 
urging  them  to  aft  with  lirmnefs  and  energy  amidll  the 
calamities  with    which  the  country  was   now  menaced. 
But  thcfe  apprehcnfions  were  unneceffary.     The  court  Unacc'oun- 
ot  Vienna  had  other  objects  in  view  that  were  It fs  dan- '=''>'«  "^o"- 
gerous  to  their  enemy.      They   neither   invaded  Genoa 'l"'^  "' ''^'^ 
nor  France,  but  quietly  proceeded  in  the  fiege  of  Tor-°  '"' 
tona.     The  vanqiiilhed  army  was  furprifed  to  find  itfelf 
unmolelled  after  fuch  a  defeat  ;  and  iii  a  few  days  ven- 
tured to  fend  back  parties  to  invelligate  the  movements 
of  the  allies.   The  new  Commander  Championnet,  who 
had  fucceeded  Joubert,  found  to   his  no  fmall  aftoni-di- 
ment  that  they  had  rather  retreated  than  advanced  ;  and 
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complilh  this  objecl,   and  to  gain   fome  advantage  over  he  immediately  occupied  the  fame   politions    whiclt  his 

their  army,  before  General  Kray  could  arrive  to  the  af-  army  had  held  before  the  battle  of  Novi. 
fiftance  of  Suwarrbw   with   the   troops  that  had  been         Inllead  ot  purfuing  the  advantages  they   had  gained 

occupied  in  the  fiege  of  Mantua.  On  the  13th  of  Au-  in  Italy,  the  Aulic  council,  or  council  of  war  at    Vien- 

guft  the  French   dro\*  in   the   whole   of  the  Auftriau  na,   now  perfuaded    Suwarrow  Co    leave  that  country 

polls,  and  took  poflenion  of  Novi.      Here  they  cncam-  with   his  Ruffians,  ajid  to  fct  out   for  Switzerland  to 

ped  on  a  long  and  ileep,   but  not  high,  ridge  of  hills,  drive  the   French  from  thence.      In   the  early  part  of 

with  their  centre  at   Noyi,  their  right   towards  Sera-  tf.e  campaign,   the   Archduke  Cliarles  had   fucceeded, 

valle,  and  their  left  towards  Bjfaluzzo.      On   the  14th  after  various  attacks,   in  driving  the  French  from    the 

they  remained  quiet  ;  and  on    the  15th  they   were   at-  eailern  part  of   Switzerland  beyond   Zurich,  of  which 

tacked  by   Suwarrow,  whofe  army  was  now  reinforced  lalt  city    he    retained  pofTeffion.     The  Directory,  how. 

by  the  arrival   of  General    Kray  from  Mantua.     The  ever,  had  fent  their  new  levies  chiefly  towards  this  quar- 

right  wing  of  the  allied  army  was  commanded  by  Kray,  ter  ;  fo  that  in  the  middle  of  the  month  of  Auyull  Maf- 

its  left  by  Melas,  and   its   centre    was  occupied  by  the  fena's  army  amounted  to  70,000  men.    The  Archduke 

Ruffians,  under   Prince   Pongrazion    (Pracration)   and  was  now  fo  far  from  being  able  to   purfue  the  advanta- 

Suwarrow  in  perfon.     The  attack  began  at  5  o'clock  ges  he  had  gained,   that  of  late  the    French    had   refu- 

in  the  morning,  and  was  continued  during  many  hours,  med  the  olfenfive,  an<l  threatened  to  endanger  his  pofi- 

Soon  after  the  commencement  of  the  battle,  while  the  tion.      Their  right  wing  under  Lecourbe  had  even  fnc- 

French  commander  in  chief,    Joubert,  was  urging  his  ceeded  in  taking  pofl'cfliou  of  Mount  St  Gotliard,  which 

troops  forward  to  a  charge  with  the  bayonet,   he  recei-  is  the  great  pals  that  leads  from  the  centre  and  eailern 

ved  a  mufquet  (hot  in   his  body,  and,  falling  from    his  part  of  Switzerland  into  Italy,      The  cabinet  of  Vien- 


horfe,  immediately  expired.  Moreau  inllantly  refumed 
the  command.  After  an  obftinate  contell,  the  allied 
army  gave  way,  and  was  compelled  to  fall  back  in  all 
quarters.  The  attack,  however,  was  repeatedly  re- 
newed, and  much  blood  was  (hed.  From  the  obllinate 
manner  in  which  they  fought,  the  Ruffians,  in  parti- 
cular,  fuffered  very  fcverely.      They  made  three  unfuc- 


na  probably   wiflied  to  throw  the  feverell  duties  of  the 
war  upon  their  northern  alfociates.  The  veteran  Suwar-so„3^rrM» 
row  had  never,  during-  his  long  military  career,  fufferedLav.s  I't'a- 
a  fingle  defeat.     His  prefumption  of  fuccefs  was  there- 'v  =""• 
fore  high;   and  he  perhaps  felt  himielf  not  a  little  flat;.""'''^'>es  to 
tered  by  the  requeU  tp  undertaJie  an  enterprife  in  which  1"^"^"'" 
the  Aullriars  had  failed,  though  led  by  their  moil  for- 


cefsful  efforts  againd  the  centre  of  the  French  army,    tunate  commander.      It  is  indeed  certain  that  he    con 

and  on  each  occafion    thofe  immediately  engaged  were    fidered  himfelf  as  called  out  of  Italy  too  fuon.   Though 

rather  dellroyed  than  repulfcd.     The  lafl;  attack  along    confident   of  being  properly    fupported,  he   agreed  to 

-1        r.  .  proceed  with  his  troops  from  Piedmont  to  Switzerland, 

where  another  Ruffian  army  had  lately  arrived.  De- 
lays however  were  thrown  in  his  way.  Tortona  did 
not  fall  quite  fo  foon  as  was  expecled  ;  and  when  he 
was  ready  to  march,  the  Auftrian  commander  in  Italy 
refufed  to  fupply  him  with  mules  for  the  tranfport 
of  hii  baggage.  Unable  to  reply  to  the  indignant  expof- 
tulations  of  the  Ruffian  htro,  this  man  defcendcd  to  a 
pitiful  falfchoud,  by  affuring  him  that  he  would  find  3 
3  K  2  fufficient 


the  whole  line  was  made  at  three  ih  the  afternoon 
The  French  remained  unbroken  ;  and  the  day  mufl 
have  terminated  in  the  defeat  of  the  allies,  had  not  Ge- 
neral Melas  fucceeded  in  turning  the  right  flank  of  the 
French  line.  Their  right  wi'ng  was  thus  thrown  into 
confulion.  Melas  purfucd  his  advantage  till  he  obtain- 
ed poflelfion  of  Novi,  and  the  whole  French  army  made 
a  rapid  retreat  under  the  direction  of  Moreau. 

According  to  the  accounts  given  by  the  Auftriar.s, 
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French     fufficient  number  of  mules  at  Belllnzoiie,  where,  wl.en 
Revolution,  jjg  arrived,   not  one  was  to   be    bad.      He  had  now  no 
,    '^^9'       other  rclburce  but  to  difniount  the  cavah-y,   and  em- 
'  ploy  their  horfes  to  drag  along  the  baggage.     Under 

all  thefe  difficulties,   he  arrived,  by  forced  marches,   on 
the  confines  of  Switzerland,   on  the  day  appointed    by 
him  and  the  Archduke  ;  but  the  Auftrian  cabinet  had, 
in  the  mean  time,  taken  a  ftep   which   made  all  his  ex- 
376         ertions  ulelefs. 
IsdeferteJ,       Thinking  it  degrading  to  a  Prince  of  the   Imperial 
if  no' be-     \^^^^(|.,  who  had  fo  long  held  the  higheft  military   rank, 
th^Aiil-      t°  ^^''''^  ^'^^"  ^^'^  Ruffian  General,  and  not  having  the 
ttians.  confidence  to  require    the  moil  experienced  leader  in 

Europe  to  receive  the  orders  of  a  man  io  young  as  the 
Archduke,  they  fent  that  prince  with  his  army  to  at- 
tack the  French,  who,  in  a  fmall  body,  had  entered  iti- 
to  Swabia.  He  began  accordingly  to  draw  off  his 
troops  in  the  beginning  of  September,  before  Suwar- 
row  was  in  readtnefs  to  leave  Italy.  The  number  which 
he  took  with  him  has  been  differently  eftimated,  the 
laweft  computation  Hating  it  at  48,oco,  and  the  higheft 
at  60,000.  The  former  is  the  moll  probable;  fince  it 
is  well  known  that  zo,ooo  would  have  been  fully  ade- 
quate to  llie  purpofe  for  which  he  marched.  The  ar- 
ray which  he  left  beliind  him  is  more  perfectly  afcer- 
tained  :  it  confifted  of  2i,ooo  Ruflians,  18,900  Auf- 
trians,  Bavarians,  and  other  auxiliaries,  forming  a  total 
of  39,900  men. 

Upon  what  principle  of  military  taftics  the  Aulic 
council  could  fuppofe  that  a  fli'lful  and  intrepid  com- 
mander like  MaiTena,  with  a  force  nearly  double  that  of 
the  allies,  would  remain  in  a  Hate  of  inaftivity,  it  is  not 
eafy  to  conceive.  He  perceived  at  once  the  advantage 
•which  might  be  derived  from  this  unaccountable  move- 
ment of  the  Archduke.  The  French  troops  in  Swabia 
were  therefore  ordei-ed  to  advance  rapidly,  and  to  threa- 
ten the  rear  of  the  Archduke's  army.  As  the  repulle 
of  thefe  troops  and  the  Invafion  of  France  towards  .-^1- 
face,  formed  a  part  of  the  Auftrian  commander's  plan 
of  operations,  he  marched  againft  them  with  his  army. 
The  French  made  as  much  rcfiftance  as  the  fmallnefs  of 
their  force  would  permit.  Th"  Archduke  however, 
o-raduaUy  drove  them  towards  the  Rliine.  The  better 
to  carry  on  their  plan  of  deception,  they  made  afe.ious 
ftand  in  the  neighbourhood  of  Manl.eim,  and  were  de- 
feated with  the  lofs  of  1800  men.  The  Auftrlans  en- 
tered Manheim,  and  feemed  ready  to  crouthe  Rhine  in 
this  quarter. 

All  this  while  Switzerland  wa3  left  completely  ex- 
pofed  to  the  enterprifes  oi  Maffena.  General  Hotze, 
with  the  Auftrlans,  occiipJed  the  right  wing  of  the  al- 
lied  army  there.  The  newly  arrived  Ruffian  army  was 
flationed  in  the  ceRtre  at  Zurich  unu-.r  the  command 
of  General  Korfakof ;  and  tne  Mi,  confifting  chiefly  of 
Bavarians  and  other  troops  of  the  empire,  was  com- 
manded h/  Nauendorf.  MaiTena  remained  quiet  till  he 
learned  that  the  Archduke  had  entered  Manheim,  and 
that  Suwarrow,  having  taken  Tortona,  was  on  his 
march  towards  Switzerland  by  Mount  St  Go^hard. 
This  laft  pofition  was  defended  by  Lecourbe;  and  Maf- 
iena  refolved,  in  the  mean  time,  to  anticipate  the  ar- 
rival of  Suwarrow.  On  the  24th  of  September,  ha- 
ving drawn  the  attention  of  the  R  ifTians  to  another 
quarter  by  a  falfe  attack,  he  fuddenly  croffed  the  Lim- 
roat,  a  river  which  divided  the  two  armies  near  the  con- 
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vent  of  Far,  which  is  three  leagues  diftant  from  Zu-  Ficnch 
rich.  A  part  of  the  French  troops  engaged  the  Auf  '*-'^u'""«iH 
trians,  wiiile  the  greater  part  of  the  army  marciicd  a-  1  '  ^"  ^ 
gainft  the  Ruffians  at  Zurich.  The  Aullrian  General 
Kotze  was  killed  in  the  commencement  of  the  attion. 
General  Petrarch,  who  fucceeded  him  in  the  command, 
contrived  to  avoid  a  total  rout,  and  retired  during  the 
night  with  the  lofs  of  about  40CO  men.  The  contcil 
with  the  Ruffians  was  fingularly  obftinate.  In  a  moun- 
tainous country,  to  which  they  were  llrangers,  and  con-  ^ 
tending  againft  the  moll  (Icllful  military  leaders  that  the 
fouth  of  Europe  had  been  able  to  produce,  they  la- 
boured under  every  difadvantage.  They  could  not  be 
put  to  flight  however;  and  even  when  different  divi- 
fions  of  them  were  furrounded,  they  refufed  to  lay  down 
their  arms,  and  were  flaughtered  upon  the  fpot.  By 
the  retreat  of  the  Auftrlans  on  the  evening  of  the  25th, 
they  found  themfelves  on  the  26th  nearly  furrounded 
in  Zurich.  They  now  began  to  retreat  alfo  ;  and  we 
are  only  furprlfed  at  the  ability  of  the  Ruffian  General 
in  efFedling  his  retreat  in  fuch  good  order,  and  with 
fuch  little  lofs;  for  if  the  official  accounts  deferve  cre- 
dit, his  lofs  in  killed,  wounded,  and  taken,  did  not  ex- 
ceed 3000  men.  He  was  obliged,  however,  to  aban- 
dun  his  baggage  and  cannon  to  the  enemy.  j^g 

Du'ing  thefe  operations,  Suwarrow  was  advancing  Suwar.. 
on  the  fide  of  Italy  with  an  army  rated,  in  fome  ac-'"°"'' 
counts,  at  18,000,  in  others  at  only  i  ^,coo  ;  and  for- 
cing the  French  from  their  ftrong  pofitions  on  Mount 
St  Gothard,  defcended,  on  the  very  day  on  which  Maf- 
fena made  his  general  attack,  into  the  valley  of  Urfe- 
ren  ;  and  driving  Lecotirbe  before  him,  with  confider. 
able  (laughter,  advanced  as  far  as  Altorf.  He  even 
penetrated  on  the  next  day  into  the  canton  of  Glaris, 
and  took  1000  of  the  French  prifoners;  while  the  Ruf- 
fian  General  Rofemberg  was  equally  fuccefsful  in  the 
canton  of  Schwitz,  where  General  AufFenberg  had  ef- 
fefted  a  junftion  with  him;  and  General  Linken  de- 
feated and  took  another  corpe  of  French,  confifting  of 
1300  men.  ^^^ 

Maflena,  however,  now   turned  upon  the  Field-mar- His  admi- 
fhal  with  the  greater  part    of  his  army  ;  and,  by  hem-rable  cok- 
mmg   him  in  on  all  fides,  expcftcd   to  have  made  hlm,'^""^- 
and   the  Grand  Duke  Conftantine,  prifoners.      Suwar- 
row, however,  defended  himftlf  againft    every   attack 
with  unexampled  vigour  and  addrefs.     A  fnigle   pafs 
among  the  mountains  was  all  that  remained  unoccupied 
by  the  French.      He  difcovercd  this  circumftance,  and 
efcaped,  though  clofely  purfued.     He   loft  his  cannon, 
baggage,   and   provifions,   among  the    dreadful   moun- 
tains and  precipices  with  which  that  country  abounds. 
He  made  his  way,  however,  eaftward  through  the  Gri- 
fon  country,  and  at  length  arrived  at  Ceire  with  about 
6000  men  in  great  diftrefs. 

Nothing   could  exceed   the    indignation  of  this  old 
warrior  when  he  difcovered  the  manner  in  which  affairs 
had  been  condudled,   the  hazardous  ftate   in   which  the 
Ruffians  had   been   abandoned   by   the  Archduke,  and 
the  oonfrquent  ruin  which  they  had  encountered.      He  His  indi"- 
confidered  himfelf  and  his  countrymen  as  treacheroufly  nation  at 
expofed  to  aeftrudlion  ;  he   loudly    complained   of  the  the  court 
Commander   of  the  allied  forces   in  Switzerland;  pub-"^  ^"^'"^** 
lie!/  taxed  the   Council  of  Vienna  with  felfilhnefs  and 
injuftice  ;  and  refufed  all  farther  co-operation  with  the 
Auftrian  army.  He  fent  an  account  of  the  whole  tra  nf. 
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aftion  to  St  Pttcrjbtirgh  in  a  letter,  of  which  the  com-  ring  even-  period   of  the  Dutch  hillory.     When  to  all      ^"'"'''^ 

pofltion  would  do  honour  to  the  lint  (I  vvriler  of  the  age,  this  it  ii  aided,  that  the  rainy  fcafiin  was  approaching, '^"^°'^"''°  ' 

and  withdrew  with  his  troops  to  the  neighbourhood  of  and  that  a  winter  campaign  in  Hullnnd  is  alinoft  impof-  ^ 

Augfburg  to  wait  for  farther  orders.  fible,  it  will  not  appear  furpriling  that  this  expedition 

In  the  mean  time.  Great  Britain  prepared  to  invade  was  attended  with  little  ultimate  fuccefs.  It  is  faid  that, 
Holland  with  an  army  of  40,000  men,  conlifting  of  arriidfl  the  prelTure  of  the  many  difficulties  which  fuT- 
Britiih  troops  and  RulTian  auxiliaries.  'I'he  firil  divi-  rounded  them,  the  French  Direftory  hefitated  much 
Con  under  General  Sir  Ralph  .Vbercromby,  failed  in  about  undertaking  the  defence  of  Holland  ;  but  ihe 
the  month  of  Augiilt,  under  the  protection  of  a  fleet  place,  and  the  time  of  landing  the  invading  army,  at 
commanded  by  Admiral  Lord  Duncan.  Bad  weather  once  brought  them  to  a  determination.  General  Brune 
prevented  a  lauding  from  being  attempted  till  the  27th.  was  fent  thither,  with  whatever  troops  could  be  haftily 
On  the  morning  of  that  day  the  troops  landed  without  collefted,  to  fupport  the  Dutch  General  Daendels.  381 
oppolition  upon  the  fhore  of  Helder  Point  in  north  General  Abercro7i,by,  in  the  mean  time,  remained  Pfoprcfs  of 
Holland,  at  the  entrance  to  the  Zviydcr  Sea.  They  upon  the  dcfenftve  at  Schiger  Brug,  waiting  for  rein- ^^^ '""*' 
had  not  been  expefted  in  thi:.  quarter,  and  the  troops  forcements.  His  inactivity  encouraged  the  enemy  on 
in  the  neighboinliood  weie  confequcntly  few.  The  the  lothcf  September  to  venture  an  attack,  upon  hi'j 
Britifh,  however,  had  no  fooner  begun  to  move  forward,  polition.  Thty  advanced  in  three  columns,  two  of 
than  they  were  attacked  by  a  coniiderablc  body  of  in-  which  confifled  of  Dutch  and  one  of  French  troops, 
fantry,  cavalry,  and  artillery,  who  had  been  hadily  af-  They  were  repulfed,  however,  in  all  quarters,  and  re- 
fenibled  from  the  neareft  towns.  The  Dutch  troops  tired  t(>  Alkmaer.  On  the  1  3th  the  Duke  of  York  ar- 
maintained  the  contell  with  much  obltinacy  ;  but  they  rived  with  additional  troops,  and  afTumed  the  chief  corn- 
were  gradually  fatigued  by  the  fteady  oppolition  they  mand.  The  Rulfian  auxiliaries  having  alfo  arrived,  of- 
cncountered,  and  retired  to  the  diltance  of  two  leagues,  feniive  operations  were  immediately  rcfolved  upon.  On 
In  the  night  they  evacuated  the  fort  of  Helder,  of  which  the  jptli  the  army  advanced.  General  Abercromby 
the  Britiih  took  pofl"efGon  on  the  morning  of  the  28th.  commanded  the  lei"t,  which  proceeded  along  the  (hore 
A  detachment  from  the  Britiih  fleet,  commanded  by  of  the  Zuyder  Sea  againft  Hoorne.  The  centre  co- 
Vice  Admiral  Mitchell,  now  entered  the  Zuyder  Sea  lumns  were  commanded  by  Generals  Dundas  and  Pult- 
by  the  llrait  of  the  Texel,  to  attack  the  Dutch  fleet  ney  ;  and  the  right  w  ing,  confiiling  of  Rufiians,  was 
under  Admiral  Story.  This  lalt  officer,  inllead  of  re-  commanded  by  their  own  General  D' Herman.  In 
tiring  for  fafcty  to  any  of  the  ports,  or  to  the  fhallow  confequence  of  fome  ftrange  mifunderftanding,  the  Ruf- 
water  with  which  that  fea  abounds,  furrendered  the  flans  advanced  to  the  attack  foon  after  three  o'clock  in 
whole  fleet  on  the  30th  of  Augull  without  firing  a  the  morning,  which  was  fome  hours  previous  to  the 
gun,  under  pretence  that  his  feamen  were  mutinous,  movement  of  the  refl.  of  the  army.  They  were  fucccfs- 
and  would  not  figlitu  ful  in  their  firil  efforts,  and  obtained  pofl'eilion  of  the 

Had  the  expedition  terminated  here,  it  might  have  village  of  Bergen  ;  but  prefhng  eagerly  forward,  and 
been  regarded  as  extremely  fortunate,  and  as  eftablidiing  being  unfupported  by  the  other  columns,  they  were 
the  power  of  the  Britifti  navy  without  a  rival.  But  it  nearly  furrounded.  Their  commander  was  taken  pri- 
was  refolved  to  follow  up  this  firil  fuccefs  by  an  effort  foner  ;  and  though  the  Britifli  came  in  time  to  protetl 
on  land  to  rellore  the  authority  of  the  Stadtholder,  and  their  retreat,  they  loil  at  lead  3000  men.  This  failure 
the  ancient  government  of  the  United  Provinces.  Many  on  the  right  obliged  the  Britiih  Commander  in  Chief  to 
circumftances  were  hoftile  to  this  entcrprife.  The  whole  recal  his  troops  from  the  whole  advanced  pofitions  they 
army  had  not  been  fent  at  once  from  Britain.  As  no  had  gained,  though  General  Abercromby  had  actually 
more  than  the  firil  divifion  had  arrived,  the  troops  could  taken  Hoorne  with  its  garrifon,  and  although  General 
only  reft  upon  the  ground  they  had  gained  till  rein-  Pultncy's  column  had  carried  by  aflault  the  principal 
forcements  fliould  be  fent.  The  terror  ariling  from  the  pofition  of  the  Dutch  army  called  OurJs  Car/pel. 
firil  appearance  of  an  invading  army  was  thus  allowed  The  feverity  of  the  weather  prevented  another  at- 
to  pafs  away,  the  enemies  of  the  prefent  Dutch  govern-  tack  till  the  2d  of  Oelober,  when,  after  an  engagement 
inent  were  difcouraged,  and  leifure  was  afforded  to  a-  that  lafted  fron\  fix  in  the  morning  till  the  fame  liour  in 
dopt  efTeilual  meafures  of  defence.  The  place  where  the  evening,  the  Britiih  army  fvicceeded  in  driving  the 
the  landing  was  eife£ted  was  well  chofen  for  an  attack  united  Dutch  and  French  troops  from  Alkmaer  and  the 
upon  the  Dutch  fleet  ;  but  for  an  iuvafion,  with  a  view  villages  in  its  neighbourhood.  The  contell  was  chiefly 
to  the  reftoration  of  the  Stadtholder,  it  was  the  word  conduced  among  the  fand  hills  in  the  vicinity  of  the 
that  could  have  been  feleCted.  North  Holland,  at  the  ocean  ;  and  the  battle  was  maintained  with  fuch  obfli- 
txtremity  of  which  it  was  made,  is  a  narrow  penlnfnla,  nacy,  that  the  fatigue  of  the  troops,  together  wiih  the 
everywhere  interfetled  by  canals  and  ditches,  of  about  difficult  nature  of  the  comitry,  prevented  the  Britifli 
40  miles  in  length.  Here  the  invaders  might  be  de-  from  gaining  any  great  advantage  in  the  purfuit.  The 
tained,  and  even  fuccefsfully  refitted,  by  a  force  greatly  retreating  army  immediately  occupied  a  new  pofition 
inferior  to  their  own.  This  alfo  is  the  quarter  of  the  between  Baverwyck  and  Wyck  op-zee.  The  Duke  of 
country  the  moll  unfavourable  to  the  caufe  of  the  Stad-  York  once  more  attacked  them  on  the  6th  ;  and  after 
tholder.  In  Zealand,  where  his  eftates,  are  fituated,  an  obftinate  and  bloody  engagement,  which  was  main- 
and  in  Rotterdam,  which  is  full  of  Scotchmen  and  of  tained  till  night,  he  remained  in  polTeffion  of  the  field  S'j 
families  of  Scottifli  extraction,  his  friends  are  numerous  of  battle.  But  this  was  the  laft  fuccefs  of  the  inva-jj^^y^tniJ' 
and  powerful;  but  in  Amfterdam,  and  in  North  Hoi-  ders.  Finding  himfelf  unable  to  make  farther  progrefs,  and  the  in- 
land, which  is  under  its  influence,  his  enemies  abound,  in  confequence  of  the  increafing  numbers  of  the  enemy,  clemency 
an'd  the  reliftance  to  his  power  has  been  very  great  du-  the  imprafticable  nature  of  the  country,  and  the  badnefs' f  ^^^  wia«- 
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of  the  weather,  whicli,  during  the  whole  of  this  year, 
was  uinifiially  fcvcrc,  the  Duke  of  York  retired  to 
Scl!a;^'cr  Bnig,  and  there  waited  for  orders  from  Eng- 
land to  return  home.  He  was,  in  the  mean  time,  clolc- 
ly  prcP.'ed  by  tlie  United  Dutch  and  French  forces,  fo 
that  his  embarkation  muft  have  been  attended  with 
much  liazard.  He  therefore  entered  into  a  convention 
with  the  Fnnch  and  Dutch  generals;  by  which  it  was 
agreed,  that  they  (hould  no  farther  muled  him  in  his 
rttrcat,  and  that,  in  return,  he  iboiild  not  injure  the 
country  by  breaking  down  any  or  the  dykes  which  pro- 
lett  it  againft  the  fea,  and  that  Great  Britain  Ihuuld 
rcftore  to  France  and  Holland  8000  prifoners  of  war, 
taken  previous  to  the  prefent  campaign. 

In  confcqu.ence  of  thefe  events,  the  affairs  of  France 
now  began  to  afTume  a  lefs  unfavourable  afpedt  They 
were  indeed  driven  to  the  extremities  of  Italy,  Cham- 
pionct  was  defeated  in  every  effort  which  he  there 
made  againft  the  Auftn'ans  during  the  reft  of  the  year, 
and  Ancona,  which  was  the  lait  place  of  any  ftrength 
pollefTed  by  the  French,  alio  furrendered  on  the  13th  of 
November  to  General  Frolich  ;  but  they  retained  the 
Genuefe  territory,  and  Switzerland  and  Holland  conti- 
nued under  their  power.  The  new  coalition  againft 
them  feemed  once  more  ready  to  diffulve.  From  the 
commencement  of  the  French  RevolutioiT,  a  fpirit  of 
felfifiinefs  had  mingled  with  all  the  efforts  made  by  the 
continental  powers  of  Europe  againft  it,  and  had  ren- 
dered them  fruitlcfs.  To  prevent  tlie  aggrandifement 
of  Auftria,  PrufTia  had  early  withdrawn,  and  ftill  ftood 
aloof.  Spain  and  Flolland  were  retained  under  the  in- 
fluence of  France  by  the  efforts  of  her  arms,  and  by 
the  univerfal  diffnfion  of  her  wild  principles  among  the 
people.  Even  the  Britifli  cabinet,  which  of  all  the 
European  powers  has  remained  moft  true  to  the  ori- 
ginal purpofe  of  the  war,  fometinies  forgot  that  object. 
Tlius,  when  invading  Hullaud,  the  Dutch  were  inform- 
ed, by  a  proclamation,  that  their  ancient  government 
was  to  be  reftored  ;  but  no  offer  was  made  to  reftore 
their  diftant  poffefllons.  Of  all  the  coalefced  powers, 
however,  Auftria  purfued  her  feparate  interefts  with 
the  leaft  difguife.  AVith  much  facility  file  relinquilh- 
ed  the  Netherlands,  and  fuffered  the  principal  bulwarks 
of  Germany,  Mentz,  and  Ehrenbreitilein,  to  fall  into 
the  hands  of  the  French,  upon  obtaining  in  exchange 
the  Venetian  territories,  which  Bonaparte  had  con- 
quered, and  thought  himfelv  authoriled  to  fell.  Du- 
ring the  prefent  campaign,  the  whole  conqiiefts  made 
by  the  united  efforts  of  the  Auftrian  and  Ruffian  forces 
were  feized  by  Auftria  in  her  own  name,  and  none  of 
the  princes  of  Italy  obtained  leave  to  relume  the  go- 
vernment of  their  own  territories.  This  conduft  on 
the  part  of  the  allies  gave  every  advantage  to  the 
French.  Tliey  broke  oif  the  negociations  at  Lilje,  un- 
der the  pretence  of  defending  the  Dutch  and  Spanifli 
fettlenients  which  the  Britifh  government  refufed  to  re- 
linquifh.  They  found  it  cafy  to  alarm  the  King  of 
Pruffia,  by  difplaying  the  unbounded  ambition  of  the 
lioufe  of  Auftria  ;  and  the  Emperor  of  Ruflia,  having 
publicly  declared  to  the  members  of  the  German  em- 
pire,  that  the  purpofe  for  which  he  had  taken  up  arms 
w«s  not  to  difmeniber  France,  but  to  reftore  peace  to 
Europe,  became  jealous  of  the  Court  of  Vienna,  when 
he  favv  it  purfue  a  conduft  fo  very  different.  This  jea- 
loufy  was  encreafed  by  the  misfortunes  of  the  Ruffian- 


troops  ;  and  all  circumftances  feemed  now  to  promife     French 
that  the  new  coalition  would  fpeedily  be  dtferted  by  its'^^^"''"'>"'i 
northern  auxiliary.  ,     '"i'9 

While  alfaiis  wore   in  this   flate,  an  event  occurred         ,5 
whicli  exhibited   the   French   Revolution    under  a   new  Bonaparte 
afped.      AVlien  Bonaparte   found  himfelf  compelled  to™"1'i>'''i« 
retreat  baffltd  and  dilgraced,  from  the  ruins  of  Acre, !    „^'"''' 
he  learned  that  a  Turkifli   army    was   ready  to  invade 
Egypt  by  fea.      He  returned,  therefore,  with  his  ufual 
celerity,  by  way  of  Suez,  acrofs  the  defart  of  Arabia 
Petrea,  which  divides  Syria  from  that  country,  and  was 
in  the  neighbourhood  of  the  Pyramids  on  the  iith  of 
July,  when  an  army  of  18,000  Turks  landed  from  ico 
jhips  at  Aboukir.     They  took  this  fort  by  afl'ault,  and 
gave    no  quarter  to  the   French -garrifon   of  500  men 
that  it  contained.      On  the  i  ^th,   Bonaparte  began  to 
march  down  the  country  againft  them.      On  the  25th 
he  came  in  fight  of  them,  at  fix  o'clock  in  the  morning. 

It  is  not  wonderful  that  thofe  barbarians  afforded 
him  an  advantage  which  had  fo  often  been  prefcnted 
by  the  armies  of  Auftria.  They  had  divided  their  force 
into  two  parts,  which  were  encamped  on  the  oppofite 
fides  of  a  beautiful  plane.  He  had  now  formed  a  con- 
iiderable  body  of  cavalry,  by  obtaining  for  his  men  fleet 
horfes  from  Arabia.  Thefe  advanced  rapidly  into  the 
centre  of  the  Turkifh  army,  and  cut  off  the  communi- 
cation between  its  different  parts.  His  infantry  then 
attacked  the  right,  which  was  the  weakeft  divifion  of 
the  Turks.  They  being  fpeedily  panic  ftruck,  attempt- 
ed to  fly  to  their  (hips,  and  every  man  was  drowned  in 
the  fea.  The  left  divifion  of  the  Turks  was  next  at- 
tacked. It  made  a  more  oblfinate  refiftance,  but  was 
foon  alfo  put  to  flight.  Some  call  themfelves  into  the 
fea,  and  perilhed  in  attempting  to  reach  the  boats  of 
their  fleet  ;  the  reft  took  lefuije  in  the  fort  of  Abou- 
kir.  The  news  of  this  battle  reached  France  towards 
the  end  of  September,  and  revived  the  memory  of  Bo- 
naparte's vidtories,  contralfed  with  the  reverfes  which 
the  Republican  armies  had  lately  experienced.  On  the 
loth  of  Odfober  a  ditpatch  was  received  from  him  by 
the  Directory,  and  read  to  the  Councils,  giving  an  ac- 
count of  the  capture  ofthe  fort  of  Aboukir,  with  the  ■„, 
whole  remains  of  the  Turkifh  army.  On  the  14th  of  Arrives 
the  fame  month  a  meffage  from  the  Direftory  announ-with  his 
ced,  to  the  aftonifhment  of  all  men,  that  Bonaparte,  I"''."*^'?^' 
along  with  his  principal  officers,  had  juft  arrived  inp'"^"'" 
France,  and  that  they  left  the  army  in  Egypt  in  a 
profperous  ftate.  This  laft  part  of  the  meffage  was 
loon  afterwards  proved,  by  the  intercepted  letters  of 
Kltber,  and  the  other  generals  left  behind,  to  be  a  fcan- 
dalous  falfehood.  In  one  of  thefe  letters,  PoufRelgue 
fays,  "  Every  viftory  carries  off  fome  of  our  belt  troops, 
and  their  lofs  cannot  be  repaired.  A  defeat  would  an- 
nihilate us  all  ;  aud  however  brave  the  army  may  be,  it 
cannot  long  avert  that  fatal  event." 

Bonaparte,  however,  was  received  at  Paris  with  di- 
flinction,  though  nobody  could  tell  why  he  had  defert- 
ed  his  army  and  come  thither.  The  parties  in  the  go- 
vernment were  equally  balanced  ;  and  both  the  Jaco- 
bins, and  what  were  called  the  Mo/lerntes,  folicitcd  his 
affiftance  The  Jacobin.-  ftill  polfeffed  a  majority  in  the 
Council  of  Five  Hundred  ;  but  in  the  other  Council 
their  antagonifts  were  fuperior.  The  Direftor  Sieyes 
was  underttood  to  be  of  the  party  of  the  Moderates  ; 
and  the  Jacobins  had  of  late  uiifuccefsfuUy  attempted 

to 
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emove  him  from  his  office,  under  the  pretence  that     cd  two  committees,  confilling  of  twenty. one  members,     Fr".t"_^ 
interval  appointed  by  the  conllitntion  had  not  ehp-     fclefted  from  eacli  of  the  two  councils,  to  aft  as  legida-    '''° '^'"'"' 


to  remove 

I  the  interval  appointed  by  the  conltitntion  liart  not  cinp 

fed  between  his  going  out  of  the  Council  of  Five  Hun-      tors  in  the  mean  time.   Thev  alfo  expelled  a  great  num 
dred  and  his  eleftion  to  the  office  of  director.      Neither 
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party  was  fatisfied  with  the  exilting  authorities  ;  lint 
none  of  the  ufual  indications  of  approaching  hoflilitics 
appeared.  The  Jacobins  were  far  from.fufpcftiiig  that 
Sieyes  had  a  plot  ripe  for  execution,  which  was  to 
overwhelm  them  in  an  inltant.  They  were  even  in  iome 
meafiire  laid  alleep  by  an  artful  (cene  of  fcttivity,  in 
which  the  whole  members  of  the  Councils  were  indu- 
ced to  engage,  on  the  6th  of  November,  under  pretence 
of  doing   honour  to  the  arrival  of  Bonaparte.     On  the 


ber  of  members  from  their  feats  in  the  councils. 

Molt  of  the  members  of  the  Council  of  Five  Hun- 
dred returned  to  Paris,  after  having  been  driven  from 
their  hall  by  the  military;  but  a  part  of  them  remained 
at  St  Cloud,  and,  on  the  evening  of  the  fame  day,  con- 
firmed all  the  decrees  of  the  Council  of  Ancients.  The 
new  government  entered  upon  its  funclions  at  Paris  on 
the  following  day.  That  city  remained  tranquil,  and 
the  public  funds  (  «  n  rofe  upon  the  occafion.  On  the 
I  yth  of  November  the  conlnls  decreed  the  tranfporta- 
morning  of  the  oth,  one  of  the  committees  of  the  Conn-  tion  of  a  great  number  of  the  leading  Jacobins  and  zeal- 
cil  of  Ancients,  called  the  committee  of  Infpeftors  of  ous  republicans  to  Guiana,  and  ordered  many  others  to 
the  Hall,  prefented  a  report  ;  in  which  they  aflerted  be  imprifoned  ;  but  thefe  decrees  were  fpeedily  recalled, 
that  the  country  was  in  danger,  and  propofed  to  ad-  and  affairs  went  on  as  quietly  as  if  nothing  unufual  had 
journ  the  fitting  of  the  legiflatnre  to  St  Cloud,  a  village     occurred.  _  ^55 

about  fix  milesfrom  Paris.     We  have  already  mention-  While  Bonaparte  was  thus  obtaining  boundlefs  per- Motions 'jf 

ed,  that  the  conftitution  entrufted  to  the  Council  of  fonal  aggrandifement  in  Europe,  the  African  expedition  T.ppooSuU 
Ancients  the  power  of  lixing  the  r^iidence  of  the  legif-  in  which  he  had  been  engaged  was  utterly  unfuccefsful  ^^.^'  '"  '"- 
lative  bodies,  and  that  this  Council  could  in  no  other  in  all  its  objefts.  The  circumftances  wiiich  led  to  it, 
cafe  aftume  the  initiative,  or  propofe  any  law  ;  their  fo  far  as  concerned  foreign  nations,  now  came  to  light, 
powers  of  legiflation  being  otherwife  limited  to  the  un-  and  were  fliortly  thefe  :  Tippoo  Sultan,  the  fan  and 
conditional  approbation  or  difapprobation  of  tlie  decrees  fnccenbr  of  the  celebrated  Hydcr  Ally,  and  fovereign 
palTed  by  the  Council  of  Five  Hundred.  The  Council  of  the  Myfore  country,  which  forms  a  part  of  the  pe- 
of  Ancients  now  fuddenly  decreed,  that  botli  Councils  niufula  of  India,  had  been  compelled  to  conclude  a 
ihould  meet  next  day  at  St  Cloud.  As  the  Council  of  treaty  of  peace  in  the  year  1792  with  the  Britifii  go- 
Five  Hundred  had  no  conllitutional  right  to  difpute  vernor  general.  Lord  Cornwallis,  under  the  walls  of 
the  autliority  of  this  decree,  and  as  the  ruling  party  in  Seringapatam  his  capital.  By  this  treaty  he  religneJ 
it  was  completely  taken  by  furprife,  its  members  iilcntly  to  the  invaders  a  part  of  his  territory,  and  agreed  to 
fnbmitted,  and  both  Councils  afl'embled  on  the  loth  of  pay  a  large  fiim  of  money.  He  was,  moreover,  under 
November  at  the  place  appointed.  the  humiliating  necefiity  of  confenting  that  two  of  his 

The  Council  of  Five  Hundred  exhibited  a  fcene  of  fons  (hould  be  delivered  as  hollages,  to  remain  with  the 
much  agitation.  They  received  a  letter  from  Legarde,  Britidi  till  the  pecuniary  payments  could  be  completed, 
fecretary   to  the    Direftory,   Hating,   that    four   of  its  A  war  thus  conclndcd  could  not  become  the  foundii-" 

members  had  fent  refignations  of  their  offices,  and  that  tion  of  much  cordial  amity  between  the  parties.  Tip- 
the  fifth  (Ban-as)  was  in  cnllody  by  order  of  General  poo  had  inherited  from  his  father  a  deep  fentiment  of 
Bonaparte,  who  had  been  appointed  commander  of  their     lioftility  againll  the  growing  power  of  Britain  in  Iiidi  1. 

Though  he  fubmittcd  on  the  occafion  now  sncntiontd 
to  the  neceffity  of  his  circumftances,  yet  he  only  waited 
a  more  fortunate  ojiportunity  to  endeavour  to  recover 
what  he  had  loft  ;  and  even,  if  poilible,  to  accompiirn 
the  favourite  objeft  of  all  his  enterprilcs,  the  cotr.jdeto 
expulfion  of  the  Britifh  from  India.  At  a  former  ])e- 
riod,  almoft  the  whole  of  the  native  princes  of  this  valfc 


guard  bv  the  Council  of  Ancients.  While  the  Coun- 
cil were  deliberating,  Bonaparte  "entered  the  hall,  at- 
tended bv  about  twenty  officers  and  grenadiers.  He 
advanced  towards  the  chair,  where  bis  brother  Lucien 
Bonaparte  fat  a.^  prcfident.  Great  confufion  eiifued  ; 
he  was  called  a  Cromwell,  a  Ciefar,  an  ufurper.  I'he 
members  began  to  prefs  upon  him,  and  his  countryman 
Arena  attempted  to  ftab  him  with  a  dagger.  He  was 
refcued  by  his  military  efcort.      Lucien  Bonaparte  then 


continent  had  entered  into  a  combination   againft   the 


left  the  chair,  and  cait  afide  the  badge  of  office  which 


power  of  Britain  ;  but  their  defigns  had  been  defeated 
by  the  talents  and  ex^ertions  of  Warren  Haftings,  Efij. 
he  wore  as  a  member  of  the  Council.     The  confufion      The  afcendency  of  the  Britifh  government  in  this  quarter 
did  not  diminifh  ;  but  in  a  fiiort  time  a  party  of  armed     was  now  fo  great,  that  no  fuch  combination  could  again 
men  rufhed  into  the  hall,  and  carried  off  Lucien  Bona-     be  formed,  and  Tippoo  felt  that  its  power  could  only  be 


parte.  A  tumultuous  debate  now  began  ;  ia  which  it 
was  propofed  that  Bonaparte  fhould  be  declared  an  out- 
law. The  debate  was  foon  terminated,  however.  The 
doors  of  the  hall  were  once  more  burft  opon.     Military 


fhaken  by  the  aid  of  an  European   army.      France  was 
the  only  country  from  which   he  could  hope   to  obtain 
an  adequate  force.   By  the  events  of  the  revolution,'how- 
ever,  and  by  the  predure  of  tiie  war  at  home,  the  ruler»- 
mufic  was  heard;  and  a  body  of  troops  proceeding  into     of  France  had  been  prevented  from  attending  to  diftant 
the  hall   in  full  array,  the  members  were   compelled  to      views  and   interefts.       Their  fettlements  in    India  had 
<3ifpcrfe.     The  Council  of  Ancients,  in  the  mean  time,      been  feized  by  the  Britifh,   and  they  had  ceifcd  to  re- 
fetting  afide  the  conilitution,   paffed  a  variety  of  dc-     tain  any  pofTcffions  beyond   the  Cape  of    Good  Hope, 
crees.     They  abolifhed  the  Directory,  and  appointed     excepting  the    iflands  of  Mauritius  and   Bourbon,      in  H 
in  its  flead  an  Executive  Commiffioq  ;  to  confill  of  Bo-     the  year  179",  Tippoo  refolved  to  endeavour  to  renew '''^  "^"e'- 
naparte,   Sieyes,  and  Roger  Dueos,  under  the  appclla-     his  intercourfe  with  the  French  by  means  of  thefe  iflands.  ^"'"^''*  1 
tion  of  Confuls.     They  adjourned  the  fittings  of  the      One  Repaud,   who  had  once  been  a  lieutenant   in  the 
legiflative  bodies  till  the  zotb  of  February,  and  appoint-     French  navy,  and  had  rcflded  for  fome  time  at  Stria- 

gapatani, 
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papStam,  had  mifl'id  Tippoo  into  a  btllef  that  tUti  an  attack  upon  the  Ciiuih  and  their  aHicn,  or  fiibjecls  French 
French  had  a  great  force  .It  the  Mauritius,  which  could  in  India,  from  tlie  north  weft,  by  invitlny  Zcniaiin '^'■'™''"''"'i 
immediately  be  fent  to  his  aid  in  cafe  of  a  war.  He  Shall  to  invade  the  country.  1  his  prince  is  at  the  ^*  , 
therefore  fitted  out  a  fliip,  of  which  he  gave  the  com-  head  of  a  formidable  kingdom,  made  up  of  provinces 
mand  to  Kipaud,  and  fent  two  perfons  in  it  as  his  mi-  torn  from  both  Perfia  and  India.  It  was  founded  about 
nifters,  with  powers  to  negociatc  with  the  Fiench  lead-  fixty  years  ago  by  Ahmed  Khaun  Abdalla,  an  Affgliaii 
ers  at  the  Mauritius.  But,  at  the  fairte  time,  to  avoid  chief,  who  followed  Nadir  Khah  on  his  invafion  of  In- 
exciting  the  fufpiciijns  of  the  Britldi  government  in  his  dia  in  I  "39.  He  hiiiifclt  afterwards  invaded  India  no 
neighbourhood,  lie  directed  his  melfengers  to  alFume  lefs  than  icven  times  ;  and,  in  particular,  he  overthrew, 
the  character  of  r-.erchants,  to  aft  in  that  capacity  in  with  dreadful  flaughter,  the  united  fo.rtes  of  the  Mah- 
public,  and  to  condutf  their  political  negociations  witli  ratta  empire,  in  the  year  1761,  on  the  plains  of  Pani- 
fecrecy.  They  arrived  at  the  Mawitius  towards  the  put.  He  was  fucceeded,  in  1773,  by  Ins  fon  Tiinmur 
clo.fe  of  the  year  1797,  and  opened  their  propofals  to  Shah,  who  died,  and  was  fucceeded  by  his  own  Ion,  the 
Malartic  the  governor,  for  an  alliance  between  Tippoo  prcfent  prince.  The  dominions  of  Zemaun  Shah  ex. 
and  the  French  nation,  with  the  view  of  obtaining  the  tend  from  the  left  bank  of  the  river  Indus,  on  the  fea- 
aid  of  an  European  army.  They  were  received  with  coaft,  as  far  northward  as  the  latitude  of  Calhmeer  ; 
great  joy,  and  velTels  were  inftantly  difpatched  to  France  and  from  eaft  to  well  they  are  6;o  Fngli(h  miles  in 
to  communicate  their  propofals  to  the  Diredory.  length,  comprehending  the  provinces  of  Cabal,  Canda- 
In  the  mean  time,  Malartic  the  governor  of  the  Mau-  har,  Peifliere,  Ghizni,  Gaur,  Sigillan,  and  Korafun. 
ritius,  from  folly,  from  treachery,  or  from  a  defire  to  He  nfually  keeps  in  pay  an  army  of  150,000  horfe, 
invalve  Tippoo,  at  all  hazards,  in  a  quarrel  with  the  behdes  infantry  to  garrifon  his  fortrefles.  In  expefta- 
Britilh,  took  a  ftep  which  ultimately  was  in  a  great  tion  of  direft  aid  from  France,  by  Bonaparte's  ex pedi- 
meafure  the  means  of  defeating  the  plans,  and  accom-  tion  to  Egypt,  and  of  an  important  diveifion  to  be 
pliftiing  the  ruin  of  that  prince.  On  the  jcth  of  Ja-  made  by  Zcmaun  Shah,  Tippoo  endeavoured  to  remain 
Jiuary  "798,  he  publiftied  and  diftributed  a  proclama-  quiet,  and  to  temporife  with  the  Britilh. 
tion,  in  which  he  recited  the  whole  private  propofals  of  Since  the  firft  victories  of  Lawrence  and  of  Clive, 
Tippoo,  and  invited  all  French  citizens  to  enlilt  in  his  the  native  princes  of  India  have  been  eager  to  introduce 
fervice.  Copies  of  this  proclamation  were  fpeedily  con-  the  European  art  of  war  among  their  lubjcdts.  For 
veved  by  different  veiTcls,  touching  at  the  Mauritius,  this  purpofe  they  retain  European  adventurers  to  com- 
to'the  continent  of  India,  to  Britain,  and  to  all  quar-  mand  and  difcipline  a  part  of  their  troops,  and  even  en. 
ters  of  the  world.  Accordingly,  as  early  as  the  18th  deavour  to  form  a  guard  for  their  perfons  of  European 
-of  June  1798,  the  fecvet  committee  of  the  Court  of  foldiers.  The  Nizam,  a  prince  in  alliance  with  the 
Direftors  of  the  Eall  India  Company  in  London  wrote  Britilh,  though  in  a  great  meafure  under  their  in- 
to their   governor  general   in   India,  requiring  him,   in  fluence,  had  long  retained  around  his  perfon  a  confider- 


confequence  of  this  proclamation,  to  watch  the  condndt 
of  Tippoo,  and  even  to  engage  in  hollililies,  it  the  mea- 
fure (hould  appear  necefTaiy.  Before  that  period,  how- 
ever, the  government  in  India  had  been  alarmed,  by  the 
fan*;  means,  and  was  making  preparations  for  war. 
This,  however,  was  no  eafy  matter.  It  is  the  nature 
of  European  power,  in  thefe  countries,  gradually  to 
decline.  The  nature  of  the  climate,  the  view  of  re- 
turning home,  and  the  diftance  from  the  feat  of  govern. 
nient,  fpeedily  introduce  a  relaxation  of  the  efforts  and 
the  vigilance   by  which  dominion  was  originally  acqui 


able  body  of  French,  and  of  troops  under  their  manage- 
ment. Thefe,  under  the  command  of  one  Perou,  now 
poflefied  great  influence  at  Hydrabad,  the  capital  of 
tlie  Nizam.  It  was  of  much  importance  that  thele 
fliould  be  removed  out  of  the  way,  to  enable  the  Britilh 
to  obtain  the  aid  of  this  prince  as  an  ally  in  the  ap- 
proaching conteft  with  Tippoo.  L  )rd  Mornington 
procured  this  objeft  to  be  accompliflied  with  fo  much 
fuccefs,  that,  on  the  22d  of  October  1798,  the  French 
corps  under  Perou  was  furrounded  and  dilarmed  with- 
out bloodOied,  and  a  Britifli  force  was  fubllituted  as  a 
red.  "rhe  troops  require  to  be  continually  renewed  by  guard  to  tlie  Nizam  in  its  ftead.  The  military  prepa- 
levies  from  the  parent  country  ;  and  if  this  precaution  rations  being  in  a  conliderable  ftate  of  forwardnefs, 
>is  neglefted  for  a  very  fliort  time,  or  negligently  at-  Lord  Mornington  next  warned  Tippoo  Sultan,  in  a 
tended  to,  they  become  unable  to  proteft  the  extenfive  letter  dated  the  «th  of  November  1798,  of  his  having 
territories  fuch  as  Britain  now  poffeffed  in  India.  When  a  knowledge  of  his  hoftile  defigns  and  conneftion  with 
Lord  Mornington,  the  governor-general,  enquired  into  the  French.  He  alfo  propofed  to  fend  an  anibaffador 
the  itate  of  the  Britilh  army  at  Madras,  and  whether  to  treat  about  the  means  of  relloring  a  good  under- 
he  might  hazard  an  offenfive  war  againft  Tippoo  ;  he  Handing  between  the  Rates.  Tippoo  avoided  return, 
was  informed  that  three,  if  not  fix  months  would  be  ing  an  anfwer  till  the  1 8th  of  December,  and  then 
ne.ceffary  to  afl'emble  the  fcattered  divifions  of  the  army,  merely  denied  the  accufation,  and  refufed  to  receive  the 
and  to  prepare  them  to  defend  their  own  territory.  It  ambaifador.  On  the  9th  of  January  1799,  the  Britilh 
was  added,  that  fuch  was  the  feeble  ftate  of  the  Britilh  governor  again  urged  in  writing  that  the  ambaifador 
forces  in  that  quarter,  that  it  might  even  be  unfafe  to  (hould  be  received.  No  anfwer  was  returned  for  a 
excite  fufpicion  in  Tippoo  by  military  preparations,  as  month  ;  and,  in  the  mean  time,  an  army  of  5000  men 
■he  might,  in  that  cafe,  ruin  them  by  a  fudden  attack,  having  arrived  from  England,  orders  were  ilTued  to  Ge- General 
Lord  Mornington,  however,  refolved  to  encounter  every  neral  Harris  to  advance  at  the  head  of  the  Madras  ar- Harris  ad- 
hazard,  and  ordered  immediate  and  adive  preparations  my  againft  the  kingdom  of  Myfore.  Tippoo  now  "f-"!),'^'^*;;^ 
in  eveiT  quarter.  fered   to   receive   the    ambaffador,   providing  he    camei^ 

In  the  mean  while,  Tippoo  did  not  truft  for  fuccefs     without  an  attendance ;  but  this  conceflion  was  not  ac- 
tp  the  aid  of  France  alone.     He  endeavoured  to  bring     counted  fufficient,  and  the  army  advanced.     An  army 

from 
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French  j^om  Bmnbay  was,  at  the  fame 
Revolution, jjj^  oppofite  fide  of  his  dominions.  A  part  of  I'ip 
,_  ^  poo's  forces  encounteied  this  army  and  were  defeated  ; 
and  witliin  a  few  days  thereafter,  on  the  27th  of  March, 
the  reft  of  liis  army  was  defeated  by  General  Harris. 
When  an  European  army  in  India  is  tolerably  nume- 
rous, the  detail  of  its  military  operations  againft  the  na- 
tives is  by  no  means  intereillng  ;  for  the  inhabitants  of 
thefe  enfeebling  and  fertile  regions  can  never  be  made, 
by  any  kind  or  degree  of  difcipline,  to  poflefs  that  mo- 
ral energy  which  enables  men  to  encounter  danger  with 
coolnefs  and  felf-command.  They  can  ruih  on  death 
under  the  influence  of  rage  or  defpair,  but  they  cannot 
meet  the  hazard  of  it  with  calmnefs  and  recoUcftion. 
It  is  fufBcient  to  remark  that,  on  the  7th  of  April,  Ge- 
neral Harris  fat  down  before  Seringapatam.  On  the 
9th  Tippoo  fent  a  letter  to  this  ofScer,  alleging  his  own 
adherence  to  treaties,  and  enquiring  into  the  caufe  of 
the  war.  He  was  anfwered  by  a  reference  to  Lord 
Mornington's  letters.  On  the  20th  he  made  another 
attempt  to  negociate,  by  writing  to  General  Harris, 
requeuing  him  to  nominate  commiflloners  to  treat  of  a 
peace.  In  anfwer  to  this  propofal,  certain  articles  were 
fent  to  him  as  the  only  conditions  that  would  be  grant- 
ed. By  thefe  he  was  required  to  furrender  half  his  do- 
minions, to  pay  a  large  fum  of  money,  to  admit  refi- 
dent  ambalTadors  from  the  Britifh  and  their  allies,  to 
renounce  all  conneftion  with   the  French,   and  to  give 

thoftages  for  the  fulfilment  of  thefe  ftipulations. 
"  ■  On  the  28th  of  April  Tippoo  again   wrote  to  Ge- 

neral Harris,  requefting  leave  to  treat  by  ambaffadors  ; 
but  his  propofal  was  refnied,  upon  the  footing  that  lie 
was  already  in  poffcflion  of  the  only  terms  of  peace 
which  would  be  granted.  Could  Seringapatam  have 
held  out  for  little  more  than  a  fortnight  longer,  the  in- 
vading army  mull  have  retreated-  The  rainy  feafon  was 
about  to  commence  ;  and,  by  fome  itrange  effect  of 
negligence  or  treachery,  provilions  were  fo  deficient  in 
the  camp,  that  it  was  only  by  reducing  the  troops  to 
391  half  allowance  that  they  could  be  made  to  lafl  till  the 
^n<l  takes  ,jth  of  May.  On  the  30th  of  April,  the  befiegers 
li'^l^-  Ijegan  to  batter  the  walls  of  Seringapatam;  and  a  breach 
btiiig  made,  the  city  was  taken  by  aflault  on  the  4th 
of  May.  One  o'clock  afternoon  had  been  chofen  for 
this  purpofe,  as  the  hotteft  hour  of  the  day,  and  confe- 
il'iently  the  time  when  it  would  be  lealt  expeftcd. 
Tippoo  was  in  his  palace  ;  but  on  being  informed  of 
the  attack,  he  haflcntd  to  the  breach,  and  fell  undillin- 
guiftied  In  the  conflift.  His  treafures,  and  the  plunder 
of  the  city,  which  was  immenie,  went  to  enrich  the 
conquering  army,  after  dcdufting  a  fhare  for  the  Bri- 
tidi  government  and  Eall  India  Company.  His  king- 
dom immediately  fubmitted.  The  part  of  it  which 
formed  the  ancient  kingdom  of  Myfore  was  bellowed 
H  -  upon  a  defcendant  of  the  former  race  of  its  kings,  whom 

B  Hyder  Ally  had   deprived  of  the  fovereiguty  ;   the  ad- 

Ht .  d^tional  territories  that  had  been   conquered  by  Hyder 

Wp-  Ally  were  divided  between   the  B--iti{h  and  their  allies, 

the  Nizam  and  the  Mahrattas.  The  family  of  Tippoo 
were  either  taken  In  the  capital,  or  voluntarily  furren- 
dered  thcmfclves  to  the  conquerors.  They  were  remo- 
ved from  that  part  of  the  country,  and  allowed  a  conli- 
oerable  penfion. 

In  tiie  mean  time,  Zemaini  bhah   had  aftually  inva- 
ded India  from  the  northweft.      He  advanced  to  the 
SuppL.  Vol.  U.  Part  II. 
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inftant,  advancing  on     vicinity  of  Delhi,  fpresding  terror  aad  I'lcfolation  where-       French 
ever  he  came.     Had   the  French  army  in  Egypt  been  R^vilution, 
able  to  detach  a   body  of   1  5,000  men    to  the  affillance 
of  Tippoo,  while  all  India  was  In  the  flate  of  alarm  na- 
turally produced   by  the   approach  of  tiiis  northern  in- 
vafion,   it  is  e.xtremely  probable  that  the  Biltifli  forces 
might  fpeedily  have  found  themfelves  defeited  by  evei-y 
ally,  and  funk  under  an  unequal  contell.     But  the  adlual 
refult  was  very  different.     Satisfied  with  the  plunder 
he    had   obtained,  Zemaun  Shah   foon   withdrew  ;   and 
the  French  army  being  detained  in   Egypt   by  the  war 
with  the  Turks,  and  by  the  want  of  veffels  at  Suez 
wherewith  to  reach  India,  Tippoo  was  left  to  contend, 
uiialiilled,  againll  the  whole  power  of  Britain,  and  of  its 
allies  in  the  call.      By  the  co.iquell  and   divifion 
territory,   the  Britilli  power  was  left  without  a  rival  in  power  of 
that  quarter  of  the  worW,  and  ralfed  to  fuch  a  flate  of^"''!^'"  '" 
impaling  fuperiority,  that  if  affairs  are  only  preferved  in  '"'^"' 
their  prefent  fituatun,   by  peifoJ'eai  fupplies  of  Euro- 
pean troops,   no  native  prince,  or  even  combination  of 
princes,  can   henceforth  bring  it    into  danger.      Thus,' 
notwithllanding  the   vafl;   military  efiorts  made  by  the 
people  of  France  during  this  revolutionary  war,  yet  all 
foreigners  who  truftcd  to  their  aid  were  ruined  by  pla-  • 
cing  confidence    in   them.      In   Italy,   Germany,  Swit- 
zerland,  and  Holland,   the  rapacity  of  the  conimiiTarle* 
of  the  French    government  foon   rendered  odious  and 
intolerable   the   prefence  of  thofe   armies  whofe  arrival 
had  been  eagerly  delired.      In  Ireland  and  In  India,  the 
promife  and  the  hope  of  afTiiLince  which  they  were  ne- 
ver able  to    bellow,  only  fervcd  to   produce  premature 
hollillty,  and  to  increafe  and  ellabllfh  the  power  of  the 
Britllh  government. 

But  to  return   to   the    domefllc  hiftory  of  France, 
which  has  now  become  ouly  an  hiflory  of  the  ufurpatiou 

of  Bonaparte. 

?t]d 
In  the  middle  of  the  month  of  December,  the  Con- Newcun(i» 
fuls,   with  their  leglfiative  committees,  produced  to  the  tution  of 
public  their  plan  of  a  new  conflitution,  which  they  pre-  '■'■'a'^"' 
fented  to  the  primary  afTemblies,  and  which   is  faid  to 
have   been  accepted   by  them   without  oppolltion,  like 
all  the  former  conllitutions.      It  is  a   very  lingular  pro- 
duction,  and   neither  admits  of  reprclentative  govern- 
ment,  nor  indeed  of  any  other  foriii  of  political  free- 
dom.  Eighty  men,  who  eled  their  own  fucceflors,  pof- 
fefs,  under  the  appellation  of  a  Confervatiw  Senate,  the 
power  of  nominating  the  whole  legillators  a;ij  executive 
rulers  of  the  flate  ;    but  cannot    themfelves  hold    any 
office  in  either  of  thefe  departments.     The  fovereiguty 
is  concentrated  in  one  man,  who,   under  the  title  of 
ChL'f  Coiijiil,   holds  his   power  for  ten  years,  and   mav 
be   re  elctlcd.      The    whole  executive  authority  is  eu- 
trulled  to  hit»,  and  he  enjoys  the  cxclulive  privllcu-e  of 
propuflng  new  laws.      He  is  afliited   by  two  otlier  con- 
fuls,  who  join  at  his  deliberations,   but  cannot  controul 
his  will.      The  leglfiative  power  is  entruiled  to  two  af- 
femblles  :   the  one,   conflfling  of  i  00  members,  called  a 
Tribunate ;  and  the  other,  of  a  Se::ate,  of  ^500  members. 
When  a  law  is  prupofed  by  the  Chief  Conful,  the  Tri- 
bunate  may  debate   about  it,  but  have  no  vote  in   Its 
enactment.     The  Senate  votes  for  or  againfl  its  en^it- 
rnent,  but  cannot  debate  about   it.      Neither  the  Con- 
fuls,   nor  the  members  of  the  leglfiative  bodies,   nor  of 
the  confervative  fenate,  are  refponfible  for  their  condudl. 
The  minifters  of  flate,  however,  wlio  are  appointed  by 
3  L  the 
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the  Chief  Conful,  are  refponfible  for  the  meafures  they 
adopt. 

Tl>e  people  in  the  primary  afTeinbhcs  cl.ft  one  tenth 
of  their  number  as  candidates  for  inferior  offices  ;  per- 
fons  thus  chol'en,  eleft  one-tenth  of  thenifelves  as  can- 
didates for  higlier  offices  ;  and  thefe  again  elect  a  tenth 
of  tliemfelves  as  candidates  for  all  the  higheft  offices  of 
the  Hate.  Out  of  this  lad  tenth  the  Confervative  Se- 
nate mnft  nominate  the  confuls,  legidators,  and  mem- 
bers of  their  o"n  body.  But  this  lail  regulation  is  to 
liave  no  effeft  till  the  ninth  year  of  the  republic.  In 
the  mean  time,  the  fame  committees  that  framed  the 
conftitution,  apjiointed  alfo  the  wbole  perfoiis  who  were 
to  exercife  the  government.  Bonaparte  was  appointed 
Chief  Conful,  and  Cambaceres  and  Lcbriin  fecond  and 
third  Confuls.  Sieyes,  with  his  ufual  caution,  avoided 
taking  any  aftive  fhafe  in  the  management  of  public  af- 
fairs, and  was  appointed,  or  appointed  himfclf,  a  mem- 
ber of  his  own  Confervative  Senate  ;  the  whole  being  re- 
garded  as  produced  by  him.  As  a  gratuity  for  his  fer- 
vices,  the  Chief  Conful  and  his  legiflators  prefented  to 
him  an  eftate  belonging  to  the  nation^  called  Crofiie,  in 
the  department  of  Seine  and  Oifne. 

Thus,  after  all  their  fanguinary  ftruggles  for  free- 
dom, did  the  Ion  of  a  Corfican  drive  from  their  ftations 
the  reprefentatives  of  the  French  nation,  and  affume 
quiet  poffeffion  of  the  government  of  that  coimtry,  with 
a  power  more  abfolute  than  ever  belonged  to  its  an- 
cient monarchs.  The  eilaHilTied  privileges  of  the  cler- 
gy, the  nobles,  and  the  parliaments,  always  reftrained, 
in  fome  degree,  the  defpotifm  of  the  kings  of  France  ; 
thefe  being  now  deftroytd,  the  will  of  Bonaparte  could 
meet  with  no  controul. 

One  of  the  firft  meafures  of  his  government  was  to 
tranfmit  to  the  allied  powers,  then  at  war  with  France, 
propofals  for  negociating  peace  ;  but  in  thefe  propofals 
it  was  eafy  to  difcover  that  a  genera!  peace  was  not  the 
objeft  of  his  wiflies.  He  was,  indeed,  under  the  necef- 
fity  of  making  fome  kind  of  pacific  overtures,  that  he 
might  keep  the  promife  by  which  he  had  bribed  the 
people  to  fubmit  tamely  to  his  ufurpation  ;  but  he  ad- 
drefied  each  of  the  belligerent  powers  ftparatel^',  with 
the  obvious  view  of  diffolving  the  coalition  ;  and  he  re- 
pealed not  the  decrees  of  the  Convention,  which  de- 
clared w.ir  againft  all  the  governments  of  Europe.  De- 
viating from  the  forms  long  eflablidied  for  tranfafting 
bufmefs  between  independent  ftates,  he  addreffed  the 
Britifh  government,  not,  as  ufual,  through  the  medium 
of  the  miniiler  for  foreign  affairs,  but  in  a  letter  direft- 
ed  immediately  to  the  King  ;  to  that  letter  he  prefixed 
a  motto,  which  proved  his  own  adherence  to  the  revo- 
lutionary decrees  that  were  the  chief  caufe  of  the  rup- 
ture with  England  ;  and  it  is  difficult  to  believe  that  he 
did  not  ailually  tjiean  to  inlult  the  monarch  whom  he 
fo  addrefled. 

He  certainly  did  not  cxpeft  a  prnpofal  made  in  fuch 
a  manner  to  be  liiK-ned  to,  or  that  the  King  would 
deign  to  anfwer  a  letter  which  began  with  proclaiming 
liberty,  equalily,  and  the  fovereignly  of  the  people.  Be- 
fides  this  revolutionary  jargon,  the  letter  contained  no- 
thing more  than  the  two  fimple  qucdions — "  Wiiether 
the  war,  which  had,  for  eight  years,  ravaged  the  four 
quarters  of  the  globe,  was  to  be  eternal  ?"  and  "  whe- 
ther there  vpere  no  means  for  Britain  and  France  of 
coming  to  a  good  underRanding  •"'     His  Majefly's  mi- 
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nifters  wculd  have  been  perfeftly  jullified  had  they  re.     French 
turned,  to  the  former  of  thefe  quetlions,  the  laconic  an-'^'^"'""'"', 
fwer,  No;  and  to  the  letter,  Tes  :  but  they  condefcend-      '^^^'    . 
ed  to  afTign  the  reafons  which  jirevented  the  King  from      ,ny 
liftening  to  overtures  coming,  in  fo  qucllionable  a  Ihape,  Rejciitcdby 
from  fo  novel  an  authority.  Britain 

Thofe  reafons  were  unanfwerable  ;  for  they  rcfled  on 
pad  experience  of  the  bad  faith  of  the  revolutionary 
rulers  of  France  ;  on  the  iultdbiiity  of  the  confular  go- 
vcinment  ;  and  on  the  obligation  of  treaties,  by  which 
his  Majcily  was  bound  not  to  abandon  his  allies  by 
concluding  a  feparate  peace. 

That  the  revolutionary  rulers  of  France  had  been  re- 
markable for  bad  faith,  was  completely  proved  in  both' 
houfes  of  parliament,  by  an  enumeiation  ot  the  treaties 
which  Bonaparte  himfeU,  when  commanding  the  armies 
of  the  republic,  had  firil  entered  into  with  foreign  llates, 
and  then  violated.  That  the  coniular  government  was 
then  rmllable,  will  be  queftioned  by  no  man,  who,  re- 
flcfting  on  the  means  by  which  it  was  formed,  adverts 
to  the  circumftance  of  the  letter  to  the  King  being 
written  on  the  very  day  on  which  the  Confuls  were  iii- 
ftalled  in  their  office,  and  long  before  it  could  be  known 
that  the  primary  affemblles  would  accept  the  conititu- 
tiou  which  had  been  dictated  to  them.  That  contlitu- 
tion  had,  indeed,  deviated  io  far  from  all  republican 
forms,  as  to  excite  dilcontent  even  among  its  own  crea- 
tures ;  and,  in  the  firft  meeting  of  the  tribunate,  one 
of  the  members,  obviouily  comparing  the  new  with  the 
old  government,  talked  of  the  idol  of  fourteen  days, 
which,  he  obferved,  might  as  readily  be  overthrown  as 
the  idol  of  fourteen  ages.  That  the  Firft  Conful  was 
fincere  in  wifiiing  to  reftore  peace  to  Europe,  will  hard- 
ly be  fuppofed  by  him  who  calls  to  mnid,  that  the 
French  minifter,  in  his  reply  to  Lord  Grcnville,  took 
not  the  fmalleft  notice  of  the  a//ies,  although  he  had 
been  aftured  by  his  Lordfhip,  that  his  Majelly  could  not 
treat  without  them.  It  is  llkewlle' worthy  of  remark, 
that  in  the  laft  official  paper  on  the  fubject,  the  fame 
iTiinitter  propofed,  not  any  fpecilic  terms  of  peace,  but 
merely  an  immetliate  fufpenfion.  ni  hoftilities  between  "the 
two  nations,  and  the  naming  of  plenipotentiaries,  who 
ihould  repair  to  fome  conveiu'ent  place,  and  apply 
themftlves,  with  all  poffible  difpatch,  to  the  effedting 
of  a  good  underftanding  between,  the  French  republic 
and  England  !  Had  that  proj)ofal  been  agreed  to,  the 
ports  of  France,  which  were  then  blocked  up  by  the 
Britifti  fleet,  would  have  been  opened  for  the  importa- 
tion of  naval  ftores  ;  the  negociation  might  have  been  iSco, 
protrafled  from  day  to  day  ;  and  when  the  Conful  had 
conquered  the  Auftrians  in  Italy  and  on  the  Rhine,  he 
might  have  fuddenly  broken  it  off,  and  diretled  the 
whole  force  of  the  republic  againll  the  Brltifli  empire. 

All  this  was  forefeen  by  thofe  who  at  that  period  fo 
ably  guided  the  helm  of  llate,  and  the  infidious  over- 
ture was  with  dignity  rejedted.  ,  g 

A  fimilar  overture   had  been  made  to   the   court  of  And  the 
Vienna,   and  treated  in  the   fame  manner  ;  but  early  in  court  of 
this   year,   the  Emperor  of   Ruffia  withdrew  from    the^"""^' 
coalition.      He  had  been  highly  and  juftly  offended  by 
the  condudl  of  Auftria  during  the  laft  campaign  :   he  is 
faid   to  have  demanded  Malta  of  the  Britifh  court  as 
foon  as  it    (hould  furrender   to  the  combined  forces  of 
Ruffia  and  England,  and  to  have  received,  with  the  ut- 
moft  indignation,  the  refufal  which  was  given  to  fo  un- 

reafonable 
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French     reafonable   a  demand  ;  but   fuch  was  hi»  capiice,   tluit 
Revolution, the  motives   which  induced    him  to   abandon    his   alhcii 
'^^"'      may  have  been  mucii  mure  trifling  than  either  ot  thele. 
'  Whatever  they  were,  he  ifi'ued  the  moll  peremptory  or- 

llifvainn    dcrs  to  Suwarrow  to   retire   with   the   army   under  his 
of  the  Em-  command    into  Poland;   and  with    thefe   orders  the  old 
P"''.'' °'       man  reluchuitly  complied  about  the  middle  of  January. 
^    ■*"         The  Emperor  continued,  indeed,  to  cxpreis  the  utmoft 
abhorrence  of  the    trench  revolution,    and  of  the  prin- 
ciples whence   it   had   fpruiig  ;  but   his  warlike   opera 


army  which  they  had  to   defend  it  was  greatly  reduced     French 
in  numbers  lince  tlie  preceding    year,   and,   for  want  of '^'^^^'"'""i 
clothes,   pro\ilions,   and  pay,  was  in   a  Ibte  little  fliort  .     ^^^°'    . 
ot  mutiny.      It  was  the  great  objcdt  of  the  Aullrians  to 
get  pudLfnon  of  Genoa,  with  all  its  dependencies;  while 
the  (Jcnocle,   who    beheld   in    the  I'Vench   only  the  de- 
ftroyers  ot  their  commerce  and  their  confcquence,   were 
difpofed   to    lend   every  aid  to    meafures  calculated  to 
drive  tliem  effedtually  trom  their  country.  ,^. 

The  command  of  the  French  army  iu  Genoa  was  gi-  Meffuia 


tions  were  now  at  an  end  ;  and  the  Confuls  heard,  witli     ven  to  Meflena;  who,  having  received  from  the  Confnls 


extiaordinary  powers,  dilplayed,  in  that  command,  all 
tiie  abilities  of  a  coniummate  general.  Carrying  with 
him  trom  Lyons  and  Marfeilles  a  lupply  of  troops,  and, 
by  a  proper  dillribution  of  rewards  and  punilhments, 
reducing  to  order  aud  ol'edience  thofe  whom  he  found 
ready  to  defcrt  their  tlandards,  he  was  loon  at  the  head 
of  a  force  able,  not  only  to  overawe  the  inhabitants, 
but  to  Hup  the  progrefs  of  the  Aullrians.  After  ma- 
ny battles  and  Ikirmiflies,  however,  he  was  at  lall  obli- 
ged  to  retire   into   the  city,   where  famine  would   have 
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indifference,    of    his    prohibiting    the    importation    of 
French  books  into  the  Rudian  empire. 

In  the  mean  time,  Bonaparte  (uccecdcd  in  fuppref- 
fing  an  inlurreftion,  more  formidable,  it  credit  be  due 
to  the  p  ipers  which  were  faid  to  be  found  in  the  pof- 
ftlUon  of  the  chief  infnrgents,  than  any  that  had  yet 
been  railed  in  behalf  of  the  hmife  of  BoiuboTi  ;  ami  be- 
ing thus  relieved  from  the  anxiety  inleparable  trom  a  ci- 
vil war,,  he  found  leiiure  to  turn  his  attejition  to  his  fo- 
reign e'ncmies. 

On  the  7tli  of  March   he  fent  a  melTage  to  the  legif-  compelled   him  to    furrender  immediately,  had  he  been 

lative   body,   in    which,   after    mifreprefenting,    in    the  immediately  blockaded  by  the  army  under  the  command 

grolTell  manner,  the  conduft  and  views  of  the  court  of  of  the  Imperial  General  Mebs. 

London,  he  afTured  them,  that  in  the  midft  of  battles  The  appearance  of  the  Britilh  fleet,  on  the  5th  of 
and  triumphs,  he  would  invoke  peace,  and  fwear  to  light  April,  was  the  fignal  for  that  general  to  attack  the 
only  for  the  happinefs  of  France,  and  the  repofe  of  the  place.  The  communication  between  Genoa  and  France 
world  !  This  melfage  was  followed  immediately  by  by  fea  was  now  cut  off ;  but  a  few  days  p.eceding  the 
two  decrees  :  the  one  calling,  in  the  name  of  honour,  arrival  of  Lord  Keith,  a  quantity  of  wheat,  and  other 
France  for  ypo,,  every  foldier  who  was  abfent  on  leave  from  the  provilions,  had  entered  the  port,  and  refcued  the  inha- 
opciiin?  armies  in  Italy  and  on  the  Rhine,  or  who,  on  accoimt  bitants  and  the  army  tVom  the  lall  preffure  of  famine, 
painn.  "  of  his  age,  had  retired  from  the  fervice,  to  join  his  re-  The  Aullrians  toon  made  tliemfclves  inatlers  of  the  fur- 
giinent  before  the  5th  of  April,  if  able  to  ferve  another  rounding  country  ;  btit  Meifena,  in  hopes  of  receiving 
campaign  ;  and  the  other,  appointing  a  fredi  army  of  fuccour  from  France,  obllinatcly  refufed  to  give  up  the 
referve,  confilting  of  60,000  men,  to  be  affembled  at  city.  Although  reduced  to  adl  on  the  defenfive,  heijio^ted  up 
Dijon,  and  to  be  placed  under  the  command  of  the  neglefted  no  opportunity  of  making  tallies  on  the  ene-in  Genoa. 
Firll  Conful  in  perfon.  my,  fometimes  with  coniiderable  flaughter  on  both  fides: 
Amid  thefe  warlike  preparations,  which  were  carried  but  he  is  faid  to  have  tarniflied  the  laurels  which  his 
on  with  vigour,  the  government  did  not  negletl  the  ad-  bravery  would  have  gained,  by  exhibiting  his  prifoners 
miniflration  of  juftice,  or  the  internal  economy  of  the  to  the  contempt  of  the  citizens.  An  engagement  of 
flate.  Hitherto  the  feveral  departments,  into  which  this  kind,  in  which  be  loll  tlircc  of  his  belt  comman- 
the  conllituent  affembly  had  divided  the  kingdom  of  ders,  terminated  all  further  operations  on  his  part  ; 
France,  were  under  the  controul  of  what  were  called  and  General  Melas,  having  nothing  more  to  apprehend 
centra!  atlmini/lrations  ;  but  they  were  now  fubjecSted  to  from  the  army  cooped  up  ui  Gcnoii,  left  General  D'Ott 
the  government  of  magillrates  ftyled  jSr^/iyS'j,  who  were  to  continue  the  blockade,  and  turned  his  own  forces 
nominated  to  their  office  by  the  Chief  Conful.  In  eve-  againll  SaucLet,  who  commanded  a  feparate  divilion  of 
ry  department  there  was  appointed  one  prxfedl,  with  the  Frencli  army.  ^^^ 
three  or  four  fub-prefetfs,  according  to  the  population  ;  On  the  7th  of  May  was  fought,  between  Ceva  and  Sauchct  do 
and  one  of  the  offices  of  the  council  of  prasfefture  was  St  Lorenzo,  a  deciiive  battle,  in  which  the  French  were '^'*'^'^- 
to  decide  on  the  remonllrances  of  the  citizens  againfl  totally  defeated,  with  the  lofs  of  ly  pieces  of  cannon, 
their  quota  of  taxation.  A  reformation  was  likewife  and  1200  prifoners,  among  whom  were  3^7  officers, 
introduced  into  the  civil  and  criminal  courts  of  juflice,  one  of  whom  was  a  general  of  divlfion.  Soon  after  this 
of  much  greater  importance  to  the  inhabitants  of  France  a<5lion,  Sauchet  was  compelled  to  abandon  the  flrong 
than  the  inflitution  of  prafe<5ls.  The  judges  were  to  pofition  ot  Col  di  Tenda,  leaving  behind  him  four  pie- 
be  no  longer  chofen  by  the  people  for  a  limited  time,  ces  of  cannon  and-2co  prifoners  ;  and  advancing  to- 
but  to  be  appointed,  with  decent  falaries,  by  the  Chief  wards  Niece,  he  was  driven  from  poll  to  poU,  till  at 
Conful ;  nor  were  they  to  be  liable  to  fuch  interrup-  lafl  he  was  obliged  to  take  flielter  behind  the  Var,  Ica- 
tions  as  formerly  in  the  difcharge  of  their  duty.  The  ving  Melas  in  poffeJTion  of  the  whole  department  of  the 
good  effeds  of  this   reformation  were   quickly  feen  in  Maritime  Alps. 

the  more   prompt  and   equal  adminiftration    of  juflice,  The  opening  of  the  campaign  on  ilie  Rhine  was  not  The  cam- 

and  in  the  lefs  frequent  employment  of  the  guillotine.  fo  favourable  to  the  Aullrians.      For  reafons,  which  we  p^'gn  open* 

The  campaign  was  now  ready  to  be  opened  both  in  pretend  not  to  know,  the  Archduke  Charles  had  been"^  ?"  ^^^ 

Italy  and   on   the    Rhine.     The  only  territory   of  any  diredled  by  the  court  of  Vienna  to  refign  the  command  '^"""^■ 

importance  which,   in  Italy,   remained  in  the  poffeffion  of  the  army  to  General  Kray,  who  had  fo  much  diftin- 

of  France,  was  that  of  the  Genoefe  republic  ;  and  the  guifhed  himfelf  in  Italy   during   the  campaign   1799. 

3  L  2  The 
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The  r.Mlitary  t;ilt;nts  of  Kray  were  unqr.e(lionr.bk'  ;  and 
>he  had  gained  futUcIent  evidtucc  of  his  infcgnty  and 
zeal  tor  the  caufe,  both  v.hen  krving  under  Suwairow, 
and  when  adiiij^  independent  of  him  j  but,  unfortu- 
natelv,  lie  was  a  ftangtr  to  the  army  which  he  now 
comrnanded,  and  he  was  not  fo  noble  as  fome  of  the 
other  sjenerals  !  Our  attachment  to  democracy  will 
not  be  fufpefted  ;  but  the  jninciples  of  no  democrate 
have  been  move  abfurd  than  the  prejudices  of  part  of 
the  Germans  in  behalf  of  iwbiUiy.  Becaufc  one  of  the 
generals  fcrving  under  Kray  was  more  noble  than  his 
commander,  he  had  the  folly  and  inlolence  to  dcchre, 
that  he  would  obey  no  order  of  which  he  was  not  him- 
felf  convinced  of  the  propriety  (a)  ;  wbiUl  many  of  the 
inferior  officers,  who  he'd  rlltn  from  the  ranks,  and  were 
deeply  tinttured  with  the  principle?  of  Jscubinifm,  re- 
fufed  to  fight  againtl  tiiofe  wfiofe  objcd  it  was  to  level 
nobility  with  the  dull. 

That  an  army,  thus  commanded,  wonld  make  effec- 
tual head  againft  the  French  veterans,  led  on  by  the 
:j,rallant  Moreau,  could  not  reafonably  be  expeded  ;  and 
the  reader  will  not  be  fiirprifed,  that  the  Hungarian  fol- 
diers,  though  they  had  given  repeated  proofs  of  their 
bravery,  made  no  reiiflance  to  the  enemy,  when  they 
faw  themfelvcs  ready  to  be  facrificed  to  the  diffentions 
of  their  own  officers.  Kray  had  received,  at  the  open- 
-ing  of  the  campaign,  orders  from  the  Aulic  council 
how  to  difpofc  of  the  forces  under  his  command  ;  and 
being  unUipportcd  by  the  generals  luider  him,  he  had 
no  other  alternative  than  to  obey  tlicfe  orders,  whether 
he  approved  of  them  or  not.  Similar  inllrudions  had 
been  fent  by  the  Conful  to  Moreau,  containing  a  de- 
tailed plan  of  operations  which  he  was  commanded  to 
■execute  ;  but  he  Ipiritedly  vefufed  to  fight  in  fuch  fet- 
ttrs. 

Confcious,  it  may  be  prefumed,  tiiat  his  own  know- 
ledge of  the  art  of  war  was  at  lead  equal  to  that  of 
Bonaparte,  wliile  his  experience  of  the  country  was  in- 
finitely greater,  he  difpatched  a  courier  to  Paris  to  in- 
form tlie  Confnls,  that  if  the  orders  which  he  had  re- 
ceived were  to  be  rigidly  followed,  he  mnft  beg  leave 
to  refign  his  command,  and  take  a  fecondary  rank.  His 
"refignation  was  accompanied  with  the  plan  of  opera- 
tions which  he  had  formed  for  himfelf  ;  and  the  Firil 
Conful,  inltantly  perceiving  its  propriety,  continued 
liim  in  the  command,  with  inftruftlons  to  carry  on  the 
war  according  to  his  own  judgment. 

ivioreau,  thus  left  to  ad  according  to  circumftances, 
eafily  crofted  the  Rhine,  and  drove  the  Auftrians  from 
poll  to  poft>  till  Kray,  finding  it  impulfible  to  atl  of- 
fcnfivcly  with  a  mutinous  army,  commanded  by  difaf- 
feded  officers,  determined  to  maintain  his  pofition  at 
Illm,  and  wait  for  fuccours  from  Vienna.  He  had  been 
<iefeated  at  Stokach,  at  Engen,  and  at  Mofliirch  ;  but, 
though  he  had  on  thefe  occalions  difplayed  all  the  ta- 
lents of  an  able  general,  we  enter  not  into  a  minute  de- 
rail of  battles,  in  which  no  talents  could  coiinterad  the 
<fcds  of  treachery.  On  one  occafion,  7C00  men,  who 
were  ordered  to  advance,  immediately  threw  down  their 
'arms  ;  and  on   the   night  previous  to  one  of  thefe  ac- 


tions, ftvcral  ofHcers  were  heard  to  fay,  that  the  foldrerg     Frendi 
whcni  thty  ton.nianded  icould  not  Jight .'     With  fuch  a '*'""■''"">"> 
fpirit  in  the   army,  oficrilive  operations  were   no  lon^rer ,        _    '  .f 
pradicable;  but  Ulm,   as  it  commanded   both   fides  of      4C8 
the  Danube,  was  of  lo  much  importance,  that  the  gal-Maktsa 
laat  veteran,   having  ilrongly  entrenched  himfelf,  rciol-'^^"'' "' 
vcd,  if  jioflible,  to  maintain  his  pofition.  ' 

Monau,  who  penetrated  into  his  defigns,  dtterpiined 
to  attempt  the  paffage  of  the  D.i;iube,  and  by  cutting 
him  oil  from  his  magazines  at  Donavert,  to  force  him 
to  a  general  adion.  Accordingly  he  ordered  Lecourbe, 
who  cunnr.niidcd  one  of  the  wings  of  his  army,  to  ad- 
vai:ce,  and  take  pofleffion  of  a  bridge  between  Dona- 
veit  and  Diilingen.  This  was  accomplifiied  with  dif- 
ficulty ;  for  the  Aullrians,  perceiving,  when  too  late, 
that  all  was  at  flake,  difputed  every  inch  of  ground 
with  the  French  general.  During  the  interval  of  march-  • 
ing  to  the  Danube  and  crofling  it,  Kray,  who  percei- 
ved the  intentions  of  hip  enemy,  had  fent  confiderable 
reintoi cements  to  the  left  bank  to  oppofe  the  paflage. 
In  confequence  of  this,  a  battle  took  place  at  the  cele- 
brated pofition  of  Hochftet,  near  Blenheim,  which  end- 
ed  in  favour  of  the  French,  who  took  40CC  prifoners, 
without  counting  the  killed  and  wcundtd. 

Kray,  who  faw  the  danger  of  his  pofition,   affembled 
his  forces,  and  leaving  a  llrong  garrifon  in  Ulm,  march- 
ed againil  the  French  ;   and  pafiing  by  Hoih.let,  crof- 
led  the  Danube  at   Newburg,   with   the   feeming  inten- 
tion of  forcing  his  enemy  to  abandon  the  ground  which 
he  occupied   on  the  left    bank  of  the   river  near  Ulm.      ^j,„ 
The  French  army  received  his  attack  at  Newburg  ;  and  But, defeat* 
the   engagement,   which    commenced  early  in   the  day,  "^"^  ^' ^^*''" 
was  continued,   with   the  mod  determined  bravery  on  ,  ""^^j* 
both  fides,   till  night  ;  when  the  Aullrians,   obliged  tOgoiHadt. 
retreat,  fell  back  on  Ingolftadt. 

This  battle  decided  the  fate  of  Germany.  The 
French  became  mailers  of  the  eledoratt  Bavaria,  and 
of  v:\rious  territories  of  lefs  extent  ;  and  as  they  ap- 
proached the  hereditary  dominions  of  the  Emperor,  the 
Jacobins,  not  only  of  tlie  capital,  but  of  the  whole  of 
Upper  Aulbia,  behaved  with  fuch  audacity,  that  the 
couit  could  not  but  perceive  that  no  dependence  was 
to  be  placed  on  armies  compofed  of  Inch  men.  I'he 
Imperial  family,  and  tlie  Dritilli  ambalfador,  were  pub^ 
licly  infultcd  in  the  theatre  ;  whilll  a  hired  rabble  voci- 
ferated "  Peace  !  Peace  !" 

Tliis  fpirit  was  not  routed  by  the  ill  fuccefs  of  Kray 
alone  ;   for  the  affairs  of  Auilria  were  now  more  dtfpe-      4to 
rate  in  Italy   than   even   on  the  Danube.      About   the^'^^P™!' 
fame  period  that  the   campaign   opened  on  the   Rhine,"  '^"''^ 
the   army    of  leferve,   which    had  been  for  fome   time 
forming  at  Dijon,   began   its  march.      The  French  go- 
vernment had  given  official  notice,   that  this  army  was 
already  compofed   of  more  than   50,000  men  ;   that  it 
was  receiving   reinforcements   every    day  ;   and   that  it 
was  prepared  to  march  either  to  the  right  or  lett,  as  the 
chance  of  war,  or  the  plans  of  government,   fliould  ren- 
der the  one  route  or  the  other  neceffai^.    This  account 
was  not  generally  credited.     Thofe  who  wilhed  well  to 
the  caufe  of  the  allies,  were  unwilling  to  allow  fuch  vi- 

gout 


(a)  This  man  afterwards  boafted  of  his  difobediencc  at  Vienna  :  "  Je  ne  voulois  pas  etre  commande  par  un  ro- 
toui-Ier,"  faid  \it.  "  Nou  !  i( replied  the  gentleman  to  wlwrn  he  fpake)  vous  aimiez  raieux  etre  battu  par  un  to- 
Courier," 
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Ffeneh    gour  to  the  French  governmciit  ;  while  the  Jacobins  of 
R'™'""""' Germany  induttrioiidy  circulated  a  report,  bcth  through 
^  '  "  '     .  Italy  and  the  empire,  that  the  army  of  referve  amount- 
ed to  little  more  than  6oco  men. 
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ther  magazmta,  artillery,  nor  ftores  of  any  hind  ;  ?nfl     F-«i,-ri 
learning  that  Pavia  was  the  great  depot  of  the  Auftrian '^''*°'''"'"'' 
army,  the  Coni'ul  was  determined  to  make  himfelf  maf- ^^ 
ter  of  it. 
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On  the  5th  of  May,  the  Firft  Conful  left  Paris  to 
take  upon  himftlf  th-j  command  of  this  army  ;  and  af- 
ter rtceiviDg  the  troops  cantoned  at  Dijon,  he  pafled 
on  towards  Genoa.  Remaining  a  (hort  time  in  the 
Pays  de  Vaud,  he  joined  the  army  of  referve  at  the  foot 
Under  the  of  Mount  St  Bernard,  and  inftantly  olTumed  the  com- 
tomniand    rnand.     A  very  fmall   force  would  have  been  fufficient 

n  nfnl'^"^''  '°  '^"P  '^^^  ^'■"'y  '"  "'  afcent  ;  but  General  Melas  ei- 
ther heard  not  of  its  being  in  motion,  or  believed  im- 
plicitly the  in(:dious  report  circulated  by  the  Jacobins 
of  Italy  and  the  empire.  The  French,  therefore,  met 
with  no  refinance  till  they  reached  the  town  of  Aoll, 
of  which,  after  a  very  {light  ikirmilh,  they  took  quiet 
poflcffion.  Having,  with  incredible  perfeverance  and 
addrefs,  pafled  by  the  fortrefs  of  Bard,  they  purfued 
their  route  down  the  valley  of  Aoft,  with  little  oppofi- 
tion  till  they  reached  the  town  of  Yorea.  There,  in- 
deed, the  Auftrians  had  affembled  a  force,  but  a  force 
which,  as  it  was  inadequate  to  the  defence  of  the  place, 
the  impetHofity  of  the  French  foon  compelled  to  give 
way,  and  take  poft  on  the  heights  of  Romano  behind 
the  Chinfclla.  That  poll  was  of  great  importance,  as 
It  commanded  the  paflage  of  the  river  ;  but  it  was  oc- 
cupied by  no  more  than  5000  infantry,  4000  cavalry — 
of  little  ufe  in  fuch  a  fituation,  and  a  few  pieces  of  ar- 
tillery. The  ct)nfequence  was,  that  on  the  26th  of  May 
it  was  forced,  with  confiderable  (laughter,  indeed,  on 
both  fides  ;  and  foon  afterwards  the  fort  Brunette, 
which  commanded  the  entrance  to  Piedmont  on  the  fide 
of  Sufa,  capitulated  to  another  divihouof  the  army  un- 
der the  command  of  General  Turreau  j  fo  that  the 
road  to  Turin  was  now  open. 

While  the  French  were  palling  the  St  Gothard,  the 
ft  IVcutity  main  body  of  the  Auftrian  army  was  occupied  in  the  ve- 
f  the  Aui- moteft    parts  of  Piedmont,  celebrating   their  viftories 
rjan  com-  ^ygr  ^^g  French  at  Nice.     It  is  difficult  to  decide  whe- 
ther the  rafh  confidence  of  Bonaparte,  or  the  thought- 
lefs  fecurity  of  General  Mtlas,  ought,  on  this  occalion, 
to  excite   the   greatell   aftonifhment  ;  for   it   is  certain, 
that  a  proper  difpofition  of  a  very  fmall  portion  of  the 
Auftrian  forces  among  the  pafies    of  the  Alp-,,   would 
have  crufhed  at  once  the  army,   and  all  the  proud  prof- 
petts,  of  the  Conlul. 

Roufed  at  length  from  his  dreams  <jf  fafety,  by  the 
news  of  an  invafion,  of  which  he  bad  been  often  warn- 
ed, and  which  he  would  even  yet  fcarcdy  believe,  Me- 
las flew  to  Turin,  recalling,  by  liaily  marches,  the  main 
body  of  his  army,  to  defeml  the  Po,  and  prevent  the 
enemy  from  getting  pofieffion  of  the  capita!.  It  was 
natural  for  him  to  fuppofe  that  Turin  would  he  the  firft 
place  of  importance  attacked  by  the  French  ;  and  the 
Conful  gave  countenance  to  that  fuppofition,  by  feem- 
ing  to  menace  the  pafiage  of  the  Po.  He  had  formed, 
however,  a  different  plan  of  operations  ;  and  while  the 
Auftrian  commander  was  preparing  to  difpute  witli  him 
the  paflage  of  the  river,  he  fuddenly  turned  to  the  left, 
and,  croifnig  the  Scflia  and  the  Teflino,  entered  Milan 
on  the  2d  of  June. 

Whilft  Bonaparte  marched  to  Milan,  General  Lan- 
ters  Mi-  lies,  with  the  advanced  guard,  filed  off  towards  Pavia. 
'  •  The  -French  ahny,  thoi^gh  ihong  in  nuntbers,  had  wei- 


under. 


I  maparte 


This  was   eafily  nccomplilhed  ;    and  Lamies      41'^ 
found  in  the  place   upwards  of   2co  pieces  of  artillei^,  Takes  I'a- 
80CO  mulkets,  2000  barrels  of  gun])ow<Jer,  and  an  im-*'''' 
menfe  (juantity  ot  all  kinds  of  provilioiis. 

The   religious  proftflions  of  Bonaparte  had,   at  all 
times,  been  accommodated  to  the  principles  or  prejudi- 
ces ot  thofe  whom  he  wilTied  to  attach  to  his  canfc.    In 
Egypt  he  had  kept  the  fcllival  of  Mohammed,  and  do- 
dared  himfelf  lent  by  the  Moft  High  to  enforce  obe- 
dience to  the  laws  of  the  prophet ;  and,  with  equal  fin- 
cerity,   he  now  lung  Te  Deum  \n   the  cathedral  choreh 
of  Milan,  for  the  happy  deliverance  of   Italy  from  here- 
lies  and  infideh  !     He  then  proceeded  to  the  formation  Anl  re- 
of  a  provifionary  conftitution  for  tlie  Cilalpine  republic;  ^'"ti  ifie 
which,  in  a  few  days,  was  re-organized  as  a  free  and  in-'"  ''^'l  ■'  ■= 
dependent  ftate.  '''^P"'''"^- 

Whilft  the  Conful  was  difplaying  his  talents  as  a  con- 
ftitution-jiionger,  one  of  his  gtnerais,  with  a  detach- 
ment of  the  army,  crofled  the  Po  at  Stradclla,  and,  cut- 
ting off  the  communication  between  General  Melas  and 
the  country  of  Piedmont,  made  himfelf  mafter  of  the 
Auftrian  magazines  at  Piacenza,  Cremona,  and  various 
other  depots  on  the  banks  of  the  river.  ,,j 

It  was  at  this  time  that  Bonaparte,  by  means  of  in- Genoa  fur- 
tercepted  letters,  was  firft  informed  of  the  capitulation ''^"'^"^•'5'^  'o 
of  Genoa.  Maflena  had  done  every  thing  in  the  power'''*  ^  ""* 
of  valour  and  perfeverance  to  defend  the  place  ;  but 
after  he  had  feen  1 5,000  of  the  inhabitants  perifli  by 
hunger,  he  was  obbged,  on  the  5th  of  June,  to  furren- 
der  to  the  Britifh  and  Auftrian  commanders.  Confi- 
fidering  his  utter  inability  to  hold  out  longer,  the  terms 
which  he  obtained  were  favourable.  The  right  winp 
of  his  army,  to  the  t,umber  of  61  to  men,  were  to  maich 
into  France  by  the  road  of  Nice,  and  the  remainder 
was  to  be  tranfported  by  fea,  at  the  expcnce  of  Britain, 
to  Antibes  ;  no  man  was  to  be  held  refponfible  for  ha- 
ving exercifed  any  public  funftion  under  the  govern- 
ment of  the  Ligurian  republic  ;  and  all  officers  made 
prifoners  from  the  beginning  of  the  campaign,  were  to 
return  to  France  on  their  parole,  and  not  to  ferve  till 
regularly  exclunged. 

The  furreniier  of  Genoa  left  the  Auftrian  army,   by 
which  it  bad  been  inverted,  at  liberty  to  co-operate  with 
the  commander  in  chief;   and  General  D'Ott  marclied, 
with   thirty  b'Jtlalions,  to  oppofe  the   pro^rei's  of  tlie       ,17- 
French  in  f'kdmont.   He  was  met,  on  the  9ih  of  June,  at  The  Huf- 
a  place  called  Montcbello,  by  a  large  detachment  of  the ''''^"  ':'"'''' 
'Flench  army  under  the  command  of  the  Generals  I..an-?f     '^i" 
nes  aiul  Victor.      1  he  battle  raged  long  with  great  fu-  Mi.ive. 
ry,  and  the  village  of  Cafteggio,  which  at  its  commence- lello. 
ment  was  in  the  pofleflion  of  the  Auttrians,  was  taken 
and  retaken  feveral  times  ;  but  at   laft  victory  declared 
for  the  French,  and  General  D'Ott   retired  with  great 
lofs. 

Unable  to  ftop  the  progrefs  of  the  French  by  parr- 
tial  detachments,  Melas,  who  was  now  blockaded  in 
Piedmont,  aflembled  the  whole  of  his  forces  between 
Aleffandria  and  Tortona,  in  order,  by  one  ftroke,  either 
to  crulh  the  enemy,  or  at  leaft  open  to  himfelf  a  way 
to  the  Auftrian  divifions  on  the  Miiicio.  This  produ. 
ced,  on  the  14th  of  June,  the  memorable  battle  of  Ma- 
TCDgo  ;  of  which  we  (hall  attempt  no  detail,  becatife  we 

could 
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Fri-nch     could   give   none    for   the    truth    of   which    vvc    would 
Revoli.tion,j,[,Q„(-g  to  be  anfwfralile.      The  Ficnch  acrounts,  which 
I  are  faitlifully  copied    by  our  own  Jacobinical  writers  nf 
periodical   hiftury,    rcprefeiit  the  army  under  the  com- 
mand of  Mclas  as  more  numerous  than  that  of  the  Con- 


iSoo. 


to  Ilia  overture,  till  he  received  inftruAions  from  Pari?,     Trcivdi 
in  confequence,  as  was  fuppolcd,  of  the  arrival  oi  Count  '^ ^ viiiution, 
St  Julien    wiih    jiropolals  of   peace    from    the  Imperial  . 
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Cal)inet.      The 


iftice  was  then    concluded  in  Ger- 


many as  well  as  in  Italy,  leaving  for  the  hne  of  demar  And  Ocr- 


ful  ;  while  they  attribute  the  fuccefs  of  the  latter  whol-     cation    ;iie  pods  occupied  at  the  lime  by  the  refpettii-e '"^''X- 


ly  to  the  conduct  and  intrepidity  of  its  leader.  The 
•fact,  however,  we  believe  to  be  far  otherwife  ;  for  we 
think  it  might  be  proved,  by  comparing  together  the 
different  bulleteins  of  the  army  of  referve,  that  from  the 
beginning  the  French  had  a  dec-ided  fuperiority.  Be 
this  as  it  may,  the  Auftriang  were,  for  nine  hours,  vic- 
torious ;  and  the  fate  of  the  battle  was  at  la!l  turned, 
not  by  any  uncommon  exertions  of  the  Conful,  but 
partly  by  the  provident  condudl   of  Deifaix,   and   ftill 


armies  ;  but  if  tlie  French  adhered  to  the  letter  ot  thefe 
treaties,  tiiey  ahnolt  inllantly  violated  the  Ipirit  of  both. 
They  reinforced  their  armv  in  lt;dy  in  direiA  contra- 
dittion  to  what  was  obvioully  the  meaning  of  their  (li- 
pnlations  with  Melas  ;  they  fdled  the  conquered  coun- 
tries witli  their  licentious  hordes  ;  they  levied  enor- 
mous contributions,  and  even  raifcd  troops  in  ftafes  of 
which  they  had  formally  proclaimed  the  Itu/epeihh-nct'  ; 
and  their  armies  in  Germany  fubliiled  on-  the  plunder 
more'  by    the  "fituation    of   the   Auftrian   commander,     of  the  neighbouring  countries. 

whofe  faculties  feem  wholly  to  have  forfaken  him  in  the  Whilll  France  was  thus  everywhere  viftorions  in  Eu- 

latter  part  of  the  day.      When  he  was  in  this  Hate,  one     rope,  her  troops  were  fuffering  harddiips  and  difgrace  in 
falfe   movement,   which  weakened   his  centre,  afforded     Africa.     They  complained  loudly  of  being  deferted  by  StaTeof 
an  opportunity  to   Deifaix  to  make  a  vigorous  and  fuc-     their   chief;  and  Kleber,  on  whom   the   command  de- the  war  in 


4" 


cefsful  charge  with  a  body  of  cavalry  that  had  not  yet 
been  engaged  ;  and  General  Zacii,  who  was  about  to 
take  the  command  of  the  auny  from  Melas,  worn  out 
with  acre  and  fatigue,  unfortunately  falling,  at  that  cri- 
tical moment,  into  the  hands  of  the  enemy,  the  French 
remained  mailers  of  the  field  of  battle. 

The  fpirit  of  the  Aullrians,  however,  was   not  bro- 


volved,  declared,  in  the  impious  jargon  of  the  Jacobins, '^KYP'- 
that  tiie_fame  un.ticrfe  fliould  not  cont?.in  him  and  Bo- 
naparte. He  felt  it  expedient,  however,  to  continue 
-tlie  negociations  into  which  that  general  had  cntertd 
with  the  Grand  Vifier  for  the  evacuation  of  Egypt  ; 
and  after  many  letters  had  paffed  between  them,  a  con- 
vention was  concluded   on  the   24th  of  January    1800, 
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ken.      They  had   loll  indeed  9:00  men,  with   fome   of     to   which   Sir  Sydney  Smith  acceded   on   the   part   of 

their   bed  generals  ;  but   the    lofs   of  the  French  was     Great  Britain.      By  that  convention  the  French  army 

confeffedly  greater,  amounting  by  their  own  account  to     was  to  be  collefted  with  its  arms,  baggage,  and  effcft,-, 

at  lead  i  2,000  men.    The  Aullrians,  enraged  at  having     at  Alexandria,    Rofetta,  and  Aboukir,  and   thence  be 

had  the  vidory  fo  wredcd  out  of  their  hands,  were  ea-     tranfported  into  France,  as  well  in  its  own  velTels  as  in 

ger  to  renew  the  contell  on  the  following  day;  but,  in- 

iiead  of  feconding  the   ardour  of  his   troops,   General 

Melas   conchided  a  capitulation,   unparalleled,  we  will 

venture  to  affirm,   in  the  annals  of  war;  a  capitulation 

by  which  lie  voluntarily   furrendered  into  the  hands  of     which  would  have  furnifhed  the  Conful  with  fixteen  or 

the  enemy  nearly  all  the  fruits  of  one  of  the  mod  s;lo-     eighteen  thoufand  veteran   troops  to    be  employed  by 


fuel)  as  fliould  be  furuiflied  to  it  by  the  Sublime  Porte. 

To  the  caufe  of  the  allies  it  is  obvious  that  nothing 
could  iiave  happened  apparently  more  injurious  than 
the    tvacuatiiui    of  Fgypt    on  fueh    conditions   as  this. 


rious  and  fuccefsful  campaigns  recorded  in  hlllory.  We 
wifli  not  to  throw  any  undue  afperfion  on  the  charac- 
ter of  the  Aullrian  commander.  His  behaviour  at  the 
battle  of  Novi  renders  his  bravery  unquedionable  ;  and 
we  are  affured,  by  letters  from  Germany,  that  his  inte- 
grity has  never  been  fufpefted  ;   but  thofe  letters  repre 


him  cither  in  Italy  or  on  the  Rhine.  How  the  gallant 
Commodore  came  to  overlook  this  c'rcumdance,  or  in- 
deed how  he  came  to  ai5l  as  a  Britilh  Plenipotentiary, 
we  pretend  not  to  know.  Tliat  he  exceeded  any  powers 
with  wliieh  he  could  reafonably  conceive  himielf  veiled, 
was  completely    proved  in  the  Houfe    of   Commons  by 


fent  him  as  qualified,  not  to  command  a  great  army,  but  the  war-minider  Mr  Dundas  ;  who  judly  obfcrved,  that 

only  to  execute  the  orders  of  a  fuperior  mind.     It  may  the  powers  of  Sir  Sidney  and  his  brother  as  plenipoten- 

havc  been  in  confcquence  of  fome  previous  general  in-  tiaries,   had   ceafed   upon  the  arrival  of  Lord  Elgui  in 

ftrudlions  from  the  Aulic  Council  that  be  figned  fuch  that  capacity  at  Condantinople  ;   and  that,  as  a  Britifli 


a  capitulation  ;  or  tlie  fortrelTes  which  he  furrendered 
may  have  been  deditute  of  provifions,  and  of  courfe  in- 
capable of  fudaining  a  fiege.  On  the  former  fuppofi- 
tion,  the  Aulic  Council  mud  be  confidered  as  decided 
enemies  to  the  caufe  in  which  the  allies  were  embark- 
ed ;  on  the  latter.  General  Melas  was  the  lead  provi- 
dent commander  that  was  ever  perhaps  entruded  with 
the  defence  of  a  country, 
he, 


officer,  he  had  no  right  to  accede  to  fnch  a  convention 
while  he  held  only  a  fubordinate  command  under  Vice- 
admiral  Lord  Keith. 

Ill  December  1799,  miniders  had  reafon  to  beheve 
that  a  negociation  would  be  entered  into  by  General 
Kleber  and  the  Grand  Vifier  for  the  evacuation  of  E- 
gypt  by  the  French  troops.  As  fuch  a  negociation 
was  defirable,   they  fent  indruftions,  not  to  Sir  Sidney 
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An  artnif-        g^,  ^j^j^  ^^  jf  ^.^^^  [jg  g^^^  ^,p  j^  ^1,^.  French  the  whole  Smith,  but  to  Lord  Keith,  to  accede  to  it  ;  on  the  ex- 

'*^""  ^*^ of  Piedmont  and  Genoa  ;  and,  concluding  an  armidice  prefs  condition,  however,   that  Kleber  and   his  forces 

which  was  to  lad  till  an  anfwer  agreeing  to  the  condi-  diould  not  be   fent  back  to  France  to  figiit  againR  the 

tions  could  return  from  the  court  of  Vienna,  he  retired  Audrians,   but   fliould  be  detained   as  prifoners  of  war 

with  his  army  into  the  territory  of  Mantua,  Tufcany,  till    regularly  exchanged.     Thefe   indruftions  reached 

and  Ancona.  the  noble  admiral  in  February  1800,  when  he  immedi- 

The  gallant  Kray  wiflied  to  take  advantage  of  this  ately   apprifed  General  Kleber  of  thern  ;  afluring  him, 

armidice  in  Italy  to  ftop  the  progrefs  of  the  troops  un-  at  the  fame  time,  that  he  would  permit  no  diips  to  fail 

der  Moreau  ;  but  the  French  general  would  not  liften  with  French  troops,  in  confequence  of  any  partial  ca- 
pitulation. 
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Frcnrh     pitnlation,  or  of  patTports  from  fuch  as  haj  no  riijht  to 
evu'u-'on,  grant  them. 

This  conduft,  which  was  peifeftly  fair  on  the  jiart 
of  Britain,  ami  of  wliich  the  contrary  might  have  hcen 
julHy  complained  of  by  the  court  of  Viejiiia,  produced 
a  violent  ontcry,  not  only  in  France  but  even  in  Eng- 
land,' among  thofe  who,  from  the  commencement  of  the 
war,  had  uniformly  pleaded  the  caufe  of  the  enemies  of 
their  country.  Government,  it  was  laid,  had  broken 
faith  both  with  Its  allies  and  with  its  enemifs  ;  yet  Kle- 
ber  himtelf  accnfed  the  cabinet  of  St  James's  of  no  hieh 
crime.  He  talked,  indeed,  of  Lord  Keith's  Infulcnce, 
and  called  upon  his  ioldiers  to  anfwer  it  by  their  vic- 
tories ;  but  {\)  little  did  he  dream  of  treachei-y  on  the 
part  of  Britain,  that  in  his  letter  to  the  dirtftory.  he 
fpoke  of  his  convention  as  made  with  the  Grand  Vilier 
alone.  Accordingly,  on  the  20th  of  March,  he  attack- 
ed the  Turks  in  the  neighbourhood  of  Cairo  ;  and 
though  the  Janizaries  difplayed  fomething  of  their  wont- 
ed bravery,  they  were  forced  to  yield  to  the  fuperiori- 
ty  of  European  tatlics,  when  the  Turks  fled  in  all  di- 
reclions,  leaving  upwards  of  8coo  dead  and  wounded 
on  the  field  of  battle. 

Tliis  virtory  feilored  to  the  French  the  poffeflion  of 
Cairo,  which  they  had  abandoned  in  confequence  of 
the  convention  ;  but  they  were  ftil!  much  haralfed  by 
fome  of  the  Beys,  who  during  the  battle  had  palfrd  the 
rear  of  the  army,  and  mafPacred  fuch  of  the  Copts  as 
favoured  their  caufe.  Kleber,  therefore,  again  propo- 
fed  to  evacuate  Egypt  on  the  terms  agreed  to  by  the 
Grand  Vifier  and  Sir  Sidney  Smith  ;  and  the  court  of 
I^ondon  having  authorifed  Lord  Keith  to  accede  to 
thofe  terms,  a  fufpenfion  of  hoililities  took  place,  and 
the  Turks  were  about  to  be  freed  from  enemies  whom 
Talfma-  tbey  were  unable  to  expel,  when  t-he  French  coraman- 
1  of  Gs-  der  was  fuddenly  affalTmated. 

This  was  a  ferious  misfortune,  as  well  to  the  allies  as 
to  the  French  in  Egypt  ;  for  Kleber  appears  to  have 
been  the  moft  honourable,  as  well  as  the  abkll,  com- 
mander of  the  republicans  in  that  part  of  the  world. 
By  whom,  or  at  whofe  inftauce,  he  was  murdered,  is 
not  certainly  known  ;  but,  at  Conllantinopie,  fufpicion 
attached  llrongly  to  his  fuccefior  Menou,  who  had 
thwarted  all  his  meafures  ;  who  refolutely  oppofed  the 
evacuation  of  Egypt  on  any  terms  ;  and  who,  having 
embraced  the  Mahommedan  faith,  prefixed  Abdullah 
Bey  to  his  name.  He  no  fooner  fucceeded  to  the  com- 
mand of  the  army,  than  he  broke  off  the  negociatlon 
which  was  almoft;  concluded  by  his  predeceffor  ;  and  in- 
formed the  Englifh  Commodore,  on  the  iQth  of  June, 
that  he  could  enter  into  no  treaty  without  inftructions 
from  the  Confuls,  who,  as  he  truly  obferved,  then  ^ro- 
verneJ  ^\it  French  nation. 

In  the  mean  time,  meafures  were  taken  by  the  Bri- 
tifh  government  to  drive  him  from  that  country,  which 
he  would  not  leave  by  capitulation.  Early  in  the  cam- 
paign, a  body  of  12,000  men  had  been  put  under  the 
command  of  Lieutenant-general  Sir  James  Pulteney,  to 
aft  in  the  Mediterranean  in  fnch  a  manner  as  might 
moft  annoy  the  enemy,  and  divide  their  force.  The  de- 
fign  was  fplendid  ;  but  it  was  completely  difconcerted 
by  the  fatal  ifTue  of  the  battle  of  Marengo.  The  force 
under  Sir  James,  however,  might  ftill  be  employed  with 
advantage  to  the  common  caufe  ;  and  as  there  was  rea- 
son to  believe  that  France  and  Spain  had  formed  the 


r  455   ] 


REV 


41.-; 


^1  Kle- 


plan  of  marchi'ng  an  army  into  Portnijal,  the  lienffnant-     French 
general  was   directed  to  reconnoitre    Ferrol,    and  make        "> 
an  attempt  upon  the  place,  Ihould  he  deem  fucctis  pro-  . 

bablc,  with  little  lofs  of  men  and  of  time.      He  landed      424 
his  troops  on  the  25th  of  Auguft,  and  got  pofTeflion  of  Si' James 
the  heights  which  overlooked  the  town  ;  but  finding  it ''"';  '  "^^ 
better   fortified,   and    occupied   by  a   flronger  garrifon, 
than  he  had  expefted,   he  judged  fuccefs   unattainable, 
without  fuch  a  lols  of  men   as   would  render  the  army 
incapable  of  carrying  into  e(R-ft  the  objefts  of  its  future 
dellination.      He  therefore  reinibarked,  on  the  morning 
of  the  27th,    without   having   fummoned   the  garrifon, 
thrown  a  fhell  into  the  town,  or  fired  a  iliot  againft  the 
lamparts.  ^. 

Sir  Ralph  Abercroraby  had    been   fent   to   fuperfedeSlr  Ralph 
Sir  Jarnes  Pulteney,    and    take  upon   hiitifelf  the  com--'^''^''"<'m- 
mand  of   the  army  afting  in  the  Mediterranean.      Ha-^ 
ving  carried  reinforcements  with  him,  bifides  a  train  of 
artillery  from   Gibraltar,    he   touched  at   Minorca  and 
Malta,  whence   he  proceeded   towards  the   coall  of  E- 
gypt.      Meeting,   hov/ever,   with  unexpefted  delays  on 
the  coaft  of  Afia  Minor,  the  forces,   under   the  joint 
command   of  Lord  Keith   and  him,  did   not   arrive  at 
Alexandria  till  the  ill  of  March  ]8ot.    On  the  follow- 
ing  day  the   fleet   made   fail   for   the  Bay  of  Aboukir, 
where  it  anchored.     The  fea  running  high,    no  difem- 
barkation  could  be  attempted  till  the  7th,   when,  at  10      4J6 
o'clock  A.  M.  the  firll  divifion   made  good  its  landing  Lards  in 
in  the  face  of  the  French,   who,  to  the  number  of  4003  '^S)P'  '• 
men,  were   ported  fo  advantageoufly,   that,    in  the  opi- 
nion of  an  eye-witnefs  *,   they  might   have  refilled  the  *  Mr  Bald- 
world,      Our  limits  permit  us  not  to  dwell  on  the  maf-^'"'    ,^^* 
terly  plan  of  the  commander  m  chief,  or  on  the  cool  ui-/,',//„7;o„, 
trepidity  of  General  Moore   in  carrying   it  into  fx.tQ\\-,rUiiivc  to 
tion.    Suffice  it  to  fay,  thit  by  zooo  Britifh  troops  the  %>/"'• 
eneiny  were  driven  from  their  polition  with  the  lofs  of 
fome  field  pieces,  wliich  were  immediately  turned  againft 
them  ;   and  that  the   uilembarkation  was  continued  du- 
ring that  and  the  following  day. 

On  the  I  2th  the  whole   army  moved  forwards,   and 
coming  in  fight   of  the  main   body  of  the  French,  at- 
tacked them  on  the  l,^th,  when,  after  an  obflin;ite  con- 
tell,  and  confidcrable  lofs  on  both  fides,  viftory  declared      4J7 
for  the  gallant  Abercromby.      The  blow  was  followed  ri.shts  the 
up  with  vigour;   and  on   the   2  ill  a  flill  more  decifive^^."''^  °[ . 
battle  was  fought,  with  a  fitnilar  event,  at  the  dillance  ** 

of  about  four  miles  from  Alexandria.      It  commenced        ' 
early  in  the  morning,  and  was  continued  long  ;   vidory 
leaning  fometimes   to  one    fide   and  fomctimts   to   the 
other  ;  but  at  laft  the  French  gave  way  in  all  direftions. 
The  heroifm  difplayed  in  this  brilliant  aftion  railed  the 
military  cliaraCler  of  the   Britifh   nation  as  high  as  its 
naval  charafter  ;  and   the  magnanimous  condufi  of  the 
commander  in  chief,  who,  that  the  ardour  of  his  troops 
might  not  be  damped,  concealed,   for  two    hours,   the      .^j 
bitter   anguilh  of  a   mortal    wound,    has   feldom    been  In  which 
equalled,  and  can  hardly  be  furpaffed.     The  lofs  on  our''^  '*  """■- 

fide,  in  killed,  wounded,  and  mifiing-,  was  upwards  of '     '^  ,   , 
1  r  ,       ,,  n-  ,     -  ,     wounded, 

1500,  among  whom  were  feveral  gallant  oihcers  belides 

the  general.     The  lofs  of  the  French  was  computed  at 

4000. 

As  thefe  two  battles   may  be  faid  to  have  decided 

the  fate  of  Egypt,  we  fhall  return  to  Europe,  where 

events  had  taken  place  of  as  great  importance  as  any 

which   had  occurred   during  the  war.     The  northerrv 

powersj 
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TfeniV    fiOwers,  long  envious  of  the    naval   fiiperiority  of  Bri-     fon 

Rtvolut:oii,jj|jjj^  and  infiutnced  by  the  Empeior  Paul,  who  feemed 

.     '       '    ,  now  to  be  kagutd  with  the  Conlul  of  France,  had  re- 

jio      vived  the  armed  neutrahty  iirtt  formed  by  Catharine  II. 

The r.oith- during  the  American   war;  and  claimed  the   right   of 

treading  to  tlie  ports  of  France,   without   having  iheir 

velTcls  learched   by  the  Engliih  cuiifers.      That  confe- 

dtraey  the  Britifh  minillcrs  liad  determined  to  break, 

when,  to  the  furprife  of  the  whole  nation,  and  the  deep 

regret  of  tlie  better  part   of  it,  they   liiddenly  retired 

from  ofSce. 

Of  a  ineafare  fo  little  expefted,  various  caufes  have 
been  aiFigned  ;  but  that  which  was  in  a  manner  avowed 
in  parliament,  was  a  difference  in  the  cabinet  refpetting 
Cstholic  emancipation.  With  much  addrefs  the  mini- 
ftry  had  aceomplilhed  a  legiflative  union  between  Great 
Britain  and  Ireland  (See  Ireland,  in  this  Supp/.)  ;  and 
it  has  been  faid,  but  certainly  not  proved,  that  the  Lord 
Lieutenant  had  been  authorifed,  to  hold  out  to  the 
Irilh  Catholics  a  repeal  of  the  te/l  ad,  as  an  inducement 
to  them  to  comply  with  the  meafure.  Such  a  bribe  as 
this,  clandellinely  ofiered,  is  very  unlike  the  fpirit  as 
well  of  Mr  Pitt  as  of  the  Marquis  Cornwallis ;  and  we 
do  not  believe  that  the  offer  was  ever  made.  There 
feems,  however,  to  be  no  doubt  but  that  the  minifter 
propofed  the  meafure  in  the  cabinet  after  the  union  ; 
that  the  king,  with  that  confcientious  regard  which  he 
has  uniformly  difplayed  to  the  conftitution,  put  his  ne- 
gative upon  it  ;  and  that  in  confequence  Mr  Pitt  and 
his  friends  immediately  gave  in  their  refignation. 

Their  places  were  fupplicd  by  men  who  had  gene- 
rally fupported  their  mealures  during  the  war  ;  and  it 
has  even  been  fuppofed  that  thofe  who  retired  from 
office  recommended  their  fucceflbrs.  Mr  Addington, 
then  fpeaker  of  the  Houfe  of  Commons,  was  appointed 
firft  lord  commiffioner  of  the-treafury  and  chancellor  of 
the  exchequer  ;  Lord  Eldon,  lord  high  chancellor  ; 
the  Earl  of  St  Vincent,  fir(l  lord  commifiioncr  of  the 
admiralty  ;  Lord  Hawkcibury  and  Lord  Pelham,  fe- 
cretaries  of  ftate  for  the  foreign  and  home  departments; 
and  the  Hon.  Colonel  Yorke,  fecretary  at  war.  The 
old  miniftry  was  diffolved  on  the  nth  of  February  ; 
but,  owing  to  a  fevere  illnefs-of  his  Maj^lly,  it  was  the 
middle  of  March  before  any  of  the  new  minifters,  except 
Lord  St  Vincent  and  Lord  Hawkefbury,  entered  upon 
their  offices  ;  and  during  that  period  of  difmay,  Mr  Pitt 
and  hie  friends  guided  the  helm  of  ftate. 

1'he  new  minifters  began  their  career  with  pledging 
Jhemfelves  to  leave  nothing  unattempted  to  bring  about 
a  fafe  and  honourable  peace  with  the  French  republic  ; 
but  in  the  mean  time  they  proceeded  with  vigour  to 
cari-y  into  effeft  the  warlike  plans  of  their  predecefTors. 

The  northern  confederacy  had  by  this  time  adopted 
meafures  the  moft  hollile.  A  Danifli  army  under  the 
agamft  the  gy^manJ  of  Charles  Prince  of  Heffe  took  poffeffion  of 
thTNurdi  ^^^^  ^''^^  ^"'^  imperial  city  of  Hamburgh,  for  the  ex- 
prefs  purpofe  of  hurting  the  Britifti  commerce;  and 
the  King  of  Pruffia,  with  that  unaccountable  policy 
which  has  marked  the  whole  of  his  conduft,  ordered  a 
large  army  into  the  eleftorate  of  Hanover.  To  chaf- 
tii'e  this  infolence  and  diffolve  the  confederacy,  an  ar- 
mament was  iitted  out  in  the  Britifh  ports,  confifting 
of  feventeen  fail  of  the  line,  fuui  frigates,  four  floups, 
and  fome  bomb  vtflels.  This  fleet,  under  the  command 
of  Adffiiral  Sir  Hyde  Parker,  Vice-Adnairal  Lord  Ncl- 
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and   Rear-Admiral    (now   Sir  Thomas)    Graves,     French 
failed    from   Yarmouth   on    the    12th  of   March;    and '*•"■' ^"''"'o» 
palling  the  Sound,  appeared  on  the  30tli  before  Copei\-  ,       °°" 
liagen.      The  Danes   leemcd   undifmaycd ;  for  neither         ' 
the  town  nor  their  fleet  could  be  anno)ed,  but  by  the 
Bvilifh  admiral's  conducting  their  force  through  a  chan- 
nel of  fuch  intricate  navigation,   that,  thirty   years  be- 
fore,  it   was  thought  hardly  fafe  to  attempt  it  with  a 
fingle  fliip  oppofed  to  no  eiiemv.      Lord  Nelfon,  how- 
ever,  liaving  founded  the  channel,  undertook  to  pilot 
through  it  a  large  divifion  of  the  fleet,  of  which  he  re- 
quefted   and    obtained    the    command    from   Sir  Hyde 
Parker,   with    Rear-Admiral  Graves   commanding   im- 
mediately under  him.  433 
As  the  fecond  lates  were  thought  to  draw  too  much  Wfiich  de 

water  for  fuch  a  navigation,  the  twelve  Ihips  feleftedll'°'!l    ' 
1-1  1  •   ?         1     r  Danifh 

lor  the  attack  earned  ■eacti   trom   74  to  50  guns,    toflggt  ^j, 

which  were  added  four  frigates,  four  floops,  two  fire- at  Copen. 
fhips,  and  feven  bombs.  The  force  oppofed  to  this  ar-^^gen. 
maitvent  was  tremendous,  confifting  of  fix  fail  of  the  line ; 
eleven  floating  batteries,  mounting  each  from  26  twenty- 
four  pounders  to  18  eighteen  pounders;  one  bomb- 
fliip,  and  feveral  fchooner  veffels  in  the  line.  Thefe 
were  fupported  by  the  Crown  Iflands,  mounting  eighty- 
eight  cannon  ;  by  four  fail  of  the  line,  moored  in  the 
harbour's  mouth  ;  and  by  fome  batteries  on  the  Ifland 
of  Amak.  This  force  Lord  Nelfon  attacked  on  the 
2d  of  April ;  and  after  an  obltinate  action  for  four 
hours,  fdenced  the  batteries,  and  took,  burEit,  or  funk 
feventeen  fail,  among  which  were  feven  fail  of  the  line. 
On  both  fides  the  carnage  was  great,  the  Britifh  having 
943  men,  including  officers,  killed  and  wounded;  whilft 
the  lofs  of  the  Danes  was  at  lealt  double  that  number.  ^^^ 

The  relult  of  this  briUiant  action,  to  which  nothing  The  rcfull 
will  be  found  ftiperior  in  the  annals  of  naval  war,  was  a"f 'l^''*'' 
fufpenlion  of  hoililities,  and,  on  the  part  of  Denmark,  '°"' 
of  the  treaty  of  armed  neutrality,  for  fourteen  weeks. 

As  fbon  as  the  difabled  fhips  were  repaired,  the  Bri- 
tifh  fleet  failed   for  Carllcrona,  ofl  which  it  appeared 
on  the    19th  of  April.      The  admiral  immediately  ac- 
quainted the  governor  with  what  had  been  tranfafted  \ 
at  Copenhagen,  requefting  from  his  Swedifh  majefty  an 
explicit  anlwer  whether  he  meant  to  adhere  to  or  aban- 
don the  hollile  meafures  which  he  had  taken  in  con- 
junftion  with  the  court  of  Peterfburgh.     The  anfwer 
returned  was  extremely  equivocal  ;  but  intelligence  be-         43I 
ing  received  of  the  ludden  death  of  the  Emperor  Paul-^""  "'i 
on  the  23d  of  March  ;   and  Lord  Nelfon,  who  had  fuc-;^''^'"^"^, 
ceedtd  Sir  Hyde  Parker  in  the  command  of  the  Britifh  p^uL 
fleet,  writing  in  more  decided  terms  than  his  predccef- 
for,   the  court  of  Stockholm  followed  the  example  of 
that  of  Copenhagen.      The  young  Emperor  Alexander 
foon  afterwards,  aftuated  by  a  fenfe  of  juflice,  reftored 
the  Britifh  property  uhich  his  father  had  confifcated  ; 
relinqnilhed  his  ill  founded  claims  to  the  ifland  of  Malta,         ^jj 
w  hich  by  this  time  had  furrendered  to  the  Britifh  forces;  Surrende: 
and  agreed  to  a  fearch  of  neutral    fhips   bound  to  theofMalia. 
ports  of  a  nation  at  war  with  another.      It  was  indeed 
to  fuch  a  fearch  only  by  fhips  employed  entirely  in   the 
fervlce  of  government  that   his   Imperial  Majeify  thus 
agreed  ;   but  this  is  perhaps  all  that  the  Britilh  govern- 
ment cotdd  rcalonably  alk  ;   and  the  granting  of  it  put 
an  end  to  the  northern  confederacy. 

At  the  ligning  of  the  armillice  between  the  Auflrian 
and  French  geuerals  in  1800,  the  Republican  troops 

were 
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Prench     were  maftfrs  of  Germany  almoft  to  the  banks  of  the 
'.evolution,  l„u^  and  of  Italy  almofl  to  the  confines  of  Venice.  The 
1800.     fpirit  of  the  Emperor,   however,  was  not  yet  broken, 
'  and  he  refufed  to  abandon  his  alhes  by  confirming  the 

preliminaries  of  peace  to  which  Count  St  Julian,  ex- 
ceeding his  powers,  had  agreed  at  Paris.  General 
Kray  having  retired  from  the  fervice,  the  command  of 
his  army  was  given  to  the  Archduke  John,  and  the 
Emperor  in  perfon  repaired  to  it  with  him  ;  but  they 
foon  found  it  incapable  of  afting  offeiifively  agaiiill 
Moreau,  and  another  armillice  was  agreed  to,  including 
Italy  as  well  as  the  empire.  The  conduiil  of  the  Em- 
peror was,  on  this  occafion  moft  honourable.  He 
wiftied  to  comprehend  Great  Britain  in  any  treaty  of 
peace  to  be  negotiated  between  himfclf  and  the  Conlul; 
and  the  Cabinet  of  St  James's  had  agreed  to  fend  a 
plenipotentiary  to  a  congrefs  to  be  held  for  that  purpofe, 
at  any  place  agreed  upon  by  the  courts  of  Vienna  and 
Paris.  The  Conful  however  would  not  admit  a  Britilh 
plenipotentiary  unlefs  a  naval  armiftice  (liould  be  previ- 
oudy  agreed  to  between  France  and  England;  and  be- 
caufe  the  court  of  London  rejefted  a  propofal  unpre- 
cedented, and  in  itfelf  fo  very  unreafonable  that  even 
he  who  made  it  did  not  expeA  it  to  be  agreed  to, 
Moreau  received  orders  to  recommence  hoftililies. 

The  Auftrian  army  was  now  under  the  command  of 
Generals,  whofe  names  had  fcarcely  reached  beyond 
their  own  country,  and  who  foon  fhewed  that  they  had 
Irians  anJ  little  experience  in  the  art  of  war.  While  Moreau  was 
French,  meditating  the  plan  of  his  winter  campaign,  the  right 
wing  of  his  army  was  attacked  by  the  Auftrians  with 
fuch  fpirit  and  fuccefs,  as  fcemed  to  reduce  him  to  the 
neceffity  of  afting  on  the  defenfive  ;  and  he  would  have 
been  completely  ruined,  had  Kleuau  made  a  temperate 
ufe  of  his  victory.  This,  liowever,  he  did  not  ;  for, 
elated  with  his  good  fortune,  he  quitted  his  ftrong  po- 
fition  on  the  Inn,  and  attacking  his  vigilant  and  able 
antagonift  near  the  village  of  Hohenlinden,  was  com- 
pletely defeated,  with  the  lofs  of  80  pieces  of  cannon, 
200  caifTons,  and,  if  any  credit  be  due  to  the  French 
official  papers,  no  lefs  than  10,000  prifoners,  befides  an 
immenfe  number  left  dead  on  the  field  of  battle. 

Moreau,  without  fuffering  the  Auilrian  commander 
to  rally  his  fcattered  forces,  marched  direftly  to  the 
Iim,  which  he  crofTed  on  the  9th  of  December  iSioo  ; 
and  driving  his  enemies  before  him,  ftruck  the  court  of 
Vienna  with  terror  and  difmay.  Prince  Charles  was 
fuddenly  recalled  to  the  command  of  the  army  ;  and  af- 
ter making  one  frultlefs  effort  to  retrieve  the  affairs,  not 
only  of  Auftria,  but  of  Europe,  he  propofed  an  armif- 
tice,  which  on  the  2  7th  of  December  the  Frencli  gene- 
ral was  glad  to  accept,  on  condition  that  peace  fhould, 
without  farther  delay,  follow  this  third  celTatlon  of  hof- 
tilities.  Could  the  Archduke  have  depended  on  his  ar- 
my, weakened  as  it  was,  this  armillice  would  probably 
not  have  taken  place  ;  for  the  pofitlon  held  by  Moreau 
was  tremendous.    He  had  plunged  himfelf  into  the  very 
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eluded  at  Lunevllle  on  the  9th   of  February  1851,  be-    French, 
tween  the  Emperor  in  his  own  name  and  in  the  name  of  ^'^^"'"''"''« 
the  Germanic  body,  and  the  Firll  Conful  of  the  French 
republic  In  the  name  of  the  French  peo|?!e.    The  terms 
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of  this  peace  differed  little  from  thofe  of  the  treaty  of  I'tace  l>c- 

Campo  Formio;  only,  the   Emperor  bound  himlelf  to'^''""^"  ^"^ 
cede  to  the  Duke  of  Modena,  as  an  indemnity  for  the'.l^'"  ""^ 
countries  which  that  prince  had  loll  in  Italy,  the  Brif-  * 

gau,  and  to  find  in  the  Germanic  empire  indemnities  to 
all  thofe  princes  who,  by  the  fate  of  war,  iiad  been  de- 
prived of  their  dominions  ;  wlille  the  Grand  Duke  of 
Tufcany  was  to  renounce,  for  himfelf  and  his  fucceffors, 
the  Grand  Dukedom,  and  that  part  of  the  ifie  of  Elbe 
which  depends  on  it,  in  full  lovereignty  to  the  Infant 
Duke  of  Parma,  obtaining  a  full  and  complete  indem- 
nity in  the  empire  !  On  the  julh'ee  or  injulUce  of  fuch 
a  treaty  we  make  no  remarks  :  the  faCts  will  fpeak  for 
themfelves  to  every  one  of  our  readers.  . 

On  the  28th  of  March  a  treaty  of  peace  was  likewife  Between 
concluded  between  the  King  of  the  two  Sicilies  and  the  F^^nce  and 
French  republic  ;  in  which  his  Sicilian  Majedy  bound  P  * 
himlelf  to  fhut  all  the  ports  of  Naples  and  Sicily  againlt 
TurkKh  and  Engllfli  (hips,  as  well  merchantmen  as  fhlps 
of  war,  till  the  conclufion  of  a  definitive  treaty  of  peace 
between  thofe  two  powers  and  the  French  republic,  and 
llkewife  between  England  and  the  powers  of  the  north. 
He  renounced  likewiie,  for  himfelf  and  his  fucceffors, 
Porto  Longano  in  the  Ifle  of  Elbe,  and  every  thing  be- 
longing to  it  in  that  Ifland  ;  together  with  the  Hates  of 
the  Prefldes  in  Tufcany,  which,  with  the  Principality 
of  Piombino,  he  ceded  to  the  French  government,  to 
be  by  It  difpofed  of  at  its  pleafure.  In  both  thefe  trea- 
ties the  French  plenipotentiaries  took  upon  themfelves 
to  aifl  for  the  Batavlan,  Helvetic,  Ligurlan,  and  Ci- 
falpine  republics,  as  if  thefe  dates  were  provinces  of 
France. 

Great  Britain  was  now  left  to  carry  on  the  war  with- 
out a  fingle  ally  but  the  Turks  in  Egypt  and  the  Por- 
tuguefe  in  Europe  ;  and  thefe,  initead  of  being  able  to 
lend  her  aid,  contributed  only  to  diminifh  her  force  by        .^, 
dividing  it.      At  the  infllgation  of  France,   Spain  had  And  be- 
attacked  Portugal,  and  conquered  fome  of  her  provin-'^ei;!! 
ces  ;  but   on  the  6th  of  June  a  treaty  of  peace    was'^'^'"^", 
concluded   between   thofe  two  powers  ;  by  which  the 
king  of  Spain  reftored  all  his  cor.quefls  except  the  for- 
trefs  of  Ollvenza  with  its  territory  and  inhabitants  from 
the  Guardiana,  which  was  henceforth  to  be  the  boundary 
on  that  fide  between  the  two  kingdoms.      On  the  other 
hand,   the  Prince  Regent  of  Portugal  and  Algavva  en- 
gaged to  Ihut  the  ports  of  his  whole  territories  againll 
the   fhips  of  Great   Britain,  and   to  make  good  to  his 
Catholic   Majefly  all  damages  or  injury  which  his  fub- 
jeCts   might   have   fullalned,  during  the  war,  from  the 
Britifh  navy  or  the  fubjetts  of  the  (^een  of  Portugal, 
and   for    which    indemnification     could     rightfully    be 
claimed. 

The  Conful  having  made  peace  with  all  his  other  ene- 


heart  of  Auftria,  leaving  behind  him,  on  his  right,  the  mies,  menaced  the  kingdom  of  Great  Britain  with  in- 
Tyrol,  filled  with  troops  to  the  amount  of  30,000  ;  be- 
fides  the  divlfions  of  Klenau,  Simbfchen,  and  Rifl<en- 
field,  with  the  legion  of  Bohemia,  forming  more  than 
50,000,  on  his  left.  But  the  fpirit  of  the  Auftrians 
was  broken,  and  the  principles  of  too  many  of  their  of- 
ficers were  corrupted. 

This  armiftice  was  followed  by  a  treaty  of  peace  eon- 
SoppL.  Vol.  II.  Part  II. 


vafion  ;  and  the  people,  or  at  leall  part  of  them,  were 
weak  enough  to  be  alarmed  at  his  empty  threats.  To 
banifh  this  panic  from  the  public  mind.  Lord  Nellbu 
was  fent  to  deflroy  the  (hipping  and  harbour  of  Bou- 
logne. His  fuccefs  was  not  equal  to  the  goodnefs  of 
his  caufe ;  but,  on  the  4th  of  Augull,  he  made  fuck 
an  impreflion  on  the  enemy,  as  put  an  end  to  their 
3  M  dreams 
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dreams  of  invalion,  and  fhewtd  the  inlialjitants  of  Bri- 
tain  that  they  were  abler  to  annoy  the  French  coall, 
than  the  Confiil  and  his  myrmidons  were  to  annoy 
their's.  It  was  feen,  too,  about  this  time,  that  the  fpiiit 
of  the  BiitKh  navy  was  not  attached  cxchifively  to  the 
hero  of  the  Nile  ;  for  in  the  month  of  July  reai -admiral 
Sir  James  Saumarez  came  up  with  a  fquadron  of  French 
and  Spanifh  fliips  of  war  bound  for  Cadiz  ;  and  though 
their  force  was  fuperiur  to  his  own,  he  took  one  of 
them,  and  two  others  were  burnt. 

Early  in  this  fummer  negotiations  had  been  entered 
into  between  the  Briti(h  and  French  courts  for  the  re- 
iforation  of  peace  to  Europe.  The  difftJution  of  the 
northern  confederacy  had  flicwn  the  ambitious  Conful 
that  he  could  not  annihilate  the  EngUih  trade,  and  that 
of  courfe  all  the  treaties  which  he  had  made  for  the  ex- 
clulion  of  our  {hips  from  the  ports  of  neutral  powtrs 
were  of  no  validity.  His  heart,  however,  was  let  upon 
the  reteiition  of  Egypt,  which  every  maxim  of  jullice 
as  well  as  of  found  policy  impelled  the  cabinet  of  St 
James's  to  wrell  from  his  gripe.  The  negotiation  was 
therefore  protrafted  from  day  to  day,  till  intelligence 
arrived  at  London  and  Paris  of  the  complete  conquell 
of  that  country. 

On  the  death  of  Sir  Ralph  Abercromby,  the  com- 
mand of  the  Britiih  forces  devolved  upon  General  Hut- 
chinfon,  who  foon  fliewed  that  he  was  not  unworthy  to 
fucceed  fo  great  a  man,  and  who,  as  he  was  probably 
acquainted  with  the  plan  of  operations  formed  by  his 
deceafed  friend,  feems  to  have  been  aftuated  by  the 
fame  fpirit.  Marching  with  the  main  body  of  the  ar- 
my towards  Alexandria,  which  was  occupied  by  Me- 
nou,  he  fent  Colonel  Spencer  with  a  divifion  ot  the  Bri- 
tiih forces,  aided  by  a  body  of  Turks,  to  attack  Ro- 
fetta  ;  which  foon  furrendered  to  the  Britiih  comman- 
der. The  furrender  of  Cairo  followed,  on  the  22d  of 
June,  on  terms  favourable  to  the  befieged  ;  and  Menou, 
accepting  of  the  fame  terms  for  Alexandria,  the  aUies 
became  maftersof  the  whole  of  Egypt,  from  which  the 
French  army,  with  its  baggage,  was  to  be  tranfported, 
in  (hips  of  the  allied  powers,  to  the  neareil  French 
ports  in  the  Mediterranean.  The  intelligence  of  thefe 
events  forwarded  the  negociation  for  peace  between 
Great  Britain  and  France  ;  and  on  the  ift  of  Oftober, 
the  preliminary  articles  were  hgned  at  London  by  Lord 
Hawkcfbury  on  the  part  of  his  Britannic  Majelly,  and 
M.  Otto  on  that  of  the  French  Republic.  By  this 
treaty  Great  Britain  agreed  to  the  rettoration  of  all  the 
eonquefts  (he  had  made  during  the  war  ;  the  ifland  of 
Trinidad  and  the  Dutch  poffcffions  in  Ceylon  except- 
ed :  The  French  Republic  agreed  to  the  reftitution  of 
nothing  !  The  Cape  of  Good  Hope,  though  reftorcd 
to  the  Batavian  Repubhc,  was  to  remain  a  tree  port  to 
the  other  contratling  parties,  who  were  to  enjoy  there 
ti*';  fame  advantages  of  trade  «'ith  the  Dutch  thcmfelves. 
The  illaad  of  Malta  was  to  be  rtftored  to  the  Knights 
of  the  order  of  St  John  of  Jcrufalem  ;  its  independence 
was  to  hi  guaranteed  by  Great  Britain,  Aullria,  Ruf- 
fia,  Pruilia,  and  France  ;  and  it  was  to  be  evacuated  by 
the  Britifli  forces  as  foon  as  it  (liould  be  taken  po(re(- 
fion  of  by  the  Knights,  and  garrifoned  by  2000  Nea- 
politan troops.  Egypt  was  to  be  rellorcJ  to  the  Ot- 
toman Porte  ;  and  the  tcrriiory  of  Portugal  was  to  be 
maintained  iu  its  integrity,  with  the  exception  of  the 
fortreffes  and  its  dependencies,  ceded  by  the  Prince  Re. 
gent  to  the  King  of  Spain.     The  Frcncli  were  to  eva- 
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cuate  the  kingdom  of  Naplef,  and  the  Roman  dates —     French 
the  Briti(h,  Porto  Ferrajo,  and  all  the  ports  and  illands '^"•""•''•"'on, 
that  they  occupied  in  the  Mediterranean  and  Adriatic.  ,    '°°'' 
The  republic  of  the  Seven  lllands  was   recognifed   by  ' 

France  ;  the  fifliery  on  the  banks  of  Newfoundland  was 
eftablifhed  on  its  former  footing  ;  and,  finally,  plenipo- 
tentiaries were  to  repair  to  Amiens,  and  there  proceed 
to  the  formation  o(  a  delinitive  treaty  in  concert  with 
the  allies  of  the  contraof  ing  parties. 

That  treaty  ivas  concluded  on  the  zzd  of  March  Treaty  of 
1 802  by  the  plenipotentiary  of  his  Britannic  Majelly  Amieuf. 
on  the  one  part,  and  the  plenipotentiaries  of  the  Catho- 
lie  King  and  the  French  and  Batavian  Republics  on  the 
other  ;  but  it  differs  in  lome  particulars,  as  well  from 
tlie  letter  as  from  the  fpirit  of  the  preliminaries  agreed 
on  and  fubfcribed  by  Lord  Hawkefbury  and  M.  Otto; 
The  territorial  poflclfuins  of  the  Queen  of  Portugal 
were  not  maintained  in  their  integrity  ;  for  the  boun- 
daries  of  French  and  Portuguefe  Guiana  are,  by  the 
feventh  article  of  the  definitive  treaty,  fixed  by  the  ri- 
ver  Arowary  ;  the  free  navigation  of  which  gives  to 
France  the  abfolute  command  of  all  her  faithful  Ma- 
jefly's  dominions  in  that  part  of  the  world.  The  French 
troops  were  indeed  to  be  withdrawn  from  the  kingdom 
of  Naples  and  the  Roman  Hates  ;  but  during  the  inter- 
val wiiich  paffed  from  the  figning  of  the  preliminaries 
to  the  concluiion  of  the  definitive  treaty,  the  firft  Con- 
ful  took  poffeffion  of  the  ifland  of  Elba  ;  and  having 
got  himfelf  elefted  prefident  of  the  Italian  republic, 
which  he  had  lately  formed,  he  has  fecured  a  pretext 
for  pouring  French  troops  into  Italy  whenever  his  am- 
bition may  impel  him  to  fuch  a  meafure.  In  the  view 
of  abftradt  juftice,  fuch  deviations  from  the  fpirit  of  the 
preliminaries,  agreed  to  at  London  by  the  accredited 
minifter  of  the  French  Republic,  would  have  been  a  fuf- 
ficient  reafon  for  breaking  off"  the  treaty  ;  but  the  Bri-  preTich  re- 
ti(h  government,  lludying  immediate  expediency  and  volution 
the  temper  of  the  people,  dlreiifed  the  Marquis  Corn- '^"'"p'*'"'" 
wallis  to  fign  it.  Thus  was  the  French  revolution  com- 
pleted, and  the  republic  acknowledged  by  all  Europe. 

We  cannot,  however,  difmifs  the  momentous  fubjeft  Errors  in 
without  correfting  fome  errors  into  which  we  fell  in  the  the  former 
account  of  the  rife  and  progrefs  of  this  revolution  which  P"'''"^'''® 
was  publifhed  in  the  Encyclopud'ui.    We  do  not  confider     «  j 
thefe  errors  as  difgraceful  to  ourfelves;  for  in  the  midll 
of  commotions  which   have  convulfed  all  Europe,   it  is 
hardly  pofTible  to  arrive  at  the  truth.     When  time  Ihall 
have  cooled  the   palTions  of  men,   and  annihilated  the 
parties  which  now  divide  the  nation,  the  calm  voice  of 
Truth  may  be  everywhere  heard  ;  but  when  the  article 
referred  to  was  written,  the  ears  of  every  man  was  flun- 
ned  with  the  clamour  of  faClion. 

So  fenfible  of  this  are  the  editors  of  the  only  impar* 
tlal  periodical  hiflory  *  which  we  have,  that  they  venture*  OU  Ak~ 
not  to  publilh  their  volumes  till  feveral  years  have  elap- """' ■'^'ii'^ 
fed  from  the  era  of  the  tranfadtlons  which  thefe  volumes'"^' 
record  ;    whilll   their  rivals — the  panders  of  faftion — 
fcize  the  earlicfl  opportunities  of  obtruding  their  partial 
ftatements  and  falfe  reafonings  on  the  public  mind. 

It  cannot  be  fuppofed  that  one  or  two  men,  fuperin- 
tending  the  publication  of  a  work  fo  extenfive,  and 
treating  of  fubje&s  fo  various,  as  ours,  have  leifure  or 
opportunity  to  examine  with  much  attention  the  cor- 
refpondence  of  ambaffadors,  or  to  expifcale  truth  from 
the  contradiftory  publications  of  the  day.      We  are 

therefore 
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TrenHi  therefore  obliged  to  draw  our  materials  from  fufli  works 
Rcvolu'ion.gg  piofeis  to  give  a  fuminary,  but  impailial,  dccail  of 
^•"'V~'  what  is  afting  on  the  theatre  of  the  world  ;  and  by 
thefc  works  we  have  often  been  mifled.  For  the  firtl 
error,  however,  which  we  Ihall  notice  in  our  tornner  ac- 
count of  tlie  rife  of  the  revolution,  we  cannot  plead  even 
this  excufe.  We  ought  to  have  known,  tliat  the  French 
clergy  and  French  nolilcffe  were  not  exempted  from 
the  payment  of  taxes  ;  and,  of  courfc,  we  ought  not  to 
have  alhgned  fuch  exemption  as  one  ot  the  caufes  of 
.,.  the  Revolution.  See  that  article,  EncycL  n  8.  and  9. 
Fiill\rror.  By  a  writer,  to  whofe  patriotic  exertions  this  coun- 
try is  deeply  indebted,  it  has  been  proved,  with  a  force 
of  argument  which  precludes  all  polTibihty  ot  reply, 
that  the  exemption  from  taxes  fo  loudly  complained  of 
was  very  trifling,  that  it  was  not  confined  to  tlie  nobi- 
lity and  clergy,  and  that  it  did  not  extend  over  the 
whole  kingdom  of  France.  "  The  vingiicmcs,  which 
may  be  conhdered  as  an  impott  merely  territorial,  was 
paid  alike  by  the  nobility  and  the  tiers-elat.  A  great 
part  of  the  cleryy  was  indeed  exempted;  but  their  con- 
tributions, under  a  difterent  foun,  onftitiitcd  an  ample 
equivalent.  The  duties  upon  the  different  articles  of 
confumption  were  of  couvle  paid  by  all  the  confuniers, 
except  that  in  the  pays  d'etat,  fuch  as  Artois  and  Brit- 
tany ;  the  two  firft  orders  were  exempted  from  paying 
the  tax  upon  liquors.  But  thefe  exemptions  cannot 
be  deemed  very  important,  when  it  is  known,  that  in 
the  province  of  Artois  they  did  not  exceed  800  guineas 
annually,  even  including  the  exemptions  enjoyed  by  the 
privileged  members  of  the  tiers-etat."  The  Britidi  of. 
Hcers  ferving  on  board  fhips  of  war  are  exempted  from 
the  taxes  paid  by  the  other  members  of  the  ilate  on 
wine  ;  and  we  believe  no  good  fubjefl  has  ever  mur- 
mured at  that  exemption.  The  French  nobility  were 
fubjeft  to  the  pole-tax. 

"  Of  the  teilles,  the  impoll  from  which  it  has  been 
falfely  aflTerted  that  the  nobility  and  clergy  enjoyed  a 
total  exemption,  there  were  two  fpecies  ;  the  one  per- 
fonal,  the  other  real.  In  one  part  of  the  kingdom,  the 
right  of  exemption  was  annexed  to  the  property  ;  in 
the  other,  to  the  quality  of  the  proprietor.  In  the 
lirft  cafe,  the  privilege  was  enjoyed  by  every  clafs  of 
perfons,  by  the  tenants  as  well  as  the  proprietor  of  a 
tief;  whllft  the  gentleman,  whole  ellate  was  holden  by 
a  diflerent  tenure,  was  obliged  to  pay  the  tax.  In 
thofe  provinces  where  the  other  cuilum  obtained,  the 
exemption  was  cop.fiHed  to  a  certain  extent  of  property, 
and  to  ihal  only  while  it  continued  in  the  aftual  occu- 
pation of  the  privileged  perfon  ;  but  as  it  very  feldom 
happened  that  the  French  nobility  kept  any  land  in 
their  own  hands,  and  as  the  tax  payable  by  the  farmers 
was  of  courfe  deducted  from  the  rent,  the  teillt's  was, 
in  this  cafe,  ultimately  paid  by  the  landlord.  The  fame 
cbfervations  apply,  with  ftill  greater  force,  to  the  cler- 
gy, who  always  let  their  eitates." 

In  a  word,  it  appears  from  a  formal  declaration  made 
by  M.  Necker  to  the  Conllituent  AfTembly,  that  all 
the  pecuniary  excmj^tions  enjoyed  by  the  privileged 
cUfles  did  not  exceed  L.  292,000;  that  the  exemptions 
appertaining  to  the  privileged  perfons  of  the  tiers-etat 
amounted  to  one  half  of  that  fum  ;  and  the  drnits  de 
controle,  or  duty  impofed  upon  public  deeds,  and  the 
high  capitatioB  tax  (proportioned  to  their  rank),  paid 
by  the  nobility  and  clergy,  made  ample  amends  to  the 
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revenue  for  the  parti.il  exemptions  wi-.ich   they  njoyeJ     I'rciirti 
from   oilier  taxes.      So  far,   iiioeed,   were  the  t'urs-eiat  '^■'■v"'''""* 
from   murmuring  at  the  exemptions  of  the  ])rlvlh'gcJ  • 

orders,  that,  previous  to  the  illuminifm  of  the  ifclth  cen- 
tury, they  dilplayed,  at  every  convention  of  the  Hates- 
general,  the  greatell  anxiety  to  maintain  the  rights  of 
the  nobility  and  clergy  ;  and  humbly  fuppllcated  tlieir 
fovereign  to  fuffer  no  invafion  ttiercof,  but  to  refpedl 
their  tranchilcs  and  immunities  *.  •  .^ce  Cif. 

We  mull  likewil'e  acknowledge,  that  in  n°  r  r.  of  our/""^'  ^'"t 
article  RnvoLurios,  we  have  drawn  a  very  ovrrchar- 'V,^'  , 
gul  picture  ot  the  miicries  and  opprclhon  of  the  French  J[,/,  ided. 
pealai;U  under  the  old  govcnmient.  it  is  indeed  true  .(48 
that  they  were  obliged  to  ferve  In  the  militia,  the  tfta-^'^^o'"' 
blilhnient  ol  wliich  was  coiiduded  in  France  nearly  on '^"■"'' 
the  fame  principles  as  it  is  in  England.  The  men 
were  called  out  by  ballot  only  for  a  few  days  in  the 
year  during  peace,  wlicn  they  received  regular  pay  ; 
but  if  a  militia  toims  the  bell  conllitutional  defence  of 
a  Hate,  this  furely  ought  not  to  have  been  conhdered 
as  a  grievance,  elptcially  hnce  married  men  were  ex- 
empted from  the  fervlce.  The  nobility,  too,  were  ex- 
empted from  the  rilk  of  being  drawn,  for  the  beil  of  all 
reafons — becaufe  moll  of  them  had  commllTions  in  the 
regulars,  and  becaule  fuch  as  had  not  were  engaged  in  , 
profeffions,  which  rendered  it  impoffible  for  them  to 
lerve  in  the  militia.  In  France,  as  elfewhere,  the  pea- 
fants  would  no  doubt  be  averfe  from  this  fervice,  and 
might  look  perhaps  with  an  anxious  eye  to  the  fuppo- 
fed  immunities  of  their  privileged  fuperiors  ;  but  if 
mirth,  good  humour,  and  focial  cafe,  may  be  confider- 
ed  as  fymptoms  of  felicity  and  content,  thefe  men  fure- 
ly were  not  miferable  ;  for  thefe  fymptoms  never  ap- 
peared in  any  people  fo  ftrong  as  among  the  French 
peafants.  They  were  indeed  liable  to  be  called  out  by 
the  intendants  of  the  provinces  to  work  a  certain  num- 
ber of  days  every  year  on  the  public  roads  j  but  to  this 
fpecies  of  opprefiion,  if  fuch  it  mull  be  called,  the 
Scotch  peafants  are  liable,  and  were  ilill  more  fo  than 
at  prefent,  during  that  period  when  our  parliamentary 
orators  declare  that  the  inhabitants  of  Britain  enjoyed 
as  much  freedom  as  is  conliftent  with  the  public  tran- 
quillity. It  ought  to  be  remembered,  too,  tliat  Louis 
XVI.  whofe  lilgh.ell  gratification  feenis  to  have  confid- 
ed in  contributing  to  the  eafe  and  welfare  of  Ills  fub- 
jecls,  thought  he  faw  the  necelhty  of  abolllhing  the 
cullom  oi  the  corvee,  and  had  made  confiderable  ad- 
vances towards  the  accomplidiment  of  that  objetl  fome 
years  before  the  commencement  of  the  revolution.  .^„ 

That   the   French   monarch   was  defpotic  ;    that   no  The  French 
man  in  the  kingdom   was  fafe  ;  that   notliing  was  un-"'""^'''^*' 
known  to  the  jealous  inquifilion  of  the  police  ;  and  that  "■"'  ''"1'°* 
every  man  was  liable,   when   he  leaft  expedled  it,  to  be 
feized  by   letlns  de  cachet,  and  fhut  up  in   the  gloomy 
chambers   of  the  Ballile — has  long  been   common  Ian- 
guage    in  England,  and  language  which  we  mull  con- 
fefs  that  we  have  adopted  (Revolution,  n°  12.)  with- 
out due  limiiations.     The  French  government  was  cer- 
tainly  not  fo  free  as  that  of  Britain  ;  but  He  who  under- 
flood  it  better  than  we  do,  and  whofe  writings  betray 
no  attachment  to  arbitrary  pcrwer,  exprefsly  dillinguifliei 
between  it   and  defpolifm.       "   If    (fays  Montefquieu) 
France  has,  for  two  or  three  centuries  paft,  inceflantly 
augmented  her  power,  fuch  augmentation  mull  not  be.-^'j^^  ■'" 
afcribed  to  fortune,  tut  to  the  excellence  of  htr  laws  f."  uix,  ii», 
3  M  2  This  10.  c  i». 
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French     This,  furely,  is  not  the  language  of  a  man  who  thought     occaficnally  they  were  grofsly  abiifcd,  is  certain.     The     Frercfi 
Revolution,  jijjj^c^lf  governed  by  an   arbitrary  tyrant   whot;  caprice     life  of  them  ought  thertfnre  to  have  been  either  annul- ^^''"''o"" 


is  the  law  ;  nor  will  it  be  faid  to  be  the  language  of  on 

who  was  either  afraid  to  fpcak  the  truth  or  not  maftcr 

450         of  his  fuhjeft. 

No  charge       The  inllruftions  of  all  the   ditTcrent  orders  to  the> 

c/ the  old    reprtfentatives,  bef)ie  tlie  fatal  mcctinpr  of  the  Stiit's 

wiOied  by    General  under  the  untoitun?te  J_,ouis,  are  drawn  up  in 

language  funilnr  to  tliat  of  this  illuftrious  magillrate, 

and  uirniHi  a  complete  proof  that  they  knew  thenifclvcs 

to  be  fafe  urder  the  government   «f   their  monarchs. 


the  pci>i,le 
el  f  ranee. 


cd,  or,  wlu'ch  would  have  been  infinitely  better,  fub- 
jcftcd  to  fuch  rules  as  fliould  prevent  all  danger  from  Lttncs  de 
them  to  the  real  liberties  of  the  people  ;  fur  the  govern-  cachet, 
ment  would  be  of  no  ufe  whatever  wliich  fliould  poffefs 
no  power  capable  of  being  abufed  by  defpotifm.  Yet 
after  all  the  noife  that  has  been  made  about  lettrcs  de 
cachet,  it  is  but  juftice  to  obferve,  that  in  the  towers  of 
the  Ballile,  when  it  was  taken  by  the  mob,  were  found 
no  more  than  Teven  prifoners  ;  ot  whom  four  were  con- 
"  The  conftitution  of  the  Hate  (fay  the  clergy)  refnlts  fined  for  forgery  ;  one  was  confined  at  the  requcft  of 
from  the  fundamental  Linvs,  b)^  which  the  refpetlive  his  family  on  charges  of  the  mod  fei  ions  nature;  and  two 
rights  of  the  king  and  of  the  nation  are  afcertained,  and  were  to  deranged  that  they  were  fent  next  day,  by  thofe 
from  which  not  the  fmalleil  deviation  can  be  made,  philanthropifts  who  had  taken  them  out  of  coinfortable 
The  firll  of  thefe  laws  is,  that  the  government  of  France  chambers,  to  the  mad  houfe  !  That  the  chambers  of 
is  purely  monarchical.  The  nation  mud  preferve  in-  the  Ballile  were  as  comfortable  as  the  chambers  of  a 
violate  the  form  of  its  governrhent,  which  it  acknovv-  prifon  Could  be,  we  are  alTured  by  M.  Bertrande  de 
ledges  to  be  a  pure  monarchy  regulated  by  the  laiis  ;  and  Moleville,  who  can  be  under  no  inducement  to  deceive 
fuch  it  will  have  it  to  remain."  the  Bvitifli  public,  and  whofe  opportunities  of  difcover- 

On  the- 2 8th  of  November  1788,  in  a  general  com-  ing  the  truth  were  fuch  as  no  man  will  call  in  queltion. 
mittce  of  the  nobles  affemhled  at  V'erfailles,  the  Pcincc  In  our  account  of  the  opening  of  the  States  General,  Blunder  cf 

of  Conti  delivered  a  note  to  the  prefident,  which  was  we  have  exprtlTed  too  much  deference  to  the  cliarafler  Nceker. 
fanftioned  by  the  concurrence  of  moll  of  the  other  of  M.  Necker.  To  that  man's  irrefolute,  if  not  treach- 
priuces  of  the  blood,  and  was  fuppofed  to  fpeak  the  erous,  conduft,  may,  with  truth,  be  attributed  all  the 
general  fenfe  of  the  nobility  ;  in  which  it  was  infilled,  fubfequent  miferies  of  France.  It  was  about  the  mode 
that  the  profcription  cf  all  tiKir  ststfms  "was  nccejfary  of  verifying  their  powers  that  the  three  orders  of  the 
to  infure  the  (lability  of  the  throne,  of  the  latin.,  and  of  (late  firll  differed  ;  but  that  mode  fnould  have  been  de- 
erder  ;  and  that  the  conftitution,  iinlh  the  ancient  forms,  fined  by  the  niiuillry  in  the  letters  fent  to  the  different 
fhould  be  preferved  entire.  In  their  inftrudlions  to  bailiwicks  for  the  convention  ot  the  ilates.  Even  this 
their  reprefcntatives,  they  infill  that  it  fhall  be  exprefs-  omiffion  might  have  been  repaired  after  the  arrival  of 
ly  and  folemnly  proclaimed,  that  the  conftitution  of  the  the  deputies  at  Verfallles  ;  for  none  of  them  fhould  have 
French  empire  is  fuch,  that  its  government  is,  and  mull  been  admitted  into  the  hall  of  the  dates,  far  lefs  (hould 
remain,  monarchical;  that  the  king,  as  fupreme  chief  the  king  have  met  them  there,  till  the  Coimcil  had  been 
of  the  French,  is  only  fubordinate  to  the  fundamental  fatisfied  of  their  being  duly  elefted.  Had  either  of 
law  of  the  kingdom,  according  to  which  the  conflitu-  thcfe  cautions  been  obferved,  the  tiers-etat  never  could 
tion  muft  be  eltablilhed  on  the  facred  and  immutable  have  got  the  afcendant  over  the  other  two  orders,  and 
principles  of  monarchy,  tempered  by  the  laws  ;  and  tin's  the  buiinefs  of  the  nation  would  have  been  conducted 
form  of  s;<.vcnimcnt  cannot  be  replaced  by  any  other  as  formerly  In  three  dlfrercnt  chambers.  M.  Necker's 
corllitulicn.  re-jedtion  of  Mirabeaii's  advances  ihcwed  him  to  he  very 

"  Let  our  deputies  (fays  the  third  edate),  before  ill  qualified  to  conduft  the  helm  of  affairs  at  fuch  a  cri- 
they  attend  to  any  other  objtfl,  afliil  in  giving  to  fis  ;  and  his  abfeuting  hiinfelf  from  the  royal  fefilon,  a 
France  a  truly  monarchical  conftitution,  which  mud  in-  meafure  which  he  had  advifed,  betrayed  the  utmolt  in- 
variably fix    the   rights  of  the    king    and    of  the   nation,     gratitude  to  his  gracious  mailer. 

L.et  it  be  declared,  that  the  monarchical  is  the   only  In  our  account  of  the  royal  feffion,  we  were  led  into 

I'jrm  of  government  admiffible  in  France  ;  and  that  in  a  miftake,  which  calls  loudly  for  corrcftion.  The  cir- 
the  king  alone,  as  chief  of  the  nation,  is  veiled  the  power  cumftanccs  of  that  fefiiou  were  very  different  from  what 
of  governing  according  to  the  laws."  Is  this  the  Ian-  they  appeared  to  us  when  we  wrote  n"  24.  and  25.  of 
guage  of  nien   groaning  under  the  iron  rod  of  defpo-     the  article  Revolution.     The  royal   feffion  was  pro--  '*'-■' 


tifm,  or  wilhing  to  reduce  the  power  of  the  crown  ? 

Even  after  the  power  of  the  crown  was  almoft  anni- 
hilated, and  the  order  of  nobliiiy  done  away,  fo  far 
were  thefe  innovations  from  being  acceptable  to  the  en- 
Lghtened  part  of  the  French  nation,  that  in  many  de- 
partments of  the  kingdom  they  excited  open  infurrec- 
tions,   whilft  the  members  of  all    the  provincial  parlia- 


claimed  in  confequcuce  of  the  violent  ufurpations  of  the  Sciiiua. 
tiers-etat,  and  the  Irreconcileable  differences  which  fub- 
fided  between  that  body  and  the  two  higher  orders  ; 
and  fo  far  is  it  from  being  true  that  the  prefident  and 
members  of  the  third  llate  found  their  hall  unexpeSedly 
furrounded  bv  a  detachment  of  guards,  that  their  fit- 
tings were  only  fujpended,  for  the  bed  of  all  realons, 
with  thofe  of  the  other  orders.  To  be  convinced  of 
this,  we  need  but  to  attend  to  the  following  proclama- 


nients  oppofed  them  with  unanfwerable  arguments  fur 

nifhed  by  the  law,   The  chamber  of  vacation  of  the  par 

liament  of  Touloufe,  in  particular,  protelled  againdthe  tion  which  was  made   by  the   heralds,   on  the  20th  of 

*  See  the    proceedings  of  the  States  General,  becaufe  tlie  depu-  June,  between  feven  and  eight  o'clock  in  the  morning, 

protef!  at    ties,  who  were  empowered  only  to  put   an  end  to  the  in  the  dreets  and  crofs-ways  of  Vrrlallles  : 

)arg£  in  _     ruinous  date  of  the  finances,  could  not  change  the  con-  "  June  2-th.      (By  order  of  the  King.)    The  King 

*  Mm""   '    ftltution  of  the  date  without  violating  their  inflruftions,  having  refolved  to  hold  a   royal  fitting  in   the   States 

vol.  iii.  '     and  the  faith  fworn  to  their  condltuents  *.  General,  on  Monday  next  the  22d  of  June,   the  prepa- 

t.  >3-              That  letires  de  cachet  were  liable  to  abufe,  and  that  rations  to  bu  made  ia  the  three  halls  ufed  by  the  aflem- 

blies 
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French     Mies  of  the  oidcis,  make  it  ncccnary  tfiat  tliofe  afTcm-  mitted  into  them,  and  that  the  fittings  fliould  be  fuf-     Frenth 
evuluiion.  1,11^,3   (liould  be  fnfpendcd  until  after  the   faid  fitting,  pendtd  till  after  that  to  be  held  by  his  Majefty."  Revolution, 
"■^'~"~  His  Majefty  will  give  notice,  by  another  proclamation.          In  this  there  was  furcly  no   marked  difrcpeft  to  the 
of  the  hour  of  his  going  to  the  Afl'embly  of  the  States  rcprefcntativcs  of  the  people  ;  but  fnch   notions   were 
on  Mondav."  countenanced  by  M.  Necker,  who  appears  indeed,  on 
M.  Bailly,   the  prcfident  of  the  t'lers-elat,  had  been  this  occallon,  to  have  been   in   clofo  compaft  with  the 
made  acquainted  with  the  objoft   of  this  prciclamation,  leaders  of  the  mob.     The   popular  violence  that   was 
by  a  private  letter  wliich  was  fent  to  him  by  the  Mar-  employed  to  compel  the  majority  of  the  clergy  to  join 
quis  de  Breze  at  feven  o'clock  in  the  morning  ;  and  to  the    tiers-elat    is    well  known  ;    and   we  have,  in  Ber- 
wiiich  he  replied,  "  that  having  received  no  orders  from  tnind's  Annals  of  the  Revolution,  what  amounts  to  evi- 
the  King,  and  the  anVnibly  having  been  announced  for  dence  alnioft  Ifgal,  and  quite  fufEcient  to  enforce  con- 
eight  o'clock,  he  (hould  attend  where  his  duty   called  viiflion,  that  Necker  diiccted  that  violence, 
him."                                                                                                   In  our  account    of  the  commotions  which  were  ex- 
He  repaired,  accompanied  by  a  great  number  of  the  cited  in  Paris  on  the  firft  dilmiffion  ot  that  minifter  and 
members  of  the  liers-eltit,    to  the  door  of  the  hall  of  his  banifhment  from  the  kingdom,  wc  have  been  led  by 
the  States,  demanded  admillion  ;   and  on  being  refufcd  our  democratic  jonrnalills  to  give  circulation  to  a  grols 
by  the  officer  on  guard,  according  to  his  orders,  with  calumny  puhh'ilied  by  them  againlt  the  Prince  de  Lara- 
which  he  acquainted  him,  he  declared  that  he  protefted  befo.      (See  Rkvolution,  n"  36.and37.)  The  truth, 
agalnft  fuch  orders,  and  that  he  rtiould  give  a  report  of  which  is  fo  much  difguiied  in  theie  two  numbers,  is  as 
them  to  the  Adenibly.     To  do  this  he  had  not  far  to  follows:  455 
go,  as  three-fourths  of  the  deputies    of   the   tiers-etat        "  A  detachment  of  the  Royal  AUemand,  fent  to  dif-Conaucl  of 
454       were    already    coUecled  round  him,  or  in   the  avenue  perfe  the  mob  which  was  patrolling  the  ilreets  in  p'o- ',    .      fi'',- 


•afliojs      leading  to  the  palace.      There  it  was  that, 
nfolc'ice  ofj^y  an  immenfe  crowd  of  people,  they  deck 


he  alTcm 


furrounded  celTion  with  the  buds  of  Necker  and  the  I'nfumous  Or- 

lalmed  in  the  leans,  received  a  volley  from  the  French  guards  as  they 

mofl  violent  manner  agalnfl  this  pretended  3i5l  of  defpo-  were   palling  their  quarters    on    the   Charijfee  d' Anti/t, 

tifm.     "  The  National  AfTembly  is  to  be'diflolved  (laid  ftopped  to  return  it,  and  continued  their  march  without 

they),  and  the  country  to  be  phingcd  into  the  horrors  quickening  their  pace.      There  were  fonie  foldiers  kill- 

of  a  civil  war.      If^nnt  reigns  every  where;  everywhere  ed   and  wounded  on   both   fides,  but  fewer  of  the  re- 

the   people  iee  fitmlne  ftaring  them  in   the  face.     This  giment  of  Royal  iVlIemand  than  on  that  of  the  French 

we  were  about  to  put   an  etui  to,   by  rending  the  veil  guards. 

which  covers  the  maiuruvres  of  the  mouopolifls,  the  "  The  detachment  marched  to  the  place  Louis  XV. 
engroffers,  and  the  whole  tribe  of  mifcreants.  The  and  there  found  a  body  ot  dragoons  who  had  been  dif- 
Louifes  XI.  and  Xllf.  the  Richelieus,  the  Mazarlns,  perfing  the  proceffion.  The  two  bulls  were  broken  to 
the  Briennes,  attacked  with  their  defpotifni  only  indi-  pieces  ;  and  the  populace  in  their  fright  taking  refuge" 
viduals  or  fmall  bodies  ;  but  here  It  is  the  whole  nation  in  the  garden  of  the  Thiiilleries,  the  Prince  de  JLain- 
that  is  made  the  fport  of  the  whims  of  a  defpotic  mi-  befc  purfued  them  thither,  at  the  head  of  the  detich- 
niftry.  "  Let  us  meet  upon  the  Place  d' Amies  (faid  mcnt  of  Royal  Allemand,  according  to  the  orders  which 
one  of  thofe  orators)  ;  there  we  {hall  recal  fome  of  the  he  received.  This  fmall  troop  coming  up  to  the  head 
nobleft  days  of  our  hiftoiT-,  the  Natioinil  JJfemllies  of  of  the  Pont-lournant  (or  turi.iiig  bridge),  at  the  extre- 
thcjield  of  May"  •'  Let  us  affemble  in  the  gallery  of  mity  of  the  garden,  found  a  kind  of  barricade,  haftily 
the  palace  (faid  another)  ;  there  we  (liall  prefent  a  new  formed  by  chairs  heaped  upon  one  another  :  while  they 
fight,  by  fpeaking  the  language  of  libi-rty,  in  that  cor-  were  removing  this  obftacle,  they  received  a  fhower  of 
rtipt  hall,  where  a  little  while  fincc  the  head  of  him  Hones,  broken  chairs,  and  bottles,  from  the  two  ter- 
■who  Ihould  have  uttered  that  facred  word  would  have  races,  between  which  the  Pilnce  de  Lambefc  drew  up 
been  devoted  to  the  executioner. — "  No,  no  (faid  a  his  troop,  keeping  conftantly  at  their  head.  Some 
third),  let  us  go  to  Mnrli,  and  hold  our  fitting  on  the  guns  and  jiiilols  were  difcharged  at  them,  which  did  no- 
Terrace  : — let  the  King  hear  us;  he  will  come  from  his  liurt  ;  but  kwralof  the  troopers  were  much  brulfed  by 
palace,  and  will  have  nothing  more  to  do  than  to  place  the  things  that  had  been  thrown  at  ihcin,  and  an  officer.' 
himfclf  in  the  midll  of  his  people  to  hold  the  royal  fit-  was  fevercly  v.-cunded  by  a  (lone, 
ting."  "  The  Prince  de  Lambefc,  keeping  at  fix  paces  fronv 

At  the  conehifion  of  thefe  declamations,  the  fcle  ob-  the  bridge,  oppofed  only  a  fteady  front  to  the  aggre.f- 
jeft  of  which  was  to  alarm  and  exafperatc  the  people,  fions  of  the  populace.  Seeing  that  this  poll  became 
the  Alfembly  decided  upon  tr.msferring  their  litting  to  untenable,  and  that  it  was  impolfible  for  him  aiiy  longer 
the  Tennis-court,  in  the  ftreet  called  live  du  Vicux  /-'ir-  to  rcilrain  his  troopers  from  repelling  force  by  forci',. 
JaUles.  There  M.  Bailly  read  the  letter  which  he  had  he  gave  the  order  for  retreating  out  of  the  garden.  At 
received  from  M.  de  Brc7.e,  and  his  anfwer  to  it  ;  which  the  fame  inllant  a  cry  was  heaad  from  all  fides  of,  turn 
he  had  fcarcely  done,  when  a  fecond  letter  from  M.  de  the  bridge,  turn  the  bridge  ;  and  fome  perfoii!-,  in  confe- 
Breze  was  put  into  his  hands,  the  contents  of  which  queuce,  ran  and  began  to  do  it.  The  Prince  dc  Lam- 
were  as  follows  :                                        ■  befc,  julUy  fearing  that  a  moll  bloody  carnage  would 

"   It  was  by  the  King's  pofitive  order.   Sir,  that   I  be  the  inevitable  conftquence  of  it,  ordered  fome  pilloli 

did  myfelf  the  honour  of  writing  to  you  this  morning,  to  be  fired  in  the  air  towards  the  bridge,   to  awe  thofe 

to  acquaint  you  that,  his  Majtily  purpofing  to  hold  a  who  were  ftrivlng   to  turn  it.      As  the  report  of  this' 

royal  fitting  on  Monday,  and  fume  preparations  being  volley  did  not  deter  them,  he  rode  up  himfelf,  and  with, 

requifite  in  the  three  halls  of  the  alTemblies  of  the  or-  his  fabre  llnick  one  of  thofe  who  were  working  hardeft. 

ders,  it  wa«  his  intention  that  no  pcrfon  fhould  be  ad-  The  man  ran  off;  and  the  Prince  pafDng  the  bridge 

with] 
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with  his  detachment  into  the  Place  Louis  XV.  drew 
up  near  the  Statue,  and  beiiiij  loon  joined  by  the  Swifs 
regiment  of  Chatcauvieux,  took  his  poll  witli  this  force 
near  the  GarJemeuble,  where  he  remained  fonie  time, 
having  placed  the  infantry  before  him.  At  ten  at  night 
part  of  the  troops  were  difniifTcd  to  their  quarters,  and 
the  rell  fcnt  to  Verraillts."  Tlufe  fails  beiii^  all  judi- 
cially confirmed,  prove  how  much  the  Prince  de  Lam- 
befc's  conduA  was  Crtlumniated  by  thofe  jourualilts 
whofe  detail  we  ralhly  adopted. 

In  our  account  of  the  taking  of  the  Baftlle,  milled 
by  our  treacherous  guides,  the  journalills,  we  have 
greatly  magnified  the  military  lliill  and  proweis  of  the 
aflfailants.  That  celebrated  fortrcfs  was  defended  by  a 
garrilon  coufiiking  of  no  more  than  1 14  men,  of  whom 
82  were  invalids.  It  was  attacked  by  30,0:0  men  and 
women,  armed  with  mulkets  and  pikes,  and  furnilhed 
with  a  train  of  artillery  which  they  had  found  at  the 
Hotel  iks  InihtUds,  given  up  to  them  by  the  timidity  of 
the  governor.  Even  this  multitude  would  have  been 
quickly  repulfed  from  the  Ballile,  if  the  governor  of 
thKt  llate-prifon,  who  had  received  no  orders  from  the 
court,  had  been  lefs  reluctant  to  fhed  the  blood  of  his 
rebellious  countrymen  ;  for  the  Parifian  mob  had  then 
difplayed  nothing  of  determined  courage.  A  few  dif- 
charges  of  mufquetry,  and  one  of  canifter  fhot  from  a 
fmgle  eannon,  had  thrown  them  into  confufion,  and 
made  them  (kulk  behind  the  walls,  when  the  ill-timed 
humanity  of  the  governor  made  him  enter  into  a  treaty 
with  the  rebels,  llipulating  only  that  the  garrifon  fliould 
not  be  maflacred.  How  the  llipulation  was  oljferved 
with  refpetl  to  the  governor  himlelf,  we  have  faithfully 
related  ;  but  we  were  miftaken  when  we  faid  that  the 
*'  French  guards  fucceeded  in  procuring  the  latity  of 
the  ganlfon."  The  guards,  with  the  ulmoll  difiiculty, 
faved  indeed  fome  of  them,  but  moll  of  the  invalds  re- 
maining in  the  courts  of  the  caftle  were  put  to  death  in 
the  moil  mcrcilefs  manner. 

Our  account  of  the  murder  of  M.  de  FlefTelles  (n° 
40.)  appears  likewife  to  be  very  incorrect.  This  man 
was  preiident  of  the  aflembly  of  Electors  at  Paris  (See 
RnvOLUTiON,  n"  45,),  and  had  not  quitted  the  Hotel 
{le  Ville,  where  their  rebellious  meetings  were  held,  du- 
ring the  whole  time  of  thefe  dreadful  commotions.  He 
had  even  figned  all  their  atrocious  refolutions,  but  be- 
came fuddenly  fufpefted  from  the  eonfternation  which 
he  manifeftcd  at  the  fight  of  fo  many  hornirs,  and  cfpe- 
cially  at  the  cruel  and  treacherous  murder  of  the  go- 
vernor of  the  Ballile.  The  confequence  was,  that  he 
was  treacheroufly  murdered  himfelt  by  one  of  the  vil- 
lains compofing  that  aflembly  iu  which  he  prelided. 
"  The  ele<Elors  (fays  M.  Bertrand  de  Molleville)  hoped 
to  extenuate  the  horror  of  this  alTaflination,  by  cauling 
it  to  be  confidered  as  a  natural  and  almoll  lawful  ven- 
geance for  a  treachery,  the  proof  of  which  they  pre- 
tended  to  have.  In  fad,  they  declared,  that  when  M. 
de  Launay,  the  governor  of  the  Ballile,  was  arrclled,  a 
letter  had  been  found  in  his  pocket  from  M.  de  Flcf- 
felles,  containing  this  exprcffion  :  '  I  am  amufing  the 
Parifians  with  cockades  and  promifes  ;  hold  out  till 
night,  and  you  will  receive  a  reinforcement.'  But  this 
fuppofed  letter,  which,  had  it  exifted,  they  would  not 
have  failed  to  preferve  very  carefully,  was  never  feen  by 
any  body ;  and  I  heard  M.  Bailly  himfelf  fay,  in  a  vifit 
he  paid  me  when  he  left  the  mayoralty,  that  he  had 


[     462     ]  R     E     V 

no  kiiowledge  of  it,  and  that  it  was  not  in  h's  power     Trcnrh 
tn  refer  to  any  one  who  had  told  him  that  he  had  read '*'^"''"""n< 

In  our  account  of  the  earlier  tranfaiilions  of  the  Re-  Anib'tion 
volution,    we   omitted  to  mention   a  very  extraordinary  and  c  war. 
inftance  of  ambition  to  which  the  Duke  of  Oikans  was  ''C'-''f 'he 


Duke  ..f 
Uilc^ns, 


incited  by  Count  Mirabeau,  but  which  tliat  unnatural 
monller  wanted  courage  to  carry  into  cifedl.  During 
the  commotions  which  prevailed  in  the  capital  on  the 
difnu'iral  of  M.  Necker  from  the  niiiiilb-y,  Orleans  was 
peiluadcd  by  Mirabeau  to  offer  his  fervlces  as  mediator 
between  -the  king  and  his  rebellious  fubj-'Cta  ;  but  to 
ftipulate,  at  the  fame  time,  for  his  appointment  to  the 
high  office  of  lientcnant-goneral  of  the  kingdom  as  nc- 
cefTary  to  give  his  mediation  due  weight  with  the  re- 
bels. The  real  objedl  of  the  profligate  Count,  in  thi$ 
dangerous  propolal,  aiid  which  he  did  not  deign  even 
to  conceal,  was  to  pave  the  way  for  the  infamtuis  Duke 
ftepping  into  the  throne  of  his  relation  and  virtuous 
fovereign.  He  even  went  fo  far  as  to  compofe  the 
fpeeeh  with  which  Orleans  was  to  addrefs  the  king  on 
the  occalion  ;  but  that  coward,  when  he  arrived  at  the 
palace,  was  fo  embarraffed  by  the  confcioufnefs  of  his 
own  wicked  defigns,  that  inllead  of  allying  the  office  of 
lieutenant  general,  he  only  requellcd  permiffion  to  re- 
tire into  England  !  !  A  requeft  which  was  inllantly 
granted. 

This  brought  upon  him  the  contempt  and  indigna- 
tion of  Mirabeau  ;  but  Hill  there  was  a  party  defirous 
ot  placing  him  on  the  throne.  This  we  think  evidint 
from  an  atrocious  faft  mentioned  in  all  the  journals, 
and  confirmed  by  M.  Bertrand.  "  When  the  king,  on 
his  full  vifit  to  Paris  (See  no  44.)  had  arrived  at  the 
Champ  Eiifnes,  three  or  four  guns  were  fired  at  once. 
It  was  never  known  whence  they  proceeded  ;  but  it  is 
certain  that  an  unfortunate  woman  in  the  crowd,  who 
was  in  the  direflion  of  his  Majelly's  carriage,  was  fhot 
at  the  time,  and  fell  dead  on  the  fpot."  As  the  King's 
carriage  held  at  the  time  exaftly  four  perlons,  M.  Ber- 
trand very  naturally  concludes  that  thefe  four  ihots, 
fired  at  pnce  in  its  direftion,  had  been  ordered  anc  paid 
for;  and  we  are  unwilling  to  believe  that  at  that  period 
of  the  revolution  there  was  any  party  diipofed  lo  fiay 
for  the  murder  of  the  fovereign  but  the  Duke  of  Or- 
leans and  his  infamous  adherents.  That  he  was  equal 
to  this  wickednefs  cannot  be  doubted,  when  it  is  known 
that  legal  evidence  was  afterwards  produced  that  he, 
with  fome  other  members  of  the  AlTembly,  fecretly  di- 
redled  the  inlurredlion  of  the  5th  of  Oflober,  and  pro- 
moted  the  outrages  of  that  and  the  fucceeding  day  by 
the  dlllribution  of  money  and  bread  *.  *  Bet  trend') 

We  have  faid  (n°  48.),  the  origin  of  the  report  of  a^''"';{'> 
train   of  gunpowder  being  laid  by  M.  de  Memmay,  to   .  "    ' 
.Mow  into  the  air  a  number  of  patriots,  has  never  been       ^'^^ 
well  explained.      It  was  proved  judicially,  that   at  the  M.  Mem- 
period  when  the  feall  was  given  by  M.  Memmay  to  the  "'^V '"''<*•"   . 
inhabitants  of  Vefoul,  he  was  fetting  vines  in  a  llony"^^"  '  ' 

foil,  where  he  was  often  obliged  to  blow  up  the  greater 
rocks.  Some  foldlers  running  through,  and  ferreting 
every  where  in  the  houfe  and  out-houles,  unfortunately 
took  a  candle  to  the  dark  corner  where  the  barrel  of 
gunpowder  was  lodged,  and  fet  it  on  fire,  in  trying  to 
fee  if  it  contained  wine.  Thefe  fads,  reported  and  at- 
tefted  in  a  memorial  drawn  up  by  M.  Courvoifier,  fo 
completely  juftified  M.  de  Memmay,  that  the  Affem- 

bly 
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French    bly  could  not  avoid  teftifying  his  innocence  by  a  decree  difobedient    foldlers    in    that    fiiminaiy    way,    without     French 

•':>'"'""°"-ifl'iicd  the  4th  of  June.  which   no  armed   force  can   be  cotmnanded,  had  com- '^*][°'"""" • 

'              In  n''  70  we  have  faid  that  the  National  Anembly,  pletely  diforganifed  the  army,   and  fiibllituted  for  raar-         ' 
-(lepowcis after  its  removal   from  Verfailles  to  Paris,   T/as  in  toler-  tial  law  patriotic  exhortations,  legillative  decrees,  and 
if  the  af-     able  fecurity  ;  but  M.  Bertrand  has  proved,  by  evidence  the  novel  jurifdiflion  of  municipalities.      Tlie  foldiers 
cnibly  in     jv,^  moll  incontrovertible,  that  it   did  not  think,  itfilf  knew  their  own   itrength,  of  which  indeed  they  were 
Jre"     feciive  ;   and  that  if  the  miniilers  had  been  capable  «f  continually  informed  by  the  friends  of  the  revolution  ; 
ailed  by     employing  events  to  their  own  advantage,   the  pov/ers  and  while  they  Ihook  off  the  authority  of  their  military 
ti  coniti-    of  that   factious  body  muft   have   been   recalled  by  its  commanders,  they  laughed   at   the  impotent  decrees  of 
utiits.         oyyn    conftituents.     The   horrible   outrages   committed  the  Alfcnibly.      At   Nancy  they    had   iniprifoned   two 
on  the  5th  and  6th  of  OAubcr  had  ihockcd  all  France,  general  officers,  and  committed  other  outrages  of  the 
The  wanton  coi.rtfcation  of  the  property  of  the  church,  rnotl  icrious  nature.      It   was  the  duty  of  the  Marquis 
liad  demonltrated  to  every  man  of  iound  judgment,  tli.Tt  de  Bouillc,  as  governor  of  the  province,  to  reduce  the 
under  the  new  order  of  things  no  property  could  be  fe-  infurgents  by  force,  if  force  (hould  be  found  neceffary  ; 
cure  :   and  by  the  defertiou   of  its  more  virtuous  and  but  he  had  accomplifhed  his  objeft   without   fhedding 
moderate  members,  the  AfTembly  had  become  a  rump  blood,   and   was   congrat'.dating  the  two  liberated   ge- 
ejTemHy.     It  was  therefore  much  alarmed  when  the  inter-  nerals,  and  fojne  of  ihe  principal  inhabitants,  upon  fo 
mediate  commifTion  of  the  flutes  of  Cambrelis  entered,  happy  a  termination   of  the  aftair,   when  the  populace, 
on  the  9th  of  November,   into  a  rclolution,  in  which,  and  many   foldlers  who  had  not  followed  their  colours, 
considering  — "  that    certain  decrees    of  the    National  fired  upon  the  troops  under  his  con)mand,  and   killed 
AfTembly  are  paving  the  way  for  the  niio  of  the  king-  fifty  or  tixty  men.      The  troops  immediately  returned 
dom,  and  the  annihilation  of  religion  ;  that  if  they  have  the  tire  ;   and  a  great  number  of  the  rebellious  mob  and 
been  able  to  place  one  fpecies  of  property  at  the  dilpo-  mutinous   garrifon  were   of  courfe   put   to  the  fword. 
fal  of  the  nation,  men  of  all  kinds  of  property  may  ex-  That  fuch  able  and  firm  condurt  in  Bouille  excited  in- 
peA  the   fame   fate  ;   they  declare  from  this  moment,  dignation  among  the  Jacobins  of  Paris,  is  very  proba- 
the  power  of  tlie  deputies  of  Cambrelis  to  the  National  ble  ;   but  even  the  king  himfelf  did  not  exprefs  higher 
AfTembly  to  be  null  and   revoked."      Had  M.  Necker  approbation    of  it    than    the    National   AfTembly,  who 
and  his  colleagues  had  addrefs  to  get  finiilar  refolutions  v/ere    duly    fenfible   that   it  faved  themfelves  from  de- 
entered  into  at  the  fame  time  by  the  eledlors  of  all  the  ftruftion,  which,  had  he  failed  in  his  enterprife,  would 
bailiwicks   of  the  kingdom,  the  AfTembly   mufl   have  have   been  inevitable.     Three   months  afterwards,  in- 
been  difTolved,  and  France,  even  then,  might  have  been  deed,    when   the    fabrication    of  counter-revolutionary 
faved ;   but    thofe    miniflers    were    themfelves    nothing  plots  became  part  of  the  daily  bufinefs  of  this  enlight- 
more  than  the  humble  and  docile  agents  of  the  AfTem-  ened  AfTembly,  Tome  cenfurcG  were  thrown  by  the  Ja- 
461      bly.  cobins  upon   the  Marquis's  conduct  on   this,  occafiou  ; 
irue  ac-          There  is  no  part  of  our  former  narrative  more  incor-  and  thofe  cenfures  were  loudly  applauded.  463 
ed  b  '  k  ^^'^^^'  or  more  likely  to  millead  the  public,  tlian  our  ac-          We  have  likewife  been   led,  by  our  fallacious  guides,  ?'^-  fj^,    . 
count   of  the  red-book   (n°  75).      It    is  fuch,  however,  to  accufe  this  gallant  ofhcer    (n°yi.)   of  hiving  laidjvjLX 
as  was  then  current,  without  any  addition  or  aggrava-  open  the  country  to  the  inroads  of  foreign  armies;  and 
tion  by  us.     The  villains  (k)  who,  in  diredl  contradic-  we  have  given  an  incorreft  account  of  the  king's  flight 
tion  to  their  own   folemn  promife,   as  well  as  to  every  from   Paris.     There   is  no   evidence   whatever   for  the 
principle  of  honour,  made  part  of  that  book  public,  had  truth  of  the  charge  againfl  the  Marquis  de  Bouille,  and 
the  impudence  to  affirm,  that  by  the  fuppreffion  of  the  it   is   direftly   contrary  to  his  general  charadler.      He 
fuperfluous  penfions  regifleved  in  it,   a  faving  would  be  was   indeed   a   royalift,  and   would  doubtlefs  have  co. 
made  to  the  public  of  near  a  fifth  in  the  bulk  of  the  ex-  operated  with  the  Prince  of  Conde  and  the  other  emi- 
pcnces  of  every  year.      M.  Bertrand,  taking  for  granted  grants  In   redoring  the  king   to   his  lawful  authority; 
the  accuracy  of  their   flatements,  for  the  exaggeration  but  he  was  likewife  a  Frenchman  and   a  patriot  in  the 
of  which,  however,  he  urges  arguments  more  than  plan-  befl  fenfe  of  tlic  word  ;  and  he  would  have  died  in  de- 
fible,  proves,  if  arithmetical  calculation  affords  proof,  fence  of  the  rights  and  independence  of  his  country, 
that  by  the  fuppreffion  of  fuch  penfions  as  even  iAcji  called  He  certainly  meant  to  protect  tlie  king  in  his  journey 
fuperfluous,  the  faving  in  the  bulk  of  the  annual  ex-  from  Paris  to  Montmedi,    where    it   was  to  ternn'nate  ; 
pences  could  not  polfibly  have  amounted  to  more  than  and    he  had  flationed  troops  of  dragoons  on  the  road 
the  tivo  hundredth  part  !     It  was  not  therefore  witiiout  for  that   purpofe  ;  but   the  unfortunate  Louis  had  de- 
reafon  that  M.  Necker,  in  anfwer  to  their  publication,,  layed  his  journey  a  day  longer  than  was  agreed   upon  ; 
faid,  "  I  know  not  whether  the  books  of  the  finances  and  even  when  he  fet  out,   neglefled   to  fend  couriers 
,        of  any  fovereign  in  Europe  can  fliew  a  fimilar  total."  before  him  to   warn   the  troops  of  his  approach.      He 
Ind  of  the       O"''  account  of  the  mutiny  of  the  foldiers  at  Nancy  thus  travelled  unprotefted  ;  and  the   confequence  was 
mutiny  at    (n''  83.)  is  very  inaccurate.      Far  from  being  excited  fuch  as  we  have  related.      Yet  the  gallant  Bouillc,  tho' 
fancy.        by  tbe  officers  that  mutiny  was  the  natural  confequence  this  journey  was  undertaken  contrary  to  his  advice,  de- 
of  the  abfurd  decrees  of  the  AfTembly  ;  which  having  clared  himfelf  the  author  of  it,  in  that  letter  in   which 
declared  all  men  equal,  and  mads  it  criminal  to  punilh  he  threatened  the  AfTembly  with  vengeance  of  all  Eu- 
rope 

(k)  Thefe  were  the  Marquis  de  Montcalm- Gozon,  Baron  Felix  de  Wimpfen,  de  Menou,  Freteau  L.  M.  dc 
Lepeaux,  the  Abbe  Expilly,  Caraus,  Goupil  de  Prefeln,  Gautier  de  Biauzat,  Treilbard,  Champeauit-Pakfucj 
and  Cottin, 
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4^5 
Treaty  if 
Pavia  a  for- 
ge')'- 


rope  if  they  (hould  dare  to  touch  a  hair  of  the  lieads  of 
the  royal  family. 

In  n°  90.  \vc-  have  mofl  unaccountably  faid,  that  the 
king  was  permitted  to  continue  hisjourney  to  St  Cloud. 
This  is  direftly  contrary  to  truth.  The  prefident,  af- 
ter hearing  his  complaint  againtl  thofe  who  had  pre- 
vented it,  replied  indeed  in  a  fpeech,  containing  fome 
exprtirions  of  gratitude  and  atledion,  mixed  witli  rc- 
fledions  on  the  refraftory  priefts  ;  but  the  Affembly 
determined  nothing  refpefting  the  propriety  of  the  jour- 
ney. They  did  not  even  fufier  a  fingle  motion  to  be 
rnade  on  the  fuojeft  ;  and  threatened  with  imprifon- 
ment  one  of  the  members  who  propofed  to  take  it  into 
confideration  !  The  king  was  therefore  obliged  to  abandon 
this  excurfion,  though  it  was  firft  undertaken  from  reli- 
gious motives;  and  it  was  then  that  he  ferioufly  thought 
of  attempting  to  elude  the  vigilance  of  his  rebellious 
guards,  and  of  taking  up  his  refidence  at  Montmedi. 


French    rope  if  they  (hould  dare  to  touch  a  hair  of  the  lieads  ot     into  by  tliem  to  fupport  the  caufe  of  the  French  princes,     French 
Revolution., h^  rr.xral  familv  to  liberate  the  king,   and  to  fave,  if  pofllble,   tiie  mo- j^"""  "'"^ 

narchy.      They   delivered,  accordingly,  to  the  Count 
d'Artois  the  following  declaration: 

"  His    Majclly   the   limperor,   and   his  Majefty   the 
King  of  Pruiiia,  having   heard  the  defires  and    the  re- 
prefcntations  of  Monfieur  and  his  Royal  Highnels  the 
Count  d'Artois,  declare,  conjointly,  that  they  confidcr 
the  fituation  in  which  Itis  Majelly  the   King  of  France 
is  at  prefent  placed,  as  a  matter  which  concerns  the  in- 
tercfl  of  every  fovereign  of  Europe. — They  hope  that 
that   intercft   will  not  fail  to  be  acknowledged  by  the 
powers  whofe  afliftance  is  required  ;   and  that  confe- 
quently  they  will  not  refufe  to  employ,   in  conjunftion 
with  their  Majelties,  the  moft  efficacious  means,  accord- 
ing to  their  abilities,  to  put  the  King  of  France  in  a 
fituation  to  eitablifli,  in  perfeft  liberty,  the  foundations 
of  a  monarchical  government,  equally  agreeable  to  the 
In  n"  96.  we  have  publilhed,  with  doubts  indeed  of     rights  of  fovereigns  and  the  welfare  of  the  French  : 
its  authenticity,   what   was   called   the   treaty  of  Pavhi     then,  and  in  that  cafe,  their  Majefties  are  determined 
and  the  con-vention  at  Pi!nit%.     The  terms  in  which  we     to  aft  promptly  and  by  mutual  conient,  with  the  forces 
introduced  that  fcandaious  fabrication  to  the  notice  of     necelfa.y  to  obtain  the  end  propofed  by  all  of  them.    In 
our  readers,  and  the  principles  which  we  have  uniform-     the  mean  time  they  will  give  orders  for  their  troops  to 
ly  avowed  through  the  whole  of  this  voluminous  work,      be  ready  for  aftual  fervice. 
furnifli,  we  hope,  fufiicient  evidence  that  we  could  have  "  Pilnitz,  Avgvjl  27.  1791. 

no  intention  to  deceive  the  public.     Truth,  however,  "  Signed  by  the  EnTperor  and  the  King  of  Pruffia." 

demands  of  us  to  acknowledge,    in  the  moft  explicit  Such   was    the    agreement    entered   into  at  Pilnitz, 

terms,  that  the  pretended  treaty  of  Pavia  is  not  only  a  which  was  fo  grofsly  mifreprefented  by  the  French  Ja- 
forger\',  but  a  buno-ling  forgery,  defective  in  fome  of  cobins,  and  by  their  zealous  partizans  in  this  country, 
the  moil  ufual  diplomatic  forms  ;  and  that  the  confe-  Had  not  Louis  XVI.  accepted  the  conllitution  fimply 
rences  at  Pilnitz  between  the  Empeior,  the  King  of  and  unconditionally,  the  confequence  of  this  convention 
Pruffia,  and  the  Count  d'Artois,  related  to  objects  very  might  have  been  the  faving  of  the  French  monarchy, 
different  from  a  partition  of  the  French  territories.  and  the  prefervlition  of  peace  in  Europe  ;  but  that  ac- 

Sc  early  as  the  month  of  May  1791,  a  plan  had  been  ceptance,  fo  little  looked  for  by  the  high  contrafting 
digefted  by  the  Emperor,  the  King  of  Pruffia,  and  the  powers,  completely  thwarted  their  meafures  for  a  time; 
King  of  Spain,  wilh  the  concurrence  of  Louis  XVI.  and  before  their  armies  were  put  in  motion,  the  mo- 
for  liberating  that  unfortunate  Monarch  from  the  con-     narchy  was  overturned,  and  the  monarch  a  prifoner.  45^ 

finement  in  which  he  was  kept  in  his  own  capital.    The  In   our   account   of  the  origin  of  the  war  betvveen  The  French 

means  to  be  employed  were  a  coalition  among  the  prin-     Great  Britain  and  France  (n°  147,  148.),  we  have  pto- ' ''^^  ^.*<*<'|^" 
cipat  powers  on  the  continent  to  lead  armies  in  every     ved,  by  evidence  which  to  ourfelves  appears  irreiiftihie,  .^^^^  .j,,;^]^ 


quarter  to  the  borders  of  France.  During  the  alarm 
which  fo  menacing  an  appearance  could  not  but  excite 
in  that  kingdom,  a  declaration  by  the  houfe  of  Bour- 
bon, complaining  of  the  cruel  and  iniquitous  treatment 
of  its  head,  was  to  be  circulated  through  France,  and 
to  be  immediately  followed  by  the  manifefto  of  the 
combined  powers.  This,  it  was  prefumed,  would  fur- 
niflt  a  fufficient  reafon,  even  to  the  National  Affembly, 
for  the  king's  going  to  the  frontiers,  and  placing  him- 
felf  at  the  head  of  the  army  ;  but  if  it  fliould  not,  pe- 
titions were  to  be  procured  from  the   army   and   the 


that  the  French  regicides  were  the  aggreffors,  and  that  Britain, 
the  Britifli  miniflry  did  all  that  could  be  done,  confift- 
ently  with  the  independence  of  their  own  country,  to 
maintain  the  relations  of  amity  betvveen  the  two  nations. 
That  wt  have  interpreted  fairly  that  decree  of  the  Con- 
vention by  which  this  kingdom  was  forced  into  the  war, 
is  rendered  incontrovertible  by  a  fublequent  decree  on 
the  15th  of  December,  by  which  their  generals  were 
ordered  to  regulate  their  conduct  in  the  countries  which 
their  armies  then  occupied,  or  might  afteriuards  occupy. 
In  the  preamble  to  this  decree,  they  exprefsly  declared. 


provinces,  requefting  his  prefence,  as  the  only  means  left  that  their  principles  -would  not  permit  them  to  achnoiuledgf 

of  preventing  a  civil  as  well  as  foreign  war.      Had  this  any  of  the  injlituttons  militating  againji  the  fovereignty  of 

meafure,  which  was  partly  fuggelled  by  Mirabeau  and  the  people;   and  the  various  articles  exhibit  a  complete 

partly  by  Montmorin   and  Calonne,  been   fleadily  pur-  fyllem  of  demolition.     They  infill  on   the  immediate 

fued,  there  can  be  little  doubt  but  it  would  have  proved  fupprejfion  of  all  exijling  authorities,  the  abolition  of  rant 

completely   fuccefsful.      It  was  defeated,   however,  by  and  privilege  of  e\i:ry   ddcripUon,  znA  ihe  fupprefion  of 
the  king's  ill  concerted  attempt    to   efcape  to  Mont- 
medi, and   by  a  very   imprudent   and  degrading  letter 
■which  he  was  afterwards  perfuaded  to  feud  to  every  fo- 


a(6 
Real  con- 
vention at 
Pilnitz. 


reign  power. 

At  Pilnitz,  where  the  Emperor  and  the  King  of 
Pruffia  met,  on  the  25th  of  .Xuguft,  to  fettle  between 
themfe  ves  foine  inlerefts  too  delicate  to  be  adjufted  by 


all  exijling  impojls.  Nay,  thefe  friends  to  freedom  even 
declare,  that  they  will  treat  as  enemies  a  whole  nation 
(un  peuple  entier)  which  fhall  prefume  to  rejeS  liberty 
and  equality,  or  enter  into  a  treaty  -with  a  prince  or  pri- 
vileged cajls  ! 

It  is  worthy  of  remark,  that  the  very  day  on  which 
this  decree,  containing  a  fyftematic  plan  for  diforgani- 


the  ufual  diplomatic  modes,  an  agreement  was  entered     zing  all  lawful  governments,  paffcd  the  Affembly,  the 

prov!* 
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French  provli'ional  executive  council  wiote  to  their  agent,  Cliau- 
Jlevolution  yj-ij,,^  jfiHiy^^ing  him  to  difavow  all  hoitilc  intentions 
'  »  on  the  part  of  France,  and  to  procliiim  her  deteftation 
pf  the  idea  of  a  war  with  England  !  Yet  the  fame  pro- 
viiionai  council,  in  their  comments  on  the  i  ith  article 
of  this  decree,  thus  cxprefs  themftlves  :  "  The  right  of 
natural  defence,  the  duty  of  fecuring  the  prefcrvation 
of  our  liberty,  and  the  fuccefs  of  our  arms,  tlie  univer- 
fal  interill  of  reftoring  to  Europe  a  peace,  ivh-ch  fJn 
ciinnol  obltiin  lul  l>y  the  annihilation  of  the  de- 
spots and  their  fateU'Uts,  every  thing  impofes  on  us  the 
oliligation  of  exerciiing  al!  the  rigours  of  iviir,  and  the 
rights  of  cniiquell,  towards  a  people  fo  tond  of  their 
chains,  fo  oblliiiately  wedded  to  their  degradation,  as 
to  refufe  to  be  rellored  to  their  rights,  and  who  are  the 
accomplices,  not  only  of  their  oiun  defpots,  but  even  of 
all  the  crotvned  vfurpen,  who  divide  among  themfelves 
the  dominion  of  the  earth  and  its  inhabitaiits  "  That 
Britain  is  one  of  thofe  countries  which  the  Affenihly 
thought  their  armies  might  afterwards  occupy,  and 
that  the  great  majority  of  Britons  were  a  people  to- 
wards whom  their  principles  obliged  them  to  exerciie 
all  the  rigours  of  war,  and  the  rights  of  conqueil,  is  evi- 
dent from  the  following  extratt  of  a  letter,  written  on 
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regulated  government  ;   and  they  cr^ployed,  in  tjuelling     Fier.fh 
the  troubles  that   had  favoured   their  ui'urpation,  thofe  R'^^"''"""- 
very  legions,  that  fame  army,  wiiich  they  had  ufed  to         ' 
excite  them. 

"  This  was  not  the  cafe  in  France  :  tliere,  the  rcvo- 
hition,  or  rather  the  firtt  of  thofe  it  experienced,  and 
of  which  the  others  were  the  inevitable  coufcquence, 
was  not,  whatever  be  fuppofed,  the  refult  of  a  confpi- 
racy,  or  preconcerted  plan,  to  overturn  the  throne,  or 
to  place  an  ufurper  upon  it.  It  was  unexpediedl)  en- 
gendered by  a  commixture  of  wtaknefs,  ignorance,  ne- 
gligence, and  numbe.-leis  errors  in  the  government.  The 
States  General,  however  imprudent  their  convocation 
irray  have  been,  would  have  produced  only  ufcful  re- 
forms, if  they  had  found  the  limits  of  their  power  mark- 
ed out  by  a  hand  fufiicieiitly  firm  to  have  kept  tliera 
within  tliat  extent.  It  wa.^,  however,  but  too  evident 
that,  even  before  their  opening,  they  were  dreaded,  and 
that  confequently  they  might  attempt  whatever  they 
pleafcd.  From  that  time,  under  the  name  of  Clubs, 
various  afiociations  and  faiilions  fprang  up  ;  fome  more 
violent  than  others,  but  all  tending  to  the  fubverlion  of 
the  exitting  government,  without  agreeing  upon  the 
form  of  that  which  was  to  be  fubllituted  :   and  at  that 


the  3  eft  of  December  1792,  by   Monge,  a  member  of    junfture  alfo  the  projcfls  of  the  faflion,    whofe  views 


the  council,  and  minifter  of  the  marine  to  the  fea-ports. 
"  The  King  and  his  parliament  mean  to  make  war  up- 
on us.  Will  the  EngUJh  republicans  fi'_ffer  it  ?  Already 
thefe  free  men  (hew  their  difcontent,  and  the  repug- 
nance which  they  have  to  bear  arms  a^ainft  their 
brothers  the  French.  Well  !  we  will  fly  to  their  fuc- 
cour.  We  will  make  a  defcent  on  the  ifland  ;  we  will 
lodge  there  50,000  caps  of  liberty  ;  we  will  plant  there 
the  facrcd  tree  ;  and  we  will  ftretch  out  our  arms  to  our 
KKPUBLiCAN  BRETHREN.  The  tyranny  of  their  govern- 
ment will  be  deflroyed." 

As  thefe   two  decrees  of  November  and  December 

1792  have  never  been   repealed,  and  as  their  obj eft   is 

fo  plainly  avowed  in  the  commentaries  of  the  executive 

council,   and  in   this  letter  of  the  miniller  of  marine, 

they  would  alone  fufficiently  anthorife  us  to  adopt   as 

our  own   the  following  refleftlons  of  M.  Bertrand  de 

•Introdnc-Moleville*.      With  thefe,  as  they   give  a  concife  but 

•*"'  *?.  ^/-^  perfpicuous  view  of  the  rife  and  progrefs  of  that  revo- 

>c  Ftcnrh    lotion,  or,   to  fpeak  more  correftly,  that  feries  of  revo- 

evahticn,    lutions  which  has  for  feven  long  years  opprefTed,   not 

France  alone,  but  all   Europe,  we   (hall   conclude  this 
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tide 


'.ertrand's  "  Popular  infurreftions,  and  an  army  (fays  this  able 
icwof  cheand  ufeful  writer),  have  hitherto  been  the  ufual  means, 
f'(,t"f,  r  or  chief  inftruments,  of  every  revolution  ;  but  thofe  in- 
le  revolu-  furreftions  being  of  the  moft  ignorant  and  unthinking 
on.  clafs  of  the  people,   were   always  fomented  by  a  certain 

number  of  faftious  men,  devoted  to,  and  dependent  up- 
on, fome  ambitious  chief,  daring,  brave,  of  military  ta- 
lents, fole  and  abfolute  conduftor  of  every  (lep  of  the 
revolt,  and  mafter  of  all  the  means  of  the  infnrreftion. 
In  the  hands  of  this  chief,  the  foldiers,  or  people  arm- 
ed, were  but  machines,  which  he  let  in  motion  or  re- 
ftrained  according  to  his  pleafure,  and  of  which  he  al- 
ways made  ufe  to  put  an  end  to  revolutionary  dilorders 
and  crimes,  as  foon  as  the  objeft  of  the  revolution  was 
gained.  So  Caefar  and  Cromwell,  after  they  had  ufurp- 
ed  the  fupreme  power,  loft  no  time  in  fecuring 'it  to 
themfelves,  by  placing  it  on  the  bsfis  of  a  wife  and  weU- 
SuppL.  Vol.  II.  Part  11. 


were  to  have  the  Duke  of  Orleans  appointed  lieutenant- 
general  of  the  kingdom,  began  to  appear. 

"  This  faftion,  or  more  properly  this  confpiracy, 
was  indeed  of  the  fame  nature  as  thofe  that  had  pro- 
duced all  former  revolutions,  and  might  have  been  at- 
tended with  the  fame  confequences,  had  the  Duke  of 
Orleans  been  pofTelTed  of  that  energy  of  cluirader,  that 
bravery  and  daring  fpirit,  requilite  in  the  leader  of  a 
party.  The  people  had  already  declared  in  his  favour, 
and  he  might  very  eafily  have  corrupted  and  brought 
over  a  great  part  of  the  army,  had  he  been  equal  to  the 
command  ot  it  :  but,  on  the  very  firft  occafion  of  per- 
fonal  rifle,  he  difcovered  fuch  cowardice  and  mean- 
nefs,  that  he  defeated  his  own  confpiracy,  and  convin- 
ced  all  thofe  who  had  entered  into  it,  that  it  was  im- 
poifible  to  continue  the  revolution,  either  in  hii  favour 
or  in  conjunflion  with  him.  The  enthuliafni  the  peo- 
ple had  felt  fur  him  ended  with  the  efforts  of  thole  who 
had  exciied  it. 

"  Mr  Necker,  whom  the  multitude  had  aflociated 
with  him  in  their  homage,  ftill  preferved  for  fome  time 
his  adorers,  and  that  little  cabal  which  was  for  ever 
exalting  him  to  the  (kles.  liut  as  he  was  Inferior  even 
to  the  Duke  of  Orleans  in  military  talents  and  difjjoli- 
tions,  he  was  as  Ihtle  calculated  to  be  the  leader  of  a 
revolution,  or  of  a  great  confpiracy  :  for  which  reafon 
his  panegyrills  then  confined  themfelves  in  thtir  pam- 
phlets and  placards,  with  which  the  capital  was  over- 
run, to  infinuating  that  the  only  means  of  faving  the 
ftate  was  to  declare  Mr  Necker  DiSator  ;  or  at  kail  to 
confer  upon  him,  under  fome  title  more  confident  witii 
the  monarchy,  the  authority  and  powers  attached  to  that 
republican  office.  In  faft,  if  after  his  difmiflion,  in  thr 
month  of  July  i  789,  he  had  dared  to  make  this  a  con- 
dition of  his  return  to  the  miniftry,  it  is  more  thsn  pro- 
bable that  the  king  would  have  been  under  the  necciii- 
ty  of  agreeing  to  it,  and  perhaps  of  re-eftabli(hing  in 
his  perfon  the  office  of  mayor  of  the  palace.  At  that 
moment  he  might  have  demanded  any  thing :  eight 
days  later,  he  might  have  been  refufed  every  thing  ; 
3  N  and 
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French    and  very  foon  after,  he  was  reduced  to  fneak  out  of  the 
Revolution. ;^;„„JQ„,^   in  order  to  efcape  the  cffefts  of  the  general 
•  contempt  and  eenfure  which  he  had  brought  upon  him- 

felf. 

•'  General  La  Fayette,  w  ho  then  commanded  the  Pa- 
rifian  National  Guard,  gathered  the  wrecks  of  all  this 
popularity,  and  might  have  turned  them  to  the  greateil 
advantage,  if  he  had  polfeded  '  that  refolute  charadkr 
and  heroic  judgment'  of  which  Cardinal  de  Retz  Ipeaks, 
and  '  which  ferves  to  dillinguilh  what  is  truly  honour- 
able and  ufeful  from  what  is  only  extraordinary,  and 
what  is  extraordinary  from  what  is  impoffible.'  With 
the  genius,  talents,  and  ambition  of  CromwtU,  he  might 
have  gone  as  great  a  length  ;  with  a  lefs  criminal  ambi- 
tion, he  might  at  leall  have  made  himfelf  mafter  of  the 
revolution,  and  have  direfled  it  at  his  pleafure  :  in  a 
word,  he  might  have  fecured  the  triumph  of  whatever 
party  he  (hould  have  dcclarerl  himftlf  the  leader.  But 
as  unfit  for  fupporting  the  character  of  Monk  as  that  of 
Cromwell,  he  foon  betrayed  the  fecret  of  his  incapacity 
to  all  the  world,  and  was  dillinguiihed  in  the  crowd  of 
cinlUtutional  ringleaders  only  by  his  three  coloured 
plume,  his  epaulets,  white  horfe,  and  famous  faying — 
•  Infurredtion  is  the  moil  facred  of  duties  when  oppref- 
iion  is  at  its  height.' 

•'  The  revolution,  at  the  period  when  the  faftion 
that  had  begun  it  for  the  Duke  of  Orleans  became  fcn- 
fible  that  he  was  too  much  a  coward  to  be  the  leader 
of  it,  and  when  La  Fayette  difcovered  his  inability  to 
conduit  it,  was  too  far  advanced  to  recede  or  to  Hop  ; 
and  it  continued  its  progrefs,  but  in  a  line  that  no  other 
revolution  had  taken,  viz.  without  a  military  chief, 
without  the  intervention  of  the  army,  and  to  gain  tri- 
umphs, not  for  any  ambitious  confpirator,  but  for  poli- 
tical and  moral  innovations  of  the  mod  dangerous  na- 
ture ;  the  moll  fuited  to  millead  the  multitude,  incapa- 
ble of  comprehending  them,  and  to  let  loole  all  the 
paflions.  The  more  violent  combined  to  deftroy  every 
thing;  and  their  fatal  coalition  gave  birth  to  Jacobinifm, 
that  terrible  monftcr  till  then  unknown,  and  till  now 
not  fufficiently  unmafked.  This  monller  took  upon 
itfelf  alone  to  carry  on  the  revolution  ;  it  direfted,  it 
executed,  all  the  operations  of  it,  all  the  explofions,  all 
the  outrages  :  it  every  where  appointed  the  nioft  active 
leaders,  and,  as  inftruments,  employed  the  profligates  of 
every  country.  Its  power  far  furpafltd  that  wliich  has 
been  attributed  to  the  inquifition,  and  otiier  fiery  tri- 
bunals, by  thofc  who  have  fpoken  of  tliem  with  the 
greatell  exaggeration.  Its  ceiitre  was  at  Paris  ;  and 
its  rays,  formed  by  particular  clubs  in  every  town,  in 
every  little  borough,  overfpread  the  whole  furlace  of 
the  kingdom.  The  conftant  corrcfpondence  kept  up 
between  thofe  clubs  and  that  of  the  capital  ;  or,  to  ule 
their  own  expreflion,  d<;s  Soclites  populuires  ajfilu'ts  avcc 
la  Soctdte  mere — '  between  the  aiSllated  popular  Socie- 
ties and  the  parent  Society,'  was  as  fecret  and  as  fpeedy 
as  that  of  free-mafons.  In  a  word,  the  Jacobin  clubs 
had  prevailed  in  caufing  themfelves  to  be  looked  up  to 
as  the  real  national  repiefentation.  Under  that  pre- 
tence thty  cenfured  all  the  authorities  in  the  moll  im- 
perious manner ;  and  whenever  their  denunciations,  pe- 
titions, or  addreffes,  failed  to  produce  an  immediate  ef- 
feft,  they  gained  their  point  by  having  recourfe  to  in- 
furrcttion,  aflfaffination,  and  fire.  While  Jacobinifm 
thus  fubjeacd  all  France  to  its  controul,  an  immenfe 
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number  of  emiflaries   propagated   its  doflrines   among     French 
foreign  nations,  and  prepared  new  conquefls  for  it.  Revol  Jtion. 

"  The  National  AITenibly,  the  capital,  indeed  we  '~~v-~^ 
may  fay  all  France,  was  divided  into  three  very  dlllinfl 
parties,  'ihe  mull  confiderable  in  number,  but  unhap- 
pily the  weakell  through  a  deficiency  of  plan  and  refo- 
lution,  was  the  party  purely  Royal  :  it  was  adverfe  to 
every  kind  of  Revolution,  and  was  folely  defirous  of 
fome  improvements,  with  the  reform  of  abufes  and  pe- 
cuniary privileges  : — the  moil  able,  and  moll  intriguing, 
was  the  Conllitutional  party,  or  that  which  was  defi- 
rous of  giving  France  a  new  monarchical  conftitution, 
but  modified  after  the  manner  of  the  Englilh,  or  even 
the  American,  by  a  houfe  of  reprefentatives.  The 
third  party  was  the  moll  dangerous  of  all,  by  its  daring 
fpirlt,  by  its  power,  and  by  the  number  of  profelytes 
it  daily  acquired  in  all  quarters  of  the  kingdom  :  it 
comprifed  the  Democrats  of  every  defcription,  from  the 
Jacobin  clubs,  calling  themfelves  Friends  of  the  Conjli- 
lut'wn,  to  the  anarchs  and  robbers. 

"  The  Democratic  party,  which  at  firll  was  only 
auxiliary  to  theConilltutlonal  one,  in  the  end  annihilated 
it,  and  became  itfelf  fubdivided  into  feveral  other  par- 
ties, whofe  fatal  llruggles  produced  the  fubfequent  re- 
volutions, and  may  ftill  produce  many  more.  But  in 
principle,  the  Conftitutionaliils  and  the  Democrats 
formed  two  dillin6l,  though  confederate,  fatlions;  both 
were  defirous  of  a  revolution,  and  employed  all  the 
ufual  means  of  accompllfhing  it,  except  troops,  which 
could  be  of  no  ufe  to  them,  for  neither  of  them  had  a 
leader  to  put  at  the  head  of  the  army.  But  as  it  was 
equally  of  importance  to  both  that  the  king  fhould  be 
deprived  of  the  power  of  making  ufe  of  it  agaiull  them, 
they  laboured  in  concert  to  diforganife  it  ;  and  the  com- 
plete fuccefs  of  that  manoeuvre  was  but  too  fully  pro- 
ved by  the  fatal  ilfue  of  the  departure  of  the  royal  fa- 
mily for  Montmedi.  The  revolution  then  took  a  more  q  pftitu- 
daring  and  rapid  llride,  which  was  concluded  bytbeti"nof 
pretended  conihtution  act  of  1791.  The  incoherence '79' <^°'"' 
of  its  principles,  and  the  defects  of  its  inllltutions,  pre-|  ° 


r  "i-   •   1  r    T        •    1  r      I  i-r       •  r    ■  ,"  fil  ft  rcVoltt- 

lent  a  laitnrul  picture  or  the  dilunion  01  its  authors,  ji^n. 
and  of  the  oppofite  intereits  by  which  they  were  fway- 
ed.  It  was,  properly  fpeaking,  a  compact  between  the 
faction  of  the  Conllitutionaliils  and  that  of  the  Demo- 
crats, in  which  they  mutually  made  conceflions  and  fa- 
crifices. 

"  Be  that  as  it  may,  this  abfurd  conftitution,  the 
evcrlafting  fuurce  of  remorfe  or  forrow  to  all  who  bore 
part  in  it,  might  have  been  got  over  without  a  fhock, 
and  led  back  to  the  old  principles  of  monarchical  go- 
vernment, if  the  Aflembly  who  framed  it  had  not  fe- 
parated  before  tliey  witneifcd  the  execution  of  it  ;  if, 
in  impofing  on  the  king  the  obligation  to  maintain  it, 
they  had  not  deprived  him  of  the  power  and  the  means; 
and  above  all,  if  the  certain  confequence  of  the  new 
mode  of  proceeding  at  the  eleftions  had  not  been  to 
fecurc,  in  the  iccond  Aflembly,  a  confiderable  majority 
of  the  Democratic  againlt  the  Conllitutional  party. 

"  The  fecoud  Aflembly  was  alfo  divided  by  three 
fadtlons,  the  weakell  of  which  was  the  one  that  wiflied 
to  maintain  the  conllitution.  The  other  two  were  for 
a  new  revolution  and  a  republic  ;  but  they  differed  In 
this,  that  the  former,  compofed  of  the  Briflbtins  and 
Girondllls,  was  for  eff"eaing  it  gradually,  by  beginning 
with  divelling  the  king  of  popularity,  and  allowing  the 

public 
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French    public  mind  time  to  wean  itfelf  from  its  natural  attacl 

Revolution,  j^j.^^  to  monarchy  ;  and  the  latter,  which  was  the  lead 

'         numerous,  was  eager  to  have  the  repubh'c  eftabh'flied  as 

foon  as  poflible.      Tliefe  two  faftions,   having  the  fame 

objeft  in  view,  though  taking  different  roads,  were  ne 
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of  giving  every  pofTible  latitude  to  the  freedom, of  elec-  ^^ 
tioiis,  decreed,  that  all  its  members  fhould  be '  eh'gible  ^^ 
for  the  National  Convention. 

"  I'Vom  that  moment  tiic  Girondifts  daily  loft  ground, 
and  the  moft  flaming  members  of  the  Democratic  party. 


French 

lutior. 


cefiarily  auxih'aries  to  each  other;  and  the  pamphlets,  fupported  by  the  club  of  Jacobins,  by  the  new  Com- 
excitations  to  commotion,  and  revolutionary  meafurcs  mune  of  Pan's,  and  by  the  Tribunes,  made  thcmfelvea 
of  both,  equally  tended  to  overthrow  the  conilitution  of  mafters  of  every  debate.  It  was  of  the  utmoft  import- 
l^pi.  ance  to  them  to  rule  the  enfuing  eleftions  ;  and  this 
"  Thofe  different  fadlions,  almoft  entirely  compofed  was  fecured  to  tlicm  by  the  horrible  confternation  which 
of  advocates,  folicitors,  apoilate  priefts,  doiftors,  and  a  the  maffacres  of  the  2d  of  September  (Iruck  through- 
few  literary  men,  having  no  military  chief  capable  of  out  the  kingdom.  The  terror  of  being  affaninated,  or 
taking  the  command  of  the  army,  dreaded  the  troops,  at  Icall  cruelly  treated,  drove  from  all  the  Primary  Af- 
who  had  fworn  allegiance  to  the  conftitution,  and  obe-  femblies,  not  only  the  royalifts  and  conftitutionalills, 
dience  to  the  king,  and  who  moreover  might  be  influ-  but  moderate  men  of  all  parties.  Of  courfe,  thofe  af- 
enced  by  their  officers,  among  whom  there  ftill  remain-  femblies  became  entirely  compofed  of  the  weakcft  men 
ed  fome  royalifts.  The  fureft  way  to  get  rid  of  all  un-  and  the  greatell  villains  exiiling  in  France  ;  and  from 
eafinefs  on  this  fubjeft,  was  to  employ  the  army  in  de-  among  the  moll  frantic  of  them  were  chofen  thofe  mem- 
fending  the  frontiers.  For  this  purpofe  a  foreign  war  bers  of  the  Convention  who  were  not  taken  from  the 
was  neceffary,  to  which  it  was  known  that  the  king  and  legiflatlve  body.  Accordingly,  this  third  Affembly, 
his  council  were  equally  averfe.  No  more  was  want-  in  the  firft  quarter  of  an  hour  of  their  (iril  fitting,  weia 
ing  to  determine  the  attack  which  was  dircfted,  almoll  heard  (houting  their  votes  for  the  abolition  of  royalty, 
at  the  fame  time,  againll  all  the  minifters,  in  order  to  and  proclaiming  the  republic,  upon  the  motion  of  a 
compel  them  to  retire,  and  to  put  the  king  under  the  member  who  had  formerly  been  a  player. 
neceffity  of  appointing  others  more  difpofed  to  fecond  "  Such  an  opening  but  too  plainly  (hewed  what  wan 
the  views  of  the  parties.  Unhappily  this  attempt  was  to  be  expected  from  that  horde  of  plunderers  which 
attended  with  all  the  fuccefs  they  had  promifed  them-  compofed  the  majority  of  the  National  Convention,  and 
felves  ;  and  one  of  the  firft  afts  of  the  new  miniftry  was  of  whom  Robefpierre,  Danton,  Marat,  and  the  other 
to  declare  war  againft  the  Emperor.  At  the  lame  time,  ringleaders,  formed  their  party.  That  of  the  Briffo- 
the  emigration  that  had  been  provoked,  and  which  was  tins  and  Girondifts  dill  exifted,  and  was  the  only  one 
almoft  everywhere  applauded,  even  by  the  loweft  clafs  of  really  republican.  Thefe  femi-wretches,  glutted  with 
people,  robbed  France  of  the  flower  of  the  royal  party,  the  horrors  already  committed,  feemed  defirous  of  ar- 
and  left  the  king,  deprived  of  his  beft  defenders,  expo-  rcfting  the  torrent  of  them,  and  laboured   to  introduce 


into  the  Aflembly  the  calm  and  moderation  that  were 
necefiary  to  give  the  nev.'  republic  a  wife  and  folid  or- 
ganization. But  the  fuperiority  of  their  knowledge, 
talents,  and  eloquence,  which  their  opponents  could  not 
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fed  to  the  fufpicions  and  infnlts  that  fprang  from  innu- 
merable calumnies,  for  which  the  diiafters  at  the  be- 
ginning of  the  war  furniflied  but  too  many  opportu- 
nities. .  ^  ,  ,  J  

The  fecond      "  ^"   ''^'^  manner  was  prepared  and  accelerated  tire  dilpute,  had  no  power  over  tigers  thirfting  for  blood, 

evolution,  new  revolution,  which  was  accompliflied  on  the  loth  of  who  neither  attended  to  nor  fuffered  motions  but  of  the 

Auguft  1792,  by  the  depofition  and  impriloninent  of  blackeft  tendency.  No  doubt  they  had  occafion  forxheVhIrJ 
the  king,  and  by  the  moft  flagrant  violation  of  the  con-  atrocities  upon  atrocities  to  prepare  the  terror- ftruckrevolutioK. 
ftitution  of  1791.  The  latter,  however,  was  not  entire-  nation  to  allow  them  to  commit,  in  its  name,  the  moft 
ly  abandoned  on  that  day  ;  for  the  projedt  of  the  Gi-  execrable  of  all,  the  murder  of  the  unfortunate  Louis 
rondifts,  who  had  laid  the  plot  of  that  horrible  confpi-  XVI. :  and  that  martyrdom  was  neceffary  to  bring  about 
racy,  was  then  only  to  declare  the  king's  depofition,  in  a  third  revolution,  already  brewing  in  the  brain  of 
order  to  place  the  prince  royal  upon  the  throne,  under  Robefpierre.  Fear  had  greatly  contributed  to  the  two 
the  guidance  of  a  regency  compofed  of  their  own  crea-  former  :  but  this  was  effcfted  by  terror  alone,'  without 
tures;  but  they  were  hurried  away  much  farther  than  popular  tumults,  or  the  intervention  of  the  armies  ; 
they  meant  to  go,  by  the  violence  with  which  the  moft  which,  now  drawn  by  their  conquefts  beyond  the  fron- 
furious  of  the  Jacobins,  who  took  the  lead  in  the  iiifur-  tiers,  never  heard  any  thing  of  the  revolutions  at  home, 
redlion,  conducted  all  their  enterprifcs.  The  prince  till  they  were  accomplilhed,  and  always  obeyed  the  pre- 
royal,  inftead  of  being  crowned,  was  fliut  up  in  the  vailing  faction,  by  whom  they  were  paid. 
Temple  ;  and  if  France  at  that  moment  was  not  decia-  "  By  the  decree  of  ferocity  difcovered  bv  the  mem- 
red  a  republic,  it  was  lefs  owing  to  any  remaining  re-  bers  of  the  Convention  in  paffing  feiuence  upon  the 
fpeft  for  the  conftitution,  than  to  the  fear  the  legiflative  king,  and  in  the  debates  relative  to  the  conftitution  of 
body  was  In  of  raifing  the  army  againft  it,  and  alfo  the  1793,  Robefpierre  was  enabled  to  mark  which  of  the 
majority  of  the  nation,  who  would  naturally  be  angry  deputies  were  likely  to  fecond  his  views,  and  which  of 
to  iee  a  conftitution  which  feemed   to  be  rendered  fe-  them  it  was  his  part  to  facrificc. 

cure   and  ftable   by  fo   many  oaths,   thus  precipitately  "  The  people  could  not  but  with  tranfport  receive  a 

overthrown,  without  their  having  .been  confulted.  conftitution  which  feemed  to  realife  the  chimera  of  Its 

"   It  was  on   thefe  confideratlons  that  the  opinion  fovereignty,  biit  which  would  only  have  given  a  kind 

was  adopted,    that  a  National  Convention   fliould    be  of  coaftruftlon  to  anarchy,  If  the  execution  of  this  new 

convoked,  to  determine  the  fate  of  royalty.      Prompt  code  had  not  been  fiifpcnded  under  the  pretext,  btlong- 

in  felzing  all  the  means  that  might  enfure  the  fuccefs  ing  in  common  to  all  afts  of  defpotifm  and  tyranny,  of 

of  this  fecond  revolution,  the  Aflembly,  under  pretence  t/je  fu^reme  Iu-m  of  the  f"fety  of  the  flate.     This  fufpcn- 
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French    fjon  was  effefted,  by  eftablifhing  the  Piovifionary  Go- 
Revolution,  yernment,  which,  under  the  title  of  Revolutionary  Go- 
vernment, concentrated  all  the  powers  in  the  National 
Convention  until  there  fhould  be  an  end  to  the  war  and 
all  intedine  troubles. 

"  Although  the  faflion,  at  the  head  of  which  Robe- 
fpierre  was,  had  a  decided  majority  in  the  affemblv, 
and  might  confequently  have  C(jnfidered  themfelves  as 
really  and  exclufively  excrcifing  the  fovereign  power,  he 
was  a  demagogue  of  too  defpolic  a  nature  to  ftomach 
even  the  appearance  of  fliaring  the  empire  with  fo  ma- 
ny co-fovereigns.  He  greatly  reduced  their  number, 
by  caufing  all  the  powers  invcfted  in  the  National  Af- 
jembly  by  the  decrees  that  had  eftablilhed  the  revolu- 
tionary government,  to  be  transferred  to  a  committee, 
to  which  he  got  himfelf  appointed,  and  where  he  u-as 
fure  of  the  fole  rule,  by  obtaining  for  colleagues  men 
lefs  daring  than  himfelf,  though  equally  wicked  ;  fuch 
as  Couthon,  St  Juft;,  Barrere,  and  others  liite  them. 
This  committee,  who  had  the  afflirance  to  ftyle  them- 
felves the  Committee  of  Public  Safety,  very  foon  feized 
upon  both  the  legiflative  and  executive  powers,  and  ex- 
ercifed  them  with  the  moft  fanguinary  tyranny  ever 
yet  heard  of.  The  minifters  were  merely  their  clerks  ; 
and  the  fubjugated  Affembly,  without  murmur  or  objec- 
tion, paffed  all  the  revolutionary  laws  which  were  pro- 
pofed,  or  rather  diftated,  by  them.  One  of  their  moft 
horrible  aiid  decifive  conceptions  was  that  of  thofe  Re- 
volutionary tribunals  which  covered  France  with  fcaf- 
folds,  where  thoufands  of  viftims  of  every  rank,  age, 
and  fex,  were  daily  facrificed  ;  fo  that  no  clafs  of  men 
could  be  free  from  that  ftupifying  and  general  terror 
which  Robefpierre  found  it  necedary  to  fpread,  in  order 
to  eftablifh  and  make  his  power  known.  He  foon  him- 
felf dragged  fome  members  of  his  own  party,  fuch  as 
Danton,  Camille  des  Moulins,  and  others,  whofe  energy 
and  popularity  had  offended  him,  before  one  of  thofe 
tribunals,  where  he  had  them  condemned  to  death.  By 
the  fame  means  he  got  rid  of  the  chief  leaders  among 
the  BrilTotines  and  Girondifts  ;  while  he  caufed  all  the 
moderate  republican  party,  who  were  ftill  members  of 
the  Afi'embly,  except  thofe  who  had  time  and  addrefs 
to  efcape,  to  be  fent  to  prifon,  in  order  to  be  fentenced 
-J  and  executed  on  the  firft  occafion. 
The  fourth  "  In  this  manner  ended  the  third  revolution.  In  which 
revolution  the  people,  frozen  with  terror,  did  not  dare  to  take  a 
jroducEs  part.  Inllead  of  an  army  of  foldiers,  Robefpierre  em- 
ployed an  army  of  executioners  and  affaffins,  fct  up  as 
revolutionary  judges  ;  and  the  guillotine,  ftriking  or 
menacing  all  heads  indifcriminately,  made  France,  from 
one  end  to  the  other,  fubmit  to  him,  by  the  means  of 
terror  or  of  death.  Thus  was  this  nation,  formerly  fo 
proud,  even  to  idolatry,  of  its  kings,  feen  to  expiate, 
by  rivers  of  blood,  the  crime  of  having  fuffered  his  to 
be  fpilt  who  was  the  moft  virtuous  of  all  their  mo- 
narchs. 

"  In  the  room  of  that  famous  Baftile,  whofe  cele- 
brated capture  and  demolition  had  fet  only  fcven  pri- 
foners  at  liberty,  two  of  whom  had  been  long  in  a  ftate 
of  lunacy,  the  colleges,  the  feminaries,  and  all  the  reli- 
gions houfes  of  the  kingdom,  were  converted  into  fo 
many  ftate  prifons,  into  which  vi'ere  inceftantly  crowd- 
ed, from  time  to  time,  the  vitfims  devoted  to  feed  the 
ever-working  guillotines,  which  were  never  fuffered  to 
ftand  ftlU  for  a  day,  becaufc  they  were  at  once  the  chief 
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refource  of  fupplles  for  the  government,  and  the  inftru-     Pienth 
ment  of  its  ferocity.      •  The  guillotine  coins  money  for  *^ ''"'>'"''<"'. 
the  republic,'  was  faid  in  the  tribune  by  one  of  Robe-       ■  * 
fpierre's  vileft  agents*.      ]n  fadt,  according  to  the  ju-*  S'"''"'- 
rifprudence  of  the  Revolutionary  Tribunals,  the  ricli  of 
every  clafs,  being  declared   fufpefted  perfons,  received 
fentence  of  death,  for  no  other  reaftin  than   that  of  gi- 
ving the  confifcation  of  their  property  a  Ihow  of  judi- 
cial form. 

"  Still  blood  flowed  too  flowly  to  fatisfy  Robefpierre; 
his  aim  was  but  partly  attained  by  the  profcription  of 
the  nobles,  the  priefts,  and  the  wealthy.  He  fancied, 
not  only  an  arlftocracy  of  talents  and  knowledge,  but 
of  th?  virtues,  none  of  which  would  his  trufty  orators 
and  journallfts  admit,  fave  that  horrid  ^n/(7j;///?n  which 
was  eftimated  according  to  the  enormity  of  the  crimes 
committed  in  favour  of  the  revolution.  His  plan  was 
to  reduce  the  French  people  to  a  mere  plantation  of 
flaves,  too  ignorant,  too  ftupid,  or  too  pufillanimous, 
to  conceive  the  idea  of  breaking  the  chains  with  which 
he  would  have  loaded  them  in  the  name  of  liberty  ;  and 
he  might  have  fucceeded  in  it,  had  not  his  ambition,  as 
impatient  as  it  was  jealous,  too  foon  unveiled  the  inten- 
tion of  reforting  to  the  guillotine  to  ftrike  off  the . 
ftiackles  with  which  an  affembly  of  reprefentativcs  of 
the  nation  fettered,  or  might  fetter,  his  power.  He 
was  about  to  give  this  decifive  blow,  which  he  had  con- 
certed with  the  Commune  of  Paris,  the  Revolutionary 
Tribunal,  the  Club  of  Jacobins,  and  the  principal  offi- 
cers of  the  National  Guard,  when  the  members  of  the 
Convention,  who  were  marked  out  to  be  the  firft  facri- 
ficed, anticipated  him  at  a  moment  when  he  leaft  ex- 
pefted  it,  by  attacking  himfelf  in  the  Affembly,  with 
energy  fuflicient  to  roufe  all  the  feftions  of  the  capital 
againft  him  and  againft  the  Jacobins.  The  parties  came 
to  blows,  and  vi£lory  remained  uncertain  for  feveral 
hours  ;  but  at  length  declared  againft  Robefpierre.  In 
the  fpace  of  a  day,  that  execrable  monrter  was  dragged 
from  the  higheft  pitch  of  power  ever  attained  by  any 
tyrant,  to  the  very  fcafibld  that  was- ftill  reeking  with 
the  blood  of  his  laft  vl£flms.  His  principal  accomplices 
in  the  Committee  of  Public  Safety,  in  the  Commune, 
in  the  National  Guard,  in  the  Revolutionary  Tribunal, 
and  many  of  his  agents  in  the  provinces,  met  the  fame 
fate.  The  Revolutionary  Tribunals  were  fupprelfed, 
and  the  prifons  thrown  open  to  all  whom  they  had  caft 
into  them. 

"  This  fourth  revolution,  in  which  the  faftion   then-p^g  ^onfil;, 
efteemed  the  moderate  party  overthrew  the  terrorifts,tution  o£, 
and  feized  the  fupreme  power,  was  no  lefs  complete '795- 
than   thofe  which   had  preceded  it,  and  produced  the 
conftitution  of  1795.     All   France  received  as  a  great 
blciring  a  conftitution  that  delivered  them  from  the  re- 
volutionary government  and  its  infernal  policy.   Befides,  , 
it  b.ad,  in   fplte  of  great  defefts,  the  merit  of  coming 
nearer  than  the  two  preceding  ones,  to  the  principles  of 
ordct,  of  juftlce,  and  real  liberty;  the  violation  of  which 
had,  for  five  years  before,  been  the  fource  of  fo  many  dif- 
afters  and  fo  many  crimes.     The  royallfts.  confidering 
it  as  a  ftep  towards   monarchy,  were   unfortunately  fo 
imprudent  as  to  triumph  in  it  ;   and  their  joy,   as  pre- 
mature as  indifcreet,  alarmed  the  Affembly  to  fuch  a 
degree,  that  they  paffed  the  famous  law,  ordaining  the 
Primary  Aflemblies  to  return  two-thirds  of  the  mem- 
bers of  the  Convention  to  the  legiflative  body,  which 

was 
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wa5  to  fucceed  that  affembly.  It  was  ttiiis  that  the 
fpirit  of  the  Convention  coiitiinied,  for  the  firft  year,  to 
be  difplayed  in  the  two  councils. 

"  In  the  yea-r  following,  the  bias  of  the  public  mind, 
perhaps  too  haillly  tinned  towards  royalty,  fhewed  it- 
ftlf  in  the  elections  of  the  members  for  the  new  third, 
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were  execrated  by  the  public  under  the  title  of  Trium-  French 
virate  ;  and,  if  requifitc,  they  would  have  been  fupport- 1^'-'''°'""""; 
ed  by  more  than  30,000  armed  citi/cns,  who,  with  ' 
Piche^ru  and  Villot  at  their  head,  would  foon  have 
difperttd,  and  perhaps  brought  over,  the  feeble  detach, 
ments  of  troops  of  tlic  line  which  the  DircAory  had  at 
fo  clearly  as  to  alarm  the  regicides  who  compofed  the  their  command.  The  lesrinative  body,  relying  too  much 
Direftory,  and  the  Conventionalifts,  who  dill  made  a  upon  its  popularity,  did  not  fuflicicntly  confiJer,  that 
third  of  the  legillative  body  ;  nor  did  they  iofe  a  nio-  the  people,  whofe  impctuofity  is  commonly  decilive 
ment  in  devifing  means  for  their  defence.  That  which  when  allowed  to  take  advantage  in  attack.,  are  always 
appeared  the  fnrell  to  them  was,  to  publifh  notices  of  feeble  on  the  defeniive,  and  totally  unable  to  withllarid 
plots  among  the  royalilts,  and  annex  one  or  more  de-  every  affault  made  previous  to  an  infurrtftion,  for  it  is 
nunciation*,  in  terms  fu  vague  as  to  leave  room  for  im-  always  eafy  to  prevent  their  alTemblimg.  It  was  on 
plicating,  when  nccelfary,  all  their  advcrfaries  ;  while  this  principle  that  the  Diredlory  founded  their  opera- 
by  the  help  of  this  impoilnre  they  procured  fame  fecret  tions,  and  the  5th  of  Stptcmber  too  well  proves  how 
information,  artfully  fabricated,  and  ever  eafily  obtain-  juiUy.  That  day  reduced  the  legifiative  body,  by  the 
ed  through  threats  or  rewards  by  thofe  who  have  at  moll  degrading  fubjugation,  to  a  mere  difgulling  cari- 
command  the  guillotine  and  the  public  treafure.  cature  of  national  leprefentatiou  ;  it  invcfted  the  Diiec- 
"  This  maflced  battery  was  ready  to  be  opened  be-  tuvy  with  the  mod  arbitrary  and  tyraimic  power,  and 
fore  the  members  of  the  new  third  took  their  feats,  rcflortd  the  fyP.em  of  Robefpierrc,  under  a  form  lefs 
Thefe  at  tirll  confined  themfelves  to  the  lecuring  of  a  bloody,  but  not  lefs  pernicious;  for  the  Revolutionary 
conftant  majority  in  the  two  councils  in  favour  of  the  Tribunals  which  that  monfter  had  tilablilhed,  were 
moderate  opinions  ;  but  in  a  little  time  every  fitting  was  fcarccly  more  expeditious  than  the  military  ones  of  the 
marked  by  the  repeal  of  fome  revolutionary  law,  or  by  Direftory.  The  power  of  arbitrary  and  unlimited 
fome  decree  tending  to  rellrain  the  executive  authority  tranfportation  is,  in  time,  as  delbudtivc  as  the  guillo- 
within  the  limits  fixed  by  the  conftitution.  tine,  without  pofTcffing,  like  that,  the  advantage  of  ex- 
"  The  Directory,  alarmed  at  the  abridgment  of  their  citing  a  falutary  horror,  which,  by  recovering  the  pco- 
'  power,  and  dreading  ftill  m.ore  ferious  attacks  upon  it,  pie  from  the  ftate  of  ftupor  and  apathy,  the  conltar.t 
came  to  a  refolution  of  no  longer  poftponing  the  blow  effefts  of  terror,  gives  them  both  rtcolleflion  and  force 
they  had  been  meditating  againft  the  legiflative  affem-  to  break  their  chains.  Though,  in  violating  the  mofl 
bly:  and  they  accoinjililhed,  in  the  manner  related  in  n"  eflcntial  regulations  of  the  conftitution,  the  Directory 
:;09.  a  fifth  revolution,  as  complete  as  any  of  thofe  obtained  a  temporary  confirmation  of  their  power,  their 
by  which  it  was  preceded.  It  differed  indeed  from  example  pointed  out  to  Eonaparte  and  Sicycs  the  pathThc  fixth 
them  effentially  in  the  facility  and  promptnefs  with  which  they  purfued  with  infinite  addrtfs,  and  ia  which  revoluiinn, 
which  it  was  efFefted,  although  the  party  which  pre-  they  accompliflied  a  fixth  revolution."  '""'  <:™f"- 
vailed,  that  is  to  fay,  the  majority  of  the  DIreflory,  and  How  long  the  coufular  government  will  continue,  it  ^'  g"'»"'''- 
the  minority  of  the  Legiflative  Body,  had  to  combat  is  impofTible  to  conjefture  ;  but  Bonaparte  has  labour- 
not  only  againft  the  conftitution,  but  againft  the  opi-  ed  fuecefsfully  to  reconcile  to  it  a  great  part  of  the  na- 
nion,  and  even  againft  the  indignation,  of  the  public,  tion.  Soon  after  his  fuccefiion,  he  relaxed  the  feverity 
That  moral  force,  on  which  the  majority  of  the  two  of  the  exillfng  laws  againft  the  emigrants  ;  and  he  has, 
councils  had  unluckily  placed  all  their  reliance,  vanifh-  from  time  to  time,  ftruck  oft"  fuch  numbers  from  tlie 
ed  in  an  inftant  before  the  phyfical  force  of  a  detach-  black  roll  of  Robefpierre  and  the  Diredlory,  that  many 
ment  of  troops  confifting  of  fix  or  feven  hundred  men  ;  perfons,  known  to  be  royalifts,  as  well  as  members  of 
fo  true  is  it  that  the  power  of  the  public  opinion,  ri-  the  conftituent  alfcmbly,  have  returned  to  France,  and 
diculoufly  exaggerated  in  thefe  days,  is  and  can  be  no  enjoyed  ofHces  of  truft  under  his  government.  To 
more,  under  a  firm  and  well  ordered  government,  than  fome  he  has  even  rcftored  fuch  parts  of  their  eflates  as 
a  mere  fancy.  Men  accullom  themfelves  too  eafily  to  were  not,  by  a  deed  of  the  nation,  in  the  pofiVlTion  of 
take  for  public  opinion  the  private  opinions  made  public  other  indi\  iduals  ;  and  he  gives  no  countenance  at  his 
by  certain  writers,  whofe  caution  or  audacioufuefs  de-  court  to  the  Jacobinical  appellation  of  Citizen,  or  the 
pends  always  upon  the  energy  or  fetblenefs  of  the  fu-  reft  of  the  fiang  of  liberty  and  equably.  .,, 
preme  authority.  It  is  the  fame  thing  with  popular  Tlie  Cardinals  had,  at  Venice,  proceeded  to  the  clec-The  reft<v> 
commotions  :  they  are  eafily  excited  under  a  weak  go-  tion  of  a  Pope,  while  Rome  was  in  the  p(  ftefliun  of  the  ration  of 
vernment,  which  does  not  poffcfs  the  wifdom  to  prevent  troops  of  the  Direflory  ;  but  the  Emperor,  having  re-  '-''i"""'"* 
or  the  fpirit  to  fupprefs  them  ;  but  a  vigorous,  juft,  and  ftored  that  city,  together  with  the  wreck  of  the  eccle- p. 
ftrift  government  has  nothing  to  fear  from  them.  The-  fiallical  ftate,  to  the  new  Pontiff,  the  Chief  Conful,  af- 
Direftory,  compelled  to  withdraw  the  larger  body  of  ter  the  battle  of  Marengo,  not  only  acqulefccd  in  the 
troops,  which  they  had  thought  necefiary  to  enfure  the  meafure,  but,  as  foon  as  he  was  firmly  fcated  on  his 
revolution  they  were  meditating,  difcovered,  no  doubt,  throne,  made  overtures  to  his  Holinefs  for  the  read- 
great  ability  in  fecuring  the  two  councils,  by  appearing  miffion  of  France  into  the  bofom  of  the  church.  This 
to  dread  them  :  but  it  was  chiefly  to  the  energy  of  was  the  moft  judicious  ftep  that  he  could  have  taken, 
their  meafures,  and  to  the  concentration  and  prompt-  and  the  beit  calculated  to  fupport  his  authority.  Ha- 
nefs  with  which  they  were  executed,  that  they  owed  ving  no  religion  himfelf,  he  was  induced  to  eftablifli  the 
their  fuccefs.  Two  days  before,  the  legiflative  body  Catholic  in  preference  to  the  Reformed,  only  becaufc 
might,  without  obftruftion,  have  impeached,  arrefted,  he  found  it  moft  agreeable  to  the  majority  of  the  French 
and  even  outlawed,  the  majority  of  the  Diredory,  who  people ;  but  he  granted  to  the  Proteftants  the  moft  U--- 
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beral  tolei-ation,  and  fcems,  by  his  concordate  with  the 
•Pope,  to  have  retained  to  himfelf  an  authority  over  the 
church  h'ttle  (hort  of  that  wliich  was  alfumed  by  Henry 
VIII.  of  England,  when  he  broke  off  all  corrcfpon- 
dence  with  the  court  of  Rome. 

Thefe  meafurcs  were  fo  popular,  that  when  he  relto- 
red  peace  to  the  republic,  he  was  fuddenly  chofen  Con- 
ful  for  life  ;  and  it  was  even  propofed  by  feme  of  his 
creatures  to  convert  the  republic  into  an  empire,  and 
create  him  xXitJirJl  Emperor  of  I  he  Gauls.  This  prnpo- 
fal,  however,  was  fupported  by  no  party.  The  royalids 
could  not  give  their  vote  fur  elevating  a  foreigner  to  a 
higher  rank  than  was  ever  held  by  that  augull  family, 
for  the  fupport  of  which  they  had  hazarded  their  lives 
and  fortunes.  The  genuine  democrat  fubmitted  with 
reluftance  to  the  power  of  a  Conful,  and  abhorred  the 
very  found  of  the  words  Emperor  and  empire.  Even 
the  moderate  conftitutlonalift,  who  thinks  it  his  duty 
to  fupport  every  government  which  happens  to  be  ella- 
bliflied,  was  afhamed  to  relinquifh  fo  openly  the  prm- 
ciples  which  had  induced  him  to  rebel  againft  Louis 
XVI.  Bonaparte  was  therefore  not  made  an  Emperor, 
but  a  Conful  for  life,  with  more  than  Imperial  power; 
and  was  authorifed  to. nominate  his  fucceffor,  in  the 
event  of  his  dying  without  male  iffue. 

If  this  lad  revolution  operate  not  as  a  warning  to  all 
the  nations  of  Europe,  fhewing  them  the  extreme  dan- 
ger of  fudden  and  violent  innovations  in  the  govern- 
ment of  a  great  flate  ;  if  it  convince  them  not  that  the 
forereignty  of  the  people  is,  in  fuch  a  flate,  the  parent 
of  individual  defpotifm  ;  and  that  the  principles  of  de- 
mocracy, however  plaufible  they  may  appear  in  a  po- 
litical effay,  cannot  be  carried  into  praftice — we  mud 
conclude  that  thefe  nations  are  incapable  of  learning 
wifdom  from  experience.  In  the  17th  century  the  con- 
ftitution  of  Great  Britain  was  overturned,  and  a  virtu- 
ous  monarch  murdered,  to  make  way  for  a  republic, 
which  foon  gave  place  to  the  military  defpotifm  of  a 
private  Englifli  gentleman.  In  the  fucceeding  century 
a  crew  of  lawyers  and  phllofophifts,  who,  under  the  de- 
nomination of  the  ftates  general,  had  been  called  toge- 
ther to  devife  fome  remedy  for  the  diforder  into  which 
the  finances  of  France  had  fallen,  fnatched  the  fceptre 
from  the  hands  of  their  mild  fovereign,  who  was  foon 
afterwards  brought  to  the  block.  In  France,  as  in 
England,  the  monarchy  was  fucceeded  by  a  democrat!- 
cal  government,  exceeding  in  tyranny  and  cruelty  all 
the  defpotifms  of  fingle  men,  whether  called  Kings  or 
-Emperors,  that  the  world  has  yet  feen.  There,  too, 
the  democracy  gave  place  to  the  military  defpotifm  of 
a  private  gentleman  ;  but  that  gentleman  is  not  a  na- 
tive, but  a  foreign  adventurer,  of  a  family  never  heard 
of  beyond  the  limits  of  the  little  ifle  of  Corfica  till  after 
the  commencement  of  the  revolution,  which  involved  all 
Europe  in  its  vortex.  If  the  confular  government  con- 
tinue, the  reign  of  equality  is  indeed  at  an  end  ;  but 
the  furrounding  nations  have  more  to  dread  from  con- 
fular ambition,  than  they  had  to  dread  from  the  ambi- 
tion of  Louis  XIV.  when  he  was  at  the  fummit  of  his 
glory  and  his  arrogance.  Many  circumflances  confpi-. 
red  to  reftrain  his  Majefty's  ambition  with!':  certain  li- 
mit.s  ;  but  the  ambition  of  him  who  has  no  fon  to  fuc- 
ceed  him,  and  who  is  placed  in  fuch  a  fituatiou,  that 
events  may  fall  out  which  will  prefent  to  him  no  per- 
fonal  fafety  but  in  foreign  war,  is  obvioufly  under  no 
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reftraint.     All  this  might  have  been  prevented  had  the  Rhabdolo- 
coalefced  powers,   at  the  beginning  of  the  contcil,  a£l.        gy 


ed  confcientioufly  on  the  principles  fo  ably  enforced  by 
that    ilUiftrious  Itatcfman   Mr  Burke  ;  but  the  King  of  •, 
Pruffia's   jealoufy  of  the  Houfe  of  Auftria  made   him 
abandon  the  caufe,   and,  for  the  fake  of  humbling  his 
rival,  facrifice  Europe  to  the  ambition  of  France. 

RHABDOLOGY,  or  Rabdologv,  in  arithmetic, 
a  name  given  by  Napier  to  a  method  of  performing 
fome  of  the  more  difficult  operations  of  numbers  by 
means  of  certain  fquare  little  rods.  Upon  thefe  are  in- 
fcrlbed  the  fimple  numbers  ;  then  by  fhifting  them  ac- 
cording to  certain  rules,  thole  operations  are  performed 
by  fimply  adding  or  fubtrafting  the  numbers  as  they 
fland  upon  the  rods.  Sec  Napier's  Rahilologia,  printed 
in  1617.      See  alfo  the  article  Nafifils  Bones. 

RHOMB  Solid,  confifts  of  two  equal  and  right 
cones  joined  together  at  their  bafes. 

RICE  (fee  that  article,  and  Oryza,  Encycl.)  19 
flrongly  recommended,  in  a  late  publication,  as  the  bell 
corredlive  oi  fprit  flour,  of  which  there  is  a  great  quan- 
tity in  Scotland  every  year,  and  of  coiirfe  a  great  deal 
of  unplealant  and  unwholcfome  bread-  The  gentle- 
man, who  writes  the  (hort  paper  alluded  to,  diredts  ten 
pounds  of  flour  and  one  pound  of  ground  rice,  with  the 
ufual  quantity  of  yeft,  to  be  placed,  for  about  two 
hours,  before  a  fire,  and  then  formed  into  bread  in  the 
common  way.  Tiiis  addition  of  rice,  befides  corteft- 
ing  the  bad  qualities  of  the  damaged  flour,  adds,  he 
fays,  much  to  its  nutriment  :  and  he  is  undoubtedly 
right  ;  for  the  flour  of  rice,  though  very  nutritious,  is 
fo  dry,  that  it  is  difficult  to  make  bread  of  it  by  itfelf. 
See  Bread  of  Rice  in  this  SuppL 

As  rice  is  a  favourite  fubllitute  for  bread  in  years  of 
fcarcity,  it  may  not  be  dlfagreeable  to  our  readers  to 
know  the  method  of  cukivatmg  the  plant  in  thofe  coun- 
tries where  it  is  the  principal  food  of  tl*e  inhabitants. 
We  have  the  following  full  and  perfpicuous  account  of 
the  Chinefe  prafllce  by  Sir  George  Staunton. 

"  Much  of  the  low  grounds  in  the  middle  and  fouth- 
ern  provinces  of  the  empire  are  appropriated  to  the 
culture  of  that  grain.  It  conftitutes,  in  la6t,  the  prin- 
cipal part  of  the  food  of  all  thofe  inhabitants,  who  are 
not  fo  indigent  as  to  be  forced  to  fuhfill  on  otlier  and 
cheaper  kinds  of  grain.  A  great  proportion  of  the  fur- 
face  of  the  country  is  well  adapted  for  the  produiftion 
of  rice,  which,  from  the  time  the  feed  is  committed  to 
the  foil  till  the  plant  approaches  to  maturity,  requires 
to  be  immerfed  in  a  fheet  of  water.  Many  and  great 
rivers  run  through  the  fcveral  provinces  of  China,  the 
low  grounds  bordering  on  thofe  rivers  are  annually  in- 
undated, by  which  means  is  brought  upon  their  furface 
a  rich  mud  or  mucilage  that  fertilizes  the  foil,  in  the 
fame  manner  as  Egypt  receives  its  fecundative  quality 
from  the  overflowing  of  the  Nile.  The  periodical  rains 
which  fall  near  the  fources  of  the  Yellow  and  the  Kiang 
rivers,  not  very  far  diftant  from  thofe  of  the  Ganges 
and  the  Burampooter,  among  the  mountains  bounding 
India  to  the  north,  and  China  to  the  weil,  often  fvvell 
thofe  rivers  to  a  prodigious  height,  though  not  a  drojy 
of  rain  Ihould  have  fallen  on  the  plains  through  which 
they  afterwards  flow. 

"  After  the  mud  has  lain  fome  days  upon  the  plains 
in  China,  preparations  are  made  for  planting  them  with 
rice.     For  this  purpofe,  a  fmall  fpot  of  ground  is  in- 

clofed 


Rice. 
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R'"-  clofed  by  a  bank  of  clay  ;  the  earth  Is  ploughed  up  ; 
*  and  an  upright  harrow,  with  a  row  of  wooden  pins  in 
tlic  lower  end,  is  drawn  lightly  over  it  by  a  buffalo. 
The  grain,  which  had  previoufly  been  tleeped  in  dung 
diluted  with  animal  water,  is  then  fown  very  thickly 
on  it.  A  tiiin  iheet  of  water  is  immediately  brought 
over  it,  either  by  channels  leading  to  the  fpot  from  a 
fource  above  it,  or  when  below  it   by  means  of  a  chain 
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into  chaff,  to  ferve  as  provender  for  the  very  few  cattle    Ri<!eaw, 
employed  in  Chinefe  Imlbandry.  Kidlej'. 

"  The  labour  ot  the  firit  crop  being  finifhed,  the  • 
ground  is  immediately  prepared  for  the  reception  of 
frelh  feeds.  The  firft  operation  undertaken  is  tliat  of 
pulling  up  the  ftubble,  colleiling  it  into  fmall  heaps, 
whicli  are  burnt,  alid  the  afhes  fcattered  upon  the  field. 
The   former  procelfcs   are    afterwards    renewed.      The 


pump,  of  which  the  ufe  is  as  familiar  as  that  of  a  hoe  fecond  crop  is  generally  ripe  late  in  Oflober  or  early  in 

to   every  Chinefe   hnlbandman.        In    a    few  days  the  November.     The  grain   is  treated  as  before  ;   but  the 

(hoots  appear  above  the  water.      In   that  interval,  the  ftubble   is  no  longer  burnt.      It   is  turned   under  with 

remainder    of  the  ground  intended   for  cultivation,   if  the   plough,  and   left    to  putrefy  in   the  earth.     This, 

■ftiif,   is  ploughed,  the  lumps   broken  by  hoes,  and   the  with  the  flime  brought  upon  the  ground  by  inundation, 

furface  levelled   by  the  harrow.     As  foon  as  the  llioots  are  the  only  manures  ufually  employed  in  the  culture  of 

have  attained  the  height  of  fix  or  feven  inches,  they  are  rice." 

plucked  up  by  the  roots,  the  tops  of  the  blades  cut  off,  RIDEAU,  in  fortification,  a  fmall  elevation  of  earth, 

and  each  root  is  planted  feparately,   fometiines  in  fmall  extending  itielf  lengthwife  on  a  plain  ;  ferving  to  cover 

furrows  turned  with  the  plough,  and  fometimes  in  holes  a  camp,  or  give  an  advantage  to  a  poft. 

made  in  rows  by  a  drilling  ftick  for  that  purpofe.     The  Rideau    is  fometimes  alfo   ufed  for  a  trench,    the 

roots  are  about  half  a  foot  afunder.     Water  is  brought  earth  of  which   is  thrown  up  on  its  fide,  to  ferve  as  a 

over  them  a  fecond  time.     For  the  convenience  of  irri-  parapet  for  covering  the  men. 

gation,  and  to  regulate  its  proportion,  the  rice  fields  RIDLEY  (Dr  Glofter),  was  of  the  fame  family 
are  fubdivided  by  narrow  ridges  of  clay,  into  fmall  in-  with  D.  Nicolas  Ridley,  Bilhop  of  London,  and  mar- 
clofures.  Through  a  channel,  In  each  ridge,  the  water  tyr  to  the  Reformation.  (See  Ridley,  Encyd.)  He 
is  conveyed  at  will  to  every  fubdivifion  of  the  field.  As  was  born  at  fea,  in  1702,  on  board  the  Gloucefter  Ealt 
the  rice  approaches  to  maturity,  the  water,  by  evapo-  Indlaman  ;  to  which  circumftance  he  was  indebted  for 
ration  and  abforptlon,  difappears  entirely;  and  the  his  Chrlftian  name.  He  received  his  education  at  Win- 
crop,  when  ripe,  covers  dry  ground.  The  firft  crop  or  chefter  fchool,  and  thence  was  elefttd  to  a  fellowfliip  at 
liarveft,  in  the  fouthern  provinces  particularly,  happens  New  college,  Oxford,  where  he  proceeded  B.  C.  L. 
towards  the  end  of  May  or  beginning  of  June.  The  April  29.  1729.  In  thofe  two  feniinaries  he  cultlva- 
inftrument  for  reaping  is  a  fmall  fickle,  dentated  like  a  ted  an  early  acquaintance  with  the  mufes,  and  laid  the 
faw,  and  crooked.  Neither  carts  nor  cattle  are  ufed  to  foundation  of  thofe  elegant  and  folid  acquirements  for 
carry  the  Iheaves  off  from  the  fpot  where  they  were  which  he  was  afterwards  fo  eminently  dlftinguldied  as  a 
reaped  ;  but  they  are  placed  regularly  in  frames,  two  poet,  an  hlftorian,  and  a  divine.  During  a  vacancy  in 
of  which,  fufpended  at  the  extremities  of  a  bamboo  1728,  he  joined  with  four  friends,  viz.  Mr  Thomas 
pole,  are  carried  acrofs  the  ftioulders  of  a  man,  to  the  Fletcher  (afterwards  Blfiiop  of  Klldare),  Mr  (after- 
place  intended  for  difengaging  the  grain  from  the  ftems  wards  Drj  Eyre,  Mr  Morrlfon,  and  Mr  Jennens,  In 
which  had  fupported  It.  This  operation  Is  performed,  writing  a  tragedy  called  "The  FruitlefsRedrcfs,"  each 
not  only  by  a  flail,  as  is  cuftomary  in  Europe,  or  by  undeitaking  an  a6l  on  a  plan  previoufly  concerted, 
cattle  treading  the  corn  in  the  manner  of  other  Orlen-  When  they  delivered  In  their  feveral  proportions  at  their 
talifts,  but  fometimes  alfo  by  ftrlking  It  agalull  a  plank  meeting  In  the  winter,  few  readers  would  have  known 
fet  upon  lis  edge,  or  beating  It  agalnft  the  fide  of  a  that  the  whole  was  not  the  produftiou  of  a  fingle  hand, 
large  tub  fcolloped  for  that  purpofe  ;  the  back  and  fides  This  tragedy,  which  was  oftercd  to  Mr  Wllks,  but  ne- 
being  much  higher  than  the  front,  to  pievent  the  grain  ver  adled,  is  illll  in  MS.  with  ar.other  called  "  Jii"'ar- 
froni  being  difpcrfed.  After  being  winnowed,  it  is  tha."  Dr  Ridley  in  his  youth  was  much  addiftcd  to 
carried  to  the  granary.  theatrical  performances.  Midhurft,  in  Sufl'cx,  was  the 
"  To  remove  the  ikin  or  hulk  of  rice,  a  large  ftrong  place  wliere  they  were  exhibited  ;  and  the  company  of 
eartlien  veffel,  or  hollow  ftone,  in  form  fomewhat  like  gentlemen  adlors  to  which  he  belonged  confifted  chiefly 
that  which  is  ufed  elfewhere  for  filtering  water,  is  fixed  of  his  coadjutors  in  the  tragedy  already  mentioned.  He 
firmly  In  the  ground  ;  and  the  grain,  placed  in  it,  is  is  fald  to  have  performed  the  characters  of  Marc  An- 
ftruck  with  a  conical  ftone  fixed  to  the  extremity  of  a  tony,  Jaffier,  Horatio,  and  Monefes,  with  diftinguilhcd 
lever,  and  cleared,  fometimes  indeed  Imperfeftly,  from  applaufe  ;  a  circumftance  ihat  will  be  readily  believed 
the  huflc.  The  ftone  is  worked  frequently  by  a  perfon  by  thofe  who  are  no  ftrangers  to  his  judicious  and 
treading  upon  the  end  of  tiie  lever.  The  fame  object  graceful  manner  of  fpeaking  in  the  pulpit, 
is  attained  alfo  by  paffing  the  grain  between  two  flat  For  great  part  of  his  life  he  had  no  other  preferment 
ftones  of  a  circular  form,  the  upper  of  which  turns  than  the  fmall  college  living  of  Weftow  In  Norfolk,  and 
round  upon  the  other,  hut  at  fueh  a  diftance  from  it  as  the  donative  of  Poplar  in  iVIiddlefex,  where  he  refided. 
not  to  break  the  intermediate  grain.  The  operation  is  To  thefe  his  college  added,  fonie  years  after,  the  dona- 
performed  on  a  large  fcale  in  mills  turned  by  water  ;  tlve  of  Romford  In  Eflex.  "  Between  thefe  two  places 
the  axis  of  the  wheel  carrying  feveral  arms,  which,  by  the  curricle  of  his  life  had  (as  he  exprefled  it)  rolled  fur 
ftnking  upon  the  end?  of  levers,  raife  them  in  the  fame  fome  time  almoft  perpetually  upon  poftcliaifc  wheels, 
manner  as  is  done  by  trading  on  them.  Sometimes  and  left  him  not  time  for  even  the  proper  ftudies  of 
twenty  of  thefe  levers  are  worked  at  once.  The  ftraw  economy,  or  the  neceffary  ones  of  his  profcfllon."  Yet 
from  which  the  grain  has  been  difergaged  is  cut  chiefly  in  this  obfcure  fituatloa  he  remained  in  poffelfion  of, 
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and  content  with,  do-ntftic  l-.sppiuefe  ;  and  was  honour- 
ed  with  the  intimate  fiiendiliip  of  fome  who  weie  not 
lefs  diftinguifhcd  for  learning  than  for  worth. 

In  1740  and  1741  he  preached  "  Eight  Sermons  at 
Lady  Moyer's  Leisure,"  which  were  publilhed  in  1742, 
8vo.  In  I  7}6  he  declined  an  offer  of  going  to  Ireland 
as  firft  chaplain  to  the  Duke  of  Bedford  ;  in  return  for 
which  he  was  to  have  had  the  choice  of  promotion,  ei- 
ther  at  Chrill-church,  Canterbury,  Wcllmuilter,  or 
WIndlor.  His  modelly  inducing  him  to  leave  the 
choice  of  thefe  to  his  patron,  the  confequence  was,  tfut 
he  obtained  none  ot  them.  In  1763,  he  publin.cd  the 
"  Life  of  bifhop  Ridlev,"  in  4to,  by  fublcription,  and 
cleared  by  it  as  much  as  brought  him  800I.  in  the  pub- 
lic funds.  In  the  latter  part  of  his  life  he  had  the 
misfortune  to  lofe  both  his  fons,  each  ot  them  a  youth 
of  abilities.  The  elder,  James,  was  author  of  "  The 
Tales  of  the  Genii,"  and  fome  oiher  literary  perform- 
ances. Thomas,  the  younger,  was  fent  by  the  Eaft 
India  Company  as  a  writer  to  Madras,  where  he  was 
no  fooner  fettled  than  he  died  of  the  fmall-pox.  In 
1765,  Dr  Ridley  publiihed  his  "  Review  of  Philips's 
Life  of  Cardinal  Pole  ;  and  in  1768,  in  reward  for  his 
labours  in  this  controverfy,  and  in  another  w  hich  "  The 
ConfefGonal"  produced,  he  was  prcfented  by  Archbi- 
(hop  Seeker  to  a  golden  prebend  in  the  cathedral  church 
of  Salilbury  (an  option),  the  only  reward  he  received 
from  the  great  during  a  long,  ufeful,  and  laborious  life, 
devoted  to  the  duties  of  his  fnntlion.  At  length,  worn 
out  with  infirmities,  he  departed  this  life  in  1774,  lea- 
ving a  widow  and  four  daughters.  His  epitaph,  which 
was  vi-ritten  by  Bifliop  Lowth  with  his  ufual  elegance, 
informs  us,  that  for  his  merits  the  univerfity  of  Oxford 
conferred  upon  him  the  degree  of  D.  D.  by  diploma, 
which  is  the  higheft  literary  honour  which  that  learned 
body  has  to  beftow. 

RIENZI  (Nicolas  Gabrini  de),  one  of  the  moll  ex- 
traordinary men  of  the  14th  century,  was  born  at 
Rome,  we  know  not  in  what  year.  His  father,  Law- 
rence Gabrini,  was  a  mean  vintner,  or,  as  others  fay,  a 
miller,  and  his  mother  a  laundrefs.  Thefe  perlons, 
however,  found  the  means  of  giving  their  fon  a  liberal 
education  ;  and  to  a  good  natural  underltanding  he 
joined  an  uncommon  affiduity,  and  made  great  profi- 
ciency in  ancient  literature.  Every  thing  which  he 
read  he  compared  with  firailar  paflages  that  occurred 
within  his  own  obfervation  ;  whence  he  made  reflec- 
tions, by  which  he  regulated  his  conduft.  To  this  he 
added  a  great  knowledge  in  the  laws  and  culloras  of 
rations.  He  had  a  vaft  memory  :  he  retained  much  of 
Cicero,  Valerius  Maximus,  Livy,  the  two  Scnecas,  and 
Csefar's  Commentaries  efpecially,  which  he  read  conti- 
nually, and  often  quoted  by  application  to  the  events  of 
his  own  times,  'i'his  fund  of  learning  proved  the  bafis 
and  foundation  of  his  rife.  The  dcfire  he  had  to  di- 
ftinguifh  himfelf  in  the  knowledge  of  monumental  hi- 
ftor)',  drew  him  to  another  fort  of  (cience,  in  which  few 
men  at  that  time  exerted  themfelves.  He  pafled  whole 
days  among  the  infcriptions  which  are  to  be  found  at 
Rome,  and  acquired  foon  the  reputation  of  a  great  an- 
tiquary. Having  hence  formed  within  himfelf  the  moll 
exalted  notions  of  the  juftice,  liberty,  and  ancient  gran- 
deur of  the  old  Romans,  words  he  was  perpetually  re- 
peating to  the  people,  he  at  length  perfuaded  not  only 
iimfelf,  but  the  giddy  mob  his  followers,  that  he  Ihould 
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one-  day  become  the  reftorer  of  the  Roman  repuWac. 
His  advantageous  (lature,  his  countenance,  arid  that  air  " 
ot     importance    which    be  well  knew  how   to  afliinie, 
deeply  imprinted  all  that  he  laid  in  the  minds  ot  hisau- 
dience. 

,  Nor  was  it  only  by  the  populace  that  he  was  ad- 
mired ;  he  alfo  found  means  to  iiilinuate  himfelf  into 
the  fjvour  of  thofe  who  partook  of  the  adminillration. 
Rienzi's  talents  procured  him  to  be  nominated  one  of 
the  deputies  fent  by  the  Romans  to  Pope  Clement  VI. 
who  rciided  at  Avignon.  The  iiitentJim  ot  this  depu- 
tation was  to  make  his  Holinefs  fciifible,  how  prejudi- 
cial his  abicnce  was,  as  well  to  himfelf  as  to  the  i.itereil 
of  Rome.  At  his  hrll  audience,  our  hero  charmed  the 
court  of  Avignon  by  his  eloquence  and  the  fprlghtli- 
ntfs  ol  his  converfation.  Encouj-aged  by  fuccefs,  he 
one  day  took  the  liberty  to  tell  the  Pope,  that  the 
grandees  of  Rome  were  avowed  robbers,  public  thieves, 
infamous  adulterers,  and  illullrious  profligates  ;  who, 
by  their  example,  authorifed  the  moil  horrid  crimes. 
To  them  he  attributed  the  dtfolation  of  Rome  ;  of 
which  he  drew  fo  hvely  a  piflure,  that  the  Holy  Fa- 
ther was  moved,  and  exceedingly  incenfcd  againft  the 
Roman  nobility.  Cardinal  Coionna,  in  other  refpefls 
a  lovgr  of  real  merit,  could  not  help  confidering  thele 
reproaches  as  refltfting  upon  fome  of  his  family  ;  and 
therefore  found  means  of  difgracing  Rienzi,  fo  that  he 
fell  into  extreme  mifery,  vexation,  and  ficknefs,  which, 
joined  with  indigence,  brought  him  to  an  hofpital.  N«- 
verthelefs,  the  fame  hand  that  threw  him  down,  railed 
him  up  again.  The  cardinal,  who  was  all  compafiion, 
caufed  him  to  appear  before  the  Pope,  in  alFurance  of 
his  being  a  good  man,  and  a  great  partizan  for  juftice 
and  equity.  The  Pope  approved  of  him  more  than 
ever  ;  and  to  give  him  proofs  of  his  elleem  and  confi- 
dence, made  him  apollolic  notary,  and  fent  him  back 
loaded  with  favours. 

Being  returned  to  Rome,  he  began  to  execute  the 
fui.clions  of  his  office  ;  and  by  affability,  candour,  aiu- 
duity,  and  impartiality,  in  the  adniinillration  of  jullice, 
he  arrived  at  a  fuperior  degree  of  popularity  ;  which 
he  ftill  improved  by  continued  invcdtives  againft  the 
vices  iif  the  great,  whom  he  took  care  to  render  as  odi- 
ous as  poflible  ;  till  at  laft,  for  fome  ill  timed  freedoms 
of  fpecch,  he  was  not  only  feverely  reprimanded,  but 
difplaced.  From  this  time  it  was  his  eonltant  endes- 
vour  to  infpire  the  people  with  a  fondnefs  tor  their  an- 
cient liberties  ;  to  which  purpofe  he  caufed  to  be  hung 
up  in  the  moll  public  place*  emblematic  pictures,  ex- 
preffive  of  the  former  fplendour  and  prefent  decline  of 
Rome.  To  thefe  he  added  frequent  harangues  and 
predittions  upon  the  fame  fuhjeft.  In  this  manner  he 
proceeded  till  one  party  looked  on  him  only  as  a  mad- 
nian,  while  others  carclTed  him  as  their  proteftor.  At 
length  he  ventured  to  open  himfelf  to  futh  as  he  be- 
lieved mal-contents.  At  firll  he  took  them  feparately  ; 
atterwards,  when  he  thought  he  had  firmly  attached  a 
fufficient  number  to  his  intereil,  he  affembled  them  to- 
gether, and  reprefented  to  them  the  deplorable  ftate  of 
the  city,  over-run  with  debaucheries,  and  the  incapaci- 
ties of  their  governors  to  correft  or  amend  them.  As 
a  neceffary  foundation  for  the  enterprife,  he  gave  them 
an  infight  into  the  immenfe  revenues  of  the  apoftohc 
chamber  :  He  demonftrated,  that  the  Pope  could,  only 
at  the  rate  of  fourpeuce,  raife  a  hundred  thoufand  flo- 
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lins  by  filing,  as  much  by  fait,  and  as  much  more  by 
"  the  ciiftoms  and  other  duties.  As  for  the  red,  faid  he, 
I  would  not  have  you  imagine  that  it  is  without  tlie 
Pope's  confent  I  lay  hands  on  the  revenues.  Alas  ! 
how  many  others  in  this  city  plunder  the  effedls  of  the 
church  contrary  to  his  will ! 

By  this  artful  lie,  he  fo  animated  his  auditors,  that 
they  declared  they  would  make  no  fcruple  of  fecuring 
thefe  treafures  for  wliatever  end  might  be  moll  conve- 
nient; and  that  they  were  devoted  to  the  will  of  him  their 
chief.  Having  obtained  fo  much,  to  fccure  his  adhe- 
rents from  a  revolt,  he  tendered  them  a  paper,  fuper- 
fcribed,  "  an  oath  to  procure  the  good  c(lablilhn:ient  ;" 
and  made  them  fubfcribe  and  fwear  to  it  before  he  dif- 
milTed  them.  By  what  means  he  prevailed  on  the  Pope's 
vicar  to  give  a  tacit  fanftion  to  his  projeft,  is  not  cer- 
tainly  known  ;  that  he  did  procure  that  fanClion,  and 
that  it  was  looked  on  as  a  mafterpiece  of  policy,  is  ge- 
nerally admitted.  "  The  20th  of  May,  being  Whit- 
lunday,  he  fixed  upon  to  fanftify  in  fome  fort  his  en- 
terprife  ;  and  pretended',  that  all  he  afted  was  by  parti- 
cular infpiration  of  the  Holy  Ghoft.  About  nine,  he 
came  out  of  the  church  bare-headed,  accompanied  by 
the  Pope's  vicar,  furroundcd  by  an  hundren  armed  men. 
A  vaft  crowd  follov.'ed  him  with  fhouts  and  acclama- 
tions." The  gentlemen  confpirators  carried  three 
ftandards  before  him,  on  which  were  wrought  devices, 
infinuating,  that  his  defign  was  to  re-eltabli(h  liberty, 
juftice,  and  peace.  In  this  manner  he  proceeded  di- 
reflly  to  the  Capitol,  where  he  mounted  the  rolf  rum  ; 
and,  with  more  boldnefs  and  energy  than  ever,  expa- 
tiated on  the  miferies  to  which  the  Romans  were  redu- 
ced :  at  the  fame  time  telling  them,  without  helitation, 
"  that  the  happy  hour  of  their  deliverence  was  at  length 
come,  and  that  he  was  to  be  their  deliverer,  regardlefs  of 
thedangers  he  was  expoled  to  for  the  fervice  of  the  Holy 
Tather  and  the  people's  fafety."  After  which,  he  or- 
dered the  laws  of  what  he  called  the  good  eftablidinient 
to  be  read  :  "  afTured  that  the  Romans  would  refolve  to 
obferve  thefe  laws,  he  engaged  in  a  fliort  time  to  re-efta- 
bh(h  them  in  their  ancient  grandeur." 

The  laws  of  the  good  eltabliihment  promifed  plenty 
and  fecurity,  which  were  greatly  wanted  ;  and  the  hu- 
miliation of  the  nobility,  who  were  deemed  common 
oppreflbrs.  Such  laws  could  not  fail  of  being  agree- 
able to  a  people  who  found  in  them  thefe  double  ad- 
vantages ;  wherefore,  "  enraptured  -with  the  pleafing 
ideas  of  a  liberty  to  which  they  were  at  prefent  ftran- 
gers,  and  the  hope  of  gain,  they  came  niofl;  zealoufly 
into  the  fanaticifm  of  Rienzi.  They  rtfumed  the  pre- 
tended authority  of  the  Romans  ;  they  declared  him 
fovcreign  of  Rome  ;  and  granted  him  the  power  of  life 
and  death,  of  rewards  and  punilhmeiits,  of  enafting  and 
repealing  the  laws,  of  treating  with  foreign  powers  ;  in 
a  word,  they  gave  him  the  full  and  fupreme  authority 
over  all  the  extenfive  territories  of  the  Romans. 

Rienzi,  arrived  at  the  fummit  of  his  wiihes,  kept  at  a 
great  diftance  his  artifice  :  he  pretended  to  be  very  un- 
willing to  accept  of  their  offers,  but  upon  two  condi- 
tions ;  the  firlt,  that  they  fhould  nominate  the  Pope's 
vicar  (the  Bifliop  of  Orvieto)  his  copartner  ;  the  fe- 
cond,  that  the  Pope's  confent  (hould  be  granted  him, 
which  (he  told  themj  he  flattered  himfelf  he  IhouJd  ob- 
tain.  "  On  the  other  hand,  he  hazarded  nothing  in 
thus  making  his  court  to  the  Holy  Father;  and,  on 

SopPL,  Vol.  II.  Part  il. 


the  other,  he  V7ell  knew,  that  the  Bifliop  of  Orvieto    Rienrf 
would  carry  a  title  only,  and  no  authority.  The  people  '"" 

granted  his  requeft,  but  paid  all  the  honours  to  him  : 
he  polfeffcd  the  authority  without  reflriftion  ;  the  good 
Biihop  appeared  a  mere  fhadow  and  veil  to  his  enter- 
prifes.  Rienzi  was  feated  in  his  triumphal  chariot,  like 
an  idol,  to  triumph  with  the  greater  fplendour.  He 
difmifTed  the  people  replete  with  joy  an  1  hope.  He 
feized  upon  the  palace,  where  he  continued  afte-  he  had 
turned  out  the  fenate  ;  and,  the  fame  day,  he  began  to 
ditlate  his  laws  in  the  Capitol."  This  eleflion,  though 
not  very  pleafing  to  the  Pope,  was  ratified  by  him  ; 
neverthelefs,  Rienzi  meditated  the  obtaining  of  a  title, 
exclufive  of  the  papal  prerogative.  Well  verfed  in  the 
Roman  hillory,  he  was  no  flranger  to  the  extent  of  the 
tribunitial  authority  ;  and  as  he  owed  his  elevation  let 
the  people,  he  chofe  to  have  the  title  of  their  magi- 
ftrate.  He  alked  it,  and  it  was  conferred  on  him  and 
his  copartner,  with  the  addition  of  deliverers  of  their 
country.  Our  adventurer's  behaviour  in  his  elevation 
was  at  firfl  fuch  as  commanded  elteeni  and  refpeft,  not 
only  from  the  Romans,  but  from  al!  the  neighbouring 
ftates.  But  it  is  difficult  for  a  peifon  of  mean  birth, 
elevated  at  once,  by  the  caprice  of  fortune,  to  the  molb 
exalted  ftation,  to  move  rightly  in  a  fphere  wherein  he 
muft  breathe  an  air  he  has  been  unaccuftomed  to.  Ri- 
enzi afcended  by  degrees  the  fummit  of  his  fortune. 
Riches  foftened,  power  dazzled,  the  pomp  of  his  caval. 
cades  animated,  and  formed  in  his  mind  ideas  adequate 
to  thofe  of  princes  born  to  empire.  Hence  luxury  in- 
vaded his  table,  and  tyranny  took  poffefliou  of  his  heart. 
The  Pope  conceived  his  defigns  to  be  contrary  to  the  in- 
terefts  of  the  holy  fee  ;  and  the  nobles,  whufe  power  it 
had  been  his  conllsnt  endeavours  to  depvefs,  conipired 
againll  him  :  they  fuoceeded  ;  and  P..ien/,i  was  forced  to 
quit  an  authority  he  hid  pofTclTed  little>  more  than  fix 
months.  It  was  to  a  precipitate  flight  that  he  was  in- 
debted, at  this  junfturc,  for  his  life;  and  to  diffi.rcnt 
difguifes  for  iiis  fubfequent  prefervation. 

Having  made  an  ineffetlual  eflort  at  Rome,  and 
"  not  knowing  where  to  find  a  new  refource  to  carry 
on  his  defigns  he  took  a  moll  buld  ftep,  conformable 
to  that  ralhnefs  which  had  fo  often  alfilled  him  in  his 
former  exploits.  He  determined  to  go  to  Prague,  to 
Charles  king  of  the  Romans,  whom  the  year  before  he 
had  fummoned  to  his  tribunal,"  and  who,  he  forefaw, 
would  deliver  him  up  to  a  Pope  highly  incenfed  againlt 
him.  He  was  accordingly  foon  after  lent  to  Avignon, 
and  there  thrown  into  a  prll<m,  where  he  continued 
three  years.  The  divifioiis  and  diflurbances  in  Italy, 
occifioned  by  the  number  of  petty  tyrants  tliat  had 
eftablillied  thcmfelves  in  tiie  ecclefialh'cal  territories,  and 
even  at  Rome,  occaftoned  his  enlargement.  Innocent 
VI.  who  fucceeded  Clement  in  the  papacy,  fenfible 
that  the  Romans  flill  entertained  an  affettion  for  our 
hero,  and  believing  that  his  chaftifement  would  teach 
him  to  adl  with  more  moderation  than  he  had  formerljr 
done,  as  well  as  that  "  gratitude  would  oblige  him,  for 
the  remainder  of  his  life,  to  prcferve  an  inviolable  at- 
tachment to  the  holy  fee  (by  whofe  favour  he  fhould  be 
re-eftablifhed),"  thought  him  a  proper  inftrument  to 
affifl  his  defign  of  reducing  thofe  other  tyrants;  and 
therefore,  not  only  gave  him  his  liberty,  but  alfo  ap- 
pointed him  governor  and  fenator  of  Rome.  He  met 
with  many  obllacles  to  the  alfumption  of  this  newly- 
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granted  authority  ;  all  which,  by  cunning  and  refolu- 
tion,  he  at  length  overcame.  But  giving  way  to  his 
pafTions,  which  were  immoderately  warm,  and  inclined 
him  to  cruelty,  he  excited  fo  general  a  refentment  againft 
him  that  he  was  murdered  Oftober  8.  1354. 

"  Such  was  the  end  of  Nicolas  Rienzi,  one  of  the 
moft  renowned  men  of  the  age  ;  who,  after  forming  a 
confplracy  full  of  extravagance,  and  executiflt;  it  in  the 
fight  of  alnioil  the  whole  world,  with  inch  fuccefs  that 
he  becfame  fovereign  of  Rome  ;  after  caufing  plenty, 
juftice,  and  liberty,-  to  flourifh  among  the  Romans  ;  af- 
ter proteftlng  potentates,  and  terrifying  fovereign  prin- 
ces ;  after  being  arbiter  of  crowned  heads  ;  after  rc- 
cftablilhing  the  ancient  majefty  and  power  of  the  Ro- 
man republic,  and  filling  all  Europe  with  his  fame  du- 
ring the  feven  months  of  his  firit  reign;  after  having 
compelled  his  mailers  themfelves  to  confirm  him  in  the 
authority  he  had  ufurped  againil  their  interefts — fell  at 
length  at  the  end  of  his  fecund,  which  lafled  not  four 
months,  a  facrifice  to  the  nobility  whofe  ruin  he  had 
vowed,  and  to  thofe  vaft  projects  which  his  death  pre- 
•B/oj.Di'a vented  him  from  putting  into  execution*." 
new  edit.  If  the  reader  perceive  any  thing  fimilar  at  prefent  to 

the  rife  of  this  wonderful  man  to  fovereign  authority, 
he  may  perhaps  confole  himfelf  with  the  hope  that  the 
modern  conful  will  in  all  probability  fall  like  the  mo- 
dern tribune.  Both  rofe  by  difplays  of  the  moft  daring 
courage  ;  the  aftbciates  of  both  were  priefts,  who  in 
the  aftual  exercife  of  government  were  cyphers  ;  both 
promiled  liberty  and  plenty  to  the  people  whom  they 
ruled  with  abfolute  fway  ;  and  both  have  trampled  up- 
on the  order  of  nobility. 

RING,  in  aftronomy  and  navigation,  an  inftrument 
ufed  for  taking  the  fun's  altitude,  &c.  It  is  ufually  of 
btafs,  about  nine  inches  diameter,  fufpended  by  a  little 
fwivel,  at  the  diftance  of  45°,  from  the  point  of  which 
is  a  perforation,  which  is  the  centre  of  a  quadrant  of 
90°  divided  in  the  inner  concave  furface.  To  ufe  it, 
let  it  be  held  up  by  the  fwivel,  and  turned  round  to  the 
fun,  till  his  rays,  falling  through  the  hole,  make  a  fpot 
among  the  degrees,  which  marks  the  altitude  required. 
This  inftrument  is  preferred  before  the  aftrolabe,  be- 
'  caufe  the  divilions  are  here  larger  than  on  that  inftru- 

ment. 

ROBERVALLIAN  lines,  a  name  given  to  cer- 
tain lines  ufed  for  the  transformation  of  figures  ;  thus 
called  from  their  inventor  Roberval,  an  eminent  French 
mathematician,  who  died  in  1675,  ^S^^  7^  years. 
Thefe  lines  bound  fpaces  that  are  infinitely  extended 
jii  length,  which  are  neverthelefs  equal  to  other  fpaces 
that  are  terminated  on  all  fides. 

The  Abbot  Gallois,  in  the  Memoirs  of  the  Royal 
Academy,  anno  1693,  obferves,  that  the  method  of 
transforming  figures,  explained  at  the  latter  end  of  Ro- 
berval's  Treatife  of  Indivifibles,  was  the  fame  with  that 
afterwards  publidied  by  James  Gregory,  in  his  GeomC' 
tria  Un'fuerfalls,  and  alfo  by  Barrow  in  his  LeBiones 
Geomelrica;  and  that,  by  a  letter  of  Torricelli,  it  ap- 
pears that  Roberval  was  the  inventor  of  this  manner  of 
transforming  figures,  by  means  of  certain  lines,  which 
Torricelli  therefore  called  Robervallian  lines.  He  adds, 
that  it  is  highly  probable  that  J.  Gregory  firft  learned 
the  method  in  the  journey  he  made  to  Padua  in  1668, 
the  method  itfelf  having  been  known  in  Italy  from  the 


year  1 646,  though  the  book  was  not  publi/hed  till  the 
year  1692. 

This  account  has  been,  we  think,  completely  refu- 
ted by  David  Gregory  in  his  vindication  of  his  uncle, 
publiftied  in  the  Philofophical  Tranfaftions  of  1694. 
The  Abbot,  however,  rejoined  in  the  Memoirs  of  the 
French  Academy  of  1 703  ;  and  it  is  but  fair  to  obferve, 
that  Dr  Hutton,  fpeaking  of  the  controvcrfy,  expreffes 
himlelf  as  if  he  thought  it  undecided. 

ROCKET  (fee  Encycl.  vol.  xvi.  p.  316.)  is  alfo  a 
weapon  of  war  much  employed  in  the  countries  of 
Hindoftan,  combining  with  the  miflile  power  of  the 
javelin  the  impulfe  of  gun-powder.  From  the  force 
and  irregularity  of  its  motion,  the  rocket  is  not  eafily 
avoided,  and,  when  thrown  in  numbers,  it  often  makes 
very  cohfiderable  havock  in  an  army.  It  confifts  of  a 
tube  of  iron,  about  eight  inches  long,  and  an  inch 
and  a  half  in  diameter,  dofed  at  one  end  :  it  is  filled 
in  the  fame  way  as  an  ordinary  fl<y.rocket,  and  fixed  to 
a  piece  of  ftout  bamboo,  from  three  to  five  feet  long, 
the  head  of  which  is  armed  with  a  heavy  iron  fpike. 
At  the  extremity  of  the  tube,  which  points  towards  the 
fhaft  of  the  weapon,  is  the  match  ;  and  the  man  who 
ufes  it,  placing  the  butt  end  of  the  bamboo  upon  his 
foot,  points  the  fpiked  end  in  the  direftion  of  the  ob- 
je£l  to  which  he  means  to  throw  it,  and  fetting  fire  to 
the  fuze,  pitches  it  from  him,  when  it  flies  with  great 
velocity  ;  and,  on  ftriking  the  ground  by  a  bounding 
horizontal  motion,  a(fts  with  an  almoft  certain  effeft  in 
frafturing  the  legs  of  the  enemy.  When  a  ftvower  of 
rockets  falls  among  a  body  of  cavalry,  it  feldom  fails 
to  throw  them  into  confufion. 

RODNEY  (Lord).  In  our  fhort  n<etch  of  the  life 
of  that  gallant  officer  {Encycl.)^  we  mentioned  with  re- 
gret our  not  having  heard  of  any  monument  being  ereA- 
ed  to  his  honour  iu  his  native  conntry.  We  have  fince 
learned  that  there  is  a  pillar  upon  the  Brythen  in  Shrop- 
fhire,  which  was  erefted  to  his  memory  long  before  the 
publication  of  our  article. 

Having  this  great  man  again  under  our  notice,  we 
infert  with  pleafure  the  following  extraft  of  a  letter, 
which  we  received  from  an  obliging  correfpondent  foon 
after  the  publication  of  the  volume  which  contains  our 
biographical  flietch  of  the  Admiral :  "  Whatever  were 
Rodney's  merits  as  a  naval  commander  (fays  our  cor- 
refpondent), there  is  a  more  brilliant  part  of  his  cha- 
racter which  you  have  entirely  neglefted.  Prior  to  his 
fuccefs  againft  the  Spanilh  Admiral  Don  Langara,  the 
Englilh,.  who  had  the  misfortune  to  become  prifoners 
of  war  to  the  Spaniards,  were  treated  with  the  greateft 
inhumanity,  and  it  required  more  than  a  common 
ftrength  of  conftitution  to  exift  for  any  length  of  time 
in  a  Spanifti  prifon.  When  the  Spanifh  admiral  fell 
into  the  hands  of  Rodney,  he,  his  officers  and  feamen, 
expefted  to  meet  with  the  fame  treatment  they  had  al- 
ways inflifted,  and  which  they  would  have  Inflifted  on 
Rodney,  his  officers,  and  feamen,  had  the  Spaniards 
been  the  viftors  ;  but,  to  their  furprife,  they  found  in 
Admiral  Rodney  (and,  of  courfe,  in  all  that  were  under 
his  command)  a  man  who  fympathifed  in  their  misfor- 
tune, who  miniftered  to  their  neceffities,  and  by  a  hu- 
mane and  polite  behaviour  to  his  prifoners,  made  an 
impreffion  on  the  minds  of  the  Spaniards,  which  could 
not  but  have  its  effcft  in  mitigating  the  fufferings  of 
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tlie  EngUrti  ill  Spaiiifh  piifons  :  but  he  did  not   (lop     partiality   ever  afterwards  in   favour  of  Scotland,  and   It'ebu^k.^ 


here  :  he  took  an  opportunity,  when  their  mljids  were 
expanded  by  gratitude  (and  in  a  ftate  to  receive  the  full 
force  of  fuch  a  reprefentation),  to  repr«fent  to  them  the 
miferable  condition  of  his  countrymen  who  were  pri- 
foners  in  Spain,  and  obtained  a  promife  (which,  I  be- 
h'eve,  was  puniftua'.ly  performed),  that  Englilhmcn, 
when  prifoners  in  Spain,  Ihould  be  made  as  comfortable 
as  their  fituation  would  admit  of.  Thi^  was  a  piece  of 
fervice  to  his  country  which  furely  merits  to  be  record- 


contributed  not  a  little  to  his  making  choice  of  it  for 
the  chief  field  of  his  future  exertions  and  indullry. 

After  Mr  Roebuck  had  gone  through  a  regular 
courfe  of  medical  education  at  Edinburgh,  being  now 
determined  to  follow  the  pradiice  of  pliyfic,  he  next 
fpent  fome  time  at  the  univt+fity  of  Leydcn,  then  in 
high  reputation  as  the  (iift  Ichool  of  medicine  in  Eu- 
rope. There,  after  the  utual  refidence  and  courfe  of 
trials,  he  obtained  a  degree  in  medicine  ;  and  his  diplo- 


ed,  and  which  will  exalt  him  as  much  in  the  opinion  of  ma,  dated  2  i  II  February  1743,  has  affixed  to  it  the  re- 
good  men  as  the  moil  brilliant  difplay  of  courage,  which  fpetlable  names  of  Mulcheubroek,  Ofterdyk,  Van  Roy- 
is  a  quality  as  frequently  difcovered  in  the  favage  as  in  en,  Albinus,  Gaubius,  Sec.  He  left  Leydtn,  after  ba- 
the cultivated  mind."  ving  vifited  fome  part  of  the  north  of  Germany,  about 

ROEBUCK  (John,  M.  D.),  was  born  at. Sheffield  the  end  of  the  year, 
in  Yorkfliire  in  the  year  171S.  His  father  was  a  con-  Soon  after  his  return  from  the  continent,  fome  cir- 
fiderable  manufatlurer  and  exporter  of  Sheffield  goods,  cumftances  induced  Dr  Roebuck  to  lettlc  as  a  phyfi- 
who  by  his  abilities  and  indullry  liad  acquired  a  compc-  cianat  Birmingham.  Before  that  time,  Birmingham 
tent  fortune.  John,  his  eldeft  fon,  the  fubjecl  of  this  had  begun  to  make  a  rapid  progrefs  in  arts,  maiiufac- 
Oiemoir,  was  intended  by  his  father  for  carrying  on  his  tures,  and  population  ;  and  by  the  death  of  an  aged 
own  lucrative  bufinefs  at  Sheffield  ;  but  was,  from  his  phyfician,  an  opening  was  prefented  to  him,  which  af- 
early  youth,  irrefdlibly  attached  to  other  purfuits,  more  forded  an  immediate  profpeft  of  encouragement  in  that 
calculated  to  gratify  his  ambition,  and  give  fuller  play  line.  His  education,  talents,  and  interefting  manners, 
to  his  powers.  NotwithRanding  this  difappointment  in  were  well  calculated  to  promote  his  fuccels  as  a  phyii. 
his  fi'.vourite  objeft,  his  father  had  liberality  enough  to  cian.  He  accordingly  met  there,  at  a  period  more  ear- 
encourage  his  rifing  genius,  and  to  give  him  all  the  ad-  ly  than  he  expected,  with  great  encouragement  ;  and 
vantages  of  a  regular  education.  was  foon   dillinguifhed,  in  that  town  and  the  country 

After  he  had  gone  through  the  ufual  courfe  of  the  adjacent,  for  his  fliill,  integrity,  and  charitable  compaf- 

grammar  fchool  at  Sheffield,  both  his  father  and  mo-  fion,  in  the  difcharge  of  the  duties  of  hisprofeffion. 
ther  being  ftridl  diffenters,  they  placed  their  fon   for         It  appeared,  however,  foon  after  his  refidence  wa« 

fome  years  under  the  tuition  of  the  late  Dr  Doddridge,  fixed  at  Birmingham,  that  his  lludies  and  indullry  were 

who  was  at  that  time  mailer  of  an  academy  at  North-  turned  to  various  objeds  befidcs  thofe  of  his  proicffion. 

ampton,  and  had  jullly  acquired  high  reputation  among  Strongly  attached  to  the  rifing  fcience  of  chemiftry,  he 

the  diffenters,  both  as  a  divine  and  as  an   inllruftor  of  conceived  high  views  of  extending  its  ufcfulnefs,  andot 

youth.      Under  the  Doiflor's  care   Mr  Roebuck   made  rendering  it  fubiervient  to  the  improvement  of  arts  and 

great  proficiency,  and  laid  the  foundation  of  that  claffi-  manufaftures.     With  this  view  he  fitted  up  a  fniall  la- 

cal  talle  and  knowledge  for  which  he  was  afterwards  boratcry  in  his  own  houle,  in  which  he  Ipent  every  mo- 

eminently    dillinguifhed.       It   would   appear   that    Dr  ment  of  his  time  which  he  could  Ipare  from  the  duties 

Doddridge  had  been  much  pleafed  with  the  ardour  and  of  his  profeffion.     There,  in  the  true  Ipirit  ol  his  great 

enthufiafm,  in  the  purfuit  of  knowledge,  difcovered  by  iDufter  Lord  Bacon,  of  whofe  plulolophy  he  was  an  ar- 

his  pupil  ;  for  Mr  Roebuck,   in   an  after  period  of  his  dent  admirer,  he  carried  on  various  chemical  proceCes  of 

life,  ufed  frequently  to  mention  the  fubjefts  of  conver-  great  importance,  and  laid  the  foundation  of  his  future 

fation  and  inquiries  of  various  kinds,  in  which  the  Doc-  projeAs  on  well-tried  and  well-digelled  experiments, 
tor  had  engaged  him.      It  was  during   his  refidence  at         The  firfl  efforts  of  his  genius  and  indullry,  thus  di- 

this  academy  that  he  contracted  an  intimate  acquaint-  redled,  led  him  to  the  difcovery  of  certain   improved 

ance  with  his  fellow-fludents,   Mr  Jeremiah  Dyfon,  af-  methods  of  refining  gold  and  filver,  and  ])artlcularly  to 

terwards  much  known   in   the  political  world,  and  Mr  an  ingenious  method  ol  collecting  the  fmaller  pi-irticlcs 

Mark  Akenfide,     fterwards  Dr  Akenfide,  which  termi-  of  thcle  precious  metals,  which   bad  been  formerly  loll 

nated  only  with  their  lives.  in  the  practical  operations  of  many  of  the  manufattu- 

From  the  academy  at  Northampton  he  was  fent  to  rers.  By  other  chemical  proceffes,  carried  on  about  the 
the  univerfity  of  Edinburgh,  where  he  applied  to  the  fame  time  in  his  little  laboratory,  he  difcovered  alfo  im- 
ftudy  of  medicine,  and  particularly  to  that  of  chcmillry,  proved  methods  nf  making  fublimate  hartlhorn,  and 
which  about  that  time  began  to  attract  fome  attention  fundry  other  articles  of  equal  importance.  After  ba- 
in Scotland.  While  he  refided  there  he  dillinguilhed  ving  received  full  fatisfadtion  from  the  experiments  up- 
himfelf  much  among  his  fellow-ftudents,  in  their  literary  on  which  fuch  difcoveries  and  improvement  were  found- 
focieties  and  converfations,  by  great  logical  and  meta-  ed,  he  next  digelled  a  plan  for  rendering  them  benefi- 
phyfical  acutentfs,  and  by  great  ingenuity  and  refource  cial  to  himfelf,  and  ufeful  to  the  public.  A  great  part 
in  argumentation.  The  late  fagacious  Dr  Potterfield,  of  his  time  being  flill  employed  in  the  duties  of  his  pro- 
to  whom  he  had  been  introduced,  obferved  and  encou-  feffion,  he  found  it  neceffary  to  connect  himfelf  with 
raged  his  rifing  genius,  and  was  greatly  inflrumental  in  fome  perfon  in  whom  he  could  repofe  confidence,  and 
promoting  his  improvement.  There,  too,  he  formed  an  who  might  be,  in  other  refpefts,  qualified  to  give  him 
intimate  acquaintance  with  Mr  Hume,  Mr  Robertfon,  fwpport  and  affiflance  in  carrying  on  his  intended  cfla- 
afterwards  Dr  Robertfon,  Mr  Pringle,  afterwards  Lord  blilliments.  W"ith  this  view,  he  chofe  as  his  alTociate 
Alemoor,  and  fcveral  other  perfons  of  literary  emi-  Mr  Samuel  Garbet  of  Birmingham  ;  a  gentleman  well 
neuce  ;  a  circumllance  which  produced  in  his  mind  a  qualified,  by  bis  abilities,  activity,  and  enterprifing  fpi- 
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Roebuck,  n't,  for  bearing  his  part  in  their  future  undertakings 
'■""v—  The  firft  projeft  was  the  eftabllfhment  of  an  extcnfive 
laboratory  at  Birmingham,  for  the  purpofes  above  men- 
tioned ;  which,  condudcd  by  Dr  Rncbuck's  chemical 
knowledge,  and  Mr  Garbet's  able  and  judicious  ma- 
nagement, was  produdive--of  many  advantages  to  the 
tnannfaftuvers  of  that  place,  and  of  fuch  eniolinnent  to 
themfelves,  as  contributed  greatly  to  the  boldncf^  of 
their  future  proje<?ts.  I'hat  laboratory  has,  ever  fince 
that  time,  continued  at  Birmingham,  and  is  ftili  con- 
du(51cd  by  Mr  Garbet.  Dr  Roebuck,  Jong  before  his 
death,  had  given  up  his  intcreft  in  it 
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been  done  formerly,  but.  It  is  believed,  they  realized,  in   Roelmtit 
that  manufa5hire,  a  greater  annual  profit  from  a  fmaller  — — v     ■■< 
capital  t:,;.i.  had  been  dune  in  any  fimllar  undertaking. 
The  vitriol  work  is  Ib'll  carried  on  at  Preftonpans  ;  but 
long  before    Dr  Roebuck's  death,  be  was  obliged   to 
withdraw  his  capital  from  it. 

About  this  time  Dr  Roebuck  was  urged,  by  fonie 
of  his  friends,  to  leave  Birmingham,  and  to  fettle  as  a 
phyficlan.  in  London,  where  his  abilities  might  have  had 
a  more  extenfive  field  of  exertion.  He  had  been  early 
honoured  with  the  acquaintance  of  the  late  Marquis  of 
Rockingham,  who,  as  a  lover  of  arts,  had  frequently 


About  this  time,   in  17+7,  the  Doftor  married  Mifs_    engaged   him  in  chemical  experiments  at  Rockingham- 


Ann  Roe  of  Sheffield,  a  lady  of  a  great  and  generous 
fpirit,  whofe  temper  and  difpofition  equally  fitted  her 
for  enjoying  the  profperous  clrciimftances  of  their  early 
life,  and  for  bearing  her  equal  ihare  of  thofe  anxieties 
and  dilappointments  in  bufinefs  which  fhaded,  but  did 
not  obfcure,  the  later  period  of  their  lives. 

Dr  Roebuck's  unremitted  perfeverance  in  his  chemi- 
cal ftudics,  together  witli  the  fuccefs  that  attended  them, 
led  liim,  iUp  by  !tep,  to  other  rel'carches  of  great  pub- 
lic and  private  benefit. 

The  extenfive  ufe  of  the  vitriolic  (fulphurlc)  acid  in 
themillry,  and  tlie  profpcft  of  its  application  to  fome  of 
the  mechanic  arts,  had  produced  a  great  demand  for  that 
aniile,  and  turned  the  attention  of  chemlfts  to  various 
methods  of  obtaining  it.  The  late  Dr  Ward  had  ob- 
tained a  patent  for  making  it ;  and  though  the  fub- 
fiances  from  wKIch  it  might  be  obtained,  as  well  as  cer- 
tain methods  of  obtaining  it,  had  been  known  to  others, 
and  particularly  pointed  out  by  Lemery  the  Elder,  and 
by  Glauber,  yet  Dr  Ward  was  the  firft,  it  is  believed, 
■who  eftabliihcd  a  profitable  manufafture  upon  the  dif- 
covery.  Much,  however,  was  wanting  to  render  the 
acid  of  univerfal  ufe  in  chemiftry,  and  of  extenfive  uti- 
lity in  the  arts,  where  great  quantities  of  it  were  re- 
quired. Tlie  price  of  it  was  high,  arifiug  from  the 
great  expence  of  the  ghfs  vefiels,  which  were  made  ufe 
of  by  Dr  Ward  in  procuring  It,  and  the  frequent  acci- 
dents to  which  they  were  liable  in  the  proccfs. 

Dr  Roebuck  had  been  for  fome  time  engaged  in  ma- 
king experiments  with  a  view  to  reduce  the  price,  and 
at  length  difcovered  a  method  of  preparing  it,  by  fub- 
ftituting,  in  place  of  the  glafs  veffels  formerly  ufed,  lead 
ones  of  a  great  fizc  ;  which  fubftitution,  together  with 
fundry  other  improvement-s  in  different  parts  of  the 
procefs,  completely  effeded  his  end. 

After  tlie  ntceffary  preparations  had  been  made, 
Meffis  Roebuck  and  Garbet  eftablllhed  a  manufafture 
of  the  oil  of  vitriol  at  Preftonpans,  in  Scotland,  in  the 
year  1749.  This  efiablKhment  not  a  little  alarmed  Dr 
Ward,  who  attempted  to  defeat  their  plan,  by  taking 
out  a  patent  tor  Scotland,  In  addition  to  the  one  he  had 
formerly  obtained.  In  this  attempt  he  failed.  Dr  Roe- 
buck's difcovery  was  found  not  to  come  within  the  fpe- 
cification  of  Dr  Ward's  patent. 

The  Preftonpans  company,  convinced  that  patents 
are  of  little  avail  in  preferving  the  property  of  new  in- 
ventions or  difcoveries,  in  conducing  their  vitriol  works 
refolved  to  have  recourfe  to  the  more  effeftnal  methods 
of  concealment  and  fecrecy.  By  that  method  they  were 
enabled  to  preferve  the  advantages  of  their  ingenuity* 
and  induftry  for  a  long  period  of  years,  and  not  only 
fei-ved  the  public  at  a  much  cheaper  rate  than  had  ever 


houfe.  It  was  there,  alfo,  he  became  acquainted  with 
the  late  Sir  George  Savllle,  and  with  feveral  other  per- 
fons  of  rank  and  influence.  His  old  friend  and  fchool- 
ftllow  Mr  Dyfon,  too,  by  this  time,  had  acquired  con- 
fidcrable  name  and  influence,  and  prefled  him  much  to 
take  that  ilep.  Under  fuch  patronage,  and  with  the 
energy  of  fuch  talents  as  Dr  Roebuck  poiTefled,  there 
could  be  little  doubt  of  his  foon  arriving  at  an  eminent 
rank  as  a  phyfician  in  London.  But  the  cl>emical  con- 
cerns, with  which  he  was  at  that  time  deeply  occupied, 
holding  out  to  him  a  profpeft  of  a  richer  harveft,  deter, 
mined  him  to  give  up  the  praftice  of  medicine  altoge- 
ther, and  to  fix  his  refideuce  for  the  greateft  part  of  the 
year  in  Scotland. 

The  fuccefs  of  the  eftabllfhment  at  Preftonpans, 
which  had  far  exceeded  their  expeftation,  enabled  the 
Dotlor  and  his  partner  Mr  Garbet  to  plan  and  exe- 
cute other  works  of  ftill  greater  benefit  and  public  utl- 
lity.  In  the  profccution  of  his  chemical  ftudies  and  ex- 
periments, Dr  Roebuck  had  been  led  to  bellow  great 
attention  on  the  proceffcs  of  fmelting  iron-ftone,  and 
had  made  fome  difcoveries,  by  which  that  operation 
might  be  greatly  facilitated,  particularly  by  ufing  pit- 
coal  in  place  of  charcoal.  Mr  William  Caddell  of  Cock- 
enzie,  in  the  neighbouriiood  of  Preftonpans,  a  gentle- 
man earneflly  intent  upon  promoting  manufafturcs  In 
Scotland,  had,  lor  feveral  years,  laboured,  without 
much  fuccefij,  in  eftablilhing  a  manufadlure  of  iron  ;  a 
clrcumftance  vi-hich  may  have  probably  contributed  to 
turn  Dr  Rot-buck's  attention  more  particularly  to  that 
fubjeil.  As  the  capital  which  he  and  his  partner  Mr 
Gaibet  could  appropriate  for  carrying  on  the  iron  ma- 
nufafture  was  not  equal  to  fuch  an  undertaking,  and 
chiefly  depended  upon  the  profits  of  their  other  works, 
their  firft  intention  was  to  attempt  a  fmall  eilabllfhment 
of  that  kind  In  the  vicinity  of  their  vitriol  works  at 
Preftonpans.  But  the  flattering  profpefts  of  fuccefs, 
arifing  from  a  courfe  of  experiments  which  Dr  Roe- 
buck had  lately  made,  encouraged  them  to  extend  their 
plan,  and  to  projeft  a  "very  extenfive  manufaftory  of 
iron.  A  fufficient  capital  was  foon  procured,  through 
the  confidence  which  many  of  their  friends  repofed  in 
their  abilities  and  integrity.  In  tail,  the  eftabllfhment 
which  they  made,  or  rather  the  capital  which  gave  it 
cxiftence,  was  the  united  capital  of  a  band  of  relations 
and  friends,  who  trufled  to  Dr  Roebuck  and  Mr  Gar- 
bet the  management  of  a  great  part  of  their  fortune. 
Wlien  all  previous  matters  had  been  concerted  rcfpeCl- 
ing  their  intended  eftablifhment,  the  chief  exertions  of 
chemical  and  mechanical  Ikill,  neceflTary  in  the  execu- 
tion, were  expeded  from  Dr  Roebuck.  It  fell  to  lils 
Ihare  alfo  to  fix  upon  the  belt  and  moft  favourite  fitua- 

tion 


ROE  [     477    ]  ROE 

RoeMick.  tion  for  ercfting  their  intended  works.  With  that  view  rations  were  concerted.     During  this  period,  fome  al-  R'tbiclc, 

— "^  ■'  -'Dr  Roebuck  examined  many  diflcient  places  in  Scot-  terations  of  great  importance  were  fuggefted  by  liim   *— — y— "■ 

land,  particularly  thofe  on  both  fides  of  the  Fritli  of  and    carried  into  effect.      By    carefully    obfervin;'    the 

Forth  ;  and  after  a  careful   and  minute  conioarifon  of  progrefs  of  fmelting  in  the  furnaces,  at  firll  worked  by 

their  advantages  and  difadvantages,  he  at  length  made  bellows,  befides  their  being  fubjedl  to  various  accidents 

choice  of  a  fpot  on  the  banks  of  the  river  Carron  as  the  the  Doctor  difcovered  the  neceflity   of  rendering  the 

moll  advantageous  fituation  for  the  ellablilhment  of  the  blaft  both  ftroiiger  and  more  equable  ;   and  propofiu"- 

iron   manufafture.      There  he  found  they  could  eafily  as  a  problem  to  Mr  Smeaton,  the  bed  method  of  effedt- 
command  abundance  of  water  for  the  necelTary  macliinc- 


ing  that   end,  that  celebrated  engineer  foon  gave  the 
plan  of  a  blall  by  three  or  four  cylinders,  which  was  af- 


ry  ;  and  in  the  neighbourhood  of  it,  as  well  as  every- 
where both  along  the  north  and  fouth  coafts  of  the  terwards  tried,  and  fuccecdcd  even  beyond  cxpeftatiou. 
Frith,  were  to  be  found  inexhaullible  quarries  of  iron-  When  the  bufinefs  at  Carron  funk  by  decrees  into  a 
ftone,  limeifone,  and  coal.  From  Carron,  alfo,  they  matter  of  ordinary  detail,  and  afforded  Jefs  fcope  for  the 
could  eafily  tranfport  their  manufactures  to  different  Doctor's  peculiar  talents,  he  was  unfortunately  tcmpt- 
countries  by  fea.  The  communication  with  Glafgow  cd  to  engage  io  a  new  and  different  undertakinir  •  from 
at  that  time  by  land  carriage,  which  opened  up  to  them  the  failure  of  which  he  fuffered  a  reverfe  of  fortune 
a   ready  way  to  the  American  market,  was  (hort  and  was  deprived  of  the  advantages  refulting  from  his  other 


eafy. 

Many  other  things,  that  need  not  be  here  enumera- 
ted, fell  to  Dr  Roebuck's  fhare  in  preparing  and  pro- 
viding  for  the  introduftion  of  this  new  manufafture  in- 
to Scotland,  particularly  with  refpedl  to  the  planning 
and  ereftion  of  the  furnaces  and  machinery.  To  inlure 
fuccefs  in  that  department,  nothing  was  omitted  v\hich 
ability,   induftry,  and  experience  could  fuggeft.      With 


works,  and  during  the  remainder  of  his  life  became  fub- 
jcfted  to  much  anxiety  and  difappointment. 

The  ellablilhment  of  the  Carron  works,  and  the  in- 
tereft  Dr  Roebuck  had  in  their  fuccefs,  had  naturally 
turned  his  attention  to  the  flate  of  coal  in  the  neigh- 
bouihood  of  that  place,  and  to  the  means  of  procuring 
the  extraordinary  fupplies  of  it  which  the  iron-works 
might  in  future  require.  With  the  view,  therefore,  of 
this  view,  he  called  to  his  allillancc  Mr  Smcaton,  then  incrcaling  the  quantity  of  coal  worked  in  that  neigh- 
by  far  the  firfl  engineer  in  England.  It  was  from  him  bourhood,  by  an  adventure  which  he  thought  would  al- 
he  received  plans  and  drawings  of  the  water-wheels  and 
blowing  apparatus,  which,  notwithllanding  all  the  me- 
chanical improvements  which  have  been  made  iince,  re- 
main unrivalled  in  any  of  the  other  iron -works  erefted 
in  Britain.  This  was  the  firll  introduftion  of  Mr  Smea- 
ton  into  Scotland,  and  was  the  occafion  of  various  other 
difplays  of  the  fl<:ill  and  experience  of  that  celebrated 
engineer  in   that   part  of  the  ifland.     With  the  fame 


fo  turn  out  to  his  own  emolument,  he  was  induced  to- 
become  lefTee  of  the  Duke  of  Hamilton's  extenfive  coal 
and  fait  works  at  Borrow  itounnefs.  TJie  coal  there 
was  reprefented  to  exifl  in  great  abundance,  and  under- 
flood  to  be  of  fnperior  quality  ;  and  as  Dr  Roebuck 
had  made  himfelf  acquainted  viith  the  nioft  improved 
methods  of  working  coal  in  England,  and  thcji  not 
praftifed  in  Scotland,  he  had  little  doubt  of  this  advcn- 


view,  and  to  the   fame  effeft,   in  a  future  period  of  his  ture  turning  out  beneficial  and  highly  lucrative.    In  tins,. 

operations,  he  employed  Mr  James  Watt,  then  of  Glaf-  however,  he  was  cruelly  difappointed.      The  opening 

gow,  and  had  the  merit  of  rendering  that  inventive  ge-  of  the  principal  flrat\!ni  of  coal  requiitd   much  lontrer 

nius,  in  the  mechanical  arts,   better  known  both  in  this  time,  and  much   greater  expeiice,  than  had  been  calcu- 

country  and  in  England.  lated  ;  and,  after  it  was   opened,   the  perpetual  fuccef- 

The  necefiary   preparations  for  the  eflablifhment  of  lion  of  difficulties  and  obflacles  whieh  occurred  in  the 

the  iron  works  at  Carron  were  finithed  in  the  end  of  the  working  and  raifing  of  the  coal,  was  fuch  as  has  been 


year  1759;  and  on  the  ifl  January  1760  the  firll  fur- 
nace was  blown  ;  and  in  a  Ihort  time  afterwards  a  fe- 
C'.'iid  was  erettcd. 

No  period  of  Dr  Roebuck's  life  required  from  him 
more  vigorous  and  laborious  exertions  than  that  of  the 
eflablifhment  of  the  Carron  works,  and  the  firll  trials 
of  the  furnaces  and  machinery.  His  family  and  friends 
remember  well  the  ardour  and  interell  which  he  difco- 
vered ;  the  inceffant  labour  and  watchfulnefs  which  he 
exerted  on  that  occafion.  Every  thing  was  untried,  the 
furnaces,  the  machinery,  the  materials,  the  workmen  ; 
the  novelty  of  the  undertaking  in  that  country,  its  ex- 
tent and  difficulty,  and  the  great  flake  at  iffue,  were 
.  circumllances  that  mull  have  occafioned  much  ferious 
thought  and  anxiety  to  the  partner,  upon  the  credit  of 
whofe  knowledge  and  experience  the  work  had  been 
undertaken.  But  the  Doftor  had  great  powers  and 
great  refources  ;  and  the  firfl  trial  gave  fufficient  indi- 
cations of  future  fuccefs. 

For  fome  time  after  the  eflablifhment  of  the  Carron 


feldom  experienced  in  any  work  of  that  kind.  1  he. 
refult  was,  that  after  many  years  of  labour  and  induf- 
try, there  were  funk  in  the  coal  and  fait  works  at  Dur- 
rowflounncl's,  not  only  his  own,  and  the  conliiler.ible 
fortune  brought  him  by  his  wife,  but  the  regular  pro- 
fits of  his  more  fuccefsful  works;  and  along  tlierevvith,. 
what  diitielfed  him  above  every  thing,  great  funis  of 
money  borrowed  from  his  relations  and  friends,  winch- 
he  was  never  able  to  repay  ;  not  to  mention  that,  fioni 
the  lame  caul.-,  he  was,  during  the  lalt  twenty  years  of 
his  life,  fubjected  to  a  conflaiit  fucceffion  of  hopes  and 
dilappoiiitnients,  to  a  cuurfe  of  labour  and  drudgery  ill 
fuited  to  his  talle  and  turn  of  mind,  to  the  irkfoine  and 
tcafing  bufinefs  of  managing  and  Undying  the  humours 
of  working  colliers.  But  all  thefe  diiHcuUies  his  un- 
conquerable and  perfevcring  fpii  it  would  have  over- 
come, if  the  never-cealing  demands  of  his  coal  works, 
alter  having  exhaufted  the  profits,  had  not  alfo  compel- 
led him  to  withdraw  his  capital  from  all  his  different 
works  in   fucceffion  ;   from   the  refining   ivork   at   Bir- 


works,  Dr  Roebuck  continued  to  give  his  attention  and  mingham,  the  vitriol  work  at  Prellonpans,  the  iron- 
affiflance  in  the  general  management  and  fuperintend-  works  at  Carron,  as  well  as  to  part  with  his  interell  in 
ance  of  them,  and  with  him  all  meafuies  of  future  ope-     the  project  of  improving  the  fleam-engine,  in  which  he 

had. 
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Rocbiiclc.  had  become  a  partner  with  Mr  Watt,  the  original  in-     more  due  from  tlie  difceniing  part  of  mankind,  as  this    Rebock. 
*-—'\~^  venter,  and  from  which  he  had  rcafon  to  hope  for  future     fpecies  of  merit  is  apt  to  be  overlooked  by  the  bufy  or  '— — y— ' 
emolument.  the  fuperficial,  and  to  fail  in  obtaining  its  due  reward. 

It  would  be  painful  to  mention  the  unhappy  confe-  The  circumllances  of  Dr  Roebuck  were,  in  this  refpedl, 
quences  of  this  ruinous  adventure  to  his  family  and  to  peculiarly  hard  :  for  though,  mod  certainly,  the  pro- 
himfelf.  It  cut  off  for  ever  the  flattering  profpeCl  which  jeCfor  and  autlior  of  new  eftablifhnients  highly  ufeful 
they  had  of  an  independent  fortune,  fulted  to  their  edu-  to  his  country,  and  every  day  becoming  more  fo,  he 
cation  and  rank  in  life.  It  made  many  cruel  encroach-  was,  by  a  train  of  unfortunate  events,  obliged  to  break 
menta  upon  .the  time  and  occupations  of  a  man  wliofe  off  his  connedtion  with  them,  at  an  unfeafonable  time, 
trind  was  equally  fitted  to  enjoy  the  high  attainments  when  much  was  yet  wanting  to  their  complete  fucccfs  : 
of  fcience,  and  the  elegant  amufements  of  tafte.  As  the  and  thus  he  left  others  in  the  poffefGon,  not  only  of  the 
price  of  fo  many  facrifices,  he  was  only  enabled  to  draw  lucrative  advantages  now  derived  from  ttiem,  but  even 
from  his  colliery,  and  that  by  the  indulgence  of  his  ere-  in  fome  meafure  of  the  general  merit  of  the  undcrta- 
ditors,  a  moderate  annual  maintenance  for  himfelf  and  king,  to  a  confiderable  part  of  which  he  had  the  moil 
family  during  his  life.      At   his  death,  his  widow   was     undoubted  claim. 

left  without   any  provilion  whatever  for  her  immediate         The  e(tabli(hment  of  the  laboratory  at  Birmingham 
or  future  fupport,  and   without  the  fmalleft  advantage     in  the  year  1747,  the  firft  public  exhibition  of  Dr  Roe-  » 

from  the  extraordinary  exertions    and  nieritorious  in-    buck's  chemical  talents,  was,   at  that  particular  period, 
duflry  of  her  hufband.  and  in  the   (late  of  the  arts  and  manufadures  at  that 

Dr  Roebuck  had,  fome. years  before  his  death,  been  time,  highly  beneficial,  and  fubfervient  to  their  future 
attacked  by  a  complaint  that  required  a  dangerous  chi-  progrefs  :  and  the  continuance  and  fuccefs  of  it,  in  that ' 
rurgical  operation.  That  operation  he  fupported  with  place,  is  a  proof  of  the  advantages  which  many  of  the 
his  ufual  fpirit  and  refolution.  In  a  fhort  time  he  was  manufaftureis  receive  from  it.  Much  had  already  been 
reftored  to  a  confiderable  Ihare  of  his  former  health  and  done,  and  many  improvements  made  in  arts  and  manu- 
aftivity  ;  but  the  effefts  of  it  never  entirely  left  him,  failures,  chiefly  by  the  fuggeflions  of  that  ingenui- 
and  feveral  (lighter  returns  of  the  complaint  gradually  ty  and  experience  which,  in  the  detail  of  bufinefs, 
impaired  his  confl:itution.  He  fl:ill,  however,  continued,  might  be  expefted  from  the  praftical  artift.  Dr  Roe- 
till  within  a  few  weeks  of  his  death,  to  vifit  his  works,  buck  was  qualified  to  proceed  a  ftep  farther;  to  direft 
and  to  give  dlreftion  to  his  clerks  and- overfeers.  He  experience  by  principles,  and  to  regulate  the  mechani- 
was  confined  to  his  bed  only  a  few  days  ;  and  died  on  cal  operation  of  the  artift  by  the  lights  of  fcience.  The 
the  17th  July  1794,  retaining  to  the  laft  all  his  facul-  effefts  of  that  eflablifhment  extended,  in  a  particular 
ties,  his  fpirit  and  good  humour,  as  well  as  the  great  manner,  to  all  that  variety  of  manufaftures  in  which 
inlereft  which  he  took,  as  a  man  of  fcience  and  leflec-  gold  and  filver  were  required,  to  the  preparing  of  ma- 
tion,  in  the  uncommon  events  which  the  prefent  age  has  terials,  the  fimplifying  of  the  firft  fteps,  to  the  faving 
exhibited.  of  expence  and  labour,  and  to  the  turning  to  fome  ac- 

From  a  man  fo  deeply  and  fo  couftantly  engaged  in  count  what  had  been  formerly  loft  to  the  manufacturer. 
M.he  detail  of  atllve  bufinefs,  many  literary  compofitions  It  is  well  known  that,  while  Dr  Roebuck  refided  at 
were  not  to  be  expefted.  Dr  Roebuck  left  behiiid  him  Birmingham,  fuch  was  the  opinion  formed  of  his  che- 
many  luorh,  but  few  •writings.  The  great  objetl  which  mical  knowledge  and  experience  by  the  principal  ma- 
he  kept  invariably  in  view  was  to  promote  arts  and  ma-  nufadlurers,  tiiat  they  ufually  confulted  him  on  any  new 
nufadures,  rather  than  to  eftablifli  theories  or  hypothe-  trial  or  effort  to  improve  their  feveral  manufactures; 
fes.  The  few  effays  which  he  left,  enable  us  to  judge  and  when  he  left  that  place,  they  fincerely  regretted 
of  what  might  have  been  expefted  from  his  talents,  the  lofs  of  that  eafy  and  unreferved  communication  they 
knowledge,  and  boldncfs  of  invention,  had  not  the  uc-  had  with  him  on  the  fubjccls  of  their  feveral  depart- 
tive  undertakings   in   which,  from   an  early  period   of    ments. 

life,  he  was  engaged,  and  the  fatiguing  details  of  bufi-  On  account  of  fimilar  circumftances,  the  benefit  to 
nefs,  occupied  the  time  for  ftudy  and  inveillgation.  A  the  pubh'c,  from  the  eftabliflinient  of  the  vitriol  works 
comparifon  of  the  heat  of  London  and  Edinburgh,  read  at  Prellonpans,  in  the  cxtention  and  improvement  of 
jn  the  Royal  Society  of  London  June  29,  1775';  ex-  many  of  the  arts,  cannot  now  be  exaftly  afcertained. 
periments  on  ignited  bodies,  read  there  16th  Feb.  1776;  The  vitriolic  acid  is  one  of  the  mcft  aftive  agents  in 
obiervationson  tl)e  ripening  and  filling  of  corn,  read  in  chemiilry,  and  every  dllcovery  whicli  renders  it  cheap 
the  Royal  Society  of  Edinburgh  5th  June  1784 — are  all  and  accefhble  to  the  chemiftmuft  be  greatly  fubfervient 
the  writings  of  his,  two  political  pamphlets  excepted,  to  the  progrefs  of  that  fcience.  By  the  eftablifliment 
which  have  been  publifhed.  The  publication  of  the  at  Prellonpans,  the  price  of  that  valuable  acid  was  re- 
effay  on  ignited  bodies  was  occafioned  by  a  report  of  dnced  from  fixteen  to  four  pence  per  pound.  It  is  to 
fome  experiments  made  by  the  Comte  de  Buffon,  from  Dr  Roebuck,  therefore,  that  chemifts  are  indebted  for 
which  the  Comte  had  inferred,  that  matlsr  is  heavier  being  in  poflefTion  of  a  cheap  acid,  to  which  they  can 
when  hot  than  when  cold.     Dr  Roebuck's  experiments,     have  recourfe  in  fo  many  proceffes. 

made  with  great  accuracy  before  a  committee  of  the  But  Dr  Roebuck's  objeft  in  the  profecutlon  of  that 
Roval  Society  at  London,  feem  to  refute  that  notion.  fcheme,  was  not  fo  much  to  facilitate  the  chemift's  la- 
It  is  the  works  and  eftabllfiiments  projedled  and  exe-  hour,  as  to  render  that  acid,  in  a  much  higher  degree 
cuted  by  Dr  Roebuck,  with  the  immediate  and  more  than  it  had  formerly  been,  fubfervient  to  many  of  the 
remote  effefts  of  them  upon  the  induftry,  arts,  and  ma-  pradlical  arts.  By  rendering  the  vitriolic  acid  cheap, 
nufadlurers  of  Scotland,  which  urge  a  juft  claim  to  the  great  ufe  came  to  be  made  of  it  in  preparing  the  muria. 
refpedl  and  gratitude  of  his  country.     This  tribute  is     tic  acid,  and  Glauber's  falts  from  common  falls.     Its 

\  ufe 
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Roehuck.  life  has  been  farther  extended  to  many  metallic  procef-  of  that  kind  in  Scotland.     But  the  beft,  and  moft  i.i-    Ro.bfk- 

~~v~~"  fes  ;  and  it  has  lately  been  employed  in  feparating  filver  fallible  proof  of  Dr  Roebtick's  merit,  and  of  the  found  ' "      » 

from  the  clippings  of  plated  copper,   the  ul'e  of  which  principles  on  which  thefe  works  Wi  r<  cftjhlifhed,  is  the 

is  very  extentive.  i  prLl'eut  prulperous  Hate  of  that  cil,  hiiflimcnt,  the  great 

The  proiedt  and  ellablifhment,  however,  of  the  iron-  perfcAlon  of  man)  branches  of  their  nianuf.idturt-i,  and  ' 
works  at  Carron,  the  molt  extenfive  cRablifhmtnt  of  particularly  the  many  cxtenfivc  and  flourifliing  iron- 
that  kind  hitherto  in  Britain,  mull  be  confiderrd  as  Dr  works  which  have  fmce  been  ereftcd  upon  the  model 
Roebuck's  principal  work.  The  great  and  increaling  of  Carron  in  different  parts  of  Scotland,  at  Clcugh, 
demand  for  iron  in  the  progreflive  (late  of  arts,  manu-  Clyde,  Muirkirk,  and  Devon.  It  cannot  be  d'-iiied 
failures,  and  commerce  in  Britain,  aud  the  great  fums  that  all  thefe  works  have  fprung  from  the  etlablilhment 
of  money  fent  every  year  to  the  north  of  Europe  for  at  Carron,  and  are  ultimately  founded  upon  the  know- 
that  article,  turned  the  attention  of  chemifts  and  artifts  ledge  and  experience  which  have  been  obtained  from 
to  the  means  of  promoting  the  manufadure  of  iron,  them  ;  for  fome  of  the  paitners,  or  overfeers  of  theie 
with  the  view  of  reducing  the  importation  of  it.  No  new  works,  and  many  of  the  workmen,  have  been,  at 
perfon  has  a  better  founded  claim  to  merit,  in  this  par-  one  time  or  another,  conneded  with  that  of  Carron. 
ticnlar,  than  Dr  Roebuck.  The  fmching  of  iron  by  Hence,  then,  it  is  o  ving  to  the  projedor  and  promoter 
pitcoal,  it  is  indeed  believed,  had  been  attempted  in  Bri-  of  the  etlablifhment  at  Carron,  tluit  Scotland  i^,  at  this 
tain  in  the  beginning  of  the  lail  century.  In  the  reign  moment,  benefited  to  the  amount  of  many  hundred 
of  James  I.  feveral  patents  feem  to  have  been  granted  thoufand  pounds,  in  woiking  up  the  raw  materials  of 
for  making  hammered  iron  by  pitcoal,  particularly  to  that  manufafture  found  in  the  country  itfelf,  and  which, 
the  Hon.  Dud  Dudley  and  Simon  Starlevant.  It  does  previous  to  that  cllabli(hment;-  was  of  no  value  what- 
not appear,  however,  that  any  progrefs  had  been  made  ever.  Such  are  the  prtfait,  but  fearcely  any  idea  can- 
in  the  manufadure  in  confequence  of  thefe  patents.  In  be  formed  of^.tlie  future.,  advantages  to  this  country, 
later  times  trials  have  been  made  by  fo  many  different  which  may  bt  derived  from  the  extcafion  of  the  iron 
perfons,  and  in  fo  many  different  places  in  England,  manufadure.  About  6c, coo  tuns,  of  iron  have  been 
nearly  about  the  fame  time,  that  it  may'  be  difficult  to  annually  imported  into  Great  Britain  tor  more  than 
fay  where  and  by  whom  the  firft  attempt  was  made,  twenty  years  pall  ;  and  though  there  has  been  for  fome 
particularly  as  the  difcovcrers  of  fuch  procelfes  wifhed  time  about  20,000  tons  of  bar  iron  made  in  Britain  by 
to  conceal  the  knowledge  they  had  gained  as  long  as  pitcoal,  yet  the  foreign  imported  iron  has  fuffcrtd  little 
they  could.  But  Dr  Roebuck  was  certainly  among  or  no  diminution  in  quantity.  This  great  c-onlumpt-.on 
the  firil  who,  by  means  of  pitcoal,  attempted  to  refine  of  iron,  no  doubt,  is  owing  to  the  various  improvements 
crude  or  pig  iron,  and  to  make  bar  iron  of  it,  inftead  of  late  years,  and  the  general  exteijfion  throughout  all 
of  doing  it  by  charcoal,  according  to  the  former  prac-  Europe  of  commerce  and  the  arts.  The  manufadure 
tice  :  And  he  was,  without  all  queftion,  the  perfon  who  of  iron  muit  therefore  continue  to  increafe  ;  and  Scot- 
introduced  that  metbod  into  Scotland,  and  lirft  efla-  land,  abljunding  everywhere  in  ironltone,  pitcoal,  and 
blifhed  an  extenfive  manufadure  of  it.  It  is  not  meant  in  command  of  water  for  machinery,  has  the  profped  of 
to  afcribe  to  him  the  fole  merit  of  the  eftablilhment  at  obtaining  the  largeft  fliare  of  it. 

Carron.     No  man  was  ever  more  ready  than  he  was  to         To  the  eftablilhment  of  the  Carron  works,  and  to 

do  juftice  to  the  abilities  and  fpirit  of  his  friends  and  the  confequences  of  that  ellablifhment,  may  be  afcribed 

partners  Meffrs  Garbet,  Caddell,  &c.  who  firft  embark-  alfo  the  exiftence  of  other  public  works  in  Scotland  of 

~  great  importance  and  utility.  The  opening  of  a  com- 
munication by  water  betwixt  the  Forth  and  the  Clyde 
had  long  been  projefted,  and  frequently  the  lubjed  of 
converfation  in  Scotland,  but  nothing  in  fait  had  been 
attempted.     The   eftablifliment   of  the    iron-works   at 


ed  with  him  in  that  great  undertaking.  But  Hill  it  may 
be  faid  with  truth,  that  the  original  projed  of  the  iron- 
works at  Carron,  the  chemical  knowledge  and  expe- 
rience on  which  they  were  founded,  the  complicated 
calculations  which  were  previoufly  required,  the  choice 


of  the  fituation,  the  general  condud  and  diredion  of  Carron  foon  called  forth  fufficient  intereft  and  enter- 
the  buildings  and  machinery,  the  fuggeftion  of  many  prife  to  bring  about  the  execution  of  this  grand  defign. 
occafional  improvements,  together  with  the  removal  of  Some  of  the  partners  of  the  Carron  company,  foreiee- 
many  unforefeen  obftacles  and  difficulties,  which  occur-  ing  the  advantages  they  would  derive  from  fuch  a  corn- 
red  in  the  infant  ftate  of  that  eftablifhment,  were,  in  a  munication,  propofed,  at  their  own  expence,  to  execute 
great  meafure,  the  work  and  labour  of  Dr  Roebuck,  a  fmall  canal  ;  and,  aiter  taking  the  preparatory  fleps. 
Nor  can  it,  with  the  leaft  fhadow  of  juflice,  detrad  from  adually  applied  to  Parliament  to  obtain  authority  for 
his  merit,  that  a  larger  capital,  and  greater  expence  that  purpofe.  But  the  projed  of  the  fmall  canal  not 
than  was  at  firlt  calculated,  have  been  found  neceffary  meeting  with  the  approbation  of  fome  noblemen  and 
to  bring  the  works  at  Carron  to  their  prefent  ftate  of  gentlemen  in  that  part  of  Scotland,  they  oppofed  the 
perfedion  ;  or,  that  great  alterations  and  improvements  bill,  and  obliged  themfelvgs  to  execute  a  greater  canal, 
have  taken  place,  during  the  courfe  of  forty  years,  in  which  has  now  been  many  years  lii.ilhed,  and  is  iound 
a  great  and  progrefTive  eftablilhment.  In  all  works  of  to  be  of  the  greateft  advantage  to  the  trade  and  com- 
that  kind,  the  expence  exceeds  the  calculation.  The  merce  of  Scotland.  The  merit  of  this  undertaking  is 
undertakers  even  of  the  lateft  iron-works  which  have  not  meant  to  be  afcribed  to  Dr  Roebuck,  excepting  in 
been  ereded,  notwithftanding  all  the  advantages  ob-  fo  far  as  it  neceffarily  arofe  from  the  eftabhfhment  of 
tained  from  recent  experience,  will  be  ready  to  ac-  the  Carron  company,  of  which  he  was  the  original 
knowledge,  that,  in  thefe  refpeds,  there  is  little  room  projedor  ;  and  it  may  reafonably  be  doubted  whether^ 
to  blame  the  original  projedor  of  the  firft  efbblifhment  without  that  eftablifliment,  it  would  have  yet   taken. 


ROE  [     480     ]    . 

Roeljuclc.  plaoe.     Several   other   canals  have  fince  that  time  been     tions  did  not  permit 
'■  "■■«  '■-'  executed  In  different  parts  of  Scotland,  and  other  very 
important  ones  are  at  prefent  projefled. 

The  different  eftablifliments  which  Dr  Roebuck  made 
at  Borrowflounncfs  in  carrying  on  the  coal  and  fait 
works  there,  though  ultimately  of  no  advantage  to  him- 
fclf,  were  attended,  dining  the  courfe  of  thirty  years, 
with  the  moft  beneficial  effeds  upon  the  trade,  popula- 
tion, and  induftry  of  that  part  of  Scotland.  They  were 
the  means  alfo  of  adding  very  confiderably  to  the  pub- 
lic revenue.  Previous  to  the  time  thefe  works  fell  un- 
der Dr  Roebuck's  management,  they  produced  no  ad- 
vantage either  to  the  proprietor,  to  the  adventurers,  or 
to  the  public.  But  by  his  mode  of  condufting  them 
upon  a  raore  cxtenfive  plan,  by  opening  up  new  learns 
of  coal,  and  of  better  quality,  he  was  enabled  to  export 


ROE 

lilm  to  follow  them  out  by  experi-  RoeTiucli, 
mental  proceffes  of  his  own.      Upon   that,  and   indeed    Rog"^". 
almoil  upon  every  fubjcft,  his  mind  readily  grafped  the         * 
moft  ufeful  and  fubflantial  points,  and  enabled  him  to 
throw  out  fnch  hints  and  hypothefes  as  marked  him  the 
man  of  genius. 

During  the  courfe  of  a  regular  education,  both  at 
Edinburgh  and  at  Leyden,  Dr  Roebuck  iludled  the 
claffic  authors  with  great  attention,  particularly  the  hi- 
ftorical  and  political  parts  of  their  works.  Upon  thefe 
fubjefts  he  had  read  much,  feledled  with  judgment,  and 
was  well  acquainted  wllh  the  fafts  and  philofophy  of 
ancient  governments.  This  talle  he  carried  with  him, 
and  improved  In  every  period  of  his  life,  and  In  every 
fituation.  It  abundantly  rewarded  him  for  the  earnelU 
nefs  and  diligence  with  which  it  had  been  acquired.    It 


a  very  confiderable  quantity,  to  increafe  the  quantity  of  became   his   favourite   refource,  and  indeed  one  of  the 

fait,  and  of  courfe  the  revenue  arillug  from  thefe  arti-  chief  enjoyments  of  his  life.     PofTeffing  the  happy  ta- 

cles.       In  thefe  works,  and  In  the  management  of  a  lent  of  turning  his  mind  from  ferlous  and  fatiguing,  to 

large  farm,   Dr  Roebuck  gave  employment  to  near  a  elegant   and  recreating  purfuits,  It  was  no  uncommon 

thoufand  perfons  at  Borrowftounnefs  and  in  tlie  neigh-  thing  with  him  to  return  from  the  laboratory  or  the 

bourhood.  coalpit,  and  draw  relaxation  or  relief  from  fome  one  or 

Nor  was  It  folely  by  the  different  eftabllfhments  which  other  of  the  various  ftores  of  claffical  learning, 

he  projefted   and  executed,  but  by  many  other  things  No  man   was  better  acquainted  with  the  hiftory  of 

neceffarlly  connefted  with   them,  that  Dr  Roebuck's  his  country  than   Dr  Roebuck,  or  more  admired  and 

labours  were  beneficial  to  Scotland.    Along  with  them  revered  the  conftltutlon  of  Its  government.    By  temper 

he  may  be  faid  to  have  introduced  a  fpirit  of  enterprife  and  education  he  was  a  Whig,  and  at  all  times  entered 

and  Induftry,  before  that  time  little  known  tu  Scotland,  with  great  warmth  Into  the  political  difputes  and  con- 

.which  foon  pervaded  many  other  departments  of  labour,  troverfies  which  agitated  parties  in  the  different  periods 

and  gave  birth  to   many  other  ufeful    projefts.      He  of  his  life.      If  the  natural  warmth  of  his  temper,  and 

brought  from  England,  then  milch  farther  advanced  In  his  enthufiafm  on  thefe  fubjefts,  led  him,  on  fome  occa- 

arts  and  induftry,  many  ingenious  and  induftrlous  work-  fions,  beyond  the  bounds  of  candid  argumentation,  his 

men,  at  great  expence,  who,  by  their  Inftruftions  and  quick  fenfe  of  decorum,  and  his  perfeCl  habits  of  good 

example,   communicated   and  diffufed  fitill  and   know-  manners,  produced  an  immediate  atonement,  and  refto- 

ledge  to  others.      At  all  times  Dr  Roebuck  held  out  red  the  rights  of  elegant  and  polifhed  converfation. 

liberal  encouragement'  to  rifing  genius  and  Induftrlous  The   general   acquaintance  which  Dr   Roebuck  had 

merit  ;   and  fpared  no  expence  In  making  trials  of  Im-  acquired  with  natural  and  experimental  philofophy,  to- 

provements  and  difcoveries  which  were  connedled  with  gether  with  his   clalTical  and   political  knowledge,  ren- 


the   different   projefts   and  works  which  he  was  carry 
jug  on. 

Such  was  the  aftive  and  ufeful  life  of  Dr  Roebuck, 
a  man  of  no  common  caft,  who  united,  in  a  very  high 
detrree,  a  great  number  of  folid  and  brilliant  talents, 
which,  even  feparately,  fall  to  the  lot  of  but  few  indl- 
iduals.    Diftinguifhed  by  an  ardent  and  inventive  mind. 


dered  him  an  agreeable  companion  to  the  learned  almofl 
of  every  department,  and  procured  him  the  attachment 
and  frlendfhip  of  many  of  the  firft  literary  charafters  in 
Britain.  With  his  friend  Dr  Black  he  lived  till  his 
death  In  clofe  habits  of  intimacy;  and  he  often  acknow- 
ledged, with  much  franknefs,  the  advantages  which  lie 
derived  in  his  various  purfuits,  from  a  free  and  unrefer- 


dellghting  in  purfult  and  Inveftigation,  always  afpiring     ved  communication  with  that  eminent  chcmift. 
at  fomething   beyond  the   prefent  ftate  of  fclence  and  "^"^  "        '  ''     '  '^     /--  r /■  _/:l  1  .__  1 

art,  and  eagerly  preffing  forward  to  fomething  better  or 
more  perfeft,  he  thus  united  energies  the  moft  power- 
ful with  the  moil  unwearied  and  perfevering  induftry. 
To  that  peculiarity  of  imagination,  fo  fitted  for  fcien- 
tlfic  purfult,  which  readily  combines  and  unites,  which 
fteadily  preferves  Its  combinations  before  the  eye  of  the 
mind,  and  quickly  difcovers  relations,  refults,  and  confe- 
quences,  was  added,  in  his  charaftcr,  great  prompti- 
tude and  firmnefs  In  declfion.  Strongly  and  early  Im- 
prtffed  with  the  great  importance  of  applying  chemical 
and  phviical  knowledge  to  the  ufeful  arts,  to  the  melio- 
ration of  civil  life,  he  never  lufl  fight  of  that  favourite 
view,  and  difcovered  great  boldnefs  and  refource  in  the 
means  and  expedients  which  he  adopted  to  promote  It. 
He  was  certainly  mafter  of  the  belt  philofophy  of  che- 
mlilry  known  In  the  earlier  parts  of  his  life;  and  though 


The  amiable  difpofitions  of  fenfibility,  humanity,  a»d 
generofity>  which  ftrongly  marked  his  charafler  in  the 
general  intercourfe  of  fociety,  were  peculiarly  preferved 
and  exercifed  In  the  bofom  of  his  family,  and  In  the 
circle  of  his  friends.  In  the  various  relations  of  huthand, 
father,  friend,  or  mafter,  and  In  the  difcharge  of  the  re- 
fpeftive  duties  arifing  from  them,  It  would  not  be  eafy 
to  do  juftlce  to  his  charadler,  or  to  determine  in  which 
of  them  he  moft  excelled  ;  nor  muft  It  be  forgot,  for  it 
reflefted  much  honour  on  his  benevolent  heart,  that  his 
workmen  not  only  found  him  at  all  times  a  kind  and 
Indulgent  mafter,  but  many  of  them,  when  their  cir- 
cumftances  required  it,  a  (l<Ilful  and  compafhonate  phy- 
fician,  who  cheerfully  vifited  the  humbleft  reccffcs  of 
poverty,  and  who  attached  them  to  his  fervlce  by  mul- 
tiplied afts  of  generofity  and  klndnefs. 

ROEMER    (Olaus),    a   noted   Danlfh    aftronomer 


in  every  ftage  of  that  fclence  he  marked  and  underftood     and  mathematician,   was   born   at  Arhufan   in  Jutland, 
the  progrefs  of  the  difcoveries,  yet  his  numerous  avoca-     1644 ;  and  at  1 8  years  of  age  was  fent  to  the  univerCty 

of 


R    O    L  [    4S1     1  R     O    L 

Rotmer,   of  Copenhagen.    He  applLJ  afliduoufly  to  the  ftuJy  of    what  year,  to  the  univerfity  of  St  Andrews,  and  ad 


Rollock. 


RoUodc  [],j  mathematics  and  allroiioniy,  and  became  fo  expert 
in  thiife  fciencos,  that  wlien  Picard  was  fent  by  I^ouls 
the  XIV.  in  1671,  to  make  obfervations  in  the  north, 
he  was  greatly  lurprifed  and  pleafed  with  him.  He  en- 
gaged him  to  return  with  him  to  France,  and  had  him 
prcfented  to  the  king,  who  honoured  him  with  the  dau- 
phin as  a  pupil  in  mathematics,  and  fettled  a  penfion  up- 
on him.  He  was  joined  with  Picard  and  Caflini,  in 
making  aftronomical  obfervations  ;  and  in  1672  he  was 
admitted  a  member  of  the  Academy  of  Sciences. 

During  the  ten  years  he  refided  at  Paris,  he  gained 
great  reputation  by  his  difcoven'es  ;  yet  it  is  fa  id  he  com- 
plained afterwards,  that  his  coadjutors  ran  away  with 
the  honour  of  many  things  which  belonged  to  him. 
Here  it  was  that  Roemer.  firft  of  any  one,  found  out 
the  velocity  with  which  light  moves,  by  means  of  the 
eclipfts  of  Jupiter's  fatellites.  He  had  obferved  for 
many  years,  that  when  Jupiter  was  at  his  grcatclt  diftance 


mitted  a  Undent  in  St  Salvatpr's  college.  His  pro-  " 
grefs  in  the  fcicnces,  which  were  then  taught,  was  (o 
great  and  fo  rapid,  that  he  had  no  fooner  taken  his  de- 
gree of  M.  A.  th=n  he  was  chofen  a  profilfor  of  philo- 
fophy,  and  immediately  began  to  read  Kclures  in  St 
Salvator's  college.  This  mull  have  been  at  a  very  early 
period  of  life  ;  for  he  quitted  St  Andrews  in  the  year 
1583,  when,  according  to  Mackenzie,  he  had  tanglit 
pliilofophy  for  fome  time  in  tint  univerfity. 

Not  long  before  this  period,  the  magiitvatcs  of  Edin- 
burgh having  petitioned  the  king  to  tre£l  a  univerlity 
in  that  city,  he  granted  them  a  charter  under  the  great 
fcal,  allowing  them  all  the  privileges  of  a  univerfity  ; 
and  the  college  being  built  in  ijSi,  they  made  choice 
of  Mr  Rollock  to  be  their  principal  and  profeflor  of 
divinity. 

At  what  time  he  was  admitted  into  holy  orders,  by 
whom  he  was  ordained,  or  indeed  whether  he  ever  wa« 


from  the  earth  where  he  could  be  obfc-ved,  the  emer-     ordained,  has  been  the  lubjeft  of  fome  acrimonious  con- 


fions  of  his  firft  fattlh'te  happened  conftantly  15  or  16 
minutes  later  than  the  calculation  gave  them.  Hence 
he  concluded,  that  the  liglit  reflefted  by  Jupiter' took 
up  this  time  in  running  over  the  excefs  of  dlilancc  ;  and 
confequently  that  it  took  up  16  or  18  minutes  in  run- 
ning over  the  diameter  of  the  earth's  orbit,  and  8  or  9 


troverfy  ;  but  it  is  a  controverfy  which  we  fhall  not  re- 
vive; for,  confidcving  tiic  manner  in  which  orders  were 
then  conferred  in  Scotland,  the  quellion  in  debate  is  ot 
very  little  importance.  It  is  certain  that  he  became  fa- 
mous in  the  univeriity,  and  among  his  countrymen  in  ge- 
neral, for  hia  leelures  in  theology,  and  for  the  pcrfualivc 


in  coming  from  t!ie  fun  to  us,  provided  its  velocity  was     power  of  hia  preaching;  for  Calderwood  alTures  us,  that. 


in  15S9,  he  and  Mr  Robert  Bruce,  another  popular  ora- 
tor, made  the  Earl  of  Bothwcl  fo  fenfiblc  of  his  finful 
and  vitious  courfcs,  that,  upon  the  9th  of  November, 
his  lordfhip  humbled  himfelf  upon  his  knees  in  the  eail 
church  in  the  forenoon,  and  in  the  high  church  in  the 
afternoon,  confeffing  before  the  people,  wi:h  tears  in  hii 
eyes,  his  dilFolute  and  licentious  life,  and  promiling  to 
prove,  for  the  future,  another  man. 

In  the  year  159^,  Principal  Rollock  and  others  were 
appointed  by  the   ilates  of  parliament  to  confer  witli 


nearly  uniform.  This  difcovery  had  at  firll  many  op- 
pofers  ;  but  it  was  afterwards  confirmed  by  Dr  Bradley 
in  the  moft  ing-enious  and  beautiful  manner. 

In  168 1  Roemer  was  recalled  to  his  native  country 
by  Chriftian  the  Vth  King  of  Denmark,  who  made 
him  profeffor  ot  aftronomy  at  Copenhagen.  The  king 
employed  him  aflo  in  retorniing  the  coin  and  the  archi- 
tefture,  in  regulating  the  weights  and  meafures,  and  in 
iiieafuring  and  laying  out  the  hi^h  ro.ids  throughout 
the  kingdom  ;    offices  which  he  difcharged  with   the 

greatell  credit  and  fatisfaftion.  In  confequence  he  was  the  popiih  lords;  and  in  the  next  year  he  was  one  of 
honoured  by  the  king  with  the  appointment  of  chan-  tliofe  who,  by  the  appointment  of  the  general  nflembly" 
cellor  of  the  exchequer  and  other  dignities.  Finally,  he  of  the  church,  met  at  Edinburgh  in  the  month  of  May, 
became  counfellor  of  ftate,  and  burgomaller  of  Copen-  and  prefentcd  to  his  majefty  a  paper,  entitled,  Thedan- 
hagen,  under  Frederic  the  IV.  the  fucceffor  of  Ciirif-  gcrs  tuh'icb,  through  the  impunity  of  excommunicated 
tinn.  Roemer  was  preparing  to  publifli  the  refult  of  papists,  TRArncKERS  wirH  the  Spaniards,  and 
his  obfervations,  when  he  died  the  19th  of  September  other  enemies  of  the  religion  and  eflate,  are  imminent  to  the 
1710,  at  66  years  of  age  :  but  this  lofs  was  fup[)licd  by  true  religion  frofrfjed  ruithin  this  realm,  his  Majsfy's  per- 
Hurrebow,  his  difciple,  then  profeffor  of  aftronomy  at  fon.,  croivn,  end  liberty  of  this  our  native  country.  His 
Copenhagen,  who  publilhed,  in  4to,  1  7  i;^,  various  ob-  zeal  againil  Papiils  was  indeed  ardent ;  ;in(i  he  feems  to 
tcrvations  of  Roemer,  with  his  method  of  ohferving,  un- 
der the  title  of  Bafis  jljlronomi^. — He  had  alio  printed 
various  aftronomical  obfervations  and  pieces,  in  fevcral 
volumes  of  the  Memoirs  of  the  Royal  Academy  of 
Sciences  at  Paris,  of  the  inllitiition  of  1 066,  particularly 
vol.  I.  and  10.  of  that  colledion. 


have  adopted  that  judalcal  doClrine,  which  was  embra- 
ced in  fome  degree  by  all  the  reformers,  that  it  is  die 
duty  of  the  civil  magiftrate  to  punllh  idolatry  with 
death. 

In  the  year  1 1J95  he  was  nominated  one  of  the  com- 
miffioners  for  the  viCtation  of  colleges.      Thefc  com- 
ROLLOCK    (Robert),    the  tirft  principal  of  the      miilioners  were  empowered  to  viht  all   the  colleges  in 
college  of  Edinbur;::!!,  was  the  fon  of  David  Rollock  of     the  kingdom,  to  inquire  into  the  dotlrine  and  life  of 


Pouhoufe,  or,  as  it  is  now  written,  Poivis,  in  the  neigh, 
bourhood  of  Stirling.  He  was  born  in  155;;  and 
learned  the  rudiments  of  the  I.,atiii  tongue  under  one 
Mr  Thomas  Buchanan,  who  kept,  fays  Archbifliop 
Spottifwood,  a  famous  fchool  at  that  time,  and  was, 
according  to  Dr  Mackenzie,  one  of  the  moft;  eminent 
grammarians  in  Scotland.  Where  Mr  Buchanan  kept 
tits  fchool,  neither  of  thefe  authors  has  informed  us. 
From  fchool  Mr  Rollock  was  fent,  we  know  not  in 
Soi-PL.  Vol.  II.  Part  II. 


the  feveral  matters,  the  difcipline  ufed  by  them,  the 
ifate  of  their  rents  and  living,  and  to  make  their  reporL 
to  the  next  aflembly. 

In  1596,  the  faftious  behaviour  of  fome  of  the  mi- 
nilters  having  drawn  upon  them  the  juft  refentment  of 
the  king,  t)ur  principal  was  employed,  on  account  of 
his  moderation,  to  foften  that  refentment,  and  to  turn 
his  majefty 's  wrath  againft  the  Papifis  I  In  the  year 
J  ir97,  he  was  chofen  moderator  of  the  General  Affem- 
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RoIIock.     bly — the  higheft  dignity  in  the  Scot tifh  church  ;   and  fcrmons,   are   in   Latin.      That  Piincipal    Rollock  was     Rofe« 

»  he  had  the  influence  to  get  fome  great  abufes  redrctTcd.  lield   in  high  eftimation  in  the  college  over  which  he      Rcta. 

Being  one  of  fourteen   minifters  appointed  by  this  af-  prefided,  is  made  at  Icall  probable  by  the  following  epi-  '- — *'~~' 

fembly  to  take  care  of  the  affairs  of  the  church,  the  taph  ; 

fird  thinsj  which  he  did  was  to  procure  an  aft  of  the         cr    n  11  ■  „      tt  1         n       a     1     ■         n      n 

leffillatare,   reltonng  to  the  prelates  their  ieats  111  par-  '  ■■    c  •' •  ,,        ■        ■'      •' 

,.°        ^       Tj     ,     ,  ,  c       c        11  I  •      jj     r       r  ■C''  tola  excnuns  hcntta  ma: la  tuts. 

hament.      tie  had  here  occaliun  tor  all  his  addrcls ;   lor  tt      ■  111         n  ■      ■ 

hy    J  ^  •,    .     .i-  r  .       1     r     1      i-.i  '-'"0  in  te  nuvts  deaerat  Uais  omnia,  in  una 

e  had  to  reconcile  to  this  mealure,  not  only  lucli  or  the  ct-    7-.  ■     •  •  1  1    ■ 

•   ■.,  11  J     n   1  •   J       f  r  I      J-     ••        •     .u  J^  Ueus  enpiiit  omnia  quit  aeclertt. 

minilters  as  abnorred  all  kinds  01  uibordmation  in  the  ••  ' 

church,   but  likewife  many  of  the  lay  lords,  who  were  ROSES  Otter,  (or  elTential  oil)   of.      In   the  En- 

not   delighted  with  the  profpeft  of  fuch  alfociates  in  cyclopad'ia,  under  the  word  Roses,   we  have  given  one 

parliament   as  the    Scotch   prelates    were   at   that   pe-  receipt  for  making  this  very  highpriced  perfume  ;   and 

riod  (a).  we  (liall  here  give  anotiicr  ;  which,  whether  it  be  as  ef- 

Though  he  fpent  the  greater  part   of  his  life  in  con-  feftual  or  not,  is  at  lead  fimpler  and  lefs  expenfive.     It 

dufting  the  affairs  of  the  church,   we  have  the  autho-  is  by  an  officer  who  w.is  in  the  country  where  the  Otter 

rity  of  Spottifwood  for  faying,  that  he  would  have  pre-  is  prepared,  and  who  afhlled  in  making  it  himfclf ;  and 

ferred  retirtment  and  ftudy.     To  the  buftle  of  public  is  as  follows: 

life,  efpecially  at  that  period  of  faftion  and  fanaticifm,  "  Take  a  very  large  glazed  earthen  or  ilone  jar,  or  a 
his  feeble  conftitution  was  not  equal ;  and  his  incliiia-  large  clean  wooden  cafl<  ;  fill  it  with  the  leaves  of  the 
tion  would  have  confined  him  to  his  college  and  his  flowers  of  rofes,  very  well  picked,  and  freed  from  all 
library.  He  was  dreadfully  afHic\ed  witli  the  Hone;  feeds  and  ftalks ;  pour  on  them  as  much  pure  fpring 
the  tcments  of  which  he  long  bore  with  the  fortitude  water  as  will  cover  them,  and  fet  the  vcflcl  in  the  fun, 
and  refignation  of  a  Chrlllian.  He  died  at  Edinburgh  in  the  morning  at  fun-rife,  and  let  it  ftand  till  the  even- 
on  the  28th  of  February  1598,  in  the  43d  year  of  iiis  iiig,  then  take  it  into  the  houfe  for  the  night  ;  expofe 
age;  having  exhorted  his  brethren, with  his  dying-breath,  it,  in  this  manner,  for  lix  or  feven  fucceflive  days,  and, 
to  carry  themftlves  more  dutifully  to  their  gracious  at  the  end  of  the  third  or  fourth  day,  a  number  of  par- 
fovereign.  tides,  of  a  fine  yellow  oily  matter,  will  float  on  the  fur- 

His  works  are,  i.  A  Commentary  on  the  Firft  Book  face,  which,  in  two  or  three  days  more,  will  gather  iu- 

of  Theodore  Beza's  Qu^tftions.      2.  A  Commentary  on  to  a  fcum,  which  is  the  otter  of  rofes.     This  is  taken 

St  Paul's   Epillle  to  the  Ephefians,  4to,   Edinburgh,  up  by  fome  cotton,  tied  to  tlie  end  of  a  piece  of  flick, 

1590.    3.  A  Commentary  on  the  Prophet  Daniel,  4to,  and  fqueezed  with  the  finger  and   thumb   into  a  fmall 

Edinburgh,  1591.    4.  A  Logical  Analyfis  of  St  Paul's  phial,   which  is  immediately  well  (lopped;  and  this  is 

Epiftle    to   the   Romans,   8vo,    Edinburgh,   i  i;94.      5.  repeated  for  fome  fucceffive  evenings,  or  while  any  of 

Some  Queftions  and  Anfwers  concerning  the  Covenant  this  fine  effential  oil  rifes  to  the  furiace  of  the  water." 
of  Grace  and  the  Sacraments,  8vo,  Edinburgh,    1^96.  L)r  Donald  Monro,  who  communicated  this  receipt  to 

6.   A  Treatife   of  Effettual  Calling,   f-'vo,   Edinburgh,  the  Royal  Sociifty  of  Edinburgh,  fays,  that  he  has  been 

1597.      7.  A  Commentary  on   the  Epiftles  of  St  Paul  informed,  that  fome  few  drops  of  this  efTential  oil  have 

to  the  Thedalonians  and  Philemon,  8vo,  Geneva,  1597.  more  than  once  been  coUefted  by  diftillation   in  Lon- 

8.  A  Commentary  upon   Fifteen    Seleft  Pfalms,   8vo,  don,  in  the  fame  manner  as  the  effential  oils  of  other 

Geneva,    1598.     9.   A  Commentary  on  the  Gofpel  of  plants. 

St  John,  with  a  harmony  of  the  Four  Evangelills  upon         ROTA  Aristoteuca,  or  Arljloth's  Wheel,  denotes 

the  Death,  Refurreftion,  and  Afcenfion  of  Jefus  Chrift,  a  celebrated  problem  in  mechanics,  concerning  the  mo- 

8vo,  Geneva,  1599.      10.  Certain  Sermons  on   Several  tion  or  rotation  of  a  wheel  about  its  axis  ;  fo  called  be- 

Places  of  St  Paul's  EpilUes,  8vo,    Edinburgh,    1598.  caufe  firfl  noticed  by  Ariltotle. 

II.  A  Commentary  upon  the  EpilUe  to  the  ColofTians,  The  difficulty  is  this.     While  a  circle  makes  a  revo- 

8vo,  publifhed  at   Geneva,    1602.      12.  A  Logical  A-  lution  on   its  centre,   advancing  at  the  fame  time  in  a 

nalyfis  of  the  Epiftle  to  the  Hebrews,  8vo,  Edinburgh,  right  line  along  a  plane,   it  defcribes,  on  that  plane,  a 

1605.      13.  A  Logical  Analyfis   of  the  Epiftle  to  the  right  line  whicii  is  equal  to  its  circumference.      Now  if 

Galatians,  8vo,  London,    1602.      14.   A   Commentary  this  circle,   which   may   be    called  the  deferent,  carry 

upon  the  Two  Firft  Chapters  of  the  Firft  Epiftle  of  St  with  it  another  fmaller  circle,  concentric   with  it,  like 

Peter,   8vo,  London,    1603.      15   and    16.  A  Treatife  the  nave  of  a  coach  wheel;  then  this  little  circle,  or 

of  Juftification,  and  anotfier  of  Excommunication,  both  nave,  will  defcribe  a  line  in  the  time  of  the  revolution, 

in  8vo,  London,    1604.     All  thefe  works,  except  the  which  fhall  be  equal  to  that  of  the  large  wheel  or  ciiv 

cumference 


(a)- The  conftitution  of  the  Scotch  church  was,  at  this  period,  a  ftrangc  fyftem  of  inconfiftency  and  contra- 
diftion.  It  was,  in  faft,  prefbyterian  ;  for  ecclefiaftical  difcipline  was  adminiftered  then,  as  at  prefent,  by  kirk- 
feflions,  preftjyterics,  and  general  afTemblies  ;  and  there  was  not  a  reformed  biftiop  in  the  kingdom.  Whether 
provincial  fynods  were  then  in  ufe,  the  writer  of  this  note  does  not  at  prefent  recolleft.  The  king,  however, 
who  was  meditating  the  reiloration  of  epifcopacy,  conferred  the  eftates,  or  part  of  the  eftates,  belonging  to  the 
different  fees,  upon  the  moft  eiuinent  parochial  minifters,  and  dignified  them  with  the  title  of  bifhops  ;  though  it 
does  not  appear  that  they  had  any  jurifdiftion  over  their  brethren  ;  and  though  they  were  certainly  not  ex  ojffim 
fo  much  as  moderators  of  the  preibyterics  within  the  bounds  of  which  their  churches  were  fituated.  Thefe  were 
the  men  for  whom  Mr  Rollock  exerted  himfelf  to  obtain  feats  in  the  parliament. 
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C'imfcrencc  itftlf;  becaiife  its  centre  advances  in  a  n'>;ht 
line  as  fall  as  that  of  the  wheel  does,  being  in  reah'ty 
'  the  fame  with  it.    ' 

The  folution  given  by  Ariftotle,  is  no  more  than  a 
good  exnlicaticn  of  the  difficulty. 

Gahleo,  who  next  attempted  it,  has  recoiirfe  to  an 
infinite  luimber  of  infinitely  little  vacnities  in  the  right 
line  dcfcribed  by  the  txo  circles;  and  imagines  that 
the  little  circles  never  applies  its  circumference  to  thofe 
vacuities  ;  but  in  reality  only  applies  it  to  a  line  equal 
to  its  own  circumference  ;  though'  it  appears  to  have 
applied  it  to  a  much  larger.  But  all  this  is  nothing  to 
tht  pnrpofe. 

Tacquet  will  have  it,  that  the  little  circle,  making  its 
rotation  more  flouly  thaa  the  great  one,  does  on  that 
account  dclcribe  a  line  longer  than  its  own  circumfe- 
rence ;  yet  without  applying  any  point  of  its  circumfe- 
rence to  more  than  one  point  of  jtsbafe.  But  this  is  no 
more  fatlsfaftory  than  the  former.  '' 

Ai'tcr  the  fruitlefs  attempts  of  fo  many  great  men, 
M  Dortous  do  Meyran,  a  French  gentleman,  had  the 
good  fortune  to  hit  upon  a  folution,  whicli  he  lent  to 
the  Academy  of  Sciences  ;  where,  being  examined  by 
MefTrs  de  LouviUe  arul  Soulman,  appointed  for  that  pur- 
pofe,  they  made  their  report  that  it  was  iatisfattory. 
The  folution  is  to  this  effedl  : 

The  wheel  of  a  coach  is  only  aAed  on,  or  drawn  in  a 
right  line  ;  its  rotation  or  circular  motion  arifes  purely 
from  the  refiftance  of  the  ground  upon  which  it  is  ap- 
plied.  Now  this  reiillance  is  equal  to  the  force  which 
draws  the  wheel  in  the  right  line,  inafmuch  as  it  defeats 
that  direction  ;  of  confequence  the  caufes  of  the  two 
motions,  the  one  right  and  the  other  circular,  are  equal. 
And  hence  the  wheel  defcribes  a  right  line  on  the  ground 
equal  to  its  circumference. 

As  for  the  nave  of  the  wheel,  the  c^fe  is  otherwife. 
It  is  drawn  in  a  right  line  by  the  fame  force  a->  the 
wheel ;  but  it  only  "turns  round  becauic  the  wheel  does 
fo,  and  can  only  turn  in  the  fame  tiir.e  with  it.  Hence 
it  follows,  that  its  circular  velocity  is  lefs  than  that  of 
the  wheel,  in  the  ratio  of  the  two  circumferences  ;  and 
therefore  its  circular  motion  is  lefs  than  the  rediilinear 
one.  Since  then  it  necelTdrily  defcribes  a  right  line  equal 
to  that  of  the  wheel,  it  can  only  do  it  partly  by  (liding 
and  partly  by  revolving,  the  Aiding  part  being  more  or 
lefs  as  the  nave  ittelf  is  fmaller  or  larger. — Hutton's 
DiSionary. 

ROWNING  (John),  an  ingenious  Englilh  mathe- 
matician and  philofopher,  was  fellow  of  Magdalen  Col- 
lege, Cambridge,  and  afterwards  Reftor  of  Anderby 
in  Lincolnlfiire,  in  the  gift  ot  that  Society.  He  was  a 
conftant  attendant  at  the  meetings  of  the  Spalding  So- 
x:iety,  and  was  a  man  of  a  great  philofophical  habit 
and  turn  of  mind,  tliough  of  a  checriid  and  companion- 
able difpofition.  He  had  a  good  genius  for  mechani- 
cal contrivances  in  particular.  In  17^8  he  printed  at 
Cambridge,  A  Compendious  Syllem  of  Natural  Philo- 
fophy,  in  2  vols  8vo  ;  a  very  ingenious  work,  which 
has  gone  through  feveral  editions.  He  had  alfo  two 
pieces  inferted  in  tlie  Philofophical  Tranfaftions,  viz. 
I.  A  Defcription  of  a  Barometer,  wherein  the  Scale 
of  Variation  may  be  increafed  at  pleafure  ;  vol.  xxxviii. 
p.  39.  And,  2.  Diredtlons  for  making  a  Machine  for 
finding  the  Roots  of  Equations  univerfally,  with  the 
Manner  of  ufing  it ;  vol.  Ix.   p.  240. — Mr  Rowning 
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died  at  his  Iolu,ing.<  in  Civey  llreet,  near  Lincoln's-Tnn 
Fields,  the  latter  end  of  November  1771,  at  7^  years 
of  agiJ. 

Though  a  very  ingenious  and  pleafant  man,  he  had 
but  an  uiipioniihiig  and  forbidding  appearance  :  he  was 
tall,  (looping  in  the  Iboulders,  and  of  a  fallow,  down- 
looking  countenance. 

ROY  RoYAN,  in  Bengal,  tiie  chief  d'Tiitr  in  the  re- 
venue department,  next  to  lilt  Dewan  under  tte  riutive 
government. 

RUTHERFORD  (Joan,  M.  D.),  one  of  the  ii- 
luftrious  fpunders  of  liie  medical  fchool  in  the  uniwiti- 
ty  of  Edinburgh,  was  the  fon  of  the  Rev.  Mr  Ruther- 
ford minifter  of  Yarrow,  in  the  county  of  Selkirk, 
North  Britain.  H-e  was  born  on  the  ill  Augult  1695;, 
and  received  the  rudiments  of  his  education  at  the  pa- 
riili  fchool- of  Selkirk  ;  where,  from  iu's  future  profi- 
ciency, tiiere  is  every  reafon  to  believe  tliat  he  made  a 
rapid  progrefs  in  the  knowledge  of  the  Latin  and 
Greek  languages. 

'After  the  death  of  hisfather,  he  went  to  EdinKin-^rh 
in  1708  or  1710,  where,  in  the  injiverfity,  he  applied 
himfelf  to  the  Uudy  of  claffical  literature,  mathematics, 
and  natural  philolophy.  The  celebrated  Dr  Pitcairn 
was  then  fo  highly  refpedlcd  for  his  medical  Ikill,  that 
it  is  not  improbable  but  that  a  laudable  defire  of  ob- 
taining a  portion  of  fimilar  fame  may  have  turned  the 
attention  of  young  Rutherford  to  the  lludy  of  medi- 
cine. Be  that  as  it  ir.ay,  he  engaged  himfelf  appren- 
tice to  Mr  Alexander  Nefbit,  at  that  time  an  eminent 
furgeon  in  Edinburgh,  with  whom  he  remained  till 
17 16,  when  he  went  to  London.  There  he  attended 
fome  hofpitals,  and  the  leAures  read  on  anatomy  by  Dr 
Douglas,  on  furgery  by  Andre,  and  on  materia  medica 
by  Strother. 

After  a  year's  refidence  in  London,  he  returned  to 
Edinburgh  ;  and  having  fettled  his  atf  lirs  in  that  city, 
he  went  to  Leydcn,  wliich,  from  the  Icdtures  of  Boer- 
haave,  was  then  the  moil  celebrated  medical  fchool  in 
Europe.  In  1719  he  went  into  France,  and  was  at 
the  end  of  July  in  that  year  admitted  to  the  degree  of 
M.  D.  in  the  univerfity  of  Rheims.  He  palled  the  fol- 
lowing winter  in  Paris,  chiefly  for  the  fake  of  Window's 
private  demoiiilrations  in  anatomy  ;  and  in  1720  he  re- 
turned to  Britain. 

In  I  72  I  he  iettled  as  a  phyfician  in  Edinburgh;  and 
foon  afterwards  Drs  Rutherford,  Sinclair,  Plummer, 
and  lunEs,  purchafed  a  laboratory,  where  they  prepa- 
red compound  medicines.  This  was  an  art  then  but 
little  known  in  Scotland;  and  as  a  commercial  fperuia- 
tion,  the  laboratory  mull  therefore  have  proved  very  ad- 
vantageous to  the  partners.  But  they  had  higher  ob- 
jedis  in  view  than  commerce.  They  demoiilrated,  as 
far  as  they  were  then  knowMi,  the  operations  of  chemif- 
try  to  a  numerous  audience  ;  and  foon  afterwards,  by 
the  advice  of  their  old  mailer  Boerhaave,  they  extend- 
ed their  leftures  to  the  other  branches  ofphyfic.  In 
1725  they  were  appointed  joint  profeflTors  in  the  univer- 
fity ;  where,  we  believe,  each,  for  fome  time,  read  lec- 
tures in  every  department  of  medical  fcience,  anatomy 
excepted,  and  carried  forward  their  clafles  in  rotation. 
The  anatomical  leAures  were  read  by  the  elder  Monro, 
who  had  been  fettled  a  year  or  two  before  them  in  E- 
dinburgh,  and  whofe  eminence  in  that  department  is 
known  to  all  Europe. 

3  P  z  On 
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Ruthcr-  On  tlie  death  of  Dr  Iniics,  a  pnrticular  branch  of 
^  f"'''^  medical  fcience  wns  all<tted  to  c^ch  of  the  other  three 
'—~y~~  profefTois.  Dr  Phimmer  was  appointed  profefTor  of 
chemillry  and  materia  medica,  Dr  Sincljir  of  the  infli- 
tiites  of  phyfic,  and  Dr  lliithevford  of  the  pradtlce  ;  and 
thus  was  a  re^'ular  medical  fchool  ellablifhed  in  Edin- 
burgh by  Monro,  Plnmtner,  Sinclair,  and  Rutherford. 
Tlie  leftures  on  the  iiitlitutcs  and  praAice  of  phyfic 
were  then,  and  for  many  years  afterwards,  delivered  in 
Latin  ;  aiid  fuch  was  Dr  Rutherford's  command  of 
that  laricjuage,  that  on  every  thing  connefted  with  me- 
dicine, he  talked  in  it  more  fluently  than  in  the  lan- 
guage of  his  country. 

Whether  it  was  any  improvement  in  the  mode  of  me- 
dical education  in  Edinburgh  to  change  the  language 
of  the  Itftures  from  Latin  to  Englilh,  is  perhaps  more 
than  queltionable.  We  have  now  difperfed  over  tiie 
country  a  number  of  illiterate  men,  pradifing  as  fur- 
gcotis,  and  even  as  phyficians,  who  never  could  have 
Loaded  of  having  gone  through  a  regular  courfe  of  me- 
dical initruflion,  had  the  leflures  continued  to  be  deli- 
Tered  in  the  language  in  v^hich  they  were  begun.  Fo- 
reigners,  too,  would  not  have  bten  under  the  neceffity 
of  learning  a  new  language,  before  tiiey  could  enter  on 
the  ihidies,  for  the  cultivation  of  which  they  came  to 
Scotland  ;  and  though  the  mediciil  claffes  might  not 
have  been  fo  crowded  perhaps  as  at  prefent,  the  indivi. 
duals  compofuig  them  would  have  been  at  lealf  as  re- 
ipeftablc.  Whether  Dr  Rutherford  reafoned  in  this 
way  we  know  not  ;  but  he  continued  to  ledture  in  La- 
tin as  long  as  he  tilled  the  praftical  chair. 

About  the  year  1748  he  introduced  a  very  great  im- 
provement in  the  courfe  of  medical  education.  Sen- 
fihle  that  abftratl  leflures  on  the  fymptoms  and  the 
mode  of  treating  various  difeafes,  of  which  the  Uudents 


know  little  hut  the  names,  could  fcarccly  be  of  any  be-  Ruiher. 
ncfit,  he  had  for  fome  time  enco".raged  his  pupils  to  '^"'■'^• 
bring  patients  to  him  on  Saturday,  when  he  inquired  ^~"v~~ 
into  t!ie  nature  of  their  difeafes,  and  prefcribed  for 
them  in  the  prelence  of  the  clafs.  I'his  gave  rife  to 
the  courfe  of  clinical  lefturcs  ;  the  utility  of  which  was 
fo  obvious,  that  it  was  enafted,  by  a  decree  of  the  fe- 
nate  of  the  univerfity,  that  no  man  fliould  be  admitted 
to  an  examination  for  his  doftor's  degree,  who  had  not 
attended  thofe  Icftures  ;  to  which  an  excellent  hofpi- 
tal,  then  lately  ereded  (fee  Edinburgh,  in  the  Ency. 
c/opiedia),  gave  the  profelfors  every  opportunity  of  do- 
ing ample  juitice.  To  men  who  mean  to  live  by  the 
practice  of  phyfic,  and  have  no  inordinate  ambition 
to  raife  their  tame  by  fanciful  theories,  this  is  ])er- 
haps  the  moll  valuable  courfe  of  letlures  that  is  given 
in  Edinburgh;  and  if  fo,  Dr  Rtiherford  mull  be  con- 
fidered  as  one  of  the  greatell  benefadlors  of  the  medical 
fchool. 

i'o  untried  theories  in  phyfic  he  was  indeed  no  friend; 
and  we  have  heard  a  favourite  and  very  able  pupil  of  his, 
who  knew  him  well,  and  refpefted  him  highly,  affirm 
that,  to  his  knowledge,  Dr  Rutherford  retained  his  pro- 
fefforfliip  longer  than  he  otherwife  would  have  chofen 
to  do  ;  merely  that  he  might  keep  out  a  fpecnlatill, 
whom  he  knew  to  be  afpiring  to  the  praftical  chair. 
Finding  at  Ijft  in  the  late  Dr  John  Gregory  (fee  Gre- 
gory, Encyil.)  a  fuccelTor  entirely  to  his  mind,  he  re- 
llgned  to  him  in  1765,  after  having  taught  medicine  in 
its  different  departments  for  upwards  of  forty  years. 
He  lived,  after  this  period,  loved  by  his  friends,  and 
revered  by  many  eminent  phyficians,  who  had  been  his 
pupils,  till  1779,  when  he  died  in  Edinburgh,  where 
he  had  fpent  the  greater  part  of  his  life,  in  the  84th 
year  of  his  age. 


Q 


SACCHARONfETER,  the  name  given,  by  Mr  Ri- 
chardfon  of  Hidl,  to  an  inltrurncnt  invented  by  him 
for  afeertaining  the  vilue  of  worts,  and  the  flrength  of 
different  kinds  of  malt  liquors.  In  plain  Englifh,  the 
name  (ignitics  a  meafurcr  of fweetnefs  ;  and  therefore,  if 
etymology  were  to  be  attended  to,  the  inftrument 
fhould  be  employed  merely  as  a  meafurer  of  the  fweet- 
nefs of  worts.  It  is  in  faft  beft  adapted  for  this  pur- 
pofe,  being  merely  an  hydrometer  contrived  to  alcertain 
the  fpecific  gravity  of  worts,  or  rather  to  compare  the 
weight  of  worts  with  that  of  equal  quantities  of  the 
water  employed  in  the  brewery  where  the  inllrument  is 
11  fed. 

The  principle  which  fuggefted  the  invention  of  the 
inftrument  to  Mr  Richardfon  is  as  follows  ;  The  men- 
Ilruum  or  water,  employed  by  the  brewer,  becomes 
heavier  or  more  denfe  by  the  addition  of  fuch  parts  of 
the  materials  as  have  been  diffolved  or  extratted  by. 


and  thence  incorporatt-d  with  it:   the  operation  of  boil-  Jaccharsw 
ing,  and  its  fubfequent  cooling,  flill  adds  to  the  denfity     meter, 
of  it  by  evaporation;  fo  tliat  when  it  is  fubmitted  to  the         * 
action  of  iermentation,  it  is  more  denfe  than  at  any  other 
period. 

In  paffing  through  this  operation  of  nature,  a  re- 
markable alteration  takes  place.  The  fluid  no  fooner 
begins  to  ferment  than  its  denfity  begins  to  diminifli  ; 
and  as  the  fermentation  is  more  or  lefs  perfeft,  the  fer- 
mentable matter,  whofe  accefiion  has  been  traced  by 
the  increafeot  deniity,  becomes  more  or  lefs  attenuated; 
and  ifl  lieu  of  every  particle  thus  attenuated,  a  fpiritu- 
ous  particle,  of  lefs  denfity  than  water,  is  produced  :  fo 
tliat  when  the  liquor  is  again  in  a  ilate  of  quietude,  it 
is  fo  much  fpecifically  lighter  than  it  was  before,  as  the 
aftion  of  fermentation  has  been  capable  of  attenuating 
the  component  parts  of  its  acquired  denfity  ;  and,  in- 
deed, were  it  prafticable  to  attenuate  the  whole,  the 

liquor 
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liquor  would  become  lighter  or  IcTs  denfe  than  wnter  ; 
bccaufe  the  quantity  of  fpirit  prodiictd  from,  and  occu- 
pyinj  the  place  of  the  fermentable  matter,  <vouId  dimi- 
nilb  the  denfity  of  the  water  in  a  degree  bearing  funrj 
proportion  to  that  in  which  the  latter  had  increaltd  it. 

From  thefe  farts,  the  reader,  who  is  acquainted  witii 
hydroliatical  principles,  will  be  able  to  contlrucl  a  fac- 
charometer  for  himfelf.  Brewers  who  are  (hangers  to 
thefe  principles,  we  mnll  refer  to  Mr  Richardfon's  book 
for  details,  which  our  limits  permit  us  not  to  give.     • 

SAGITTA,  in  aftronomy,  the  ^-Jrrow  or  Dart ;  a 
conftellation  of  the  northern  heniifphere  near  the  eagle, 
and  one  of  the  48  old  allerifms. 

SAHARA,  or,  as  it  is  fometimes  written,  Zaar.i, 
the  Great  Defert,  is  a  vail  ocean  of  fand  in  the  interior 
parts  of  Africa,  which,  with  the  leffer  deferts  of  Bornou, 
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The  few  wild  animals  which  inhabit  thefe  melancholy     Sahar.-v, 
regions,  are  the  antelope  and  the  ollrich;  their  fwiftncfs     _  ^^'' 
ot  foot  enabling  them   to  reach  the  didant  watering-         *      ' 
places.      On  the  (kirts  of  the  defert,  where  the  water  is 
more  plentiful,  are  found  lions,  panthers,  elephants,  and 
wild  boars. 

Of  domeftic  animals,  the  only  one  that  can  endure 
the  fatigue  of  crofling  the  defert  is  tiie  camel.  It  is 
therefore  the  only  bealt  of  burden  employed  by  the 
trading  caravans  which  traverfe,  in  different  direction-;, 
from  Barbary  to  Nigiitia.  The  flelh  of  this  ufcfiil  and 
docile  creature,  tliough  to  our  author's  talle  it  was  dry 
and  unfavoury,  is  preferred  by  the  Moors  to  all  others. 
The  mill;  of  the  female,  he  fays,  is  in  univerfal  elleem, 
and  is  indeed  pleafant  and  nutritive. 

That  the  defert  has  a  dip  towards  the  call  as  well  as 


Bilma,  Barca,  Sort,  &c.  is  equal  in  extent  to  about  one      the  louth,  feems  to  be  proved  by  the  courfe  of  the  Ni- 


half  of  Europe.  If  the  fand  be  confidered  as  the  oceati, 
the  Sahara  has  its  gulphs  and  bavs,  as  alfo  its  iflands,  or 
Oases,  fertile  in  groves  and  pallures,  and  in  many  in- 
ftances  containing  a  great  population,  fubjcft  to  order 
and  regular  government. 

The  great  body,   or  weflern    divifion   of  this  ocean, 
comprized  between  Fezzan  and  the  Atlantic,  is  no  lefs 


ger.  Moreover,  the  highell  points  of  North  Afriou, 
that  is  to  fay,  the  mountains  of  Mandinga  and  Atlas, 
are  Ittuated  very  far  to  the  weft.  The  defert,  for  tjie 
moft  part,  abounds  with  fait.  But  we  hear  of  fait  mines 
only  in  the  part  contiguous  to  Nigritia,  from  whence 
fait  is  drawii  for  the  ufe  of  thufe  countrie.i,  as  well  as  of 
the  Moorilli  ftates  adjoining  ;  there  being  no  fait  in  the 


than  50  caravan   journeys  acrofs,   from  north  to  fouth  ;      Negro  countries  foutli  of  the  Niger.      There   are  fait 
or  from  750  to  8co  G.  miles;  and  double  that  extent     lakes  alio  in  the  eaftern  part  of  the  defert. 
in  length :  without  doubt  the  largeil  defert  in  the  world.  S AI,  a  large  town  on  the  banks  of  the  Niger,  or  at 

This  divifioji  contains  but  a  fcanty  portion  of  iflands  leail  very  near  to  that  river,  which  Mr  Park  favs  flrong- 
(or  oafes),  and  thofe  alfo  of  fmall  extent  :  but  the  ly  excited  his  curiofity.  It  is  completely  furrounded 
eaftern  divifion  has  many,  and  iome  of  them  very  large,  by  two  very  deep  trenches,  at  about  two  hundred  yards 
Fezzan,  Gadamis,  Taboo,  Ghanat,  Agadez,  Angela,  diftant  from  the  walls.  On  the  top  of  the  trenches  are 
Berdoa,  are  amongft  the  principal  ones  :  befi"des  which,  a  number  of  fquare  towers  ;  and  the  whole  has  the  ap>. 
there  are  a  vail  number  of  fmall  ones.  In  effeft,  this  pearance  of  a  regi.Iar  fortification.  Inquiring  into  the 
is  the  part  of  Africa  alluded  to  by  Strabo,  when  he  origin  of  this  extraordinary  eutrenchment,  our  author 
fays  from  Ciietiis  Pifo,  that  Africa  may  be  compared  to  learned  trom  two  of  the  town's  people  the  following 
a  leopard's  &in.  particulars  ;   which,  if  true,   fnrnith  a  mournful  piclurc 

From  the   bed   inquiries  that  Mr  Park   could  make     of  the  enormities  of  African  wars  ; 
when  a  kind  of  captive  among  the  Moors  at  Ludaraar,  About  fifteen  years  before  our  traveller  vifiicd  Sai, 

the  Weftern  Defert,  he  fays,  may  be  pronounced  almoll  when  the  King  of  Bambarra  defolated  Mauiana,  the 
deftitute  of  inhabitants  ;  except  where  the  fcanty  vege-  Pooty  of  Sai  had  two  fons  fiain  in  battle,  fighting  in- 
tation,  which  appears  in  certain  fpots,  aff'ords  pallurage  the  king's  caufe.  He  had  a  third  Ton  livinp-;  and  when 
for  tlie  flocks  of  a  few  mifcrable  Arabs,  who  wander 
from  one  well  to  another.  In  other  places,  where  the 
fupply  of  water  and  pallurage  is  more  abundant,  fmall 
parties  of  the  Moors  hnve  taken  up  their  refidence. 
Here  they   live,    in  independent   poverty,   ficure  from 

the  tyrannical  government  of  Barbary.    But  the  greater     habitants,   he  fat  down  bei-re  Sai  with   his  army,  and 

lurrouiided  the  town  with  tlie  trenches  wlu\li  jiad  at- 
tra&ed  our  author's  notice.  After  a  fiege  of  two- 
months,  the  town's  people  became  involved  in  all  the 
horrors  ot  famine  ;  and  whiUl  the  king's  army  vTcre 
teailing  in  their  trenches,  they  law  with  pleaiure  the 
milerable  inhabitants  of  Sai  devour  the  leaves  and  bark 
of  the  Bentang  tree  that  flood  in  the  n,iddle  of  the 
town.       Finduig,    however,    that   the    befieged   would 


till.-  king  demanded  a  furtlier  reinforcement  of  men,  and 
tin;  youth  among  the  reft,  the  Dooty  rcfnfed  to  fend 
him.  This  conclutt  fo  enraged  the  king,  tiiat  when  he 
returned  from  Maalana,  about  the  beginning  gf  the 
rainy  Icafon,  and  found  the  Dooty  protedcd  by  the  in- 


part  of  tlie  dtl'ert,  being  totally  deilitute  of  water,  is 
teldoni  vifi:ed  by  any  human  being  ;  unlefs  where  the 
trading  caravans  trace  out  their  toilfome  and  dangerous 
route  acrofs  it.  In  fome  parts  of  this  extenfive  vvaile, 
the  ground  is  covered  with  low  Hunted  Ihrubs,  which 
ferve  as  land-marks  for  the  caravans,  and  furnifli  the 
camels  with  a  fcanty  forage.  In  other  parts,  the  dif- 
confolate  wanderer,  wherever  he  turns,  fees  nothing 
around  him  but  a  vail  interminable  cxpaiife  of  fand  and     fooner  perilh  tliaii  furrender,  the  kin'i-  had  recourie  to 


fky  ;  a  gloomy  and  barren  void,  where  the  eye  finds  no 
particular  objed  to  rell  upon,  and  the  mind  is  filled 
with  painful  apprehenfions  of  perilhing  with  thirll.  Sur- 
rounded by  this  dreary  folitude,  tlie  traveller  fees  the 
dead  bodies  of  birds,  that  the  violence  of  the  wind  has 
brought  from  happier  regions  ;  and,  as  he  ruminates  on 
the  fearful  length  of  his  remaining  pafiage,  lillens  with 


treachery.  He  promiled,  that  if  they  would  open  the 
gates,  no  perfon  lliould  be  put  to  deatii,  nor  fuller  any 
injury,  but  the  Dooty  alone.  T!ie  poor  old  man  dc- 
tcnniiied  to  facrifice  himfelf,  for  the  fake  of  his  fellow- 
citizens,  and  immediately  vvaiked  over  to  the  king's 
army,  where  he  wai  puc  to  death.  His  foil,  in  at- 
tempting to  el'cape,  wps  caught  and  m^flacred  in  the 


horror  to  the  voice  of  the  driving  bhll;   the  only  found     trenches;  and  the  reft  pf  llie  towm's  people  were  carried 
that  interrupts  the  awful  vepofe  of  the  defert.  away  captives,  and  fold  as  flavee  to  the  different  Negro- 

traders. 
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Saint,     traders.     Sai  is  placed  by  Major  Rennel  In  t4"  N.  L>it, 
f^''-M'e^and  f  7'  W.  Long. 

^  SAINT  C^THtRiN-E,  aPortuguefe  idand  in  the  South 

Sea,  not  far  dittant  from  the  coaft  of  Brazil.     It  was 
vifited  by  La  P^ronfe,  who  afcertained  it  to  lie  between 
37'^  \i)'  id',  and  27^  49'  N.  Lat.  and  its  moll  northerly 
point  to  be  in  49°  49'  longitude  v^eft   from   Paris.      Its 
breadth  from  caft   to  weft  is  only  two  leagues  ;  and  It 
is  fep.irated  from  tiie  mc.iu  land  by  a  channel  onlv  iOO 
ti)ifes  broad.     0;i  the  p;iint  which  ftretches  furthell  i.i- 
to  tills  channel  is  fituated  the  city  of  Nollra  Senoia  del 
Deftero,  the  capital  uf  the  government,  and  the  piace  of 
refidcnce  of  the  governor.      It   contains  at  moil  3300 
fouls,  and  about  400  houfes.     Its  appearance  is  exceed- 
ingly  plenfant.     According  to  Frezier's   account,   this 
ifland  ferved,  in  1712,  as  a  retreat  to   vagabonds,   wlio 
made  their  efcape  from  different  parts  of  the  Brazils  ; 
who  were  only  nominal   fubjefts  of  Portugal,  and  who 
acknowledged  no  authoiity  uhalever.      The  country  is 
fo  fertile,   that   thty  were  able   to  fubfift  without  any 
fuccour  from  the  neighbouring  colonies:  and  they  were 
fo  dcllitute  of  money,  that  tlicy  could    neither  tempt 
the  cupidity  of  the  governor-general  of  the  Brazils,  nor 
infpire  him   with   any  delire  of  fubduing  them.      The 
fliips  that  touched  at  the  ifland  gave  theip  in  exchange 
for  their  provifions  nothing  but  clothes  and  (hirts,   of 
which  they  vi-ere  in   the  utmo'l  want.      It  was  not  till 
about  1740  that  the  Court  of  Lifbon  eftablifhed  a  regu- 
laT  government  in  the  ifland  of  St  Catherine,  and  the 
parts  of  the  continent  adjacent.      This  government  ex- 
tends fixty  leagues  north  and  fouth  from  the  river  San 
Francifco  to   Rio  Grande  ;   its  population  being  about 
2D,000  fouls  ;   but  there  are  fo  great  a  number  of  chil- 
dren in  the  different  families,  that  probably  it  will  foon 
be  much  more  confiderable.   The  foil  is  exceedingly  fer- 
tile, and  produces  all  forts  of  fruit,  vegetables,  and  corn, 
ahnoit  fponta(ieou(ly.      It  is  covered  with  trees  of  ever- 
lailing   green  ;  but  they  are  lo  interwoven  with  briars 
and  creeping  plants,  that  it  is  impefTible  to  get  through 
the  forcfts  otherwife  than  by  opening  a  path  with  a 
hatchet.     Danger  is  befides  to  be  apprehended   from 
fnak.es,  vhofe  bite  is  mortal.     The  habitations,  both  on 
the  ifland  and  continent,  are  all  clofe   to    the  fea  fide. 
The  waods  that  fnrround  them  are  delightfully  fragrant, 
owing  to  the  great  number  of  orange  trees   and  other 
odoriferous  trees  and  (hrubs  that  they  contain.      But, 
notwithftanding  all  thefc  advantages,  the  country  is  ve- 
ry poor,   and  totally  dcftitute  of  manufactured  commo- 
dities, fo  that  the  peafants  are  almoll  naked,  or  elle  co- 
vered with  rags.     Their  foil,  which  is  very  fit  for  the 
cultivation  of  fugar,  remains  unproduftivc  for  the  want 
of  flaves,  whom  they  are  not  rich  enough  to  purchafe. 
The  whale  fifliery  is  very  fucccfsful  ;   but  it  ib  the  pro- 
perty of  the  crown,  and  is  farmed  by  a  company  at  Lif- 
bon, which  has  three  confiderable  cltabliflimente   upon 
the  coaft.      Every   year  they   kill   about   400  whales  ; 
the  produce  of  which,  as  well  oil  as  fpermaceti,  is  fent 
to  Lifbon  by  the  way  of  Rio  Janeiro.    The  inhabitants 
are  idle  fpeclators  of  this  fiihery,  from  which  they  de- 
rive  not  the  fmalleft  advantage.     La  Peroufe  gives  a 
very  amiable  piiSure,    however,   of  their  hofpitality  to 
ftrangers. 

SALT.      See  ChEmistry-Zh^i.-c,  in  this  Suppl. 
S^LT-Mines  of  Fielicza,  near  Cracow  in  Poland,  are 
wery  extraordinary  caverns  ;  for  a  defcription  of  wlvich 
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we  referred,  in  the  article  Salt  [Ene\ct.)'\o  M.  Har.S'Ir.MIn**, 

niard   in   t\\<:  Journal  de  Vbyfique  for   the   year   1786.  Sntpeir.:. 

Some  of  our  readers  have  complained  of  this,  and  re-         ^ 

quelled   an  account   of  them  in   the  Supplement.      With 

this  requeft  we  fliall  comply,  by  giving  tiicm  Mr  Wra.K- 

all's  defcription  of  tliefe  caverns'*.  *  -VrMw 

"  After  being  let  down  (ia\s  he)  by  a  rope  to  the'^'^'J"''' 
depth  of  2  ^b  feet,  our  conduflors  led  us.through  galle-  Orra'^' 
ries,  which,  for  ioftinefs  and  breadth,  leemed  ratlier  to  tVerfuw, 
rcitmble  the  avenues  to  foine  fubtcrranean  palace,  than  •""' f'"""' 
paiTnges  cut  in  a  mine.  Thev  were  perfettly  dry  in 
every  part,  and  terminated  in  two  chapels  compofed  en- 
tirely of  fait,  hewn  out  of  the  folid  mafs.  The  images 
which  adorn  the  altars,  as  well  as  the  pillars  and  orna- 
ments, were  all  of  the  fame  tranfparent  materials  ;  the 
points  and  fpars  of  which,  reflecting  the  rays  of  light 
from  the  lamps  which  the  guides  held  in  their  hands, 
produced  an  effeil  equally  novel  and  beautiful.  De- 
fcending  lower  into  the  earth  by  means  of  ladders,  I 
found  myfelf -in  an  immenfe  hall  or  cavern  of  fait,  ma- 
ny hundred  feet  in  height,  length,  and  dimenfions,  the 
floor  and  fides  of  which  were  cut  with  exadl:  regularity. 
A  thoufand  perlons  might  dine  in  it  without  inconve- 
nience, and  the  eve  in  vain  attempted  to  trace  or  define 
its  limits.  Nothing  could  be  more  fublime  than  this 
vaft  fubterranean  apartnient,  illuminated  by  flambeaux, 
which  "^  '  -'ly  difcover  its  prodigious  magnitude,  and 
leave  the  imagination  at  liberty  tft  enlarge  it  indefinite- 
ly. After  remaining  about  two  hours  and  a  half  under 
ground,  1  was  drawn  up  again  in  three  minutes  with 
the  greateft  facility." 

SALTPETRE  (fee  Nitre,  CHZMISTRY-Iniiex,  in 
this  Suppl.)  is  an  article  of  fo  much  i.nportance,  and 
fometimes  fo  difficult  to  be  had,  that  it  is  wonderful 
more  attention  is  not  beftowed  in  endeavouring  to  dil- 
cover  fome  eafy  method  to  increafe  the  quantity.  Such 
a  method  has  been  long  praciifed  by  the  farmers  of  Ap- 
penzell  in  Switzerland.  In  fo  hilly  a  country,  moll 
houles  and  llables  are  built  on  flopes,  ont  fide  of  the 
edifice  rciling  on  the  hill,  and  the  other  beiiig  fupnort- 
ed  by  two  llrong  pofts,  elevated  two  or  three  feet  above 
the  ground  ;  fo  that  the  air  has  a  free  current  under 
the  building.  Immediately  under  the  ftable  a  pit  is 
dug,  ufualiy  occupying  both  in  breadth  and  length  the 
whole  fpace  of  ground  covered  by  the  building  ;  and 
inftead  of  the  clayey  earth  which  is  dug  out,  the  pit  is 
filled  up  with  f.wdy  foil.  This  is  the  whole  procefs, 
and  all  the  reft  is  done  by  Nature.  The  animal  water, 
which  is  continually  oozing  through  the  planks  of  the 
floor,  having  drenched  the  earth  contained  in  the  pit 
for  the  fpace  of  two  or  three  years,  the  latter  is  emp- 
tied, and  the  faltpetre  is  refined  and  prepared  in  the 
iifual  manner. 

That  manner,  however,  is  not  the  bed  ;  and  the 
French  chemifts,  during  the  inceflant  wars  occafioned 
by  the  revolucion,  have,  for  the  fake  of  fupplyiiig  their 
armies  with  gunpowder,  turned  their  attention  to  the 
beft  method  of  refining  faltpetre.  The  following  are 
directions  given  for  this  purpofe  by  Chaptal,  Champy, 
and  Bonjour. 

The  crude  faltpetre  is  to  be  beaten  fhiall  with  mal- 
lets, in  order  that  the  water  may   more  eafily  attack 
every  part  of  the  mafs.     The  faltpetre  is  then  to  be       . 
put  into  tubs,  five  or  fix  hundred  pounds  in  each  tub. 
Twenty  per  cent,  of  water  is  to  be  poured  into  each  tub, 

and 
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and  the  mixture  well  ftirred.     It  mud  be  left  to  mace-  From  thefe  circumftances,  we  find  that  two  faline  li-  Saltpetre, 

'rate   or  diircll  until  the    fpecific   gravity   of    the   fluid     quids  remain  after  the  operations  ;    (1)  the  water  from   ^^"a-''-"^- 


ccafes  to  aiyment.  Six  or  fcven  houri  are  fuflicient  for 
this  firll  operation,  and  the  water  acquires  the  denlity 
of  between  25  and  35  degrees.  Sp.  gr.  1.21,  and 
j.3C(>,  afcertaintd  by  Baiime's  hydrometer.  See  Hy- 
drometer, Suppl. 

The  hrll  ivater  muft  then  be  poured  off,  and  a  fe- 
cond  portion  of  water  muft  be  poured  on  the  fame  falt- 
petre,  amounting  to  \o  per  cent.  ;  after  which  the  mix 


the  wafhing  ;  and  (2)  that  from  the   cryllaUizing  vef- 
fcls. 

We  have  already  remarked,  that  the  wafliing  of  the 
faltpetre  is  performed  in  three  lucceflive  operations,  in 
which,  upon  the  whole,  the  quantity  of  fluid  made  ufe 
of  amounts  to  ^^  per  cent,  of  the  weight  of  the  crude 
faltpetre.  Thefe  wafhings  are  ellablilhed  on  the  prin- 
ciple, that  cold  water  dilfolvts  the  muriats  of  foda,  and 


ture  muft  be  ftirred   up,   fuflered   to   macerate  for  one  the   earthy  nitrats  and   muriats,   together  with  the  co- 

honr,  and  the  fluid  drawn  or  poured  off.  louring  principle,    but    fcarecly   attacks  the    nitrat    of 

Five  per  cent,   of  water  muft  then  be  poured  on  the  potafti. 

faltpetre;   and  after   ftirring  the  whole,  the  fluid   muft  The  water  of  thefe  three  wailiings  tlierefore  contains 

be  immediately  drawn  off.  the  muriat  of  foda,  the  earthy  falls,  the  colouring  prin- 

When  the  water  is  drained   from   the  faltpetre,  the  ciple,  and  a  fmall  quantity  of  nitrat  of  potafti  ;  the  a- 

falt  mull  be  thrown  into  a  boiler  contaniing  ^o  per  cint.  mount  of  which   is  in  proportion  to  that  of  the  muriat 

of  boiling  water.     When  the   folution   is  made,   it  will  oModa,  which  determines  its  folution. 

mark   between  66  and  68  degrees  of  the  hydrometer.  The  water  of  tiie  cryftallizing  vcflels  contains  a  por- 

(8p.gr.   1.IS4.8,  and  1.S98.)  tion  of  the  muriats  of  foda,  and  of  the  earthy  ialts  which 

The   folution   is  to  be  poured  into  a  proper  veflVl,  cfcaped  the  operation  of  wafiiing,  and  a  (juanlily  of  ni- 

where  it  depofits  by  cooling   about    two-tliirds  of  the  trat  ot  potafti,   which  is  more  coniideiable  than  that  of 

filtpetre  originally  taken.      The  precipitation  begins  in  tlie  former  folution. 

about  half  an  hour,  and  terminates  in  between  four  and  'I  he  waters  niade  ufe  of  at  the  end  of  the  operation, 

fix  hours.      But   as  it  is  of  importance  to  obtain  the  to  whiten   and  wafli  the  cryftals  depofited  in  the  pyra- 

faltpetre  in  fmall  needles,  becaufe  in  this  form  it  is  more  midal  vcflel,  contain  nothing  but  a  fmall  quantity  of  ni- 

eafily  dried,  it  is  neccflary  to   agitate  the    fluid  during  trat  of  potafti. 

the  whole  time  of  the  cryftallization.     A  flight  motion  Thefe   waters  are   therefore  very  different  in  their 

is  communicated  to  this  liquid  mafs  by  a  kind  of  rake  ;  nature.     The  water  of  the  wafliings  is  really  a  mother 

in  confcquenee  of  which   the   cryftals  are  depofited  in  water.      It  muft  be  ccllefted  in  vcflels,  and  treated  with 

very  flcnJer  needles.  potafli  by  the  known  proceffes.      It  muft  be  evaporated 

In  proportion  as-the  cryftals  fall  down,  they  are  fcra-  to   66  degrees  (or  1.84S  fp.  gr. ),   taking  out  the   mu- 

ped  to  the  borders  of  the  vefftl,  whence  they  arc  taken  riat  of  foda  as  it  falls.     Tliis  ioluticn  is  to  be  faturated 

with  a  (]<immer,  and  thrown  to  drain  in  baflcets  placed  with  2  or   3  per  cent,  of  potafti,  then  faffercd  to  fettle, 

on  treflcls,  in  fuch  a  manner  that  the  water  which  palTes  decanted,  and  poured  into  cryftallizing  vtffcls,  where  20 

through  may  either  fall  into  the  cryftallizing  veflel,  or  per  cent,  of  w-ater  is  to  be  added  to  keep   the  whole  of 

be  received  in  bafons  placed  underneath.  the  muriat  of  foda  fufpendcd. 

The  faltpetre  is  afterwards,  put   into  wooden  veffels  The  waters  which  are  thus  obtained  by  treatment 

in  the  form  of  a  mill-hopper  or  inverted  pyramid  with  of  the  mother  water  may  be   mixed  with   the  water  of 

a  double   bottom.     The  upper  bottom   is  placed  two  the  firft  cryftallization.    From  thefe  the  marine  fait  may 

inches  above  the  lower  on  wooden  ledges,   and  has  ma-  be  feparated  by  finiple  evaporati<)n  ;  and  the  nitrat  of 

ny  fmall  perforations  through  which  water  may  pafs  to  potafti,  which  they  hold  in  folution,  may  be  afterwards 

the  lower  bottom,   which  likewife  affords  a  paffage  by  obtained  by  cooling. 

one   fingle    aperture.      A   refervoir  is    placed  beneath.  The  fmall  quantity  of  water  made  ufe  of  to  wafli  and 

The  cryftallized  faltpetre  is  waflied  in  thefe  veffels  with  whiten  the  refined  faltpetre,  contains  nothing  but  the 

5.  per  cent,    of  water;  which   water  is  afterwards  em-  nitrat  of  potafti  :   it  may  therefore  be  ufcd  in  the  folu- 

ployed  in  the  folution  of  faltpetre  in  fubfequent  opera-  tion  of  the  falpctre  when  taken  from  the  tubs, 

tions.  From  this  defciiption  it  follows,  that  a  niannfailory 

The   faltpetre,  after  fufScient   draining,    and   being  for  the  fpteily  refining  of  faltpetre  ought  to  be  pro- 

dried  by   expofnre  to  the  air  upon   tables  for  feveral  vidcd  with  (1)   mallets  or  rainmers  for  pounding   the 

hours,  may  then   be   employed  in   the   manufatlure  of  faltpetre;    (2)  tubs  fi.r  wafliing  ;   (3)  a  boiler  for  folu- 

gunpowder.  tion  ;    (4)  a   cryftallizing   veffel  of  copper  or  lead,  in 

But  when  it   is  required  to  ufe  the  faltpetre  in  tlie  which  the  iaitpetre    is  to  be  obtained  by  cooling  ;   (c) 

fpeedy  and   immediate  manufacture  of  gunpowder,    it  bafl'Cets  to  drain  the  cryftals  ;  (6)  a  wooden  cafe  or  hop- 

muft  be  dried  much  more  ftrongly.      Ttiis  may   be  ef-  per  for  the  laft  wafliing  and  draining  the  faltpetre  ;  (7) 

felled  in  a-ftove,  or  more  fimply  by  heating  it  in  a  fiat  fcales  and  weights  for  weighing  ;   (8)  hydrometers  and 

metallic  veffel.     For  this   purpofe  the  faltpetre  is    to  thermometers,    to  afcertain  denfities  and  temperatures ; 

be  put  into  the  veffel  to  the  depth  of  five  or  fix  inches,  (q)  rakes  to  agitate  the  liquor  in  the  cryftallizing  vef- 

and  heated   to  40  or  50  degrees  of  the  thermometer  fel  ;  ( 10)  Ikimmers  to  take  out  the  cryftals,  and  to  con- 

(or  about  135'' of  Fahrenheit).      The  faltpetre  is  to  be  vey  them  to  the  baflcets  ;   (  I  1 )  fyphons  or  hand-pumps 

ftirred  for  two  or  three  hours,  and  dried  fo  much  that,  to  empty  the  boilers. 

when  ftrongly  preffed  in  the  hand,  it  ftiall  acquire  no  The  number  and  dimenfions  of  thefe  feveral  articles 

confiftence,  nor  adhere   together,  but  referable  a  very  muft  vary  according  to  the   quantity  of  faltpetre  in.  - 

fine  dry  fand.     This  degree  of  drynefs  is  not  required  tended  to  be  refined. 

when  the  powder  is  made  by  pounding.  GuM-SANDARAC,  is  faid,  in  the  Encyclopedia, 

to 
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Sa-nfisrac,  to  be  produced  from  a  fpecies  of  juniper.     This  was  wringing  them  well  each  time.     Let  them  dry,   and    Sandart. 

Seders.   \q„„  dn.  comnr.on  opinion  ;  but  M.  Schoufboe  has  late-  then  put  half  the  quantity   of  each  article  into  the  fpi."— v— — ■ 

'         ly  proved  (a)  it  to  be  a   miftake.     The  juniperus  cam-  rituous  tindlure  of  red  fandcrs,  hereafter  defcribed  in 

munis,  from  which  many    have  derived  this  gum,   does  11"  6.  letting  them  loak  therein,  without  heat,  from  half 

not  grow  in  Africa  ;  and  Sandarac  feems  to  belong  ex-  an   hour  U>  an  hour.     To  afcertain  the  fuperiority  of 

<.-»ifivtly  to  that  part  of  the  world.    The  gum  fandarac  his  difl'erent  procefles,  the  other  half  of  each  article  mull 

of  uur  fhops  is  brought  from  the  fouthern  provinces  of  be  boiled  in  the  tincture  of  fandcrs  mixed  with  water, 

the  kingdom   of  Morocco.     About  fix  or  feven  hun-  defcribed  in  n°  7.  a  bare  quarter  of  an  hour.     After  be- 

drcd  quintals  i)f  it  arc  exported  every  year  from  Santa  ing  taken  out,  wrung,  and  dried  in  the  Ihade,  all  of  them 

Cruz,   Mogador,  and  SaiTy.      In   the   language  of  the  will  be  dyed  throughout  of  a  fine  rich  poppy-colour, 
cotuitry  it  is  called  el groj'a.      The  tree  which  produces  2.   Take  three  drams  of  powdered  alum,  and  diflblve 

it  is  a  Thtiin,  found  plfo  by  M.  Vahl  in  the  kin^^dom  of  it  in  twelve  ounces  of  clcan'hot  water.      Into  this  folu- 

Tunis.      It  was   made  known  feveral  years  ago  by  Dr  tlon,   while  yet  warm,  put  fume  wcU-waflied  wool,  filk, 

Shaw,  who  named  it  Cyprdfvs fruSu  quadrtvahi,  Equi-  linen,  and  cotton.       After    fufl'ering   them  to  remain 

J'lli  iiijliir  articulatis  ;  but  neither  of  thele  learned  men  therein  for  the  Ipace  of  twelve  hours,  take  them  out, 

was  acquainted  with  the  economical  ul"e  of  this  tree;  wafii  them  well  in  three  quantities  of  clean  cold  water 

probably  bccaufe,  being  not  common   in   the  nortliern  (wringing  them  each  time),  and  dry  them.    Then  lleep 

part  of  Barbary,  the  inhabitants  find  little  advantage  in  tht  half  of  each  article  in  the  cold  fpirituous  tindure 

collefling  the  refin  which  exudes  from  it.  of  fanders  (u''  6.),  from  half  an  hour  to  an  hour  ;  and 

M.  Schoufboe,  who  favv  the  fpecies  of  thuia  in  quef-  boil  the  other  halt  oi  each  in  the  diluted  tinfturc  of  fan- 

tiou,  fays  that  it  does  not  rife  to  more  than  the  height  ders  (n'  7.)  tor  the  fpace  of  fix  or  feven  minutes.     Af- 

of  twenty  or  thirty  feet  at  mod,  and  that  the  diameter  ter  being  taken  out,  wrung,  and  dried  in  the  fliade,  they 

t)f  its  trunk  does  not  exceed  ten   or  twelve  inches.      It  w  H  be  tound  to  have  acquired  a  very  beautiful  and  rich 

dillinguiflies  itfelf,  on  the  firfl  view,  from  the  two  other  fcarlet  colour. 

fpecies  of  the  fame  genus,  cultivated  in  gardens,  by  ha-  3.  Diflblve  three  drams  of  blue  vitriol,  or  vitriol  of 
ving  a  vei-y  dillindf  trunk,  and  the  figure  of  a  real  tree;  copper,  in  twelve  ounces  of  hot  water.  Steep  in  this 
whereas  in  the  latter  the  branches  rife  from  the  root,  folution,  for  twelve  hours,  wool,  filk,  linen,  or  cotton  ; 
which  gives  them  the  appearance  rather  of  bufhes.  Its  and  having  fufiiciently  walhed  the  Huff  in  clean  cold 
branches  alfo  are  more  articulated  and  brittle.  Its  water,  imnierle  the  one  half  ot  it  in  the  Ipirituous  tine- 
flowers,  which  are  not  very  apparent,  fhew  themfelves  ture  of  landers  (n"  6.),  trom  half  an  hour  to  an  hour  ; 
in  April ;  and  the  fruit,  which  arc  of  a  fpherical  form,  and  boil  the  other  halt  of  each  tor  fix  or  feven  minutes 
ripen  in  September.  When  a  branch  of  this  tree  is  in  the  diluted  tindlure,  n^  7.  Being  then  taken  out, 
held  to  the  light,  it  appears  to  be  interfperfed  with  a  wrung,  and  dried  in  the  fiiade,  as  before,  they  will  have 
multitude  of  tranfparent  veficles  which  contain  the  re-  acquired  a  beautiful,  rich,  bright,  crimlon  colour, 
fin.  When  thcfc  veficles  bnrfl  in  the  fummer  months,  4.  Steep  wool,  filk,  linen,  and  cotton,  which  has 
a  refinous  juice  exudes  from  the  trunk  and  branches,  been  well  wafhed,  during  twelve  hours,  in  a  folution  of 
as  is'the  cafe  in  other  coniferous  trees.  This  refin  is  tlirec  drams  of  white  vitriol,  or  vitriol  of  zinc,  in  twelve 
the  fandarac,  which  is  colleffed  by  the  inhabitants  of  ounces  of  hot  water.  Alter  being  taken  out,  well  wafh- 
the  country,  and  carried  to  the  ports,  from  which  it  is  ed  in  clean  cold  \»ater,  and  dried,  immcrfe  one  half  of 
trar.fportcd  to  Europe.  It  is  employed  in  making  fome  each  in  the  cuid  fpirituous  tincture  ot  fanders  (n°  6.) 
kinds  of  fealing-vvax,  and  in  different  forts  of  varnilh,  and  boil  the  otlicr  half  in  the  diluted  tinfture  (u''  7.) 
In  1793  a  hundred  weight  of  it  coll  in  Morocco  from  as  before.  When  taken  out,  wrung,  and  dried,  they 
13  to  13!  piaflres,  which  make  from  about  L.3,5e.  to  will  be  of  a  fine,  rich,  deep  crimfon  colour. 
L.  3,  7s.  6d.  fterling.  The  duty  on  exportation  was  v  Dilfolve  three  drams  of  common  green  vitriol,  or 
about  7s.  6d.  Ilerling  per  quintal.  vitriol  ot  iron,  in  tv/elve  ounces  of  hot  water:  ftcep 
Sandarac,  to  be  good,  mufl  be  of  a  bright-yellow  well-walhed  wool,  filk,  linen,  and  cotton,  in  the  folu- 
colour,  pure  and  tranfparent.  It  is  an  article  very  dif-  tion,  for  the  fpace  of  twelve  hours.  When  taken  out, 
ficult  to  be  adulterated.  Care,  however,  inufl  be  ta-  walhed  feveral  times  in  clean  cold  water,  and  dried,  treat 
ken,  that  the  Moors  do  not  mix  with  it  too  much  fand.  them,  as  in  n"  4.  and  they  v/ill  be  geucrall)  found  to  be 
It  is  probable  that  a  tree  of  the  fame  kind  produces  the  of  a  fine,  rich,  deep  violet  colour  ;  thotigh,  on  repeat- 
gum  fandarac  of  Senegal,  which  is  exported  in  pretty  ing  his  experiments,  our  author  fometimes  found  the  co- 
confiderable  quantities.  lour  a  darli  brownilh  red. 

SANDERS-RID  (fee  Pterocarpus,  EncjcL)  is  The  tindure  in  which  the  fluffs  are  to  be  died  muil 
ufed  as  a  dye-fluff,  but  generally  in  a  manner  which  is  be  prepared  in  the  toUowing  manner, 
very  difadvantageous.  In  Crell's  Chemical  Annals  are  6.  'lake  half  an  ounce  or  red  landers  wood,  beat  or 
given,  by  Mr  Vogler,  the  following  diredions  for  dye-  ground  to  powder,  as  it  is  fold  at  the  colour  Ihops  or 
ing  with  this  wood.  druggifls.  Having  put  it  into  a  large  glais  bottle,  pour 
1,  Into  a  folution  of  tin  made  with  aquafortis  (ni-  upon  it  twelve  ounces  ot  malt  tpirit  or  common  brandy  ; 
trie  acid),  and  mixed  with  three  times  as  much  fait  then  cork  the  bottle,  and  fet  it  in  a  moderately-warm 
water,  put  clean  wafhed  wool,  filk,  linen,  and  cotton,  place.  In  the  fpace  of  4S  hours,  the  fpirit  w;ll  have 
After  fix  hours,  take  them  out,  and  wafh  them  care-  extrafted  all  the  colouring  matter  from  the  red  fanders, 
fully  in  three  different  quantities  of  clean  cold  water,  and  thereby  acquired  a  bright  red  colour.  The  bottle 
fhould 

(a)   In  a  Danifh  Journal,  intitled,  Tie  Ph^ical,  Mcdkal,  and  Economical  Library ,  Part  III.  1799- 
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ijndern,  (liould  be  often  (hakeii  (hiring  the  di'gedion  ;  and  the  on  llic  Downs,  13  the  fouthfouth  well.  Thcfe  fands 
Sands,  tinfturc,  thus  piep-ued,  may  be  ulcd  for  dyeing  with-  oieupy  the  fpact  that  was  formerly  a  large  trail  ot  low 
—^        'out  heat,  and  withmit  fcparating  the  powdered  iandera      ground  belonging  to  Godwyn  Earl  of  Kent,  father  of 

from  the  liquor.      The  articles  to  be  dyed   (after  the      King  Harold  ;  and  which  being  allcrward  given  to  the 

application  of  the  proper  mordants,   n^  1,  2,  3,  4,  5) 

are  to  be  llcepcd  in  the  tintlure  for  half  an  hour,  or  a 

whole  hour  :   they  are  then  to    be  taken  out   wrung, 

and  dried  in  the  (haile.    This  tincture  does  not  lolc  its 

dyeing  quahtv  by  age  ;  but  dyes  iubtlances,  after  being 

kept  a  long  lime,  almi>il  as  well  as  when  it  is  jnll  made. 

Its   colouring   power   is   indeed   weakened  by  the  trc 


monallery  of  St  Augullin  at  Canterbury,  the  abbot 
neglecting  to  keep  in  repair  the  wall  that  defended  it 
from  the  lea,  tlic  whole  traCl  was  drowned,  according 
to  Salmon,  in  the  year  1  lo^,  leaving  thcfe  lands,  upon 
which  fo  many  fhips  have  hncc  been  wricked. 

SANSANDING,  a  town  in  Africa,  lituated  near 
the  banks  of  t lie  Niger,  In  Lai.  14'  24'  N.  and  2''  23' 


quent  iminerrion  and  dyeing  ol  different  articles  In  it;      W.  Long.      It  is  inhabited  by  Muors  and  Negroes  to 


and  when  that  is  the  cafe,  it  muft.  be  again  digelled 
with  foine  frelh  ianders-wooil. 

7.  Mix  the  fpirituous  tinfture  of  fanders,  juft  defcri- 
bed,  with  from  fix  to  ten  times  as  much  clean  cold  wa- 
ter. The  mixture  was  made  by  our  author  without 
any  feparation  of  the  colouring  particles  worth  noti- 
cing ;  and  in  tiiis  diluted  tinCtur;,  the  various  articles 
(having  their  proper  mordants  fiill  applied,  n"  I,  2,  3, 
4,  5)  were  boiled,  as  before  mentioned.  Linen  and 
cotton,  by  being  dipped  in  glue-water,  after  the  ap- 
plication of  the  mordants,  acquire,  In  this  diluted  tinc- 
ture, a  much  deeper  and  richer  colour. 

If  a  very  fine  and  bright  colour  be  defired,  the  above 


the  number  of  from  eight  to  ten  thoufand.  Ihe  Ne- 
groes are  kind,  hofpltablc,  and  credulous  ;  the  Moors 
are  at  Sanfanding,  as  everywhere  elfe  in  the  Interior 
pa-ts  of  Africa,  fanatical,  bigottcd,  and  cruel. 

SAP,  or  Sap?,  In  building,  as  to  fap  a  wall,  &c.  is 
to  dig  out  the  ground  fiom  beneath  it,  fo  as  to  bring 
it  down  all  at  once  for  want  of  fupport. 

SAPHAN,  in  zoology.   See  Mus,  Fticycl.  p.  467. 

SAPHIES,  a  kind  of  ch-inns,  corlilbng  of  tome 
fcrap  of  writing,  which  the  credulous  Negroes  believe 
capable  of  prottiling  them  from  all  evil.  The  »*  liters 
ot  faphies  are  generally  Moors,  who  fell  fcraps  of  the 
Koran  for  this  purpole  to  a   people  who  believe  not 


fpirituous  tindure  of  landers  (liould  not  be  too  old,  nor  either  in  the  Koran  or  the  prophet.   Accordingly,  any 

Ihould  the  digellion  be   protrafted  beyond  4S  hours  ;  piece  of  writing  may  be  fold  as  a  faphie  ;  and  Mr  Park 

for    after  that  period,   the   fpirit   appears  to  extract  found  the  Negroes  difpofed  to  place  greater  confidence 

brown  and  yellow  colouring  particles  from  the  wood,  in  the  faphies  of  a  Chriilian  than  in  thole  of  a  Moor. 

The  powder  of  fanders  need  not  be  feparated  from  the  The   manner  In   which  thefe  charms  are  fuppofed  to 

diluted  tinfture  which  is  made  ufe  of  by  boiling  ;   nor  operate,  will  be  learned  from  the  following  Itory  : 

is  it  abfolutely  neceffary  to   wa(h  the  articles  In  cold  Mr  Park  being  at  Koollkorro,  a  confiderable  town 

water  after  they  are  dyed  ;  as  the  powder  which  ad-  near  the  Niger,  and  a  grCjit  market  of  fait,  his  landlord, 

heres  to  them  may  eafily  be  taken  off  by  rubbing  and  hearing  that  he  was  a  Chnllian,  immediately  thought 

fliaklng.      M.  Vogler,  however,  found  It  advantageous,  of  procuring  a  faphie.      For  this  purpofe  he  brought 

after  the  articles  were  taken  out  of  the  dye,  and  wrung,  out  his  'U.'iilha,  or  wiitli  g  board,  alfuring  me  (fays  our 

to  fteep  them  for  a  few  minutes  in  a  cold  folution  of  author)  that  he  would  drefs  me  a  fupper  of  rice  If  I 

half  an  ounce  of  common  (alt,  and  a  quarter  of  an  ounce  would  write  hiin  a  faphie  to  protcdl  him  from  wicked 

of  alumn,   in  12  ounces  of  pure   water.      ]n  this  cafe,  men.     The  propoial  was  of  too  gieat  confequcnce  to 

they  fhould  afterwards  be  walhed  feveral  times  In  clean  me  to  be  rehiled  ;   I    therefore   wrote  the   board  full, 

cold  water,  then  wrung  and  dried  in  the  (hade,    liy  this  from  top  to  bottom,  on  both  fides  ;  and  my  landlord, 

method  the  colours  are  not  only  more  beautiful,  but  are  to  be  certain  of  having  the  whole  force  of  the  charm, 

alfo  more  permanent.      All  the  ai  tides  of  wool,  filk,  wallied  the  writing  from  the  board  Into  a  calabafh  with 

linen,  and  cotton,  which   were  dyed  as  is  above  men-  a   little  water  ;   and  having  faid  a  few  prayers  over  ii, 

tioned,  bore  perfettly  well  the  tell  of  alkaline  ley,foap,  drank  this  powerful  draught  ;  after  which,  kil  a  fingle 

and  acids  ;  but,  by  expofure  to  the  open   air  and  the  word  ihould  efcape,   he  licked  the  board  until  it  was 

fun,  the  colours  were  more  eafily  difcharged,  efpecially  quite  dry.      A  faphie  writer  was  a  man  of  too  great 

from  linen  and  cotton.  confcquence  to  be  long  cmcealcd  :   the  important  in- 

N.  B.   Red  fanders,  by  being  ground  to  a  fine  pow.  fonniuion  was  carried  to  tiie  Dooty,  who  fcnt  his  fon 

der,   anfwers   much  better  for  dyeing  by  this  procefs,  with  half  a  Ihect  of  writing  paper,  defiriii"-  me  to  write 

than  when   it   is   merely  cut  Into  linall  pieces  ;   but   it  him  a  naphula  foph'ic  (a  charm  to  procure  wealth).   He 

mull  be  remarked,  that  the  powder  of  red  fanders  which  brought  me,  as  a  prefent,  fome  meal  and  rfiilk  ;  and 

is  fold  at  the  (flops  is  fomelimes  adulterated,  by  being  when  I  had  finllhed  the  faphie,  and  read  it  to  him  with 

mixed  with  other  fubllances,  and  moillened  with  acids,  an  audible   voice,   he  feemed  highly  fatisficd  with  his 

The  bell  kind  Is  not  light,  but  rather  heavy  ;  and  is  bargain,  and   promifed  to  bring  me  in   the  morning 

not  of  a  dark  red  colour,  but  clear  and  bright.  fome  milk  for  my  breakfall.    Our  author  contrived  to 

Goodwin  SANDS,  famous  fand  banks  off  the  coaft  turn  this  abfurd  fuperftition  to  his  own  advantage,  by 

of  Kenit,  lying  between  the  north  and  fouth  Foreland;  writing  faphies  for  his  iubliileuce  when  his  money  was 

and  as  they  run  parallel  with  the  coall  for  three  leagues  exhauded. 

together,  at  about  two  leagues  and  a  half  diftant  from  SAR.ACOLETS,  a  negro  nation  occupying  the 

it,  they  add  to  the  fecurity  of  that  capacious  road  the  lands  fituated  between  the  rivers  of  Scnegaland  Gambia. 

Downs;  for  while  the  land  (Iieltcrs  (hips  with  the  wind  They  are  a  laborious  people,  cultivate  tlieir  lands  with 

from  fouth-well  to  north  well  only,  thefe  fands  break  care,  are  plentifully  fupplied  with  all  the  necelTailes  of 

all  the  force  of  the  fea  when  the  wind  is  at  ead  fouth-  life,  and  inhabit  handfome  and  well-built  villages  ;  their 

call.     The  mod  dangerous  wind,  when  blowing  hard  houfes,  of  a  circular  form,  arc  for  the  mod  part  terra- 

S«p?L.  Vol.  II.  Part  II.  3  Q_                                 ccd ; 
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ceJ  ;  the  others  are  covcrca  with  reeds  as  at  Senegal  ; 
they  are  incloftd  with  a  miul  wall  a  foot  thiLk,  ami 
the  villsi^es  are  I'lirronndcd  with  one  of  Hone  and  ear  til 
of  douhic  that  folidity.  There  are  fevtral  gates,  which 
are  guarded  at  right  for  fear  of  a  furprife.  This  na- 
tion is  remarkably  brave,  and  it  is  very  uncommon  to 
find  a  Savacolet  ilave.  They  always  defend  theii.fclves 
with  advantage  againft  their  afiailants.  Such  Sdracoltts 
aj  are  expofeil  to  tale  may  be  fafcly  purthsied,  tor  (ex- 
cemirg  when  they  are  at  war  with  the  Poules)  none 
are  to  be  met  with  but  fuch  as  have  been  condemned 
by  the  laws  for  fome  mifdemeanour;  in  fuch  cale,  thtfe 
wretches  could  not  efcape  flavery  even  by  taking  re- 
fuge in  their  own  country  ;  for  they  would  be  reltored 
to  tlieir  mafters,  or  would  be  put  to  death,  if  the  con- 
vey fhould  have  fr.iled.  The  leiigious  principles  of  this 
people  are  ne-.rly  allied  to  Mahometanifni,  ani  Hill 
more  to  natural  reiiglon.  They  acknowledge  one  Goo  j 
and  believe  tl-.at  thofe  who  Ileal,  or  aie  guil'y  of  any 
crime,  are  eternally  pimiftied.  They  admit  a  plurality 
of  wives,  and  believe  their  fouls  to  be  immortal  like 
their  own.  They  think  lightly  of  adultery;  for  as  they 
allow  themftlvts  leveral  wives,  they  are  not  lo  unjull  as 
to  puinlh  wcraen  who  diftribute  llieir  favours  among 
ftvera!  galLnts  ;  a  n;utual  exchange  is  then  permitted, 
one  woman  may  be  bartered  for  another,  unlels  (he  be 
free,  or  a  native  of  the  country.  In  this  lall  cafe,  the 
French  cuttoni  prevails  ;  it  is  winked  at,  although  the 
laws  are  particularly  fevcre  againll  the  violation  of  the 
ri'oil  iacrtd  of  all  property.  This  nation  lies  near  that 
of  the  Poules.  (See  that  artieie,  Suppl.)  Its  extent 
iiD  the  countiy  it  unknown  ;  all  that  we  know  is,  that 
it  is  governed  by  four  powerful  piinces,  all  beating  the 
name  of  Foufiutt.  '1  he  lead  confiderable,  according 
to  the  teliiniony  of  the  Saracolets,  is  that  of  i  iiago, 
who  can  aifeir.Lie  thirty  thoufand  liorfe,  and  whole  lub- 
jtcts  occupy  a  tcrr;lcry  two  hundred  leagues  in  extent, 
as  well  on  tlie  Senegal  as  on  the  track  that  reaches  be- 
yond the  Felou  ;  a  rock  which,  according  to  the  lame 
vepcit,  forms  catarafls,  from  whence  proceed  the  Se- 
negal and  the  river  Gambia,  equally  conliderable. 

SAROS,  in  chronology,  a  period  of  2 .!  5  lunar 
month".  The  etymology  of  the  word  is  faid  to  be 
Chahlean,  fignifying  rellitut ion,  or  return  of  eclipfes  ; 
ttiat  is,  conjunttiorii,  of  the  fun  and  moon  in  nearly  the 
lame  place  of  the  ecliptic.  The  Saros  was  a  cycle  like 
to  that  of  Mtto. 

SARRASIN  or  SflRRAiiN,  in  fortification,  a  kind 
cif  port-cullii-,  otherwife  called  a  herie,  which  io  hung 
with  ropes  over  the  gate  of  a  town  or  fo'.trcfs,  to  be  let 
fall  in  cafe  of  a  furprile. 

SAVJLLE  (Sir  Henry),  a  very  learned  Englifh- 
man,  the  {ccond  Ion  of  Henry  Savilie,  Elq;  was  bom 
at  Bradley,  near  Halifax,  in  Yorkthire,  November  the 
3Cth,  1349.  He  was  entered  of  Merton  college,  Ox- 
ford, in  I  561,  where  be  took  the  degrees  in  arts,  and 
was  chofen  fellow.  When  he  proceeded  mailer  of  aits 
in  I  ^70,  he  read  for  that  degree  on  the  Ahnagefl  ot 
Ptolemy,  which  proem  ed  him  the  reputation  ot  a  man 
eminently  (killed  in  mathematics  and  tlie  Greek  lan- 
gu.ige  ;  in  the  former  of  which  he  voluntaiily  read  a 
.public  leiSlure  in  the  univcrfrty  tor  fome  time. 

In  1578  he  travelled  into  France  and  other  countries  ; 
where,  diligently  improving  himfelf  in  all  ufetul  leam- 
ifig,  in  languages,  and  the  knowledge  of  the  world,  he 
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became  a  mod  aceompiiflied  gentleman.  At  his  return,  Savilij, 
he  was  made  tutor  in  the  Greek  tongue  to  Queen  Eli-  *"— v— 
zabeth,  who  had  a  great  eileem  and  liking  for  him. 

In  t$8j  he  was  made  warden  of  Merton  College, 
which  he  governed  fisandthirty  years  with  great  ho- 
nour, and  ininioved  it  by  all  the  means  in  his  power 

In  1^96  he  v/as  chofen  provoll  of  Eton  (?ollege;  which 
he  tilled  with  many  leained  men.  -  James  1.  upon  his 
acccfiion  to  the  cunvn  of  England,  exprefled  a  great 
regard  for  him,  and  would  have  preferred  him  either 
in  church  or  Hate  ;  but  Savilie  declined  it,  and  only 
accepted  the  ceremony  of  knighthood  from  the  king  at 
Windfor  in  1604.  His  only  fon  Henry  dying  about 
that  time,  he  thenceforth  tlevoted  his  fortune  to  the  pro- 
moting of  learning,  -'\mong  other  things,  in  1619,  he 
founded,  in  the  Univerfily  of  Oxford,  t.vo  iettures,  or 
profefiotrhips,  one  in  geometry,  the  other  in  altrcnomy; 
which  he  endowed  with  a  falary  of  160  1.  a-year  each, 
befides  a  legacy  of  6col.  to  purchafe  more  lands  for  the 
fame  ufe.  He  alio  furniihed  a  library  with  mathemati- 
cal books,  near  the  mathematical  Ichool,  for  the  ufe  of 
his  profeffors;  and  gave  I  col.  to  the  mathematical  che'.t 
of  his  own  appointing  :  adding  afterwaids  a  legacy  of 
40I.  a-year  to  the  fame  cheft,  to  the  univerfuy,  and  to 
his  profedbrs  jointly.  Me  likewile  gave  12^1.  towards 
the  nev.'  building  of  the  fchools,  befides  leveral  rare  ma- 
nufcripts  and  printed  booHs  to  the  Bodleian  library;  and 
a  good  quantity  of  Greek  types  to  the  printing  preia 
at  Oxford. 

After  a  life  thus  fpent  in  the  encouragement  and 
promotion  of  fcience  and  literature  in  general,  he  died 
at  Eton  College  the  19th  of  February  i(>2i,  in  the  y^jd 
year  of  his  age,  and  was  buried  in  the  chapel  there.  On 
this  oecalion,  the  univeihty  of  Oxford  paid  him  the 
greatell  honours,  by  having  a  public  fpeech  and  verles 
made  in  his  praife,  which  were  publilhed  foon  alter  in 
4to,  under  the  title  of  Ullhuii  Lima  Savilii. 

As  to  the  charafler  of  ciaville,  the  higheft  encomi- 
ums ate  bellowed  on  him  by  all  the  learned  oi  his  time; 
by  Cafaubon,  Mercerus,  Meibomius,  Jofeph  Scaliger, 
and  efpecially  the  learned  Bilhop  Montague  ;  who,  in 
his  Diiitrib^  upon  Selden's  Hiltory  of  i'ythes,  Jtyles 
him,  "  that  magazine  of  learning,  whole  memory  (hall 
be  honouiable  amongil,  not  only  the  learned,  but  the 
iighteoii<i  for  ever." 

Feveral  noble  inllanccs  of  his  munificence  to  there- 
public  of  letters  have  already  been  iiientioned;  in  the 
account  cf  his  publications  many  more,  and  even  great- 
er, will  :^ppear.      Thefe  are, 

I .  Four  Books  of  the  Hillories  of  Cornelius  Tacitus, 
and  the  Life  of  Agricola  ;  with  Notes  upon  them,  in 
folio,  dedicated  to  Quten  Elizabeth,  1581. — 2.  A 
View  of  certain  Mil  tary  Matters,  or  Commentaries 
concerning  Roman  Warfaie,  isgfi- — 3-  Rerum  Aiigli- 
caruvi  Scnptores  pojl  BcJam,  Sic.  1598.  This  is  a  col- 
ledfion  of  the  belt  writers  of  our  Engllfh  hillory  ;  to 
which  he  added  chronological  tables  at  the  end,  from 
Julius  Cafar  to  William  the  Conqueror.  — 4.  The 
Works  of  Sc  Chryfollom,  in  Greek,  in  8  vols  folio, 
161^.  This  is  a  very  fine  edition,  and  compofed  with 
great  coll  and  labour.  In  the  preface  he  fays,  "  that 
having  himfelf  vifited,  about  1  2  years  before,  all  the 
public  and  private  libraries  in  Britain,  and  copied  out 
thence  whatever  he  thought  ufeful  to  this  defign,  he 
then  lent  Ibrae  katped  meo  into   France,    Germany, 

Italy, 
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Italy,  and  the  Ead,  to  tranfcribe  Aich  parts  as  he  had 
•  not  already,  and  to  collate  the  others  with  tlie  bell  ma- 
"  nufcripts."  At  the  fame  time,  he  makes  his  acknow- 
Icdgments  to  fevcral  eminent  men  for  their  allillanee  ; 
as  Thuanus,  Valferus,  Schottus,  Cafaubon,  Ductus, 
Gruter,  Hoefchclius,  &e.  In  the  8th  volume  are  in- 
ferted  Sir  Henry  Saville's  own  notes,  with  thoie  of 
other  learned  men.  The  whole  charge  of  this  edition, 
includiiig  the  feveral  funis  paid  to  learned  men,  at  home 
and  abroad,  employed  in  finding  out,  tranfcribing,  and 
collating  the  bell  manufcripts,  is  faid  to  have  amounted 
to  no  Itfs  than  L.  Sooo.  Several  editions  of  this  work 
were  afterwards  publiflied  at  Paris. — 5.  In  1618  he 
pnblifiied  a  Latin  work,  written  by  Thomas  Brad\\ar- 
din,  arehbifhop  of  Canterbury,  againft  Pclagius,  int  it- 
led,  De  Can  fa  Dei  roiitra  Pelaghim,  et  di  vir-lule  ctuija- 
rum;  to  which  he  prefixed  the  life  of  Bradwardin.— 
6.  In  1 62 1  he  publilhed  a  colleftion  of  his  own  Ma- 
thematical Lefturts  on  Euclid's  Elements,  in  4to. — 7. 
Oiatlo  coram  Eii%alelha  Rigitia  Oxoniit  habita,  anno  )592. 
Printed  at  Oxford  in  14118,  in  4to.  8.  He  tranlla- 
ted  into  Latin  King  James's  Apology  for  the  Oath  of 
Allegiance.  He  alfo  left  feveral  manufcripts  beliind 
him,  written  by  order  of  King  James  ;  all  which  aie  in 
the  Bodleian  library.  He  wrote  notes  likewile  upon 
the  margin  of  many  books  in  his  library,  particuh.rly 
Eulcbius's  Ecclefiaitical  Hillory  ;  which  were  after- 
wards ufed  by  Valehus,  in  his  edition  of  that  work  in 
16  ;g.  -  Four  of  his  letters  to  Camden  are  publilhed  by 
Smith,  among  Camden's  Letters,  1691,  4to. 

SAUSSURE  (Horace  Beiiedia  de)  was  born  at 
Geneva  in  1741".  His  father,  an  intelligent  farmer,  to 
whom  we  are  indebted  for  fome  memoirs  relating  to 
rural  economy,  reiided  at  Conches,  a  place  fituated  on 
the  banks  of  the  Arve,  at  the  diilancc  of  half  a  league 
from  Geneva  ;  and  this  country  life,  added  to  an  attive 
education,  expanded  no  doubt  in  young  De  tiauflure 
that  phyfical  ilrength  fo  necelTary  to  the  naturalill  who 
devotes  himfelf  to  travel.  He  repaired  daily  to  town 
to  enjoy  the  advantage  of  public  inllrudfion  j  and  as  he 
lived  at  the  bottom  of  Salcve,  a  mountain  which  he  has 
fmce  rendered  celebrated,  he  amufed  himfelf  frequently 
with  afcending  its  lleep  and  rugged  fides.  Being  thus 
furrounded  by  the  phenomena  of  nature,  and  at  the 
fame  time  aided  by  Itudy,  he  conceived  a  tafte  for  na- 
tural hillory,  and  avoided  the  error  both  of  the  learned, 
who  form  theories  without  having  been  out  of  their 
clofets,  and  of  thofe  farmers  who,  living  too  near  to 
Nature,  are  incapable  of  admiring  her  beauties. 

His  earlielt  paifion  was  botany  :  a  variegated  foil, 
abundant  in  plants  of  difttrent  kinds,  invites  the  inhabi- 
tant of  the  banks  of  the  Leman  to  cultivate  that  agree- 
able fcience.  This  talle  produced  an  intimacy  between 
De  SaulTure  and  the  great  Haller.  He  paid  him  a  vi- 
fit  in  the  year  1764,  during  his  retreat  to  Bex;  and 
he  relates^  In  his  travels  how  much  he  admired  that  allo- 
nilhing  man,  who  excelled  in  every  part  ot  the  natural 
fciences  De  Sauffure  was  induced  alio  to  ihidy  the 
vegetable  kingdom,  by  his  connedlion  with  Ch.  Bonnet, 
who  had  married  his  aunt,  and  who  foon  let  a  juit  va- 
lue on  the  riling  talents  ot  his  nephew.  Bonnet  (See 
his  life  in  this  Siippl.)  was  then  employed  on  the  leaves 
of  plants.  De  Saufiiire  lludied  thtfe  organs  of  vege- 
tables alfo,  and  he  publilhed  the  relult  it  his  refearciics, 
under  the  title  of  Obfervations  on  the  Bark  of  Leaves. 
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This  fmall  work,  which  appeared  foon  after  the  year    S^iiru'c. 
1760,   contains   new  obfervations  on  the  epidermis  of '""'"^        ' 
leaves,  and  in  particular  on  the  miliary  glands  by  which 
they  are  covered. 

About  that  period,  the  place  of  profefTor  of  philofo- 
phy  falling  vacant,  it  was  conferred  u])on  De  Saufiure, 
who  was  then  only  twenty-one  years  of  age.  Exjie- 
rience  proves,  that  if  premature  rewards  extinguilh  the 
zeal  of  thofe  who  labour  merely  for  themfelves,  thcv, 
on  the  contrary,  ftrcngthen  it  in  thofe  who  labour  only 
for  truth.  At  that  time  the  two  profelfors  of  philufo- 
})hy  at  Geneva  taught  phylies  and  logic  alternately. 
De  Saulfure  difcharged  this  double  talk  with  equal  fuc- 
cels.  He  gave  to  his  courfe  of  logic  a  practical,  and, 
as  one  may  fay,  experimental  turn  ;  and  his  method  of 
teaching,  which  began  by  Undying  the  fenles  to  arrive 
at  the  general  laws  of  the  undcrllanding,  announced  al- 
ready an  able  obferver  of  nature. 

Phylies,  however,  v\'ere  the  part  for  which  he  had 
the  greateft  talte,  and  which  conducted  him  to  the 
ftudy  of  chcmiltry  and  mineralogy.  He  then  began 
his  travels  through  the  mountains;  not  now  to  examine 
their  vegetable  productions,  but  to  Ihidy  the  mountains 
themfelves,  cither  in  the  Hones  of  which  they  are  com- 
poied,  or  the  difpoiition  of  their  malfes.  Geology,  a 
fcience  which  was  then  fcarccly  in  exillence,  added 
charms  to  his  numerous  cxcurlions  through  the  Alps  } 
and  it  was  then  that  the  talents  of  the  great  philofo- 
pher  were  really  cifplayed.  During  the  lirft  fifteen  or 
twenty  years  of  his  profeflbrlliip,  he  employed  himfelf 
by  turns  in  difcharging  the  duties  of  his  office,  and  ia 
traverling  the  different  mountains  in  the  neighbourhood 
of  Geneva.  He  even  extended  his  excurfions  on  one 
fide  as  far  as  the  banks  of  the  Rliine,  and  on  the  other 
to  Piedmont.  At  the  fame  time  he  undertook  a  jour- 
ney to  Auvergne  to  examine  there  the  extinguilhed 
volcanoes,  and  another  to  Paris,  England,  and  Holland. 
After  that  he  vifited  Italy,  and  even  Sicily.  Thefe 
were  not  mere  journeys  for  the  purpofe  of  reaching  any 
particular  place  ;  he  undertook  them  only  with  a  viev^ 
of  Undying  nature  ;  never  travelled  but  furrounded  by 
every  inllrument  that  could  be  of  ufe  to  him,  and  never 
fct  out  until  he  had  drawn  up  a  plan  of  the  experiments 
and  obfervations  he  intended  to  make.  He  often  fay« 
in  his  works  that  he  had  found  this  method  exceeding- 
ly ufcful. 

In  the  year  1779  he  publilhed  the  firft  volume  of  his 
Travels  through  the  Alps;  which  contains  a  minute 
deferiptlon  of  the  environs  of  Geneva,  and  an  excurfioii 
as  lar  as  Chaniouni,  a  vlil.ige  at  the  bottom  of  Mont 
Blanc  Philofophtrs  will  read  there  with  pleafure  the 
delcription  of  his  Magnetometer.  The  more  he  exa- 
mined  mountains,  the  more  was  he  fenfible  of  tirc  im- 
portance  of  mineralogy.  To  lludy  it  with  advantage, 
lie  learned  the  German  language  ;  and  it  may  be  feeii, 
in  the  lall  volumes  of  his  'travels,  how  much  new  mi- 
neralogical  knowledge  he  had  acquired. 

Amidll  his  numerous  excurfions  through  the  Alps, 
and  at  the  time  of  the  political  troubles  of  Geneva  ia 
i'j'il,  he  found  means  to  make  his  beautiful  expcri- 
inents  on  hygrometry,  which  he  publillied  in  1783,  un- 
der the  title  of  i-Jfays  on  Hygrometry.  'I'his  work,  the 
befl.  that  ever  canie  liom  his  pen,  eflablilhed  fully  his 
reputation  as  a  philolopln-r.  We  are  incicbted  to  him 
alio  for  the  invention  oi  a  new  hygrometer.  Deluc 
3  0^2  had 
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Saiiffure.  had  already  intented  his  whalebone  hyfrrometcr  ;  and 
^""v"""  on  that  account  there  arofe  between  him  and  De  Saul- 
fure  a  fort  of  conteft,  which  degenerated  into  a  pretty 
violent  difpute. 

In  the  year  1786  De  SauflTure  refigned  the  profef- 
for's  ch^ir,  xvbicli  he  had  filled  for  about  twenty-five 
years,  to  his  pupil  and  fellow-labourer  Pidlet,  who  dif. 
charged  with  reputation  tlie  duties  of  an  office  render- 
cd  more  ditBcult  by  fucceeding  fo  eminent  a  philofo- 
pher. 

When  De  Sauffure  was  invited  by  the  ftate  to  take 
a  (hare  in  the  pubhc  education,  he  made  it  one  of  the 
fubjefts  of  his  meditations,  and  prefented  the  plan  of  a 
reform  in  the  education  of  Geneva  :  the  tendency  of 
which  was,  to  make  young  people  early  acquainted  with 
the  natural  fciences  and  mathematics.  He  even  wifhed 
that  their  phyfical  education  fhould  not  be  negleftcd, 
and  with  that  view  pvopofed  gymnaftic  exercifes.  This 
plan,  which  excited  much  attention  in  a  city  where 
every  one  is  convinced  of  the  importance  of  education, 
found  admirers  and  partifans  ;  but  the  poverty  of  its  pe- 
cuniary rcfources  was  an  obftacle  to  every  important 
iimovation.  It  was  befides  feared  that,  by  altering  eila- 
blllhed  forms,  they  might  lofe  the  fubftance,  and  that 
things  might  be  changed  for  the  worfe.  The  Gene- 
vefe  were  attached  to  their  old  fyitem  of  education  ; 
and  they  had  reafon  to  be  fo,  becaufe  it  had  not  only 
proved  the  means  of  diffufmg  knowledge  generally  a- 
mongft  them,  but  had  called  forth  the  talents  of  feveral 
eminent  mathematicians  (a)  and  philofophers  (b). 

But  De  Sauffure's  attention  was  not  confined  to  pub- 
lic education  alone.  He  fuperintended  himfelf  the  edu- 
cation of  his  two  fons  and  a  daughter,  who  have  (hewn 
themfelves  worthy  of  fuch  an  inftruftor.  His  daugh- 
ter to  the  charms  of  her  fex  unites  an  extenfive  know- 
ledge of  the  natural  fciences  ;  and  his  eldeil  fon  has  al- 
ready made  himfelf  known  by  his  phyfical  and  chemical 
labours. 

The  fecond  volume  of  his  Travels  was  publilhed  in 
1786.  It  contains  a  defcription  of  the  Alps  around 
Mont  Blanc,  which  the  author  confiders  as  a  mineralo- 
gift,  a  geologift,  and  a  philofopher.  He  gives  alfo 
fome  interelling  experiments  on  electricity,  and  a  de- 
fcription of  his  eledlrometer,  one  of  the  moft  perfcCi 
that  we  have.  We  are  indebted  to  him  alio  for  feveral 
inftruments  of  meafurement,  fuch  as  his  cyanomcter,  def- 
tined  to  meafure  the  degree  of  the  bluencfs  of  the  hea- 
vens,  which  varies  according  to  the  elevation  of  the  ob- 
ferver  ;  his  d'taphanometer  (fee  Photometer  in  this  Sup- 
plement'), and  his  anemomettr,  which,  by  means  of  a  kind 
of  balance,  meaiures  the  force  of  the  wind. 

Some  years  after  the  publication  of  the  fecond  vo- 
lume of  his  Travels,  De  Sauffure  was  admitted  as  a  fo- 
reign affociate  of  the  Academy  of  Sciences  of  Pans  ; 
and-  Geneva  could  then  boait  of  having  two  of  its  citi- 
zens in  that  clafs,  which  confided  only  of  feven  mem- 
bers. De  SaufTure  not  only  did  honour  to  his  country  ; 
heioveJ  and  ferved  it.  He  was  the  founder  of  the 
Society  of  Arts,  to  which  Geneva  is  indebted  for  the 
high  ilate  of  profperity  it  has  attained  within  the  lafl 


thirty  years.     He  prefided  over  that  fociety  till  the  laft 
moment  of  his  life;  and  one  of  his  fondcft  wilhcs  was  the  ^ 
prefeivation  of  this  ufeful  eftablifliment. 

In  confequence  of  M.  de  Sauffure's  fatiguing  labours 
in  the  Council  of  Two  Hundred,  of  which  he  was  a 
member,  and  afterwards  in  the  National  Affembly,  his 
health  began  to  be  deranged,  and  in  1794  he  was  al- 
moll  deprived  of  the  total  ufe  of  his  limbs  by  a  llroke 
of  the  palfy.  However  painful  his  condition  then  might 
be,  his  mind  Hill  preftrved  its  ai^tivity  ;  and  after  that 
accident  he  rtvifed  the  two  lait  volumes  of  his  Travels, 
which  appeared  in  1796.  They  contain  an  account  of 
his  excurfions  to  the  mountains  of  Piedmont  and  Swit- 
zerland, and  in  particular  of  liis  journey  to  the  fummit 
of  Mont  Blanc.  Thefe  volumes,  inftead  of  txliibiting 
any  marks  of  his  malady,  prefent  an  enormous  mafs  of 
new  farts  and  obfervations  of  the  utmoft  importance  to 
phyfics. 

He  rendered  alfo  an  important  fervice  to  that  fcience 
by  publifhing  the  /Agenda,  which  terminate  his  fourth 
volume,  and  in  which  that  great  man,  furviving  himfelf, 
condufts  the  young  naturalill  through  the  middle  of 
mountains,  and  teaches  him  the  method  of  obierving 
them  with  advantage.  Thefe  Agenda  are  a  proof  of 
his  genius,  and  of  the  llrength  of  mind  which  he  re- 
tained amidft  his  fufferings.  It  was  alfo  during  his 
illnefs  that  he  diredfed  the  experiments  made  on  the 
height  of  the  bed  of  the  Arve,  and  that  he  publifhed  Ob- 
fervations on  the  Fufibility  of  Stones  by  the  Blowpipe, 
which  were  inferted  in  the  'Journal  de  Phyjtquc. 

Having  gone  for  the  f^ke  of  his  health  to  the  baths 
of  Plombiers,  he  flill  obfervcd  the  mountains  at  a  dif- 
tance,  and  caufed  to  be  brought  to  him  fpecimens  of 
the  ftrata  which  he  perceived  in  the  ftcepcfl  rocks.  He 
had  announced  that  he  would  conclude  his  travels  with 
fome  ideas  on  the  primitive  ftate  of  the  earth  ;  but  the 
more  he  acquired  new  fafts,  and  the  more  he  meditated 
on  the  fubjcft,  the  more  uncertain  did  his  opinions  be- 
come in  regard  to  thofe  grand  revolutions  which  pre- 
ceded the  prefent  epoch.  In  general  he  was  a  Neptu- 
nian ;  that  is  to  fay,  afcribed  all  the  revolutions  of  our. 
globe  to  water.  He  admitted  the  poffibility  of  the 
mountains  having  been  thrown  up  by  elaflic  fluids  dif-. 
engaged  from  the  cavities  of  the  earth. 

Though  the  ftate  of  his  health  began  gradually  to 
become  worfe,  he  ftiU  entertained  hopes  of  recovery  ; 
and  the  French  government  having  appointed  him  pro- 
feffor  of  philofophy  at  the  Special  School  of  Paris,  he 
did  not  defpair  of  being  one  day  able  to  fill  that  office  ; 
but  his  ftrength  was  exhaufted,  a  general  languor  fuc- 
ceeded  the  vigour  he  had  always  enjoyed,  his  (low  and 
embarraffed  pronunciation  no  longer  correfponded  with 
the  vivacity  of  his  mind,  and  formed  a  melancholy  con- 
traft  with  the  pleafantncis  by  which  he  had  been  for- 
merly diftinguifhed.  It  was  a  painful  fpeftacle  to  fee 
tills  great  man  reduced  thus  to  imbecility  at  an  age 
when  meditation  is  beneficial,  and  when  he  might  have 
enjoyed  the  fruits  of  his  reputation  and  labours. 

In  vain  did  he  try,  for  the  re-eftablifhment  of  his 
health,  all  the  remedies  which  medicine,  enlightened  by 

the 


(a)  Abauzit,  Cramer,  Lhuiller,  J.  Trembley,  Sec.  _ 

(b)  Jalabert,  A.. Trembley,  Bonnet,  Lefage,  Deluc,  Senebier,  Prevoft,  Piftet,  and  De  Sauffure  himfelf. 
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S'ale      the    pliyfical  fciences,  could  afford — all  afliftance  was 

II         uftlefs.     The  vital  power  quitted  him  with  flow  and 

Scidet^  painful  fteps.     Towards  the  beginaing  of  autumn  179S 

*         his  decay  became  more  vilible,  his  mind  loll  all  its  afti- 

vity,  and  on  the  2  2d  of  March  I  799  he  terminated  his 

briihaiit  career,   at  the  age  of  59,  lamented  by  a  family 

to  whom  he  was  dear — by  a  country  to  which   he  had 

done  honour — and  by  Europe,  the  knowledge  of  which 

he  had  extended. 

SCALK,  in  architefture  and  geography,  aline  di- 
vided into  equal  parts,  placed  at  the  bottom  of  a  map 
or  draught,  to  Icrve  aj  a  common  mtaiure  to  all  the 
parts  of  the  building,  or  all  the  diftances  and  places  of 
the  map. 

Scales,  in  mathematics,  fee  Scales  (Encycl.),  and 
llkewife  LoGARirpuic  Lhies,  under  which  title  are 
mentioned  fome  improvements  by  Mr  Nichollon  on 
Gunter's  fcale.  Thefe  improvements  are  valuable  ;  and 
the  reader  will  find  a  fuller  account  of  them  in  the  tirll 
volume  of  the  author's  Phllofopbical  'Journal. 

SCANTLING,  a  mealure,  fize,  or  llandard,  by 
which  the  dimenhoni,  &c.  of  things  are  to  be  determi- 
ned. The  term  is  particularly  applied  to  the  dimenfions 
of  any  piece  of  timber,  with  regard  to  its  breadth  and 
thicknefs. 

SCAPEMENT,  in  clock  work,  a  general  term  for 
the  manner  of  communicating  the  impulfe  of  the  wheels 


ways  red  dye  ;  and  when  pronounced  fhort,  it  becomes 
deep  red. 

Concerin'ng  the  origin  of  the  name  fcarlet,  which  was 
in  ule  fo  early  ?.s  the  iith  century,  our  author  has 
many  conjeftures,  which  we  need  not  tranfcrlbe,  as  he 
feems  not  quite  (atis'ied  with  any  of  them  hinjfelf.  The 
following  refledtions  upon  the  comparative  excellence  of 
the  anciciit  and  modern  fcarlet,  together  with  the  pro- 
grels  of  the  art  oi  dyeing  that  colour,  are  worthy  of 
notice  : 

"  Of  the  preparation  and  goodnefs  (f  the  ancient 
fcarlet  we  certainly  know  nothing  ;  but  as  \ve  Hnd  in 
many  old  pieces  of  tapcftry  of  the  iith  century,  and 
perhaps  earlier,  a  red  which  has  continued  remarkably 
beautiful  even  to  the  prcfent  time,  it  can;:ot  at  any  rate 
be  denied,  that  our  ancellors  extolled  their  fcarlet  not 
without  reafon.  We  can,  however,  venture  to  alTert, 
that  the  fcarlet  prepared  at  pr.fent  is  far  fuperior, 
owing  principally  to  the  effedfs  of  a  folution  of  tin. — 
Thii  invent'on  may  be  reckoned  amongft  the  mod  im- 
portant improvementb  of  the  art  of  dye.ng,  and  defervcs 
a  particular  relation. 

"  The  tincture  of  cochineal  alone  yields  a  purple  co- 
lour, not  very  plealant,  which  may  be  heightened  to 
the  molt  beautiful  fcarlet  by  a  folution  of  tin  in  aqua- 
reijla  (nitro  muriatic  acid).  This  difcovery  was  made 
as  t'jliuws  :   Cornelius  Drebbel,   who  was  born  at  Alk- 


Scarlct 


to  the  pendulum.     The  ordinary  fcapements  conliit  of  maar,  and  died  at   London  in  16^4,   having  placed  in 

the  fwingwheel  and  pallets  only  ;  but  modern  improve-  his  window  an  extradl  of  cochmeal,   made  with  boiling 

ments  have  added   other  levers  or  detents,  chiefly  for  water,  for  the  purpofe  of  filling  a  thermometer,  fome 

the  purpofes   of  diminilhing  friftion,  or  for  detaching  aqua-regia  dropped  into  it  from  a  phial,  broken  by  ac- 

the  pendulum  from  the  preffure  of  the  wheels  during  cidcnt,  which  Hood  above  it,  and  converted  the  purple 

part  of  the  time  ot  its  vibration.     See  IV^tch  Making,  dye  into  a  moft  beautiful   dark  red.      After  fome  con- 
in  this  Siippl.                                                                         ^ 
SCARFING,  a  term  in  carpentry;  by  which  is  meant 


the  joining  of  two  beams  of  wood  together  to  increafe 
the  length:  the  beams  in  the  joint  are  indented  into  one 
another,  as  in  figures  19,  24,  and  25,  Plate  X.  Supple- 
ment. 

SCARLET,  a  beautiful  bright  red  colour  given  to 
cloth,  either  by  a  preparation  of  kermes  (See  that  ar- 
ticle in  SuppI.J,  or  more  completely  by  the  American 
cochineal.  ProfefTor  Beckniann,  in  the  fecond  volume 
of  his  Hiftory  of  Inventions,  feems  to  have  eftabhfhcd 
the  following  conclufions  : 

l/?.  Scarlet,  or  the  kermes  dye,  was  known  in  the 
Eaft  in  the  earlieft  ages,  before  Mofes,  and  was  a  dif- 
covery of  the  Phoenicians  in  Palelline,  but  certainly  not 
of  the  fmall  wandering  Hebrew  tribes.  2d,  To/a  was 
the  ancient  Phoenician  name  uftd  by  the  Hebrews,  and 
even  by  the  Syrians  ;  for  it  is  employed  by  the  Syrian 
tranflator,  Ilaiah,  chap.  I.  ver.  j8.  Among  the  Jcws^ 
after  their  captivity,  the  Aramaean  word  ze/jori  was 
more  common,  ^d.  This  dye  was  known  alfo  to  the 
Egyptians  in  the  time  of  Mofes ;  for  the  Ifraelites  mull 
have  carried  it  along  with  them  from  Egypt.  4//),  The 
Arabs  received  the  name  kermes,  with  the  "flye,  from 
Armenia  and  Perfia,  where  it  was  indiginous,  and  had 
been  long  known;  and  that  name  banifhedthe  old  name 
in  the  Eaft,  as  the  name  fcarlet  has  in  the  Weft.  For 
the  firft  part  of  this  affertion  we  mufl  believe  the  Arabs. 
5<^,  Kermes  were  perhaps  not  known  in  Arabia ;  at 
leafl  they  were  not  indiginous,  as  the  Arabs  appear  to 
have  had  no  name  for  them.     6//j,  Kermes  lignilies  aU 


jeftures  and  experiments,  he  difcovered  that  the  tin  by 
which  the  window-frame  was  divided  inlj  fquares  had 
been  difTolved  by  the  aqua-regia,  and  was  the  caufe  of 
this  change.  He  communicated  his  obfervation  to 
Kuffelar,  that  excellent  dyer  at  Leydcn,  who  was  af- 
terwards his  fon  in-law.  The  latter  brought  the  dif- 
covery to  perfeflion,  and  employed  it  fome  years  alone 
in  his  dye  houfe,  which  gave  rife  to  the  name  of  Kuf- 
felar's  colour.  In  the  courfe  of  time  the  fecret  became 
known  to  an  inhabitant  of  Meniu,  called  Gulieh,  and 
alio  to  another  perfou  of  the  name  of  Van  der  Vecht, 
who  taught  it  to  the  brothers  Gobelins  in  France. 
Giles  Gobelin,  a  dyer  at  Paris,  in  the  time  of  Francis  I. 
had  found  out  an  improvement  of  the  then  ufual 
fcarlet  dye  ;  and  as  he  h?.d  remarked  that  the  water  of 
the  rivulet  Bievre,  in  the  fuburbs  St  Mareeau,  was  ex- 
cellent for  his  art,  he  ercfted  on  it  a  large  dye-houfe  ; 
which,  out  of  ridicule,  was  called  Folic  Gobelins,  Gobe- 
lin's Folly.  About  this  peiiod,  a  Flemifh  painter, 
whom  fome  name  Peter  Koek,  and  others  Klock,  and 
who  had  travelled  a  long  time  in  the  E.1II,  eftablilhed, 
and  continued  to  his  death  in  1650,  a  manufattory  for 
dyeing  fcarlet  cloth  by  an  improved  method.  Thiougli 
the  means  of  Colbert,  one  of  the  Gobelins  learned  the 
procefs  ufed  for  pieparing  the  Gc-man  fcarlet  dye  from 
one  Gluck,  whom  lome  confider  as  the  above-mention- 
ed Gulieh,  and  others  as  Kloek;  and  the  Parifian  fcar- 
let dye  foon  rofe  into  fo  great  repute,  that  the  po- 
pulace imagined  that  Gobelin  had  acquired  his  art  from 
the  devil.  It  is  well  known  that  Louis  XIV.  by  the. 
advice  of  Colbert,  purcbafed  Gobclin'ij  building  from 

his. 
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his  fuccefTora  in  the  year  1 667,  and  transformed  it  into 
a  palace,  to  which  he  gave  the  name  of  Hotel  royal  des 
GobeUns,  and  which  he  afTigncd  for  the  life  of  firft  rate 
Brtiils,  particularly  painters,  jewellers,  weavers  of  tapef- 
try,  and  otherii.  After  that  time  the  rivulet  was  no 
longer  ca'ied  Bievre,  hut  Gobelins.  About  the  year 
1643,  a  rieming,  named  Kepkr,  eftablilhed  the  firll 
dye  houfe  for  fcavlet  in  England,  at  the  village  of  Bow, 
rot  far  from  London  ;  and  on  that  account  the  colour 
was  called,  at  firft,  by  the  EnglKii,  the  Bozu-tlje.  In 
the  year  i6'>7,  another  Fleming,  named  Brewer,  invi- 
ted to  England  by  I'^ing  Charles  II.  with  the  promife 
of  a  large  falary,  brought  this  art  there  to  great  per- 
fection." 

SCHEME,  a  draught  or  reprefentation  of  any  geo- 
mtliical  or  aftror.omical  figure,  or  problem  by  lines 
ienfible  to  the  eye  ;  or  of  the  celeltial  bodies  in  their 
proper  places  for  any  moment ;  otherwifc  called  a  dia- 
gram. 

SCIAGRAPHY,  or  Sciography,  the  profile  or 
vertical  feftion  of  a  building ;  ufed  to  fhew  the  inGde 
of  it. 

Sciagraphy,  in  aftronomy,  &c.  is  a  term  ufed  by 
fome  authors  for  the  art  of  finding  the  hour  of  the  day 
or  night,  by  the  fhadow  of  the  fun,  moon,  ftars,  &c. 
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SCONCES,  fmall  forts,    built  for  the  defence  of  Pconcei, 
fome  pafi,  river,  or  other  place.    Some  fconces  are  made  Scotaies. 
regular,  of  four,    five,  or  fix  baftioiis  ;    others  are  of  ~~V~~ 
fmaller  dimenfions,  fit  for  paffes  or  rivers;  and  others 
for  the  field. 

SCOTALES,  were  meetings  held  formerly  in  Eng- 
land for  the  purpofe  of  drinking  ale,  of  which  the  ex- 
pence  was  defrayed  by  joint  contribution.  i'hus  the 
tenants  of  South  Mailing  in  SulTex,  v/hich  belonged  to 
the  Archbifhop  of  Canterbury,  were,  at  the  kteping  of 
a  court,  to  entertain  the  Lord  or  his  baihff  with  a 
drinking,  or  an  ale  ;  and  the  ilated  quotas  towards  the 
charge  were,  that  a  man  (hould  pay  threepence  half- 
penny for  liimfelf  and  his  wife,  and  a  widow  and  a  cot- 
tager three  lialf  pence.  In  the  manor  of  Ferring,  in  the 
fame  county,  and  under  the  fame  jurifdiction,  it  was  the 
cnftom  for  the  tenants  named  to  make  a  fcotale  of  fis. 
teen  pence  halfpenny,  and  to  allow  out  of  each  fixpence 
three  halfpence  for  the  bailiff. 

Common  fcotales  in  taverns,  at  which  the  cleigy 
were  not  to  be  prefent,  are  noticed  in  feveral  ecclcliailt. 
cal  canons.  They  were  not  to  be  publilhed  in  the 
church  by  the  clergy  or  the  laity  ;  and  a  meeting  of 
more  than  ten  perfons  of  the  fame  parilh  or  vicinage  was 
a  fcotale  that  was  generally  prohibited.     There  were 


SCIOPTIC,  or  i'c/opr/jjc  .5a//,  a  fphere  or  globe  of  alfo  common  drinkings,  which  were  denominated /(■<■/- 
wood,  with  a  circidar  hole  or  perforation,  where  a  lens  ale,  bride-ale,  clerk-aU,  and  church-ale.  To  a  leet-ale 
is  placed.  It  is  fo  fitted,  that,  like  the  eye  of  an  animal,  probably  all  the  refidents  in  a  manorial  diftrift  were 
it  may  be  turned  round  every  way,  to  be  ufed  in  making  contributors  ;  and  the  expence  of  a  bride-ale  was  de- 
experiments  of  the  darkened  room.  frayed  by   the  relations  and  friends   of  a  happy  pair, 

SCOLYMUS  (fee  that  article  F.ncycl.)  is,  by  Pliny  who  were  not  in  circumftanccs  to  bear  the  charges  of  a 

and  Theophraftus,  reckoned  to  belong  to  the  genus  of  wedding  dinner.     This  cuilom  prevails  occafionally  in 

the  thiilles.      The  former  fays,  that  like  moft  others  of  fome  dillrifls  of  Scotland  even  at  this  day,  under  the  de- 

the  fame  kind,  the  feeds  were  covered  by  a  fort  of  wool  nomination  of  a  penny  bride-ale,  and  was  very  common 


(pappus).  It  had  a  high  flem,  furrounded  with  leaves 
which  were  prickly,  but  which  ceafcd  to  fling  when 
the  plant  withered.  It  flowered  the  whole  fumraer 
through,  and  had  often  flowers  and  ripe  feed  at  the 
fame  time  ;  vhich  is  the  cafe  alfo  with  our  artichoke 
plants.  The  calyx  of  the  fcolymiis  was  not  prickly  ; 
the  root  was  thick,  black,  and  fwect,  and  contained  a 
milky  juice.  It  was  eaten  both  raw  and  cooked  ;  and 
Theophradus  obferves,  as  fomething  very  remarkable, 
that  when  the  plant  was  in  flower,  or,  as  others  explain 
the  words,  when  it  had  finilTied  blowing,  it  was  moll 
palatable.  What  renders  this  circumftance  fingiilar  is, 
that  moft  milky  roots  ufed  for  food  lofe  their  milk,  and 
become  unfit  to  be  eaten  as  foon  as  they  have  blown. 
This  is  the  cafe  with  the  goat's  beard,  which  ia  eatable 
only  the  firft  year. 

ProfelTor  Bcckmann  has,  with  much  labour  and  eru- 
dition, endeavoured  to  afcertain  v.'hat  is  really  the  plmt 
which  was  known  to  the  ancients  by  the  name  of  fcoly- 
nus.  He  feems  to  have  proved  fnificicntly,  that  it  was 
not  the  cactus,  the  carduus,  or  the  cinara  ;  but  he  has 
not  been  able  to  come  to  any  other  conciufion.  "  Were 
I  appointed  or  condemned  (fays  he)  to  form  a  new  La- 
tin dif^ionary,  I  fhoitld  explain  the  article  fcolymus  in 
the  following  manner :  Planta  compojita,  caphata.  Can- 
lis  lo7igii3,  obji'.us  folih  fptnojis.  Radix  carnofa,  laSefcciis, 
lUp'a,  dulcis,  ediilis.  Calm  Jquamis  inermibus,  difco  car- 
nofo,  ante  ejjlorejceniiam  eduli.  Semina pappofa.  Turio- 
ties  edules.  'ITiis  defcription,  fhort  as  it  is,  contains  eve- 
ry thing  that  the  ancients  have  laid  in  order  to  charac- 
terife  that  plant." 


fifty  or  fixty  years  ago.  The  cleri's-a\c  was  in  the  Eafter 
holidays,  and  was  the  method  taken  to  et>able  clerks  of 
parifhes  to  coUeft  more  readily  their  dues. 

Mr  Warton,  in  his  Hiftory  of  Englifh  Poetry,  has 
inferted  the  following  extract  from  an  old  indenture, 
which  (hews  clearly  the  dengn  of  a  church-a.]e.  "  The 
parilhioners  of  Elveftone  and  Okebrook,  in  Derbyfliire, 
agree  jointly  to  brew  four  ales,  and  every  ale  of  one 
quarter  of  malt,  betwixt  this  and  the  feall  of  St  John 
the  Baptift  next  coming  ;  and  that  every  inhabitant  of 
the  faid  town  of  Okebrook  fhall  be  at  the  feveral  ales. 
And  every  hulband  and  his  wife  (hall  pay  two  pence, 
every  cottager  one-penny  ;  and  all  the  inhabitants  of 
Elvefton  (hall  have  and  receive  all  the  profits  and  advan- 
tages coming  o'  the  faid  ales,  to  the  ufe  and  behuuj  of 
the  find  church  of  ElveJIon." 

The  give-ales  were  the  legacies  of  individuals  ;  and 
from  that  circumftance  entirely  gratuitous.  They  feem 
to  have  been  very  numerous,  and  were  geneially  left  to 
the  poor;  though,  from  the  largenefs  of  the  quantity 
of  ale  enjoined  to  be  brewed,  it  mull  have  been  fome- 
times  intended  that  others  were  to  partake  of  them. 
Thefe  bcqu"  fts  were  likewife,  not  unfrcquently,  made 
tn  the  light  or  altar  of  a  faint,  with  diieftions  for  fing- 
ing  mafles  ?.t  the  obit,  trenthal,  or  anniverfary  of  the  tef- 
tator.  Hence,  though  icotales  were  generally  kept  in 
houfes  of  public  refort,  the  give-ales  were  fometimes 
dilpenfed  m  the  church,  and  often  in  the  churchyard  ; 
by  which  means  "  Godde's  houle  (as  Sumner  fays  in 
h!8  Treatift  on  Gavelkind)  was  made  a  tavern  of  glut- 
tons."    Such  certainly  would  be  Chalk  church,  if  in  it 

was 
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was  kept  the  ^ivc-ale  of  William  May  of  tliat  paridi  ; 
'  for  he  ordered  his  wife  to  "  make  in  bread  fix  bulhcb 
of  wheat,  and  in  drink  ten  btilhtls  of  mault,  and  in 
checie  twenty-pence,  to  give  to  poor  people  for  the 
healtii  of  his  fo\iiI  ;  and  hi;  ordered  that,  after  the  de- 
ceafe  of  his  win,  his  executors  and  feoffees  Ihould  con- 
tinue the  ciillorn  for  evermore.  ' 

SCOWlilNG  Of  STUFKs,  is  an  art  much  more  ge- 
nerally pradifed  than  nnderilood.  It  fiippofes,  fays 
Cbaptal,  ill,  a  knowledge  of  the  difl'erent  fubllaiices 
capable  of  ilainiiig  any  kind  of  cloth  ;  2d,  of  the  fub- 
ilancis  to  which  reeourle  mnil  be  had,  in  order  to  make 
thofe  depufited  on  the  ilulT  to  difappear  ;  3d,  a  know- 
ledge of  the  tifcfts  produced  on  colours  by  thole  re- 
agents, which  it  may  be  neceffary  to  employ  to  deilroy 
flains  ;  4th,  a  knowledge  of  the  manner  in  which  the 
cloth  is  effected  by  thole  re  agents  ;  5th,  of  the  art  of 
reiloring  a  colour  changed  or  faded.  Of  thofe  bodies 
which  occafion  Ipots  on  different  kinds  of  cloth,  fome 
are  eafdy  diilinguilhed  by  their  appearance,  fnch  as 
greafy  fubilances  ;  but  others  have  more  complex  ef- 
tecls,  fuch  as  acids,  alkalies,  perfpired  matter,  fruits, 
urine,  &c.  Acids  redden  black,  fawn,  violet,  and  puce- 
colo'.ir,  and  every  fhadc  communicated  with  orchilla- 
wecd,  iron,  aftringents,  and  every  blue  except  indigo 
and  pruffian  blue.  They  render  the  yellows  paler,  ex- 
cept  that  of  arnatto,  which  they  change  into  orange. 

Alkalies  change  to  violet  the  reds  produced  by  Bra- 
zilwood,  logwood,  and  cochineal.  They  render  the 
greens  on  woollen  cloth  yellowifli,  make  yellow  brown- 
ilh,  and  change  the  yellow  produced  by  arnatto  to  au- 
rora.  Perfpired  matter  produces  the  fame  effedfs  as  al- 
kalies. 

When  the  fpots  are  produced  by  fimple  bodies  on 
fluffs,  it  is  eafy  to  remove  them  by  the  ineans  already 
known.  Grtafy  fubilances  are  removed  by  alkalies, 
foaps,  the  yolk  of  eggs,  fat  earths;  oxides  of  iron,  by 
the  nitric  and  oxalic  acids  ;  acids  by  alkalies,  and  reci- 
procally. Stains  of  fruit  on  white  itufls  may  be  remo- 
ved by  the  fulphureous  acid,  and  (lill  better  by  the  oxi- 
gensted  muriatic  acid.  But  when  the  fpots  are  of  a 
c^omplex  kind,  it  will  be  neceffary  to  employ  feveral 
means  in  fucceflion.  Thus,  to  deftroy  the  (lain  of 
coom  from  carriage-wheels,  after  the  greafe  has  been 
dilfolved,  the  oxide  of  iron  may  be  removed  by  the  oxa- 
lie  acid. 

As  colours  are  ofitn  changed  by  re-agents,  it  will  I)e 
neceffary,  in  order  to  reilore  them,  that  the  fcowrer 
ftiould  poffefs  a  thorough  knowledge  of  the  art  of  dye- 
ing, .Old  how  to  modify  the  means  according  to  circinn- 
ftances.  This  becomes  the  more  difiicnlt,  when  it  is 
neceffary  to  reproduce  a  colour  fimilir  to  that  of  the 
reft  of  the  lluif,  to  apply  that  colour  only  in  one  place, 
and  often  to  reilore  the  mord.mt  by  which  it  was  lixed, 
and  which  has  been  deilroyed,  or  even  the  firil  tint 
which  gave  the  colour  its  intenlity.  It  may  be  readdy 
conceived  that  the  means  to  be  employed  mull  depeml 
on  the  nature  of  the  colour  and  the  ingredients  by  which 
It  was  produced  ;  for  it  is  known  that  the  fame  colour 
may  be  obtained  from  very  different  bodies.  Thus,  af- 
ter an  alkali  has  been  employed  to  deilroy  an  acid  fpot 
on  browns,  violets,  blues,  poppies  &c.  the  yellow  fpot 
which  remains  may  be  made  to  difappear  by  a  fohition 
of  tin  ;  a  folnlion  of  fulphat  of  iron  rellores  the  colour 
to  brown  ttufis  which  have  been  galled  ;  acids  reilore  ta 
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their  former  fplendour  yellows  which  have  been  render- 
ed dulky  or  brown  by  alkalies  ;  blacks  produced  by 
logwood  become  red  by  acids  ;  alkalies  change  theft 
red  fpots  to  yellow,  and  a  little  of  the  allringent  prin- 
ciple makes  them  again  become  black.  A  fohition  of 
one  part  of  indigo  in  four  paits  of  fulphuric  acid,  dilu- 
ted with  a  fiiflici'-nt  (]uantity  of  water,  maybe  employ- 
ed with  fuccels  to  revive  the  bine  colour  of  cotton  or 
wool  which  has  been  changed.  Scarlet  may  be  revived 
by  means  of  cochineal  and  a  fulution  of  the  muriat  of 
tin,  &c. 

The  choice  of  re-agents  is  not  a  matter  of  indiffe- 
rence.  Vegetable  acids  are  preferable  ;  the  fulphureous 
acid,  however,  may  be  employed  for  llains  occafioned 
by  fruit  ;  it  does  not  change  the  blue  of  filk  nor  co- 
lours produced  by  aftringents  ;  it  does  not  degrade  the 
yellow  of  cotton.  Ammonia  fucceeds  better  than  fixed 
alkalies  in  removing  fpots  produced  by  acids.  It  is  em- 
ployed in  vapour  ;  its  atlion  is  fpeedy,  and  feldom  alters 
the  colour. 

The  means  of  removing  greafy  fpots  are  well  known. 
This  effedl  is  produced  by  alkalies,  fullers  earth,  vola- 
tile oils  diflblved  in  alcohol,  a  heat  prcper  for  volatili- 
zing greafe,  &c.  Spots  occafioned  by  ink,  ruft,  or  iron- 
mould  of  any  kind,  and  ail  tiuife  prcduced  by  the  ytl- 
low  oxide  of  iron,  are  removed  by  the  oxalic  acid  :  the 
colour  may  be  rellored  by  alkalies,  or  a  fohition  of  the 
muriat  of  tin,  Thefe  fpots  may  be  removed  alfo  by  the 
oxygenated  muriatic  acid,  when  they  art  on  white  llufTs 
or  paper. 

The  acfion  of  alkalies,  and  that  of  perfpired  matter, 
are  the  fame  :  their  fpots  may  be  effaced  by  acids,  or 
even  by  a  weak  fohition  of  the  muriat  of  tin.  When 
thefe  fpots  arife  from  feveial  unknown  caufcs,  in  order 
to  deftroy  them,  recourfe  muft  be  had  to  polychrefl 
compofitions.  The  following  may  be  confidcred  as  ore! 
of  the  moll  efficacious;  Diffolve  white  fnp  in  alcohol, 
and  mix  this  folution  with  the  yolks  of  from  four  to 
fix  eggs  ;  add  gradually  effence  of  turpentine  ;  and  in- 
corporate with  tlie  whole  fome  fullers  earth,  in  fuch  a 
manner  as  to  form  balls  of  a  fuitable  confiftence.  M("it- 
ten  the  fpot;  and  having  rubbed  it  0.  ith  thefe  ball,', 
the  fpot  will  be  removed  by  wafliing  the  ftuff.  .  All 
fpots,  exccjit  iron-mould  and  ink,  muy  be  removed  nj 
this  manner. 

WalhiTig  deflroys  the  lullre,  and  leaves  a  tarnifl.ed 
place  diKigreeable  to  the  eye  ;  but  the  lullre  may  be 
reftored  by  drawing  over  the  waihed  place,  and  in  the 
diretfion  of  the  pile,  a  brulli  moillcned  in  water,  im- 
pregnated with  a  little  gum.  You  may  then  apply  :!■ 
fheet  of  paper,  or  a  piece  of  cloth,  and  a  confiderablo 
weight,  uiu'.er  which  the  cloth  muft  be  left  to  dry. 

SCYLLA.  Under  this  title  we  gave,  in  the  £t!ry- 
clopitj'm,  an  account  of  Scylla  and  Charybdis,  whicii, 
though  taken  from  a  work  which  we  thoug'.  t  good 
authority,  appears  to  be  far  from  correft.  1  liefe  pla- 
ces, fo  laniuus  in  the  poems  of  Homer  and  Virgil,  were 
examined  with  minute  attention  by  that  accurate  obicr.' 
ver  of  nature  the  Abbe  Spallanzani  ;  u'ho  thus  defcribes 
Scylla. 

"  It  is  a  lofty  rock,  diftant  twelve  miles  from  MeiTina, 
which  rifes  almoft  perpendicularly  from  the  lea  on  the 
lliore  of  Calabria,  and  beyond  which  is  the  fmall  city 
of  the  fame  name.  Though  there  was  fcarcely  any 
wind,  I  began  to  hear,   two  miles  before  I  came  to  tlu; 
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Scylla.  rock,  a  murmur  and  noife  like  a  confufed  barking  of 
•  dogs,  and  on  a  nearer  approach  readily  difcovered  the 
caufe.  This  rock,  in  its  iowtr  parts,  contains  a  num. 
ber  of  caverns,  one  of  the  largell  of  which  is  called  by 
the  people  tlicre  Dragara.  The  waves,  when  in  tlie 
leaft  agitated,  ruihing  into  thefc  civerns,  break,  dalTi, 
throw  up  frotliy  bubbles,  and  thus  occaiion  thefe  various 
-and  multiplied  iounds.  I  then  perceived  with  how 
much  truth  and  refemblnnce  of  nature  Homer  and  Vir- 
gil, iu  their  perfonilications  of  Scylla,  had  pourtrayed 
this  fcenc,  by  defcribing  the  monller  they  drew  as  lurk- 
ing in  the  daiknefs  of  a  vaft  cavern,  furrounded  by  ra- 
venous barking  maftiffs,  together  with  wolves,  to  in- 
creafe  the  horror. 

"  Such  is  the  fituation  and  appearance  of  Scylla  ; 
let  us  now  confider  the  danger  it  occaiions  to  mariners. 
Though  the  tide  is  almoft  imperceptii)le  in  the  open 
parts  of  the  Mediterranean,  it  is  very  llrong  in  the 
ilrait  of  Meffina,  in  confeqnence  of  the  narrownefs  of 
the  channel,  and  is  regulated,  as  in  other  places,  by  the 
periodical  elevations  and  depreflion  of  the  water.  Where 
the  flow  or  current  is  accompanied  by  a  wind  blowing 
the  fame  way,  velTels  have  nothing  to  fear,  fince  they 
either  do  not  enter  the  ftrait,  both  the  wind  and  the 
flream  oppofing  them,  but  caft  anchor  at  the  entrance; 
or,  if  both  are  favourable,  enter  on  full  fail,  and  pals 
through  with  fuch  rapidity  that  they  feem  to  fly  over 
the  water.  But  when  the  current  runs  from  fouth  to 
north,  and  the  north  wind  blows  hard  at  the  fame  time, 
the  ihip  which  expected  eafdy  to  pafs  the  ftrait  with 
the  wind  in  its  ftern,  on  its  entering  the  channel  is  re- 
Hiiled  by  the  oppofite  current,  and,  impelled  by  two 
forces  in  contrary  direclions,  is  at  length  dalhed  on  the 
rock  of  Scylla,  or  driven  on  the  neigiibouring  fands ; 
unlefs  the  pilot  Ihall  apply  for  tae  fuccour  necclfary  for 
his  prefervation.  For,  to  give  affiftance  in  cafe  of  hich 
accidents,  24  of  the  ftroi\gell,  boldell,  and  moll  expe- 
rienced (allots,  well  acquainted  with  the  place,  arc  fta- 
tioned  night  and  day  along  the  (liore  of  Ivlcflinaj  who, 
at  the  report  of  guns  fired  as  figuals  of  diftrefs  from  any 
vclTel,  hailen  to  its  affiftance,  and  tow  it  with  one  of 
their  light  boat».  The  current,  where  it  is  ftrongtft, 
does  not  extend  over  the  whole  ilrait,  but  winds  thro' 
it  in  intricate  meanders,  with  the  couvfe  of  which  thefe 
men  are  perfectly  acquainted,  and  are  thus  able  to 
guide  the  fliip  in  luch  a  manner  as  to  avoid  it.  Should 
the  pilot,  however,  confiding  in  his  own  fl<ill,  contemn 
or  neglect  this  affiftance,  however  gi'eat  his  ability  or 
experience,  he  would  run  the  moft  imminent  rilk  of  be- 
ing (hipwrecked.  In  this  agitation  and  conflict  of  the 
waters,  forced  one  way  by  the  current,  and  driven  in  a 
contrary  direftion  by  the  vi'ind,  it  is  ulelefs  to  throw 
the  line  to  difcover  the  depth  of  the  bottom,  the  vio- 
lence of  the  current  frequently  carrying  the  lead  ahuoft 
on  the  furface  of  the  water.  The  ftrongcft  cables, 
though  fome  feet  in  circumference,  break  like  Imall 
cords.  Should  two  or  three  anchors  be  thrown  out, 
the  bottom  is  fo  rocky  that  they  either  take  no  hold  ; 
or,  if  they  fliould,  are  foou  looieued  by  the  violence  of 
the  waves.  Every  expedient  afforded  by  the  art  of  na- 
vigation, though  it  might  iuccecd  in  faving  a  fhip  in 
other  parts  of  the  Mediterranean,  or  even  the  tremen- 
dous ocean,  is  ufelefs  here.  The  only  means  of  avoid- 
ing being  daflied  againft;  the  rocks,  or  driven  upon  the 
iands  in  the  midlt  of  this  furious  conteft  of  the  winds 
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and  waves,  is  to  have  recourfe  to  the  llvill  and  courage 
of  thele  Meffinefe  feamen."  ' 

Charybdis  is  fituated  within  the  ftrait,  in  that  part 
of  the  lea  which  lies  between  a  projection  of  land  na- 
med Punta  Secca,  and  another  projection  on  which 
ftands  the  tower  called  Lanterno,  or  the  lighthoufe,  a 
light  being  placed  at  its  top  to  pnide  veffcls  which  may 
enter  the  harbour  by  night.  Every  writer,  who  has 
hitherto  deferibed  Charybdis,  has  fuppoiVd  It  to  be  a 
whirlpool  ;  but  this  is  a  niiftake,  as  Spallanzani  has 
completely  proved,  by  alcertaining  what  it  really  Is. 

"  Cliarybuis  is  diftant  from  the  ihore  of  Mt  Uina  about 
7  (O  feet,  and  is  called  by  the  people  of  the  country  Ca- 
lofaro,  not  trom  the  agitation  of  the  waves,  as  fome 
have  fuppofed,  but  from  moc  and  ?af'c  ;  that  is,  the 
beautiful  toiver,  trom  the  light-houfe  ercdttd  near  it  for 
the  guidance  of  veflcls.  The  phenomenon  of  the  Calo- 
faro  Is  obfervable  when  the  current  is  dcfctnding  ;  for 
when  the  current  fets  in  from  the  north,  the  pilots  call 
it  the  deft-ending  rema,  or  current  ;  and  when  it  runs 
from  the  fouth,  the  afceud:ng  rema.  The  current  afcends 
or  defcends  at  the  rifing  or  fcttiiig  of  the  moon,  and 
coulinues  for  fix  hours.  In  the  interv.al  between  each 
afccnt  or  delcent,  there  is  a  calm  which  lafts  at  leaft  a 
quarter  of  aa  hour,  but  not  longer  than  an  hour.  Af- 
terwards, at  the  rifing  or  fetting  of  the  moon,  the  cur- 
rent enters  from  the  north,  making  various  angles  of 
incidence  with  the  fhore,  and  at  length  reaches  the  Ca- 
lofaro.  This  delay  fometimes  continues  two  hours  ; 
fometimes  it  immediately  falls  into  the  Calofaro  ;  and 
then  experience  has  taught  that  it  is  a  certain  token  of 
bad  weather." 

When  our  author  obferved  Charybdis  from  the  fhore, 
it  appeared  like  a  group  of  tumultous  waters  ;  which 
group,  as  he  approached,  became  more  extenfive  and 
more  agitated.  He  was  carried  to  the  edge,  where  he 
(lopped  fome  time  to  make  the  requifite  obfervations  ; 
and  was  then  convinced,  beyond  the  fltadow  of  a  doubt, 
that  what  he  fiw  was  by  no  means  a  vortex  or  whirl- 
pool. 

Hydrologifts  teach  us,  that  by  a  whirlpool  in  a  run-^ 
ning  water  we  are  to  underftand  that  circular  courfe 
vvhith  it  takes  in  certain  circumftances  ;  and  that  this 
courle  or  revolution  generates  in  the  middle  of  a  hollow 
inverted  cone,  of  a  greater  or  lels  depth,  the  internal 
fides  of  which  have  a  fpiral  motion.  But  Spallanzani  per- 
ceived nothing  ot  this  kind  in  the  Calofaro.  Its  revol- 
ving motion  was  clicumlcribed  to  a  circle  of  at  moft  ico 
feet  in  diameter ;  within  which  limits  there  was  no  in- 
curvation of  any  kind,  nor  vertiginous  motion,  but  an 
incelfant  undulation  of  agitated  waters,  which  rofe,  fell, 
beat,  and  dafhed  on  each  other.  Yet  thefe  irregular 
motions  were  fo  far  placid,  that  nothing  was  to  be 
feai-cd  in  paffing  over  the  fpot,  which  he  did  ;  though 
their  little  bark  rocked  very  much  tiom  the  continual 
agitation,  fo  that  they  were  obliged  conftantly  to  make 
life  of  their  oars  to  prevent  its  being  driven  out  of  the 
Calofaro.  Our  author  threw  lubftances  of  different 
kinds  into  the  llream.  Such  as  were  Ipecifically  hea- 
vier than  the  water  funk,  and  appeared  no  more  ;  thofe 
which  were  lighter  remained  on  the  furfact,  but  were 
foon  driven  out  of  the  revolving  circle  by  the  agitation 
of  the  water. 

Though  from  thefe  obfervations  he  was  convinced 
that  there  was  no  gulph  under  the  Calofaro,  as  other- 
wife 
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wife  there  would  have  been  a  whirlpool,  which  would 
have  carried  down  into  it  the  floating-  fubilanccs  ;  he 
determined  to  found  the  hottoin  with  '  e  plummet,  and 
found  its  grcateft  depth  did  not  exceed  500  feet.  He 
was  likewife  informed,  to  his  no  fmall  furprife,  that  be- 
yond the  Calofaro,  towards  the  middle  of  the  ftrait,  the 
depth  was  double. 

When  the  current  and  the  wind  are  contrary  to  each 
other,  and  both  in  their  greateft  violence,  efjiecially 
when  the  fcilocco,  or  fouth  wind,  blows,  the  fwcUing 
3nd  dartiing  of  the  waves  within  the  Calofaro  is  much 
ftrongcr,  more  impetuous,  and  more  extenfive.  It  then 
contains  three  or  four  fmall  whirlpools,  or  even  more, 
according  to  the  greatnefs  of  its  extent  and  violence. 
If  at  this  time  fmall  vcflcls  are  driven  into  the  Calofaro 
by  the  current  or  the  wind,  they  are  fccn  to  whirl 
round,  rock,  and  plunge,  but  are  never  drawn  down  in- 
to the  vortex.  They  only  fink  when  filled  with  water, 
by  the  waves  besting  over  them.  When  veflTels  of  a 
larger  fize  are  forced  into  it,  whatever  wind  they  have 
they  cannot  extricate  tbemfelves;  their  fails  are  ufelcfs; 
and  after  having  been  for  fome  time  tofled  about  by  the 
■waves,  if  they  are  not  aflilled  by  the  pilots  of  the  coun- 
try, who  know  how  to  bring  them  out  of  the  courfe  of 
the  current,  they  are  furioufly  driven  upon  the  neigh- 
bouring fhore  of  the  Lanterna,  where  they  are  wreck- 
ed,  and  the  greater  part  of  their  crews  perifh  in  the 
waves. 

From  thefe  fafts,  the  claflical  reader  will  perceive 
that  the  ancient  defcriptions  of  Charybdis  are  by  no 
means  fo  accurate  as  thofe  of  Scylla.  The  faying, 
however,  which  became  proverbial  among  the  ancients, 
viz.  that  "  he  who  endeavours  to  avoid  Charybdis, 
dafhes  upon  Scylla,"  is,  in  a  great  meafure,  true.  If  a 
fhip  be  extricated  from  the  fury  of  Charybdis,  and  car- 
ried by  a  ftrong  foutherly  wind  along  the  ftrait  towards 
the  northern  entrance,  it  will  indeed  pafs  out  fafely  ; 
but  fhould  it  meet  with  a  wind  in  a  nearly  oppofite  di- 
rciSkion,  it  would  become  the  fport  of  both  thete  winds, 
and,  unable  to  advance  or  recede,  be  driven  in  a  middle 
courfe  between  their  two  direftions,  that  is  to  iay,  full 
upon  the  rock  of  Scylla,  if  it  be  not  immediately  afTifl- 
ed  by  the  pilots.  It  is  likewife  oblerved,  that  in  thefe 
hurricanes  a  land  wind  frequently  rifes,  which  defcends 
from  a  narrow  pafs  in  Calabria,  and  increafes  the  force 
with  which  the  (hip  is  impelled  towards  the  rock. 

SEA-siCKNEss  is  a  diforder  which  has  been  but 
little  treated  of,  notwithftanding  the  frequency  of  its 
occurrence,  and  the  irkfomenefs  and  dlllrefs  to  which 
the  patient  is  fubjefted  during  its  continuance.  It  has 
been  found  to  be  very  beneficial  in  fcveral  difeales,  a- 
mong  which  the  principal  are  afthmatic  and  pulmonary 
complaints  ;  and  there  are  very  few  inilances  of  its  be- 
ing attended  with  fatal  confequences.  The  fea-fick- 
nefs  feems  to  be  a  fpafmodic  alfeftion  of  the  ftomach, 
produced  by  the  alternate  preffure  and  recefs  of  the 
contents  of  that  vifcus  againft  its  lower  internal  fur- 
face,  according  as  the  rife  and  fall  of  the  fiiip  oppofes 
or  recedes  from  the  aftion  of  gravity. 

The  fcas  in  which  this  diforder  attacks  the  paffenger 
with  the  greateft  violence,  are  thofe  where  the  waves 
have  long  uninterrupted  freedom  of  action;  of  courfe, 
bay,  gulphs,  and  channels,  may  be  navigated  with  lefs 
inconvenience, as  the  waves.mcetingwith  more  frequent 
r€fiftance,and  the  repercufilonbeing  confidcrably  ftrong- 
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er,  the  veffel  does  not  experience  that  gentle  uniform 
vacillation  which  fickens  the  ftomach,  and  renders  the  , 
head  giddy.  By  the  fame  argument,  a  pcrfon  feela  lefs 
inconvenience  from  the  diforder  on  the  wide  ocean  in 
a  fmall  vefTcl,  on  which  the  flighteil  motion  of  the 
waves  makes  a  ftrong  imprefilon.  He  is  likewife  Icfs 
expofed  to  it  in  a  very  large  veffel,  as  in  a  ftiip  of  the 
line,  or  a  large  merchantman  deeply  laden ;  as  the 
waves,  in  this  cafe,  fcarcely  affctt  the  veffel.  It  is  ia 
fhips  of  the  middling  iize,  and  which  carry  but  a  lio^ht 
ca-go,  that  the  paffenger  fuffers  moft  from  the  fea  fick- 
nefs.  It  has  been  obfervcd,  that  this  diforder  sffcft* 
people  in  years  lels  than  young  ],erfons  ;  thofe  of  a 
dark  lefs  than  thofe  of  a  fair  complcAinn,  and  that  it 
feldom  attacks  infants.  The  duration  is  not  limited  to 
any  fixed  period  of  time;  with  fome  it  lafts  only  a  few 
days,  with  others  weeks,  months,  and  even  during  tlie 
whole  courfe  of  the  voyage.  1  he  fooner  it  takes  place 
after  embarkation,  the  greater  pi'obability  is  there  of 
its  continuance.  It  dees  not  always  ccafe  immediately 
on  landing,  but  has  been  known,  in  fome  cafes,  to  con- 
tinue for  a  confiderable  time.  Even  the  oldclt  and 
moft  iliilful  feamen  have  experienced  a  telapfe,  elpecial. 
ly  if  they  have  quitted  the  feafervice  for  a  long  term 
of  years. 

There  have  been  many  modes  lecommended  for  mi- 
tigating,  if  not  entirely  preventing,  this  dilorder;  among 
which  the  following  feem  the  moft  efficacious  : 

1.  Not  to  go  on  board  immediately  afrer  eating  ; 
and,  when  on  board,  not  to  eat  in  any  great  quantity 
at  any  one  meal. 

2.  To  take  ftrong  exercife,  with  as  little  intermifGon 
as  conveniently  can  be  done  ;  for  inft?.nce,  to  afllft  at 
the  pumps,  or  any  other  adive  employment,  as  indolent 
and  flothful  paffengers  always  fuffer  moll  from  the  dif- 
order. 

3.  To  keep  much  upon  deck,  even  in  ftormy  and 
rainy  weather,  as  the  fea  breeze  is  lefs  liable  to  affett 
the  ftomach  than  the  ftagnated  air  of  the  cabin,  which 
is  frequently  rendered  infectious  for  want  of  fufficient 
circulation. 

4.  Not  to  watch  the  motion  of  the  waves,  efpecially 
when  ftrcngly  agitated  with  tempeft. 

5.  To  avoid  carefully  all  employments  which  harafs 
the  mind,  as  reading,  ftudy,  meditation,  and  gaming  : 
and,  on  the  other  baud,  to  feek  every  opportunity  of 
mirth  and  mental  relaxation. 

,  6.  To  drink  occafionally  carbonic  acids,  as  the  froth 
of  ftrong  termtnted  beer,  or  wine  mixed  with  Seltzer 
water,  and  fermented  with  pounded  fugar,  or  a  glafs  of 
Champaign. 

7.  It  will  be  found  of  great  fervice  to  take  the  acid 
of  fulphur  dulcified,  dropped  upon  lump  fugar,  or  in 
peppcrment  water;  or  ten  drops  of  fulphureous  ether. 

With  regard  to  eating,  it  is  advifable  to  be  very 
fparing,  at  leaft  not  to  eat  much  at  one  meal.  The 
proper  diet  is  bread  and  frclh  meat,  which  fhould  be 
eaten  cold  with  pepper.  All  Iweet  favoured  food 
fhould  be  carfully  avoided  ;  and  the  paffenger  fhould 
refrain  from  fat,  but  efpecially  from  all  meat  that  is  in 
the  lesft  degree  tainted.  Even  the  odour  of  flowers  is 
very  pernicious ;  for  which  reafon  it  is  not  expedient 
to  examine  marine  pi-oduftions,  as  thefe  generally  have 
a  naufeating  fmell.  The  fumes  of  vinegar  may  be  in- 
haled with  great  benefit.  The  drink  fhould  confift  of 
i  R  tart 
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tart  wines,  lemonade,  or  Seltzer  water,  but  never  of 
common  water.  The  paflenger  would  do  well  to  drink 
little  and  ufteii.  As  experience  ha«  proved,  than  an 
accidental  diarrhaa  has  frequently  relieved  the  patient 
from  the  fea-ficknefs,  it  will  be  prudent  to  follow  the 
clue  of  nature,  and  take  a  gentle  laxative,  or,  if  circum- 
ftances  will  permit,  a  clyilcr  of  falt-water  and  Venice 
foap,  which  is  the  more  nectfiary,  as  feafaring  people 
are  liable  to  obilrutlions.  It  will  further  be  found  ufe- 
ful  to  apply  to  the  pit  of  tlv  ftoirach  a  tonic  anodyne 
anlifpafmodic  emplailrum,  fpread  upon  leather,  ;:nd  co- 
vered with  linen. 

Where  the  above  preventives  have  not  been  employ- 
ed, or  have  not  fucceedcd  in  fecuring  the  palfcnger 
from  the  fea-ficknefs,  he  may,  however,  experience  con- 
fidcrable  relief  from  the  following  remedies  : 

If  fymptoms  of  vomiting  appear,  they  may  frequent- 
ly be  remedied  by  the  patient  prodrating  himfelf  in  a 
horizontal  pofition,  upon  the  back  or  belly,  and  ly- 
ing pcrfeAly  ftill.  We  would  recommend  likewile  a 
gentle  compreffion  of  the  abdomen.  But  if  the  fits  of 
vomiting  are  too  violent  to  be  reprefled,  in  that  cafe,  it 
is  beft.  to  promote  them  by  a  flrong  dofe  of  fait  water  ; 
an  expedient,  however,  which  mull  not  be  too  often 
repeated,  as  it  tends  ftdl  more  to  weaken  the  ftomach. 
When  the  emetic  takes  efFeft,  let  the  patient  bend  his 
body,  advancing  his  knees  towards  his  bread,  and  fup- 
port  his  head  againft  a  firm  and  folid  refting-place.  He 
muft  be  particularly  careful  to  untie  his  garters  and 
cravat,  as  this  precaution  will  fecurc  him  from  the  ri(k 
cf  a  rupture,  and  from  the  ill  effefts  of  the  blood  rufh- 
ing  violently  towards  the  head  and  breafl. 

After  the  vomiting  has  fubfided,  its  return  may  be 
guarded  againft  by  preferving  a  ftate  of  repofe,  and 
even  keeping  the  eyes  fhut  for  a  confiderable  time.  Let 
the  patient  choofe  a  cool,  ventilated  place,  remember- 
ing to  keep  himfelf  warm  and  well  clothed,  as  perfpira- 
tion  is  highly  falutary.  But  he  mull  not  indulge  in 
too  long  fleep  during  the  day-time,  as  this  induces  tor- 
pidnefs.  In  the  morning  he  (hould  conilantly  take  a 
gargle  of  fugar  difTolved  in  vinegar.  Let  him  eat 
often,  but  fparingly  ;  and  if  he  can  content  himfelf  with 
a  difh  of  chocolate,  coffee,  or  ftrong  tea,  he  will  reap 
flill  greater  benefit.  He  (hould  never  drink  \v3ter  in 
its  pure  elementary  ftate,  but  mix  it  with  brandy,  vi- 
negar, or  wine.  In  the  morning,  inftead  of  brandy,  he 
may  take  a  glafs  of  wine,  with  an  infufion  of  orange 
peel,  gentian  root,  or  peruvian  bark  {^quinquina).  A. 
glafs  of  punch  taken  occafionally  will  prove  of  very  ef- 
fential  fervice,  as  it  promotes  perfpiration. 

Perfons  in  the  habit  of  fnioking,  will  find  a  pleafant 
and  falutary  companion  in  the  pipe  ;  but  thofc  who 
are  not  accuftomed  to  it  will  be  fulTerers  by  taking  to 
the  practice. 

In  conclufion,  it  is  proper  to  add,  that  warm  cloth- 
ing, flannel  fliirts,  trowfcrs,  caps,  &c.  are  efficacious  re- 
medies againft  excefiive  expetloration,  and  all  other 
fymj)toms  of  this  terrible  ditordcr. 

SECTOR  OF  A  Sphere,  is  the  folid  generated  by 
the  revolution  of  the  leftor  of  a  circle  about  one  of  its 
radii  ;  the  other  radius  defcribiiig  the  furface  of  a  cone, 
and  the  circular  arc  a  circular  portion  of  the  furface  of 
the  fphere  of  the  fame  radius.  So  that  the  fpherical 
feftor  confifts  of  a  right  cone,  and  of  a  fegment  of  the 
iphere  having  the  fame  common  bafe  with  the  cone. 


And  hence  the  foliJ  content  of  it  will  be  foimd  by 
multiplying  the  bafe  or  fpherical  furface  by  the  radius 
of  the  fphere,  »•  J  taking  a  third  part  of  the  produft.   ^_ 

Sector  of  an  eiiiffe,  or  of  iin  hyperbola,  Sic.  is  a  part 
reiembltug  tlie  circular  fedtor,  being  contained  by  three 
lines,  two  of  which  are  radii,  or  lines  drawn  from  the 
centre  of  the  figure  to  the  curve,  and  the  intercepted 
arc  or  part  of  that  curve. 

SEEDS,  Preskrvation  of,  in  a  ftate  fit  for  vege- 
tation, is  a  matter  of  great  and  general  importance,  be- 
caufe,  if  it  can  be  accomplifhed,  it  will  enable  us  to  rear 
many  ufeful  plants  in  one  country  which  are  there  un- 
known, being  indigenous  only  in  others  at  a  great  dif- 
tance  from  it.  There  is  a  letter  on  this  fubject  in  the 
1 6th  volume  of  the  TranfaBion  of  the  Society  of  jlrts, 
&c.  from  which  we  ftiall  cxtraiit  what  is  fit  for  our 
purpofe. 

"  Many  years  ago  (fays  the  author),  having  obferved 
fome  feeds  which  had  got  accidentally  amongft  raifins, 
and  that  they  were  fuch  as  are  generally  attended  with 
difficulty  to  raife  in  England  after  coming  in  the  ufual 
way  from  abroad,  1  fowed  them  in  pots,  within  a  fra- 
ming ;  and  as  all  of  them  grew,  I  commidioned  my 
fons,  who  were  then  abroad,  to  pack  up  all  forts  of 
feeds  they  could  procure  in  abforbent  paper,  and  fend 
fome  of  them  furrounded  by  raifins,  and  others  by 
brown  moift  lugar  ;  concluding  that  the  former  feeds 
had  been  preferved  by  a  peculiarly  favourable  ftate  of 
moifture  thus  afforded  them.  It  occurred,  likewife, 
that  as  many  of  our  common  feeds,  fuch  as  clover» 
charlock,  &c.  would  lie  dormant  for  ages  within  the 
earth,  well  preferved  for  vegetation  whenever  they 
might  happen  to  be  thrown  to  the  furface,  and  expofed 
to  the  atmofphere,  fo  thefe  foreign  feeds  might  be 
equally  preferved,  for  many  months  at  leaft,  by  the 
kindly  covering  and  genial  moifture  that  either  raifins 
or  fugar  afforded  them  :  and  this  conjeifture  was  really 
fulfilled,  as  not  one  in  twenty  of  them  failed  to  vege- 
tate, when  thofe  of  the  fame  kinds,  that  I  ordered  to 
be  fent  lapped  in  common  parcels,  and  forwarded  with 
them,  would  not  grow  at  all.  I  obferved,  upon  exa- 
mining them  all  before  they  were  committed  to  the 
earth,  that  there  was  a  prevailing  drynefc  in  the  latter, 
and  that  the  former  looked  frefti  and  healthy,  and  were 
not  in  the  leaft  infefted  by  infefts,  as  was  the  cafe  with 
the  othirs.  It  has  been  tried  repeatedly  to  convey 
feeds  (of  many  plants  dif&cult  to  raife)  clofed  up  in 
bottles,  but  without  fuccefs  ;  fome  greater  proportion 
of  air,  as  well  as  a  proper  ftate  of  moifture,  perhaps, 
being  neceflary.  1  (hould  alfo  obferve,  that  no  diffe- 
rence was  made  in  the  package  of  the  feeds,  refpeft- 
ing  their  being  kept  in  huiks,  pods,  &c.  fo  as  to  give 
thofe  in  raifins  or  fugar  any  advantage  over  the  others, 
all  being  fent  equally  guarded  by  their  natural  tegu- 
ments." 

SEGALIEN,  the  name  given  by  Europeans  to  a 
large  illand,  feparated  by  a  narrow  channel  from  the 
coaft  of  Chinefe  Tartary,  and  called  by  the  natives 
Tchoka,  and  by  the  Chinefe  Oku-Jejfu.  It  lies  between 
the  46th  and  54th  degrees  of  north  latitude,  but  its 
breadth  from  eail  to  weft  is  not  known.  Indeed  hardly 
any  thing  about  it  was  known  till  the  year  1787,  that 
M.  La  Peroufe  penetrated  almoft  to  the  bottom  of  the 
channel  which  leparatcs  it  from  the  continent,  and 
which  grew  fo  very  (hallow  as  he  advanced  northward 

tbat^ 
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Stpnl'cn.    tliat,  in  all  probaVnUt)')  the   iflnnd  will  foon  become  a     (hoc;  but  ttic  preater  muiibcr  ot  them  go  bare  footed 
"'  »  peninlLla.     The  French  frigates  came  to  anclior  in  dif-     and  barc-lieadt'd  :  a  few  indeed  wear  a  bandage  of  bear- 

ferent  bavs  on  the  coall  of  Segalien  ;  and  the  tincft  of     fliin  round  the  Iiead  ;   but  tliis  is  rather  as  an  ornament 

thefe  bays,  to  which  tlie  Commodore  gave  the  name  of     than  a  defence  againft  the  weather. 

Siiie  (P Ef.a'mg,   is  fitiiatcd  in  48°  59'  N.  Lat.  and  140"  Like  ihc  lower  clafFcs  of  the  Chincfe,   they  all  wear 

32'  Lon.  Eall  from  Paris. 

La  Peroufe,  and  M.  Rollin  the  furgeon  of  his  (hip, 

both  dcfcribe  the  natives  of  this  ifland  as  a  worthy  and 

intelligent   people.     Of  the  prcitnts  which  were   made 

to   them,   they  fecmed  to  fet   a  value   only  on   fuch  as 

were  ufeful.    Iron  and  ftufFs  prevailed  over  every  thing  ; 


a  girdle,  to  which  they  hang  their  knife  as  a  defence 
againft  the  bears,  and  Icvt-val  little  pockets,  into  whicli 
they  put  their  Hint  and  (lecl,  their  pipe,  and  their  box 
of  tobacco  ;  for  they  make  a  general  pradlice  of  fmo- 
king. 

Their  huts  are  fnfficient   to  defend   them  againft  the 


they  undeiilood   metals  as  well  as  their  gncfts,  and  for  rain    and  other  inclemencies  of  the  air,    but   are  very 

iimameiit  preferred  filver  to  copper,  and  copper  to  iron,  fmall  in  ])ropo\tion   to   tlie  number  of  the  inhabitants 

Tlicy   make  ufe   of   looms,   which,  tliough    fmall,   are  which  ihey  contain.      The  roof  is  formed  of  two  incli- 

very  complete   inftvuments  ;  and   by  means   of  fpindles  ned  planes,   which  are  from  ten   to  twelve  feet   hii^h  at 

they  prepare  thread  of  the  hair  of  animals,  of  the  bark  their  junftion,   and   three  or   four   on    the   fides:    the 

of  the  willow,   and  the  great   nettle,  from  which  they  breadth  of  the  roof  is  about  fifteen  feet,  and  its  len>jth 

make  their  ftuffs.      They  are  of  a  moderate  fize,  fquat,  eighteen  :   tliefe  cabins   are  conllruftcd  of  frame  work, 

and  tlrong  built,  with  the  mufcles  of  their  bodies  very  llrongly  put  together,  the  files  being  (illed  up  wlh  the 

exadly  defined  :   their  common  height  is  live  feet,  and  bark  of  trees,  and  the  top  thatched  with  dry  grafs  in  the 

the  greatell  does  not  exceed  five  feet  four  inches  ;   but  fame 'manner  as  our  cottagts  are. 

men    of  this  fize    are  very    uncommon    among    them.  On  the  Inl'Tiie  of  thefe  houfes  is  a  fquare  of  earth  rai- 

They   have   all  a   large  head,  and  a   broad   and   more  fed  about  fix  inches  above   the  ground,  and   fr.ppjrted 

rounded  face  than  Europeans  ;  their  countenance  is  ani-  on  the  fides  by  ftrong  plmklng  ;  on  this  they  ni:ike  the 

mated  and  agreeable,   though,   upon   the   whole,   it  is  fire  :  al^ng  the  fides  of  the  apai  tmeiit  are  benches  twelve 

deftitute  of  that  regularity  and  grace  which  we  elleem  or  fifteen  inches  high,  which  they  cover  with  niais,  on 

fo  effential  to  beauty  :   they  have  large  cheeks,  a  Ihort  which  they  fleep. 

liofe  rounded  at  its  extremity,  with  very-  broad  noftrils  :  The  utenfils  that  they  employ  in  cooking  their  food 

their  eyes  are  lively,  of  a  moderate  fize,  for  the  moll  confift  of  an  iron  pot,  fhells,  veflcls  made  of  wood  and 

part  black,   though  fome  have  blue  ones  among  them  :  birch  bark,  of  various  (hapes  and  workmandiip  ;   and, 

their  eyebrows  are  bufhy,  their  mouth  of  the  common  like  the  Chinefe,  they   take  up   their  food  with  little 

fize,  their  voice  is  ftrong,  their  lips  are  rather  thick,  flicks  :  they  have  generally  two  meals  in  the  day,  one 

and  of  a  dull  red  :   M.  Rollin  remarked,  that  in  feveral  at  nocn,  and  the  other  in  the  evening. 

the  upper  lip  was  tattoed,  and  tinged  of  a  blue  colour  :  The  habitations  in  the  iouth   part  of  the  ifland  are 

thefe,  as  well  as  their  eyes,  are  capable  of  every  variety  much  better  built   and  furnifhed,  having  for  the   moft 

of  exprelTion  :   their  teeth  are  white,  even,   and  of  the  part  planked  floors  :   our  author  faw  in  iliem  fome  vef- 

ulual  number  ;   their  chin  is  rounded  and  a  little  advan-  fels  of  Japan  porcelain,  on  which  the  owners  appeared 

cing  :  their  ears  are  fmall ;  they  bore  and  wear  in  them  to  fet  gieat  value,  proVjably  becaufe  they  are  not  to  be 

glafs  ornaments  or  filver  nngs.  procured  but  with  great  trouble  and  at  confiderable  ex- 

The  women  are  not  fo  large  as  the  men,    and  are  of  pence.  They  cultivate  no  kind  of  vegetable,  living  only 

a  more  rounded  and  delicate  figure,  though  there  is  but  on    dried  and  fmoked  fifii,  and  what  httle  game  they 

little  difference  between    the   features    of   their   faces,  take  by  hunting. 

Their  upper  lip  is  tattoed  all  over  of  a  blue  colour,  and  Each  family  has  its  own  canoe,  and  implements  for 
they  wear  their  hair  long  and  flowing  :  their  drefs  hard-  fiftiing  and  hunting.  Their  arms  are  bows,  javelins, 
ly  differs  from  that  of  the  men  ;  the  colour  of  the  (kin  and  a  kind  of  fpontoon,  which  they  ufe  principally  in 
in  both  fexes  is  tawny,  and  that  of  their  nails,  which  bear-hunting.  By  the  fide  of  their  houfes  are  the  ma- 
they  fuft'er  to  grow  to  a  great  length,  is  a  (liade  darker  gazines,  in  which  they  lay  up  the  provifion  which  they 
than  that  of  Europeans.  Thefe  iflanders  are  very  hairy,  have  prepared  and  colleded  during  fummer  for  their 
and  have  long  beards,  which  gives,  efpecially  to  the  winter  fubfiftence.  It  confifts  of  dried  filh,  and  a  con- 
old  men,  a  grave  and  venerable  air  :  thefe  laft  appear  to  fiderable  quantity  of  garlic  and  wild  celery,  angelica,  a 
be  held  in  much  refpeft  by  the  younger  part  of  the  in-  bulbous  root  which  they  call  ape.  better  known  under 
habitants.  The  hair  of  their  head  is  black,  fmooth,  the  name  of  the  yellow  lily  of  Kamtfch:;tka,  and  filh 
and  moderately  ftrong  ;  in  fome  it  is  of  a  chefnut  co-  oil,  which  they  preferve  in  the  ftomachs  of  bears,  and 
lour  :  they  all  wear  it  round,  about  fix  inches  long  be-  other  large  animals.  Thefe  magazines  are  made  of 
hind,  and  cut  into  a  brufh  on  the  top  of  their  head  and  planks,  ftrongly  and  clofely  put  together,  raifed  above 
over  the  temples.  the  ground  on  flakes  about  four  feet  high. 

Their  clothing   confifts  of  a  kind   of  furtout  which  Dogs  are  the  only  domeftic  animals  belonging  to  the 

wraps  over  before,  where  it  is  faflened  by  little  buttons,  natives  of  Tchoka  ;  they  are  of  a  middling  fize,   with 

firings,  and  a  girdle  placed  above  the  haunches.     This  fliaggy  hair,   pricked   ears,  and  a  ftiarp  long  muzzle  ; 

furtout  is  made  of  fl<In  or  quilted  nankeen,  a  kind  of  their  cry  is  loud  and  not  favage. 

fluff  that  ftiey  make  of  willow  bark;  it  generally  reaches  Thefe  people,  who  are  of  a  very  mild  and  unfufped- 

to  the  calf  of  the  leg,  and  fometimes  even  lower,  which  ing  difpofition,  appear  to  have  commercial  intcrcourfe 

for  the  moft  part  renders   the  ufe  of  drawers  unnecef-  with  the  Chinefe  by  means  of  the   Mantchou  Tartars, 

far)- :   fome  of  them  wear  feal   flcin  boots,  the  feet  of  with  the  Ruffians  to  the  north  of  their  ifland,  and  the 

which,  in  form  and  workmanfhip,  refembles  the  Chinefe  Japanefe  to  the  fouth  :  but  the  articles  of  trade  are  of 
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no  "Teat  confequence,  conl'.iliiig  only  of  a  few  furs  auJ  vvliich  lie  had  experienced  in  fome  other  African  towns, 

whale  oil.     This  filh  is  caught  only  on   the   foutheni  The  Muors,  who  abound  in  it,  and  whofe  bigotry  ren- 

'  coaft  of  the  illand.     Their  mode  of  extrafting  the  oil  is  ders  tliem  the  implacable  enemies  of  every  white  man 

by  no  means  economical  ;  tlicy  drag  the  whale  on  fhore  fufpeclcd  of  being  a  Chrillian,   contrived  to  perfuade 

on  a  (loping  jfround,  and  fuftcring  it  to  pulrify,  receive  th^  king  that  it  was  for  no  good  purpufe  he  had  come 

in  a  trench,  at  the  foot  of  the  flope,  the  oil,  which  fe-  into  the  territories  of  Banibarra.      He  was  therefore 


parates  fpontancouily. 

The  illaiid  is  well  wooded,  and  monntalnous  towards 
the  centre,  but  is  flat  and  level  along  the  coaft,  the  foil 
of  which  appears  admirably  adapted  to  agriculture:  ve- 
getation is  extremely  vi^^orous  he'.e  :  forefts  of  pine, 
willow,  oak,  and  birch,  cover  nearly  the  whole  furface. 
The  fea  abounds  with  fifh,  as  well  as  the  rivers  and 
brooks,  which  fwarm  with  falmon  and  trout  of  an  ex- 
cellent quality.  The  weather  is,  in  general,  foggy  and 
inlld.  AH  the  inhabitants  have  an  air  of  heahh  and 
ilrength,  which  they  retain   even  to  extreme  old  a.Lce  ; 


ordered  to  take  up  his  rcfidence  at  a  village  a  little  di- 
llant,  without  being  admitted  into  the  royal  prefence. 
Even  there,  fo  llrong  was  the  prejudice  that  had  been 
excited  againft.  him,  no  perfon  would  admit  him  into 
his  lioufe.  About  funfet,  however,  as  he  was  preparing 
to  pafs  tlie  night  in  the  top  of  a  tree,  that  he  might 
not  be  in  danger  of  being  torn  to  pieces  by  wild  bealls, 
a  poor  Negro  woman  conduced  him  to  her  hut,  drelFed 
a  tine  filh  for  his  fupper,  and  furnifhed  him  with  a  mat 
to  deep  on.  She  then  called  to  the  female  part  of  her 
family,  who  had  ilood  gazing  on  him  all  the  while  with 


nor  did  our  author  obferve  among  them  any  inftance  of  fixed  aftonifhmcnt,  to  refume  their  tafli  of  fpinning  cot- 

defeftive  organization,  or  the  leall  trace  of  contagious  ton;  in  wliich  they  continued  to  employ  themfelvcs great 

or  eruptive  diforders.  part  of  the  night.  They  lightened  their  labour  by  fongs; 

SEGMENTS,  line  of,  are  two  particular  lines,  fo  one  of  which  was  compofed  extempore,  for  our  author 

called  on  Gunte.-'s  feftor.      They  lie  between  the  lines  was  himfelf  the  fubjeCl  of  it.      It  was  fung  by  one  of 

of  fines  and  'fuperficies,  and  are  numbered  with  5,  6,  7,  the  young  women,   the  reft  joining  in  a  fort  of  chorus, 

b,  o,  10.      They  reprefent  the  diameter  of  a  circle,  fo  The  air  was  fweet  and  plaintive,  and  the  words,  literal- 

Ci.ided    into   loo  parts,    as   that   a  right    line    drawn  ly  tranflated,  were  thefe  :   "  The  winds  roared,  and  the 

jhrou '■h  thofe  parts,  and  perpendicular  to  the  diameter,  rains  fell. — The  poor  white  man,  faint  and  weary,  came 

Ihall  cut  tlie  circle   into  two  fegments,  the  greater  of  and  fat  under  our   tree. — He  has  no  mother   to   bring 

which  (hall hive  the  fame  proportion  to  the  whole  circle,  him  milk  ;   no  wife  to  grind  his  corn.  —  Chorus.   Let  us 
as  the  parts  cut  off  have  to  100. 

SEGO,  the  capital  of  the  kingdom  of  Bambarra  in 
Africa,  is   fituated  on   die  banks  of  the  Niger,  in  14^ 


N.  Lat.  and  2"  t'  W.  Long.      It   confifts,   properly 
fpeaking,   of  four  diftinft  towns  ;   two  on  the  northern 


pity  the  white  man;  no  mother  has  he,  &c.  &c.  "  Trif- 
ling (fays  Mr  Park)  as  this  recital  may  appear  to  the 
reader,  to  a  perfon  in  my  fituation  the  circumftance  was 
affetling  in  the  highell  degree." 

Having  remained   three  days  in  this  village,  he  was 


bank  of  the  Niger,  called  Sego  Korro,  and  Sego  Boo  ;  difmifted  on  the  fourth,  after  receiving  from  tlie  king 
and  two  on  the  fouthern  bank,  called  Sego  Soo  Korro,  5000  kowries,  to  enable  him  to  purchafe  provifions  in 
and   Sego  See  Korro.     They  are   all  furrounded   with     the  courfe  of  his  journey.     Though   this  fum  amount- 


high  mud-walls;  the  houfes  are  built  of  clay,  of  a  fquare 
form,  with  flat  roofs  ;  fome  of  them  have  two  (lories, 
and  many  of  them  are  white-walhed.  BcfiJes  theie 
buildings,  Moorilh  mofques  are  feen  in  every  quarter ; 
and  the  ftreets,  though  narrow,  are  broad  enough  for 
every  ufeful  purpofe  in  a  country  where  wheel-carriages 


ed  only  to  one  pound  fterling,  fo  cheap  are  the  necefla- 
ries  of  life  in  Bambarra,  that  it  was  fufficient  to  pur- 
chafe provifions  for  himfelf,  and  corn  for  his  horfe,  for 
fifty  days. 

SELL,  in  building,  is  of  two  kinds,  viz.  Ground  Sell, 
which  denotes  the  loweft  piece  of  timber  in  a  wooden 


are  entirely  unknown.     Mr  Park  informs  us,  tiiat  from  building,  and  that  upon  which  the  whole  fuperftrudlure 

the  beft  inquiries  that  he  could  make,  he  has  reafon  to  is  raifed  ;  and  Sell  of  a  IVimlozv,  ax  of  a  Duor,  vyhich  is 

believe  that  Seo-o  contains  altogether  about  thirty  thou-  the  bottom  piece  in  the  frame  of  them,  upon  wiiich  they 

land   inhabitants.      The  King  of  Bambarra  conftantly  reft. 

refides  at  Sego.  See  Korro.  He  employs  a  great  many  SENN,  a  kind  of  itinerant  cowkeeper  in  Switzer- 
flaves  in  conveying  people  over  the  river  ;  and  the  mo-  land,  particularly  in  the  canton  of  Appenzell.  Thefe 
uey  they  receive  (though  the  fare  is  only  ten  kowrie  men  do  not  grow  fo  much  hay  themfelves  as  they  re- 
ihells  for  each  individual)  furnilhes  a  confiderable  reve-  quire  for  their  cattle  during  the  winter  feafon,  and  fome 
iiue  to  the  king  in  the  courfe  of  a  year.  The  canoes  of  them  have  no  grals  lands  at  all.  To  fujjply  this  de- 
are  of  a  Angular  eonftruftion,  each  of  them  being,  form-  ficiency,  they  employ  agents  throughout  the  canton, 
cd  of  the  trunks  of  two  large  trees,  rendered  concave,  who  are  to  inform  them  where  good  hay  may  be  ob- 
and  joined  together,  not  fide  by  fide,  but  endwife  ;  the  mined,  which  farmers  made  it  in  favourable  weather, 
iunaion  being  exadly  aerofs  the  middle  of  the  canoe  :  &e.  and  then  the  Senn,  or  the  great  cowkeeper,  who 
"ihey  are  therefore  very  long,  and  difproportionably  nar-  is  in  want  of  fodder,  makes  his  agreements  tor  the  win- 
rovi',  :ind  have  neither  decks  nor  mafts  ;  they  are,  how-  ter  with  the  wealthier  farmers,  to  whom  he  fucceffively 
ever,  very  roomy  ;  for  our  author  obferved  in  one  of  drives  his  cattle  as  foon  as  they  return  from  grafs. 
thein  four  horfts,  and  feveral  people,  crofllng  over  the  Thus  the  itinerant  Senn,  with  his  cows,  often  vifits  five 
river.  The  view  of  this  extenfive  city  ;  the  numerous  different  places  during  the  winter  feafon.  _  He  who 
canoes  UDon  the  river  ;  the  crowded  population,  and  the  fells  the  hay,  furnifltes  the  Senn  not  only  with  ftabling 
cultivate'd  ftate  of  the  furrounding  country,  formed  alto-  for  his  beafts,  but  boards  and  lodges  hira  as  well  as  his 
.rether  a  profpetl  of  civilization  and  magnificence  which  whole  family.  In  return,  the  Senn,  befides  paying  the 
he  little  expeded  to  find  in  the  bolom  of  Africa.  ftipulated  price  for  the  hay,_ allows  to  his  hoft  as  much 
He  met  not,  however,  in  Sego  with  that  hofpitallty  milk,  whey,  and  zieger  (a  kind  of  lean  cheefe)  as  may 
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be  ufed  in  the  houfe,  and  leaves  him  alfo  the  manure  of  from   food,  and  growing  lean.     Tlie  happy  rival,  on     Serrifli. 

'  his  cows.      In   the    middle  of  April,    when  Nature   re-  whom   the  diftinguidiing  badge  of  fiiperiority  has  de-     ''^'"lar 

vives,  the  Senn  again  iffucs  forth  with  his  herd  to  the  volved,  experiences  her  marked  vengeance,  and  is  but-   shadow 

meadows  and  fertile  Alps,  which  he  rents  for  the  fum-  ted,   wounded,  and  perfecutcd  by  her  in   the  mod  fu-  _^      ,',i 

mcr.     Thus  the  life  of  tliefe   men  is  a  conllant  inigra-  rious   manner;    until   the    former    either   recovers    her 

tion,  afl'urjing  the  mod   plealiiig  variety,  and  blcffing  bell,   or  Is  entirely   removed  from  the  herd.      However 

then>  with  health,  content,  and  checrfuhiefs  ;   but  they  fingular  this  plieuomcaon   may  appear,  it  is  placrd   be- 

liad  not  been  then  curled  with  French  fraternity.  yond   all  doubt   by  the   concurring  tellimony   of  een- 

Fine  cattle  are  the  pride  of  the  cowkeeper  who  in-  tunes. 
habits  the  Alps  : — but,   not  fatistied  with  their  natural         The  cows,  when  dlfperfed  on  tlie  Alps,  are  brought 

beauty,   he  will  likewife  pleafe  his  vanity.      He  adorns  together  by  the  voice  of  the  Serni,  who  is  then  faid  to 

his   bell   cows  with  large  bells  fufpended   from   broad  allure  thctn  (locien).     How  well  tiie  cattle  dillinguifli 

tliongs  ;  and  the  expence  in  fuch   bells  is  carried   even  the  note  of  their  keeper  appears  from  the  circiimftance 

to  a  luxurious  txcefs.      Every  Senn  has  an  harmonious  of  their  haftening  to  him,  though  at  a  great  diftancc, 

fet  of  at  leall  two  or   three  bells,   chiming   in  with  the  whenever  he  begins  to  hum  the  rana  ties  vaches.     He 

famous   ran%  des  vaches  [a).     The   inhabitants   of  the  furnilhes  that  cow  which  is  wont  to  ilray  farthcd  with 

Tyrol  bring  a  number  of  fuch   bells,   of  all  fizes,   to  a  fmall  bell,  and  knows  by  her  arrival  that  all  the  red 

every  fair  kept  in  the  canton  of  Appenzell.     They  are  are  affembled. 

fixed  to  a  broad  drap,  neatly  pinked,  cut  out,  and  em-         SERRISHTEHD AR,   in    Bengal,   keeper  of  rc- 

broidered  ;   which  is  faftened  round  the  cow's  neck  by  cords  or  accounts. 

means  of  a  large  buckle.      A  bell  of  the  larged  fize         SEVEN  Stars,    a  common   denomination  given  to 

meafures   upwards  of  a  foot  in  diameter,   is  of  an   uni-  the  cluder  of  dars  in  the  neck  of  the  fign  Taurus,  the 

form  width  at  top,  fwells  out  in  the  middle,  and  tapers  bull,   properly  called  the  Pleiades.     They  are  fo   called 

towards  the  end.      It  cods  from  forty  to  fifty  gilders  ;  from   their  number  Seven  whieh    appear  to  the  naked 

and  the  whole   peal  of  bells,  including  the  thongs,  will  eye,   though  foine  eyes  can  difcover  only  fix  of  them  ; 

fometimes    be  worth    between    140    and     150  gilders,  but  by  the  help  of  telefcopes  there  appears  to  be  a  great 

while  the  whole  apparel  of  the  Senn  himfelf,  when  bed  multitude  of  them. 

attired,  does  not  amount  to  the  price  of  twenty  gilders.  SESAWUL,    in  Bengal,    an  officer  deputed  occa- 

The  fined  black  cow  is  adorned  with  the   larged  bell,  fionally  to  enforce  the  due  payment  of  the  revenue, 
and  thofe  next  in  appearance  have  two  fmaller.     Thefe         SHADOWS  (colouri-d),   a  curious  optical  phe- 

ornaments,  however,  are  not  worn  on  every  day,  but  nomenon,  which  was  obferved,   a  confiderable  number 

only  on  folemn  occafions,  viz.  when,  in  the  fpring,  they  of  years  ago,  by   Profeflor    ScherfFcr   of  Vienna,   and 

are  driven  up  the  Alps,  or  removed   from  one  padure  more  lately  by  Count  Rumford.      Tlie  Count  made  the 

to  another  ;  or  when    they  defcend  in   the  autumn,  or  difcovery  when  profecuting  his  experiments  upon  light  ; 

travel  in  the  winter  to  the  different  farms,  where  their  of  which  the  reader  will   find  fome  account  under  the 

owner    has    contratled   for    hay.      On   fuch   days,  the  titles   Lamp   and  Photometer   in   X.\\k  Suppl.     "  De- 

Senn,  even  in  the  depth  of  winter,   appears  dreded  in  a  firous  (fays  he)  of  comparing  the  iutenfity  of  the  light 

fine  white  ftiirt,  of  which  the  fleeves  are  rolled  up  above  of  a  clear  blue  (Ivy  by  day  with  that  of  a  common  wax- 

the  elbow  ;  neatly  embroidered  red  braces  keep  up  his  candle,  I  darkened  my  room,  and  letting  the  day  light 

yellow  linen  trowfers,   which  reach  down  to  the  Hioes  ;  from  the  north,  coming  through  a  hole  near  tlit  top  of 

a  fmall  leather  cap,  or  hat,  covers  his  head  ;   and  a  new  the  window  diuttcr,  fall  at  an  angle  of  about  70°  upon 

milk  buwl,  of  wood  HcIlfuUy  carved,   hangs  acrofs  the  a  flieet    of  very  fine  white   paper,    I  placed  a  burning 

left  dioulder.      Thus  arrayed,  tlie  Senn   precedes  fing-  wax  candle  in  fuch  a  pofition  that  its  rays  fell  upon  the 

ing  the  ran%  des  -uaches,  and  followed  by  tliree  or  four  fame  paper,  and,  as  near  as  I  could  guefs,  in  the  line  of 

fine  goats  ;   next  comes  the  handfomcd  cow   with  the  relledtlon  of  the  rays  of  day-llglit  from  without  ;  when, 

great  bell  ;  then  the  two  other  cows  with  fniallcr  bells;  interpofing  a  cylinder  of  wood,    about  half  an   inch  in 

and   thefe  are  fucceedcd  by  the  red  of  tlie  cattle  walk-  diameter,  before  the  centre  of  the  paper,  and  at  the  di- 

ing  one  after  another,    and    having  in    tlieir  rear  the  dance  of  about  two  inches  from  its  furface,  I  was  much 

bull   with  a  one-legged   milking   dool   hanging  on   his  furprifed  to  find  that  the  two  diadows  projected  by  the 

horns  ;  the  proceffion  is  clofed  by  a  traineau,  or  fledge,  cylinder  upon  the  paper,  Indead  of  being  merely  diades 

on  which  are  placed  the  implements  for  the  dairy.      It  without  colour,  as    I  expedled  ;   the  one  of  them,  lli.it 

is  furprifing   to   fee   how  proud    and    pleafed  the  cows  which,  corrcfponding  with   tlie  beam  of  day-light,  was 

ilalk    foithwhen   ornamented  with   their  bells.     Who  illuminated  by  the  candle,  was  yellow  ;  while  the  other, 

would  imagine  that   even  thefe  animals  are  fcnfible  of  corrcfponding  to  the  light  of  the  candle,  and   coiiie- 

their  rank,  nay,  touched  with  vanity  and  jealoufy  !    If  quently  illuminated  by  the  light  of  th.e  heavens,  was  of 

the  leading  cow,  who  hitherto  bore  the  larged  bell,  be  the  mod  beautiful   blue  that  it  is  poflible  to  imagine, 

deprived  of  her  tuinours,  die  very  plainly   manifcds  her  This  appearance,  which  was  not  only  unexpeftcd,  but 

grief  at  the  difgrace,  by  lowing  inceifantly,  abdaining  was  really  in  itfelf  in  the  liighed  degree  llrlkiug  and 


beautiful,  . 


(a)  This  famous  paftoral  fong  is  never  fung  by  the  cowherds  with  words  to  it  :   all  the  tones  of  it  are  finiple, 
and  modly  formed  within  the  throat.      Hence  the   tune  produces  very  little  or  no  motion  of  the  jawbones,  and 
its  founds  do  not  refemble  thofc  which  commonly  idue  from  the  human  throat,  but  r.itlier  fecin  to  be  the  tones  . 
of  fome  wind  indrument :  particularly  as  fcarcely  any  breathing  is  perceived,  and  as  the  cowherds  fometimes  fing 
for  minutes  together  without  fetching  breath. 
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Ph»<1owi,  benHtiful,  1  found  upon  repeated  trials,  and  after  vary- 
Shagreen.  ;„g  ^^e   experlmtnt   in  every  way  1  could  think  of,   to 
•  be  fo  perfectly   pcrrMiurt,   that  it  is  abfolutely  impo!'- 

fible  to  produce  two  fliadows  at  the  fame  time,  from  the 
fame  body,  the  one  anfwering  to  a  beam  of  day  light, 
and  the  other  to  the  liglit  of  a  cundle  or  lamp,  without 
thcfc  ihadows  being  coloured,  the  one  yellow,  and  the 
Other  blue. 

"  If  the  candle  be  brought  nearer  to  the  paper,  the 
blue  fhadow  will  become  of  a  deeper  hue,  and  the  yel- 
low fhadow  will  gradually  grow  fainter  ;  but  if  it  be 
removed  farther  off,  tbe  yellow  (liadow  will  become  of 
a  deeper  colour,  and  the  blue  fhadow  will  become 
fainter;  and  the  candle  remaining  ftatiuuary  in  the  fame 
place,  the  fame  varieties  in  the  llrength  of  the  tints  of 
the  coloured  fliadows  may  be  produced  merely  by  open- 
ing the  window-fhutter  a  little  more  or  lefs,  and  render- 
ing the  illumination  of  the  paper,  by  the  light  from  with- 
out, ttronger  or  weaker.  By  either  of  thefe  means,  the 
coloured  ihadows  may  be  made  to  pafs  through  all  the 
gradations  of  (liade,  from  the  deepeft  to  the  lightclf ,  and 
•vice  •v.'rfu  ;  and  it  is  not  a  little  amuling  to  fee  (liadows 
thus  glowing  with  all  the  brilliancy  of  the  purcR  and 
moft  intenfe  piifmatic  colours,  then  pafliug  fuddeuly 
through  all  the  varieties  of  (bade,  preferving  in  all  the 
moft  perfeft  purity  of  tint,  growing  ftronger  and  fain- 
ter, and  vanilbing  and  returning,  at  command." 

With  refpeft   to   the  caufes  of  the  colours  of  thefe 
(hadows,  there   is  no  doubt  (fays  the  Count)  but  they 
arife  from  the  different  qualities  of  the  light  by  which 
they  are  illuminated  :  but  how  they  are  produced,  does 
not  appear  to  him  fo  evident.     With  the  utmoil  defe- 
rence to  this  amiable  and  very  ingenious  philofopher, 
we  think  all  the  phenomena  of  coloured  fliadows  which 
•  PHI     ^^  enumerates  *,  have  been,  or  may  be  accounted  for 
Tranf.      by   Profeflor  Scherffers   theory  ;  of  which   the   reader 
1794,       will  find,  we  hope,  a  perfpieuous  view  under  ALCuiental 
p.  107.     Colours  in  this  Supplement, 

SHAGREEN,  or  Chagrin,  in  commerce,  a  kind 
of  grained  leather;  of  the  procefs  of  preparing  which, 
we  gave  the  bell  account  that  we  could  then  find  in  the 
EucyclopxJia.  That  account,  however,  as  we  learn  from 
Profeflor  Pallas,  is  very  defeftive.  He  fays,  indeed,  that 
no  accurate  account  of  it  has  ever  been  publlihed  in 
Europe  previous  to  his  own  ;  of  which  we  fliall  now 
lay  an  abridgment  before  our  readers. 

"  All  kinds  of  horfes  or  affcs  (kin,  which  have  been 
drclTed  in  fuch  a  manner  as  to  appear  grained,  are,  by 
the  Tartars,  called  fauiver,  by  the  Perfians  fogre,  and 
by  the  Turks  f"gri,  from  which  the  Europeans  have 
made  Jhagreen  or  chagrin.  The  Tartars  who  refide  at 
Aflracan,  with  a  few  of  the  Armenians  of  that  city, 
are  the  only  people  in  the  Ruffian  empire  acquainted 
with  the  art  of  making  (hagreen.  Thofc  who  follow 
this  occupation  not  only  gain  conlidcrable  profit  by  the 
fale  of  their  produftion  to  the  Tartars  of  Cuban,  Allra- 
can,  and  Cafan,  who  ornament  with  it  their  Turkey 
leather  boots,  flippers,  and  other  articles  made  of  lea- 
ther, but  they  derive  confidcrable  advantage  from  the 
great  fale  of  horfes  hides,  which  have  undergone  no 
other  procefs  than  that  of  being  fcraped  clean,  and  of 
which  feveral  thoufands  are  annually  exported,  at  the 
rate  of  from  75  to  85  roubles  per  hundred  to  Perfia, 
where  there  is  a  fcarcity  of  fuch  hides,  and  from  which 
the  greater  part  of  the  /hagreen  manufadured  in  that 
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country  is  prepared.  The  hind  part  only  of  the  hide,  ^hngitcn, 
however,  which  iii  cut  tiut  in  the  form  of  a  crefccnt  -"">'  '  •* 
about  a  Ruffian  ell  and  a  half  in  IcDgth  acrofs  the  loins, 
and  a  fliort  ell  in  breadth  along  the  back,  can  properly 
be  employed  tor  (hagreen.  The  remainiiig  part,  as  is 
proved  by  experience,  is  improper  tor  that  purpofe,  and 
is  thereture  rejefled. 

"  'I'he  preparation  of  the  ikins,  after  being  cut  into 
the  above  form,  is  as  follows  :  —  Tiiey  ;irf  depolited  in 
a  tub  tilled  with  pure  water,  and  iuffered  to  remain 
there  for  (cvcral  days,  till  they  are  tiioroiighly  foaked, 
and  the  hair  has  dropped  ofl.  They  are  then  taken 
from  the  tub,  one  by  one,  extended  on  boards  placed 
in  an  oblique  diretliou  againft  a  wall,  the  corners  of 
them,  which  leach  beyond  the  edges  of  the  board,  be- 
ing made  faft,  and  the  hair  with  the  epidermis  is  then 
fcraped  off  with  a  blunt  iron  fcraper  called  urak.  The 
fltius  thus  cleaned  are  again  put  in  pure  water  to  foak. 
When  all  the  ll<ins  have  undergone  this  part  of  the  pro- 
cefs, they  are  taken  from  the  water  a  fecond  time,  (prcad 
out  one  alter  the  other  as  before,  and  the  flefh  fide  is 
fcraped  with  the  fame  kind  of  inftrument.  They  are 
carefully  cleaned  alfo  on  the  hair  fide,  fo  that  nothing  ^ 
remains  but  the  pure  fibrous  tifTue,  which  ferves  for 
making  parchment,  coniilling  of  coats  of  white  medul- 
lary fibres,  and  which  has  a  refemblance  to  a  fwine's 
bladder  foftencd  in  water. 

"  After  this  preparation,  the  workmen  take  a  cer- 
tain kind  of  frames  called  paliLi,  made  of  a  ftraight  and 
a  femicircular  piece  of  wood,  having  nearly  the  fame 
form  as  the  flvins.  On  thefe  the  flcins  are  extended  is 
as  fmooth  and  even  a  manner  as  poffible  by  means  of 
cords ;  atid  during  the  operation  of  extending  them, 
they  are  feveral  times  befprinkled  with  water,  that  no 
part  of  them  may  be  dryj  and  occafion  an  unequal  ten- 
fion.  After  they  have  been  all  extended  on  the  frames, 
they  are  again  moiltened,  and  carried  into  the  houfe, 
where  the  tramcs  are  depofitcd  clofe  to  each  other  on 
the  floor  v^-ith  the  flefh  fide  of  the  fliin  next  the  ground. 
The  upper  fide  is  then  thickly  bcftrewed  with  the  black 
exceedingly  imooth  and  hard  feeds  of  a  kind  of  goofe 
foot  {^chenopoHium  album),  which  the  Tartars  call  alabuta, 
and  which  grows  in  abundance,  to  about  the  height  of 
a  man,  near  the  gardens  and  farms  on  tl:e  fouth  fide  of 
the  Volga  ;  and  that  they  may  make  a  flrong  impref- 
fion  on  the  flvins,  a  piece  of  felt  is  fpread  over  tliem, 
and  the  feeds  are  trod  down  with  the  feet,  by  which 
means  they  are  deeply  imprinted  into  the  foft  fi^ins. 
The  frames,  without  fnaking  the  feeds,  are  then  car. 
ried  out  into  the  open  air,  and  placed  in  a  reclining  po. 
fitiou  againit  a  wall  to  dry,  the  fide  covered  with  the 
feeds  being  next  the  wall,  in  order  that  it  may  be  fhel- 
tered  from  the  fun.  In  this  ftate  the  (liins  mull  be  left 
feveral  days  to  dry  in  the  fun,  until  no  appearance  of 
moiilure  is  oblerved  in  them,  when  they  are  fit  to  be 
taken  from  the  frames.  When  the  impreded  feeds  are 
beat  off  from  the  hair  fide,  it  appears  full  of  indenta- 
tions or  inequalities,  and  has  acquired  that  imprelfion 
which  is  to  produce  the  grain  of  the  fliagreen,  after  the 
(Ivius  have  been  fubjefted  to  the  laft  fmoothing  or  fcra- 
ping,  and  have  been  dipped  in  a  ley,  which  will  be  men- 
tioned  hereafter,  before  they  receive  the  dye. 

"  The  operation  of  fmoothing  is  performed  on  an  in- 
clined bench  or  board,  which  is  furniflied  with  an  iron 
hook,  and  it  covered  with  thick  fdlt  of  (heep's  wool, 

on 


S     H     A  \     S03 

Shipren.  on  which    the  dry  n<in  may  gently   reft.     The   fkin   is 

'— ~v fufpended  in  the  middle  of  the  bench    or  board  to  its 

iron  liook,  by  means  of  one  of  the  holes  made  in  the 
edge  of  the  fl<in  for  extending  it  in  its  frame  as  before 
mentioned  ;  and  a  cord,  having  at  its  extremity  a  (lone 
or  a  weight,  is  attached  to  each  end  of  the  (l<in,  to 
keep  it  in  its  poiltion  while  under  the  hands  of  the 
workman.  It  is  then  fubjefted  to  the  operation  of 
fmoothing  and  fcraping  by  means  of  two  ditfereij;  in- 
Ilrnments.  The  firft  uied  for  this  pnrpofe,  called  by 
the  Tartars  tokar,  is  a  piece  of  (harp  iron  bent  hke  a 
hook,  with  which  the  furface  of  the  (liagreen  is  pretty 
clofely  fcraped  to  remove  all  the  projefting  inequalities. 
This  operation,  on  account  of  the  corneous  hardnefs  of 
the  dry  (Icin,  is  attended  with  fonie  difhculty  ;  and 
great  caution  is  at  the  fame  time  required  that  too 
much  of  the  impredion  of  the  aluliila  feed  be  not  de- 
ftroyed,  which  might  be  the  caie  if  the  iron  were  kept 
too  (liarp.  As  the  iron,  however,  is  pretty  blunt,  which 
occadons  inequalities  on  the  (hagrecn,  this  inconvenience 
mull  afterwards  be  remedied  by  means  of  a  (harp  fcra- 
ping iron  or  urak,  by  which  the  furface  acquires  a  per- 
feft  uniformity,  and  only  faint  impreffions  of  the  alahula 
feed  then  remain,  and  fiich  as  the  workman  wifhes.  Af- 
ter all  thsfe  operations,  the  Ihagreen  is  again  put  into 
water,  partly  to  make  it  pliable,  and  partly  to  raife  the 
grain.  As  the  feeds  occalion  indentations  in  the  fur- 
face of  the  fliin,  the  intermediate  fpaces,  by  the  opera- 
tions of  fmoothing  and  fcraping,  lofe  fome  part  of  their 
projecting  fubilance  ;  but  the  points  which  have  been 
deprefled,  and  which  have  loft  none  of  their  fubftance, 
r.ow  fwell  up  above  the  fcraped  parts,  and  thus  form  the 
grain  of  the  fhagrcen.  To  produce  this  ette6t,  the  ilcins 
are  left  to  foak  in  water  for  24  hours  ;  after  which  they 
are  immerfcd  feveral  times  in  a  ftrong  warm  ley,  ob- 
tained, by  boiling,  from  a  ftrong  alkaline  earth  named 
Jchora-i  which  is  found  in  great  abundance  in  the  neigh- 
bourhood of  Aftracan.  When  the  ftins  have  been  ta- 
ken from  this  ley,  they  are  piled  up,  while  warm,  on 
each  other,   and  fuffercd  to  remain   in  that  ftate  feveral 
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"  For  the  blue  dye,  indigo  is  ufed.  About  two  Shagr""- 
pounds  of  it,  reduced  to  a  fine  powder,  are  put  into  a  — — v^— ' 
kettle  ;  cold  water  is  poured  over  it,  and  the  mixture 
is  (tirrtd  round  till  the  colour  begins  to  be  difTolved. 
Five  pounds  of  pounded  alakar,  which  is  a  kind  of 
barilla  or  crude  foda,  prepared  by  the  Armenians  and 
CalmucK,  is  then  difTolved  in  it,  with  two  pounds  of 
lime  and  a  pound  of  pure  honey,  and  the  whole  is  kept 
feveral  days  in  the  fun,  and  during  that  time  frequently 
llirrcd  round.  The  /l<ins  intended  to  be  dyed  blue  mull 
be  moiftened  only  in  the  natrons  \ey  fchora,  but  not  in 
the  fait  brine.  When  dill  moift,  they  are  folded  up 
and  (hewed  together  at  the  edge,  the  /lefh  fide  being  in- 
nermoft,  and  the  fhagrcened  hair  fide  outwards  j  after 
which  they  are  dipped  three  times  in  the  remains  of  an 
exhaufted  kettle  of  the  fame  dye,  the  fuperfluous  dye 
being  each  time  expreffed  ;  and  after  this  procefs  they 
are  dipped  in  the  frefh  dye  prepared  as  above,  which 
mull  not  be  exprtflcd.  The  fkins  are  then  hung  up  in 
the  fiiade  to  dry  ;  after  which  they  are  cleaned  and 
paired  at  the  edges. 

"  For  black  (hagreen,  gall-nuts  and  vitriol  are  em- 
ployed in  the  following  manner  : — The  fl<ins,  moid  from 
the  pickle,  are  thickly  beftrewed  with  finely  pulverifcd 
gall-nuts.  They  arc  then  folded  together,  and  laid  over 
each  other  for  24  hours.  A  new  ley,  of  bitter  faline 
earth  or  fchora,  is  in  the  mean  time  prepared,  and  pour- 
ed hot  into  fmall  troughs.  In  this  ley  each  (kin  is  fe- 
veral times  dipped  ;  after  which  thsy  are  again  beftrew- 
ed with  pounded  gall-nuts,  and  placed  in  heaps  for  a 
certain  period,  that  the  galls  may  thoroughly  penetrate 
them,  and  they  are  dried  and  beat,  to  free  thern  from 
the  duft  of  the  galls.  When  this  is  done,  they  are 
rubbed  over,  on  the  fliagreen  fide,  wiih  melted  iheeci's 
tallow,  and  expofed  a  little  in  the  fun,  that  they  may 
imbibe  the  greafe.  The  (hagreen- makers  are  accuftom- 
ed  alfo  to  roll  up  each  (kin  feparately,  and  to  prefs  or 
fqueeze  k  with  their  hands  againfl  fome  hard  fubftance, 
in  order  to  promote  the  abforption  of  the  tallow.  The 
fuperfluous  particles  are  removed  by  means  of  a  blunt 


hours;   by  which    means  they  fwell,  and  become  foft.    wooden  fcraper  [itrac)  :   and  when  this  procefs  is  finilh- 
They   are   then    left   24  hours  in  a  moderately   ftrong    ed,  and  the  (kins  have  lain  fome  tim.c,  a  fufficient  quan- 


pickle  of  common  fait,  which  renders  them  exceedingly 
white  and  beautiful,  and  fit  for  receiving  any  colour. 
The  colour  moft  ufual  for  thefe  fkins  is  a  feagreen  ; 
but  old  experienced  workmen  can  dye  them  blue,  red, 
or  black,  and  even  make  white  fhagreen. 

"  For  the  green  colour  nothing  is  necefTary  but  filings 
of  copper  and  fal  ammoniac.  Sal  animoniac  is  diflolved 
in  water  till  the  water  is  completely  faturated  ;  and  the 
fhagreen  fkins,  ftill  moift,  after  being  taken  from  the 
pickle,  are  wafhcd  over  with  the  folution  on  the  un- 
grained  flcfh  fide,  and  when  well  moiftened  a  thick  lay- 
er  of  copper  filings  is  ftrewed  over  them  :  the  fl<ins  are 
then  folded  double,  fo  that  the  fide  covered  with  the 
filings  is  innermoft.  Each  flcin  is  then  rolled  up  in  a 
piece  of  felt  ;  the  rolls  are  all  ranged  together  in  pro- 
per order,  and  they  are  preffed  down  in  an  uniform 
manner  by  fome  heavy  bodies  placed  over  them,  under 
which  they  remain  24  hours.  During  that  period,  the 
folution  offal  ammoniac  difTolves  a  quantity  of  the  cu- 
preous particles  fufRcient  to  penetrate  the  fkin,  and  to 
give  it  a  fea-green  colour.  If  the  firft  application  be 
not  fulficient,  the  procefs  is  repeated  in  the  fame  man-- 
ner ;  after  which  the  flcins  are  fpread  out  and  dried. 


tity  of  vitriol  of  iron  is  difTol^red' in  water,  with  which 
the  fhagreen  is  moiftened  on  both  fides,  and  by  this 
operation  it  acquires  a  beautiful  black  dye.  It  is  then 
dreiTed  at  the  edges,  and  in  other  places  where  there 
are  any  blemidies. 

"  To  obtain  white  fhagreen,  the  fl<ins  muft  firft  be 
moiftened  on  the  fhagrcen  fide  with  a  ftrong  folution 
of  alum.  When  the  fkin  has  imbibed  this  liquor,  it  is 
daubed  over  011  both  fides  with  a  parte  made  of  ffour, 
which  is  fufl'cred  to  dry.  The  pafte  is  then  walhed  off 
with  alum-water,  and  the  flcin  is  placed  in  the  fun  till 
it  is  completely  dry.  As  foon  as  it  is  dry,  it  is  gently 
befmearcd  with  pure  melted  fheep's  tallow,  which  it  is 
fufl'ered  to  imbibe  in  the  fun  ;  and  to  promote  the  ef- 
feft,  it  is  preffed  and  worked  with  the  hands.  The 
fkins  are  then  fattened  in  fucceffion  to  the  before  men- 
tioned bench,  where  warm  water  is  poured  over  them, 
and  the  fuperfluous  fat  is  fcraped  off  with  a  blunt  wood- 
en inftrument.  In  the  laft  operation  the  warm  water 
is  of  great  fervice.  In  this  manner  fhagreen  perfedlly 
white  is  obtained,  and  nothing  remains  but  to  pare  the 
edges  and  drefs  it. 

"  But  this  white  fhagreen  is  not  intended  fo  much 

for: 
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Sh^^redi,  for  lemainiiig  in  that  (late,  as  for  receiving  a  d^rk  red 
Sharp,  (jyg  .  becaufe,  by  the  above  previous  procefs,  tbe  co- 
^"~'^'"~~  lour  becomes  much  more  perfcifl.  Tlie  flcins  dellintd 
for  a  red  colour  mull  not  be  immerfed  fnft  in  ley  of 
bitter  fait  earth  (fchora),  and  then  in  pickle,  but  after 
they  have  been  whitened,  mult  be  left  to  foak  in  the 
pickle  for  24  hours.  The  dye  is  prepared  from  cochi- 
neal, which  the  Tartars  call  iirmilz..  About  a  pound 
of  the  dried  herb //JAa^ann,  which  grows  in  great  abun- 
dance in  the  neighbourhood  of  Allracan,  and  is  a  kind 
of  foda  plant  or  kali  (falfola  er'noides  (a),  is  boiled  a 
full  hour  in  a  kettle  containing  about  four  common 
pailfuls  of  water  ;  by  which  means  the  water  acquires  a 
■greeniih  colour.  The  herb  is  then  taken  out,  and  about 
half  a  pound  of  pounded  cochineal  is  put  into  the  kettle, 
and  the  liquor  is  left  to  boil  a  full  hour,  care  being  ta- 
ken to  ftir  it  that  it  may  not  run  over.  About  in  or 
20  drams  of  a  fubftance  which  tbe  dyers  call  luter  (or- 
chilla)  is  added,  and  when  the  liquor  has  been  boiled 
for  fome  time  longer,  the  kettle  is  removed  from  the 
fire.  The  flvins  taken  from  the  pickle  are  then  placed 
over  each  other  in  troughs,  and  the  dye-liquor  is  pour- 
ed over  them  four  different  times,  and  rubbed  into  them 
with  the  hands,  that  the  colour  may  be  equally  imbibed 
and  diffufed.  The  liquor  each  time  is  exprefled  ;  after 
which  they  are  fit  for  being  dried.  Skins  prepared  in 
this  manner  are  fold  at  a  much  dearer  rate  than  any  of 
the  other  kinds." 

SHARP  (Abraham),  an  eminent  mathematician, 
mechanift,  and  allronomer,  was  defccnded  from  an  an- 
cient family  at  Little  Horton,  near  Bradford,  in  the 
Weft  Riding  of  Yorkfliire,  where  he  was  born  about 
the  year  165  I.  At  a  proper  age  he  was  put  appren- 
tice to  a  merchant  at  Manchcfter ;  but  his  genius  led 
him  \o  ttrongly  to  the  ftudy  of  mathematics,  both  theo- 
retical and  praftical,  that  he  foon  became  uneafy  in 
that  fituation  of  life.  By  the  mutual  eonfent,  there- 
fore, of  his  mafter  and  hinifelf,  though  not  altogether 
with  that  of  his  father,  he  quitted  the  bufinefs  of  a  mer- 
chant. Upon  this  he  removed  to  Liverpool,  where  he 
gave  himfelf  up  wholly  to  the  ftudy  of  mathematics, 
aftronomy,  &c.  ;  and  where,  for  a  fubfillence,  he  ojjcn- 
ed  a  fchool,  and  taught  writing  and  accounts,  &c. 

He  had  not  been  long  at  Liverpool  when  he  acci- 
dentally fell  in  company  with  a  merchant  or  tradefnian 
vifiting  that  town  from  London,  in  whole  houfe  it  feems 
the  aftronomer  Mr  Flamfteed  then  lodged.  With  the 
view  therefore  of  becoming  acquainted  with  this  emi- 
nent man,  Mr  Sharp  engaged  liimfelf  with  the  mer- 
chant as  a  book-keeper.  In  confequence  he  foon  con- 
trafted  an  intimate  acquaintance  and  friendihip  with 
Mr  Flamfteed,  by  whofe  intereft  and  recommendation 
he  obtained  a  more  profitable  employment  in  the  dock- 
yard at  Chatham  ;  where  he  continued  till  his  friend 
and  patron,  knowing  his  great  merit  in  aftronomy  and 
mechanics,  called  hiin  to  his  adillance,  in  contriving,  a- 
dapting,  and  fitting  up  the  aftronomical  apparatus  in 
the  Royal  Obfervatory  at  Greenwich,  v^hich  had  been 
lately  built,   namely,  about  the  year   1676.     He   was 


principally  employed  in  the   conftrudlion  of  the  mural     Sharp, 
arch  ;   wliich  in  the   compafs  of  14  months  he  finidied  ''"' 

fo  greatly  to  the  fatisfaftion  of  Mr  Flamfteed,  that  lie 
fpeaks  of  him  in  terms  of  the  higlieft  praife.  Accord-  . 
ing  to  Mr  Snieaton,  this  was  the  firft  good  and  valid 
inllruinent  of  the  kind  ;  and  Mr  Sharp  the  firft  artilt 
who  cut  accurate  and  delicate  divifions  upon  aftrono- 
mical inftrumeuts.  At  the  time  this  inftr\unent  was 
conftrudled,  Mr  Flamfteed  was  30  and  Mr  Sharp  25 
years  of  age. 

Thefe  two  friends  continued  together  for  fome  time, 
making  obfervations  on  the  meridional  zenith  diftances 
of  the  fixed  ftars,  fun,  moon,  and  planets,  with  the 
times  of  their  tranfits  over  the  meiidian  ;  alio  tlie  dia- 
meters of  tlie  fun  and  moon,  and  their  cclipfes,  with 
thole  of  Jupiter's  fatellites,  the  variation  of  the  com- 
pafs, &c. 

Mr  Sharp  affifted  Mr  Flamfteed  alfo  in  making  a  ca- 
talogue of  near  3000  fixed  ftars,  with  their  longitudes 
and  magnitudes,  their  right  afcenfions  and  polar  diftan- 
ces, with  the  variations  of  the  fame  while  they  change 
their  longitude  by  one  degree. 

But  from  the  fatigue  of  continually  obferving  the 
ftars  at  night,  in  a  cold  thin  air,  joined  to  a  weakly 
conftitution,  he  was  reduced  to  a  bad  ftate  of  health  ; 
for  the  recovery  of  which  he  defired  leave  to  retire  to 
his  houfe  at  Horton  ;  where,  as  foon  as  he  found  him- 
felf on  the  recovery,  he  began  to  fit  up  an  obfervatory 
of  liis  own  ;  having  firft  made  an  elegant  and  curious 
engine  for  turning  all  kinds  of  work  in  wood  or  brafs, 
with  a  maundril  for  turning  irregular  figures,  as  ovals, 
rofes,  wreathed  pillars.  See.  Befide  thtfe,  he  made  him- 
felf nioft  of  the  tools  ufed  by  joiners,  clockmakers,  op- 
ticians, mathematical  inllruinent  makers,  &c.  The  limbs 
or  arcs  of  his  large  equatorial  inftrument,  fextant,  qua- 
drant, &c.  he  graduated  with  the  nicell  accuracy,  by 
diagonal  divifions  into  degrees  and  minutes.  The  te- 
lefcopcs  he  made  ufe  of  were  all  of  his  own  making, 
and  the  lenfes  ground,  figured,  and  adjufted  with  his 
own  hands. 

It  was  at  this  time  that  be  afTifted  Mr  Flamfteed  in 
calculating  moft  of  the  tables  in  the  fecond  volume  of 
his  Hijloria  Cdhjlis,  as  appears  by  their  letters,  to  be 
fcen  in  the  hands  of  Mr  Sharp's  friends  at  Horton. 
Likewife  the  curious  drawings  of  the  charts  of  all  the 
conftellations  vifihie  in  our  hemifphere,  with  the  ftiU 
more  excellent  drawings  of  the  planifpheres  both  of  the 
northern  and  fouthern  conftellations.  And  though  thefe 
drawings  of  the  conftellations  w-ere  fent  to  be  engraved 
at  Ainfterdam  b)'  a  marfterly  hand,  yet  the  originals  far 
exceeded  the  engravings  in  point  of  beauty  and  ele- 
gance :  thefe  were  publilhed  by  Mr  Flamfteed,  and 
both  copies  may  be  feen  at  Horton. 

The  mathematician,  fays  Dr  Hutton,  meets  with 
fomcthing  extraordinary  in  Sharp's  elaborate  treatife  of 
Gtometry  Improved  {m  4to,  1717,  figned  A.  S.  Philo- 
math) :  tft,  by  a  large  and  accurate  table  of  fegments  of 
circles,  its  conllruftion  and  various  ufes  in  the  folution 
of  feveral  difficult  problems,  with  compendious  tables 

for 


(a)  The  beautiful  red  Turkey  leather  is  dyed  with  cochineal  prepared  in  the  fame  manner.  Profeffor  Gme- 
lin  junior,  in  the  fecond  part  of  his  Travels  through  Ruflia,  explains  the  herb  tfchagami  by  arSi'tntJia  aiuuhi,  ha- 
ving doubtlefs  been  deceived  by  the  appearance  the  plant  acquires  after  it  has  been  dried.  Beudes,  this  artemijia 
is  found  only  in  the  middle  of  Sibtria,  and  never  on  the  weft  fide  of  the  Irtifch. 
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for  finding  a  true  proportional  part  ;  anrl  their  ufe  in  his  time  as  reclufe  as  a  hermit.     He  was  of  a  middle 

thefo  or  any  other  tables  exemplified  in   making  loga-  ftature,  but   very  thin,  being  of  a  wcLikly  conftitution. 

rithms,  or  their  natural  numbers,  to  60  places  of  figures;  He  was   remarkably  feeble  the  laft   tlirce  or  four  years 

there  being  a  table  of  them  for  all  primes  to    1  100,  before  he  died,    which  was  on  the  i8th  of  July  17-12, 

true  to  61  figures,      id,   His  concife  treatife  of  Polye-  in  tlie  91ft  year  of  his  age. 

dra,  or  folid  bodies  of  many   bafes,   both  the   regular  In    his   retirement    at   Little  Horton,   he  employed 

ones  and  others:   to  which  are  added  twelve  new  ones,  four  or  five  rooms  or  apartments  in  his  houfe  for  difFe- 

with  various  methods  of  forming  them,  and  tlieir  exaft  rent  purpofcs,  into  wlu'cli  none  of  liis  family  could  pof. 

dimenfions  in   furds,  or  fpecies,   and  in  numbers  ;  illuf-  fibly  enter  at  any  lime  witliout  his  permiflion.     He  was 

trated  with  a  variety  of  copper])lates,   neatly  engraved  feldom  vifited  by  any  peifons,  except  two  gentlemen  of 

by  his  own  hands.     Alfo  the  models  of  thefe  polyedra  Bradford,  the   one  a  mathematician,  and  the  other  an 

he  cut  out  in  boxwood  with   amazing  ncatncfs  and  ae-  ingenious   apothecary  ;   tljcfe   were   admitted,  when  In; 

curacy.      Indeed  few  or  none  of  the   matlicmatical  in-  chule  to    be  leen   by  them,  by  the  fignal  of  rubbing  a 

ilrument  makers  could   exceed  him  in  cxadly  gradua-  (lone  againft   a  certain   part  of  the  outfide  wall  of  the 

ling  or   neatly  engraving  any  mathematical  or  aflroiio-  houfe.    He  duly  attended  the  dKfcnting  chapel  at  Brad- 

inical   inftrument,  as  may  be   feen  in   the  equatorial  in-  ford,   of  which   he  was   a   member,   eveiy   Sunday  ;  at 

Ilrument  above  mentioned,  or  in  his  fextant,  quadrants,  which  time  he  took  care  to  be  provided  with  plenty  of 

and  dials  of  various   forts  ;  alfo   in   a  curious  armillary  halfpence,  which  he  very  charitably  fnffered  to  be  taken 

fphere,  which,  befide  the  common  properties,  has  move-  fingly  out  of  his  hand,  held  behind  him  during  his  walk 

able  circles,  &c.  for  exhibiting  and  refolving  all  fpheri-  to  lire  chapel,  by  a  number  of  poor  people  who  follow- 

cal  triangles  ;  alfo   his  double  feftor,   with   many  other  ed   him,  without  liis  ever  looking  back,    or  aflcing  a 

inftruments,  all  contrived,  graduated,  and  finifhcd,  in  a  fingle  queftion. 

mod  elegant  manner,  by  himfelf.     In  fiiort,  he  poffefled  Mr  Sharp  was  very    irregular  as  to    his  meals,  and 

at  once  a  remarkably  clear  head  for  contriving,   and  an  remarkably  fparing  in  his  diet ;  which  he  frequently  took 

extraordinary  hand  for  executing,  any  thing,    not  only  in  the   following  manner.      A  little  fqnare  hole,   fome- 

in  mechanics,  but  likewife  in  drawing,  writing,  and  ma-  thing  like  a  window ,   made  a  communication   between 

king  the  moft  cxadl  and  beautiful  fchcmes  or  figures  in  the  room  where  he  was  ufually  employed  in  calculations, 

all  his  calculations  and  geometrical  conftruftions.  and  another  chamber  or  room  in  the  houfe  w  here  a  fer- 

The  quadrature  of  the  circle  was  undertaken  by  him  vant  could  enter ;  and  before  this  hole  he  had  contrived 

for  his   own  private   amufement   in  the   year  1699,   de-  a  Aiding  board:   the  fervant  always  placed  his  vidluals 

duced  from  two  different  feries,   by  which  the  truth  of  in  this  hole,  without   fpeaking  or  making  any  the  leaft 

it  was  proved  to  72  places  of  figures  ;  as  may  be  feen  noife  ;  and  when  he   had  a  little   leifure,   he  vifited  his 


in  the  introduftion  to  Shervvin's  Tables  of  Logarithms; 
that  is,  if  the  diameter  of  a  circle  be  1 ,  the  circumfe- 
rence will   be  found  equal   to  :^-i  4159265358979  5238 

46264338327950288+197169399,751058209749445 
92307816405,  &c.  In  the  fame  book  of  Shervyin's 
may  alfo  be  feen  his  ingenious  improvements  on  the 
making  of  logarithms,  and  the  conllrucling  of  the  na- 
tural fines,  tangents,  and  fecants. 

He  alfo  calculated  the  natural  and  logarithmic  fines, 
tangents,  and  fecants,  to  every  fecond  in  the  firll  mi- 
nute   of  the   quadrant  ;   the   laborious  inveftigation  of 


cupboard  to  fee  what  it  afforded  to  fatisfy  his  hunger 
or  thiril.  But  it  often  happened,  that  the  breakfafl, 
dinner,  and  fupper,  have  remained  untouched  by  him, 
when  the  fervant  has  gone  to  remove  what  was  left  — 
fo  deeply  engaged  had  he  been  in  calculations. 

SHARPS  in  flour,  the  finer  part  of  what  we  have 
denominated  Pollards.      See  that  article,  Siippl. 

6HASTAH,  the  fame  as  Shaster  ;  which  fee, 
Encycl. 

SHEA,  the  name  of  a  tree,  from  the  fruit  of  which 
the  Negroes,  in  the  interior  parts  of  Africa  between 


which   may   probably   be   feen    in   the   archives  of  the  the  tropics,  prepare  a  kind  of  vegetable  butter.     Thefe 

Roysl   Society,  as  they  were  prcfented  to  Mr  Patrick  trees  are  not   planted   by   the   natives,   but   are   found 

Murdoch  for  that  purpofe  ;   exhibiting   his   very    neat  growing  naturally  in  the  woods;   and  in  clearing  wood 

and  accurate  manner  of  writing  and  arranging  his    fi-  land  for   cultivation,   every   tree  is  cut   down   but  the 

gures,   not  to  be  equalled  perhaps  by  the  bell  penman  Shea.      The  tree  itfcli  very  much  refcmliles  the  Ameri- 

now  living.  can  oak  ;  and  the  fruit,   from  tiie  kernel  of  which  be- 

Mr  Sharp  kept  up  a  correfpondence  by  letters  with  ing   firll   dried  In   the  fun   the  butter  is   pi'epared,  l)y 

mofl  of  the  eminent  mathematicians  and  aftronomei's  of  boiling  the   kernel  in.  water,  has  foi7iewhat  the  appear- 

his  time,  as  Mr  Flamtleed,  Sir  Ifaac  Newton,  Dr  Hal-  ance  of  a  Spanilh  olive.      1'he  kernel  is  enveloped  in  a 

ley,  DrWallis,  Mi  Hodgfon,  Mr  Sherwin,  &c.  the  an-  fwtet   pulp,   under  a  thin   green  rind  ;  and  the  butter 

fwers  to  which  letters   are  all  written  upon  tlie  backs,  produced  from  it,   befides  the  advantage  of  its  keeping 

or  empty  fpaces,  of  the  letters  he  received,  in  a  Ihort-  the  whole  year  without  fall,   is  whiter,  firmer,  and,  Mr 

hand  of  his  own  contrivance.      From  a  great  variety  of  Park  fays,  to   his  palate,  of  a  richer  flavour  than  the 

letters  (of  which  a  large  cheftful  remain  witii  his  friends)  befl  butter  which  he  ever  tailed  made  from  cows  milk. 

from  thefe  and  many  other  celebrated  mathematicians.  The  growth  and  preparation  of  this  com.modity,  fecm 

it  is  evident  that  Mr  Sharp  fparcd   neither  pains  nor  to  be  among  the  firll   objecls  of  African  induflry   in 

time  to  promote  real  fcienee.     indeed,  being  one  of  the  this  and  the  neighbouring   dates  ;  and  it  conflitutes  a 

mod  accurate  and  indefatigable  computers  that  ever  ex-  main  article  of  their  inland  commerce.      In  fome  places 

jfted,  he  was  for  many  years  the  common   refouree  for  they  dry  the  fruit  in  kilns,  containing  each  about  half 

Mr  Flamfteed,  ^ir  Jonas  Moore,  Dr  Halley,  and  others,  a  cart   load   of  fruit,  under  which  is  kept   up   a  clear 

in  all  forts  of  troublefome  and  delicate  calculations.  v/ood  fire.     Our  author,  who  faw  the  fruit  in   one  of 

Mr  Sharp  continued  all  his  life  a  bachelor,  and  fpeul  thefe  Jiilw,  was  informed,  that  in  three  days  the  fruit 
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SHE  [50 

Sheave,  would  be  ready  for  pounding  and  boiling^ ;  and  that  the 
Shchbcare.  b^tgr  {.hus  manufadliired  is  preferable  to  that  which 
'~~^'~~~' is  prepared  fiom  fruit  dried  in  the  fun;  efpecially  in 
the  rainy  feafon,  when  the  proccfs  by  infolation  is  al- 
ways tedious,  n:ul  oftentinicn  ineifeftual.  Might  it  not 
be  woi-th  wiiil-,  if  prnfticable,  to  cultivate  Shea-trees 
in  fome  of  our  Well  India  illands  ? 

SHEAVE,  in  mechanics,  a  fohd  cylindrical  wheel, 
fixed  in  a  channel,  and  moveable  about  an  axis^.  as  be- 
iug  ufed  to  raiie  or  incteafc  the  incchauical  powers  ap- 
plied to  reirove  any  bcdy. 

SHEBBEARE  (John)  was  born  at  Bideford,  a 
confiderable  fea  port  and  corporation  town  ui  Devon- 
(hire,  in  the  year  1709.  His  father  was  an  attorney  ; 
but  having  finall  praAice  and  little  fortune,  he  tarried 
on  alfo  the  bufinefs  of  a  cornfaaor.  He  had  four 
children,  two  fons  and  two  daughters.  Of  the  fons, 
John,  the  fubjeft  of  our  prefent  memoir,  was  the  eldelt. 
The  ether  fou  was  called  Richard,  and  entirely  the  re- 
verfe  of  his  brother  in  difpufition  ;  he  was  bred  to  the 
fea,  and  died  young. 

John  received  the  rudiments  of  his  education  at  the 
free  grammar  fchool  of  Exeter,  tlien  conduced  by  the 
learned  Mr  Zaehary  Mudge  (author  of  an  Effay  for 
a  new  Verfiou  of  the  Pfahns,  and  a  volume  of  excellent 
-  Sermons),  afterwards  Reftor  of  St  Andrew  in  Ply- 
mouth. It  has  oftentimes  been  remarked,  that  the  fu- 
ture life  of  a  man  may  be  nearly  guelTed  at  from  his 
puerile  charafter.  Thus  Shebbeare,  while  a  fchool- 
boy,  gave  the  Rrongeft  indications  of  his  future  emi- 
nence in  mifanthropy  and  literature,  by  the  remarkable 
tenacioufnefs  of  his  memory,  and  the  readinefs  of  his 
wit,  and  no  lefs  fo  by  the  malignity  of  his  difpofition  ; 
being  univerfally  confidered  as  a  lad  of  furprlfing  ge- 
nius, while  at  the  fame  time  he  was  as  generally  defpiled 
for  his  malicious  and  ungrateful  temper.  This  may  ea- 
fily  be  believed,  when  it  is  faid,  that  he  formed  not  one 
connexion,  either  at  fchool  or  afterwards,  with  any  per- 
fon  in  the  way  of  friendihip,  except  with  a  young  bar- 
ber of  an  abandoned  charafter,  but  whofe  foul  was  per- 
fedly  congenjal  to  that  of  Shebbeare's. 

Such  is  the^account  of  Shebbeare's  boyiili  years  which 
we  have  in  the  I4lh  volume  of  the  European  Magazine. 
It  is  probably  much  exaggerated  ;  for  Shebbeare  con- 
tinued through  life  a  ftaunch  Tory,  if  not  3  Jacobite  ; 
Slid  it  is  well  known  that  many  ('four  journallftsconfider 
tliemfelves  as  at  liberty  to  give  what  charadlcrs  they 
pleafe  of  fuch  men. 

In  the  fifteenth  or  fixteenth  year  of  his  age,  young 
Shebbeare  was  bound  apprentice  to  a  very  eminent  and 
worthy  furgeon  in  his  native  town  ;  in  which  fitua- 
tion  he  ac(;uired  a  conliderable  (hare  of  medical  know- 
ledge. His  genius  for  lampoon  appeared  at  this  early 
period,  and  he  could  nor  forbear  from  exercifing  it  on 
his  mafter.  No  one  indeed  could  give  him  the  fl^ghtetl 
offence  with  impunity  ;  for  which  reaibn  almoft  every 
-  pcrfon  avoided  his  acquaintance,  as  we  would  avoid  the 
carefGn"  of  an  adder.  The  chief  mai  ks,  however,  of  the 
arrows  of  his  wit  were  the  gentlemen  of  the  corpora. 
'  tion  :  one  or  other,  and  fomctimes  all  of  them,  vyere  al- 
moft conftantly  expofed  in  a  libel  upon  the  public  ports 
and  corners  of  the  ftrects.  But  tiiough  the  wifer  part 
of  them  only  laughed  at  thefe  harmlefs  trifles,  yet  fome 
were  more  irritable,  and  many  a  profecution  was  com- 
menced againft,  but  nyt  one  could  fix  Itfelf  upon  him, 
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fo  artfully  had  he  contrived  to  conceal  himfclf.  He  SlitUeire. 
was  alfo  fcveral  times  fummoned  to  appear  at  the  tcf.  -— v  '■* 
fions,  for  daring  to  fpeak  and  write  irreverently  of  the 
worfliipful  magiftrates  ;  but  the  laugh  was  always  on 
the  iide  of  Shebbeare,  nor  could  they  ever  come  at  his 
back,  fo  clofely  iiad  he  fitted  on  his  armour,  with  the 
whip  of  authority. 

When  he  was  out  of  his  time  he  fet  up  trade  for 
himfelf,  and  then  (hewed  a  tafte  for  chemiftry  ;  and  foou 
after  he  married  a  very  agreeable  and  amiable  young 
woman,  of  no  fortune,  but  of  a  genteel  family.  Whether 
his  infuperable  propenfity  to  fatire  deprived  him  of 
friends  and  of  bufinefs,  or  that  he  fpent  too  much  in 
chemical  experiments,  we  know  not  ;  but  faihng  at 
Bideford,  he  removed,  about  the  year  1736,  to  Bridol, 
where  he  entered  into  partnerfhlp  with  3  chemifl,  and 
never  afterwards  fet  his  loot  in  his  native  town. 

In  the  year  1739  he  attracted  the  attention  of  the 
public,  by  an  epitaph  to  the  memory  of  Thomas 
Cofler,  Efq.  member  for  Briftol ;  in  which,  it  has  been 
truly  obfervfd,  that  he  has  contrived  to  raife  emotions 
of  pity,  grief,  and  indignation,  to  a  very  high  degree. 
The  next  year  he  publilhed  a  pamphlet  on  the  Briftol 
waters  ;  from  which  period  there  is  a  chafm  in  our  au- 
thor's life  we  are  unable  to  fill  up.  In  this  interval 
may  probably  be  placed  his  failure  in  bufinefs,  and  hi* 
effort  to  obtain  a  higher  fituation  in  his  profefiion.  It 
i^  certain  that  in  the  year  1752  he  was  at  Paris,  and 
there  he  obtained  the  degree,  if  he  obtained  it  at  all, 
which  gave  him  the  addition  to  his  name  which  accom- 
panied him  during  the  reft  of  his  life,  that  of  Doftor. 
Until  this  time  he  appears  to  have  lived  in  obfcurity  ; 
but  at  an  age  when  vigorous  exertion  ufually  fubfides, 
he  feems  to  have  rcfolved  to  place  himfelf  in  a  confpi- 
cuous  fituation,  whatever  hazard  might  attend  it,  and 
commenced  a  public  writer  with  a  degree  of  celerity 
and  virulence  for  which  it  would  be  difficult  to  find  a 
parallel  even  in  the  moft  temperate  times.  To  read 
over  his  works  now,  when  the  pafTions  they  then  raifed 
have  fubfided,  we  feel  furprife  at  the  effeft  they  pro- 
duced ;  and  it  is  within  the  memory  of  many  yet  living, 
that  their  influence  was  very  confiderable.  In  the  year 
1754,  he  began  his  career  with  The  Marriage  Aft,  a 
political  novel  ;  in  which  he  treated  the  legifiature  with 
fuch  freedom,  that  it  occafioned  his  being  taken  into 
cullody,  from  whence,  however,  he  was  foon  releafed. 

The  performances,  however,  moft  celebrated,  were  a 
feries  of  Letters  to  the  People  of  England,  which  were 
written  in  a  ftyle  vigorous  and  energetic,  thougK 
flovenly  and  carelefs,  well  calculated  to  make  an  im- 
prtfTion  on  common  readers  ;  and  were  accordingly 
read  with  avidity,  and  circulated  with  diligence.  They 
had  a  very  confiderable  efFedl  on  the  minds  of  the 
people,  and  galled  the  minillry,  who  fcem  to  have  been 
at  firft  too  eager  to  punifh  the  author.  On  the  pub- 
lication of  the  Third  Letter,  we  find  warrants,  dated 
4th  and  8th  of  March,  1756,  iffued  by  Lord  Hol- 
derneffe,  to  take  up  both  Scott  the  publiflier  and  the 
author.  This  profecution,  however,  fecms  to  have 
been  dropt,  and  the  culprit  proceeded  for  fome  time 
unmolefted,  "  having  declared  (fays  one  of  his  anfwer- 
ers)  that  he  would  write  himfelf  into  a  poft  or  into  the 
pillory;  in  the  laft  of  which  he  at  length  fucceeded." 
On  the  1 2th  of  January  1738,  a  general  warrant  was 
figned  by  Lord  HoldernefTe,  to  fearch  for  the  author, 

printer,. 
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Shrlbeare.  printer,  and  publillitrs  of  a  vvirkcd,  aiid;tcious,  and  trea- 
'~~'~^  fonablc  libel,  entitled,  "  A  Sixth  Letter  to  the  People 
of  England,  on  the  progrefs  of  national  ruin  ;  in  which 
is  (hewn  tliat  the  prcfent  grandeur  of  France  and  cala- 
mities of  tiiis  nation  arc  owing  to  the  infliir.nce  of  Ha- 
nover on  the  councils  of  England  ;"  and  them  having 
found,  to  fei/e  and  apprehend,  together  with  their 
books  and  papers. 

At  this  junfturc  government  feiem  to  have  been  ef- 
fednaily  rouied  ;  for  having  received  information  that 
a  fevcnih  letter  was  pi  intin;j,  by  virtue  of  another  war- 
rant, drtteJ  January  23,  all  the  copies  were  fei/.cd  and 
entiitly  fuppreffed.  In  Eallcr  Term  an  information 
was  tiled  agaiiift  him  by  Mr  Pratt,  then  attor.iey  ge- 
neral, afterwards  Lord  Camden  ;  in  which  it  is  now 
worthy  of  remark,  tli.-.t  tl.e  crowii  ofBccr,  in  his  appji 
cation  to  the  court,  in  expref?  terms  admitted  a  poir!t, 
fince  much  difputed,  that  of  the  jury's  right  to  deter- 
mine both  the  la^v  and  the  faft  in  matters  of  libel. 
"  What  1  urge  (lays  the  advocate)  to  the  court,  is 
oidy  to  (hew  there  is  reafunable  ground  for  conliJering 
this  publication  as  a  libel,  and  for  putting  it  in  a  way 
of  trial,  and  therefore  it  is  I  pray  to  have  the  rule  made 
abfolute  ;  for  I  admit,  and  your  lordlhip  well  knows, 
that  the  jury  in  matter  of  libel  are  judges  of  the  law  as 
well  as  the  faft,  and  have  an  undoubted  right  to  con- 
fider  whether,  upon  the  whole,  the  pamphlet  in  queftion 
be,  or  be  not,  a  falfe,  malicious,  a.id  fcandalous  libel." 
On  the  17th  of  June,  the  information  was  tried,  when 
our  author  was  found  guilty  ;  and  on  the  28th  Novem- 
ber he  received  fentence,  by  which  he  was  fined  five 
pounds,  ordered  to  (land  in  the  pillory  December  5,  at 
Charing  Crofs,  to  be  confined  three  years,  and  to  give 
fecurity  fjr  his  good  behaviour  for  feven  years,  himfelf 
in  500I.  and  two  others  in  250I.  each. 

On  the  day  appointed,  that  part  of  the  fentence 
which  doomed  him  to  the  pillory  was  put  in  execution, 
amidll  a  prodigious  concourfe  of  people  alTembled  on 
the  occafion.  The  under  (herifF,  at  that  time,  happened 
to  be  Mr  Beardmore,  who  had  fometimes  been  aflifted 
by  the  Doftor  in  writing  the  Monitor,  a  paper  in  its 
principles  of  the  fame  tendency  with  the  writings  of 
the  culprit,  who  confequently  might  expeft  every  in- 
dulgence  from  the  officer  to  whom  the  execution  of  his 
fentence  was  committed.  Tlie  manner  in  which  it  was 
condudted  may  be  learned  from  the  affidavits  on  which 
afterwards  the  under  (lierifF's  conduft  became  the  fub- 
jcft  of  animadverfion  in  the  court  of  King's  Bench, 
and  which  afiert,  "  that  the  defendant  only  Rood  upon 
the  platform  of  the  pillory,  unconfined,  and  at  his  eafe, 
attended  by  a  fervant  in  livery  (wliicii  fervant  and  li- 
very were  hired  for  the  occafion  only)  holding  an  um. 
brclla  over  head  all  the  time  :  but  his  head,  hands, 
neck,  and  arms,  were  not  at  all  confined,  or  put  into  the 
holes  of  the  pillory  ;  only  that  he  fometimes  put  his 
hands  upon  the  holes  of  the  pillory  in  order  to  reft 
himfelf."  For  this  negletl  of  duty,  Beardmore  was 
lined  50I.  and  fuffered  two  months  iniprifonment. 

Some  time  before  he  was  tried  for  the  obnoxious 
publication  already  mentioned,  the  Duchefs  of  Queenf- 
bury,  as  heir  of  Lord  Clarendon,  obtained  an  injunftion 
in  the  Court  of  Chancery  to  Hop  the  publication  of  the 
continuation  of  that  nobleman's  hiltory  ;  a  copy  of 
which  had  got  into  the  hands  of  Francis  Gwyn,  Efq. 
between  whom  and   the  Doftor  there  had  been   an 
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agreement  to  pnlilllL  it  and  equiil!)  divide  the  nnifi's. 
The  care  and  expences  attending  the  uflierinu-  this 
work  into  the  world  were  to  be  wholly  Dr'siiib- 
beare's,  who  performed  his  part  of  the  agreement,  and 
caufed  it  to  be  Iiandfomcly  printed  in  quarto,  with  a 
Tory  preface,  containing  frequent  refl-clions  on,  and 
allufions  to  recent  events,  and  to  living  characters, 
winch  gave  it  the  ap;iearance  rather  of  a  temporary 
pamphlet  than  of  a  woik  calcnlateil  for  pofterily.  On 
the  injunction  being  obtained,  Dr  Shcbheare  was  un- 
der the  neceflity  of  aj^plying  to  tlu  aid  of  law  to  le- 
cover  the  money  expended  by  him  in  printing,  amount- 
in;;,  to  more  than  500I.  Of  lh.it  fum  more  th:  n  l,alf 
had  been  walled  on  his  fide  in  the  courts  of  law  i;ud 
equity.  And  feme  years  afterwarrls,  fpcaking  of  the 
fituation  of  his  f.ffairs,  he  fays,  "  It  may  be  ealily  ima- 
gined, th;it  my  circunillances  were  not  improved  by 
three  yeais  imprifonment.  I  had  no  tlub  of  partizaiis 
to  maintain  me  duri^g  that  time,  to.  drfchar^e  my 
debts,  nor  even  the  fine,  which  I  was  obIi;;ed  to  pay 
after  a  three  years  confinement  for  a  fingle  offence. 
Notwithilandir.g  the  difSculties  which  inevitably  arofe 
from  thefe  particulars,  and  aMiough  an  infolvent  aft 
was  palled  foon  after  his  M.ijefty's  acccffion  to  the 
throne,  and  my  circunillances  might  have  apolog.fcd  for 
my  taking  that  opportunity  which  it  oflTert  d  ;  I  never- 
thclefs  declined  from  availing  myfelf  of  that  occafion 
to  evade  the  payment  of  my  debts.  I  preferred  t!ie 
labour  of  endeavouring  to  pay  them,  and  the  n{\<  of 
being  again  imprifoned  if  I  did  not  fucceed.  But, 
thank:  Heaven,  I  am  in  no  danger  of  a  fecond  iniprifon- 
ment on  that  account."  During  his  confinement,  he 
declares  he  never  received  as  prefents  more  than  twenty 
guines  from  all  the  world. 

While  he  was  confined  in  the  King's  Bench,  he  fo- 
liclted  fubfcriptions  for  the  firft  volume  of  a  Hillory  of 
England,  from  the  Revolution  to  the  then  prelent 
time.  But  at  the  perfuafion  of  his  friends  he  was  in- 
duced  to  alter  his-dcfign,  and  receipts  were  iffued  for  a 
firft  volume  of  the  Hiftory  of  England,  and  of  the 
Conftltution  thereof  from  its  origin.  That  volume  he 
wrote,  and  had  tranfcribed.  "  But  as  it  was  imprafti- 
cable  (to  nfe  his  own  words),  whilft  I  was  in  confine- 
ment, to  procuie  that  variety  of  books,  or  to  ap]>!y  to 
nianuicript  autliorities,  for  all  that  was  requilite  to  the 
completing  of  this  firll  volume,  I  found  on  being  rclea- 
led  from  my  imprilonment,  and  on  application  to  the 
former  only,  that  the  volume  which  I  had  written  was 
inrorreft,  inlnfficient,  and  erroneous,  in  too  inany  par- 
ticulais,  to  admit  of  its  being  publilhed,  without  in- 
jullice  to  my  fubfcribers,  and  rcprehenlions  on  myfelf. 
Into  this  difpleafing  fitu:<tion  I  had  been  milled  by  re- 
lying on  the  authorities  of  modern  hiftorians,  who  pre- 
tend to  cite  the  authors  from  whence  their  materials 
are  taken,  many  of  whom  appear  never  to  have  feeU 
them,  but  implicitly  to  have  copied  one  anothrr,  and 
all  of  them  manifeftly  defeftive;  not  only  in  the  autho- 
rities they  fiiould  have  fought,  but  in  their  omiffions 
and  mifreprefentations  of  thofe  whom  they  had  confult- 
ed  :  more  efpecially  refpefting  thofe  parts  of  the  old 
German  codes,  on  which  our  conftitutioii  is  erefted, 
and  without  which  it  cannot  be  properly  explained  or 
underftood.  Such  being  the  real  fituation  of  things,  I 
perceived  that  more  time  than  I  could  expeft  to  live 
would  be  neceffarily  required  for  fo  extenfive  a  work  as 
3  S  2  th? 
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SheMienre.  tl,e  whole  billory  I   had  propofeJ  ;  and  that  a   fingle 
•  voluitif,  or  even  a  few  volumes  of  an  hiHoiy  incomplete, 

wor.l(l  by  fto  means  anfwer  either  the  intention  of  my 
fiibfcribers,  or  my  own  :  I  determined  therefore  to 
change  my  plan,  and  to  include  in  one  volume  that 
which  might  re-quire  no  others  to  complete  this  new 
defign. 

"  In  confeqiience  of  this  alteration,  I  refolved  to 
exert  my  bell  abilities,  not  only  to  trace  the  conftitu- 
tion  of  England  trom  its  origin  in  the  woods  of  Ger- 
many, as  M.  de  Montefquieu  exprelTes  it,  but  from  the 
tirit  principles  of  human  natuVe,  from  which  the  forma- 
tion of  ail  kinds  of  government  is  derived.  With  this 
view,  I  have  attempted  an  analyzation  of  the  mental 
and  corporeal  faculties,  in  order  to  (hew  in  what  man- 
ricr  they  reciprocally  influence  each  other  in  the  va- 
rious actions  of  man,  not  only  as  an  individual,  but 
as  a  gregarious  being,  impelled  by  nature  to  aflociate 
in  communities.  From  hence  I  have  attempted  to  de- 
lineate in  what  manner  legiflature  fprang  and  proceeded 
from  its  fource,  through  that  variety  of  meanders  which 
it  hath  formed  in  its  current,  both  before  and  fince  the 
introduftion  of  one  common  fign,  whereby  to  exprefs 
the  intrinfic  value,  not  only  of  all  the  productions  of 
nature  and  of  art,  but  even  of  the  human  faculties,  as 
they  are  now  efliraated  ;  to  compare  the  conilitutions 
of  thofe  different  flates  which  have  been,  and  are  the 
mod  celebrated  in  ancient  and  modern  hiftory,  with 
each  other,  and  v/ith  that  of  England  ;  and  then  to  de- 
rive fome  reafonable  grounds  for  the  determination  of 
that  which  feems  to  be  the  moll  confentaneou>  with 
the  primogeniat  inllitutes  of  nature,  and  the  happinefs 
of  human  kind.  In  confequence  of  this  intent,  the 
manners  that  fucceflively  arofe  and  prevailed  in  fuch 
ilates,  the  benefits  and  niilchiefs  which  enfued  from 
them,  are  delineated,  in  order  to  explain  on  what  foun- 
dation the  welfare  of  national  communities  may  moll 
probably  be  eftablilhed." 

This  plan,  thus  delineated,  he  at  times  employed  him- 
felf  in  filling  up  ;  but  on  being  rudely  attacked  for  not 
performing  his  proinifc  v/ith  his  fubfcribers,  he,  ni 
1774,  obferved — "  From  the  inevitable  obligations,  not 
only  of  fupporting  my  own  family,  but  thole  alfo  whom 
as  fon  and  brother  it  was  my  duty  to  fullain  for  forty 
years,  and  which,  refpedting  the  claims  of  the  latter, 
itill  continues  ;  it  will  be  ealily  difcerned  that  many  an 
avocation  mud  have  proceeded  from  thefe  circumllances, 
as  well  as  from  a  fenfe  of  gratitude  to  his  majefty,  in 
defence  of  whofe  goverrrtiient  I  have  thought  it  my 
duty  occafionally  to  exert  my  bell  abilities."  He  adds, 
however,  that  he  did  not  intend  to  die  until  what  he 
had  propofcd  was  finiflicd  ;  a  promife  which  the  event 
lias  lliewn  he  was  unable  to  perform. 

In  prifon  he  was  detained  during  the  whole  time  of 
the  fentence,  and  with  fome  degree  of  rigour  ;  for  when 
his  life  was  in  danger  from  an  dl  Hate  of  health,  and 
he  applied  to  the  court  of  King's  Bench  for  permiffion 
to  be  carried  into  the  rules  a  few  hours  in  a  day,  tho' 
Lord  Mansfield  acceded  to  the  petition,  yet  the  prayer 
of  it  was  denied  and  defeated  by  Judge  Fofter.  At 
the  expiration  of  the  time  of  his  fentence,  a  new  reign 
had  commenced  ;  and  fiiortly  afterwards,  during  the  ad- 
minillration  of  Mr  Grenville,  a  pcnfion  was  granted  him 
by  the  crown.  This  he  obtained  by  the  perfonal  ap. 
plication  of  Sir  John  Philips  to  the  King,  who,  on  that 
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occafion,  was  plcafcd  to  fpeak  of  him  in  very  favour- Shclibearei 
able  terms,  which  he  promifed  undeviatingly  to  endea- '  *  ""' 
vour  to  deferve  by  allegiance  and  gratitude. 

From  the  time  of  that  event  we  find  Dr  Shebbeare 
a  uniform  defender  of  the  meafurcs  of  Government, 
and  the  mark  again  11  whom  every  oppofer  of  adminillra- 
tion  confidered  hiinfelf  at  liberty  to  throw  out  the 
groflell  abufe.  Even  the  friends  of  power  were  often 
adverfe  to  him.  Dr  Smollct  introduced  him  in  no  very 
relpeftful  light,  under  the  name  of  Ferret,  in  the  nov<;l 
of  Sir  Launcelot  Greaves,  and  Mr  Hogarth  made  him 
one  of  the  group  in  the  third  eleftion  print. 

Scarce  a  periodical  publication  was  without  fome 
abufe  of  him,  which  he  feems  to  have  in  general  had 
tlie  good  fenfe  to  negleft.  In  the  year  1774,  how- 
ever, he  departed  from  his  general  practice,  and  defend- 
ed himfelf  from  fome  attacks  at  that  time  made  upon 
him.  In  this  pamphlet  he  reprefented  the  conduit  and 
charafter  of  King  William  in  fuch  a  light  as  to  excite 
the  indignation  of  every  Whig  in  the  kingdom  ;  he 
treated  him  in  print  with  as  great  feverity  as  Johnfon 
ufed  to  do  in  converfation. 

Early  in  life  he  appears  to  have  written  a  comedy, 
which  in  1766  he  made  an  effort  to  get  reprefented  at 
Covent  Garden.  In  176S  he  wrote  the  Review  of 
Books  in  the  Political  Regifter  for  three  months,  and 
was  often  engaged  to  write  for  particular  perfons,  with 
whom  he  frequently  quarrelled  when  he  came  to  be 
paid.  This  was  the  cafe  with  Sir  Robert  Fletcher, 
and  we  think  of  others.  His  pen  feems  to  have  been 
conftantly  employed,  and  he  wrote  with  great  rapidity, 
what  certainly  can  now  be  read  with  little  fatisfaflion, 
and  mud  foon  be  forgotten.  Though  penfioned  by 
government,  he  can  fcarce  be  faid  to  have  renounced 
his  opinions  ;  for  in  the  pamphlet  already  mentioned, 
his  abufe  of  the  Revolution  is  as  grofs  as  in  that  for 
which  he  fuffered  the  pillory.  His  violence  defeated  his 
own  purpofe,  and  made  thofe  who  agreed  in  party  with 
him  revolt  from  the  virulence  with  which  he  treated 
his  adverfaries.  During  the  latter  years  of  his  life  he 
feems  to  have  written  but  little.  He  was  a  ftrenuous 
fupportcr  of  the  miniflry  during  the  American  war,  ha. 
ving  publilhed,  in  1775,  -^'^  Anfwer  to  the  printed 
Speech  of  Edmund  Bmke,  Efq;  fpoken  in  the  Houfe 
of  Commons,  April  19,  1774.  In  which  his  know- 
ledge in  polity,  legiflature,  human  kind,  hillory,  com- 
merce, and  finance,  is  candidly  examined  ;  his  arguments 
re  fairly  refuted  ;  the  condndl  of  adminillration  is  fully 
defended  ;  and  his  oratoric  talents  are  clearly  expofed 
to  view. — And  An  Eflay  on  the  Origin,  Progrefs,  and 
Ellablifhment  of  National  Society  ;  in  which  the  prin- 
cipks  of  Government,  the  definitions  of  phyfical,  moral, 
civil,  and  religious  Liberty  contained  in  Dr  Price's  Ob- 
fervations,  S:c.  are  fairly  examined,  and  fully  refuted  ; 
together  with  a  juflification  of  the  Legiflature  in  redu- 
cing America  to  obedience  by  force.  To  which  is 
added,  an  Appendix  on  the  Excellent  and  Admirable 
in  Mr  Burke's  fecond  printed  Speech  of  the  22d  of 
March  1775,  both  8vo. 

His  publications,  fatirical,  political,  and  medical, 
amount  to  thirty-four,  befides  a  novel,  entitled  Lydia, 
or  Filial  Piety;  in  which  religious  hypocrify  and  blntler- 
ing  courage  are  very  properly  chaftifed.  He  died  on 
the  ill  of  Augull  1788,  leaving,  among  thofe  who 
knew  him  beft,  the  character  of  a  benevolent  man  ;  a 
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Sheers     cliarafter  which,  from  the  manner  in  which  he  fpeaks 
of  liis  connexions,  he  probably  dtferved. 
^       SHEERS,  aboard  a  ihip,  an  engine  iifed  to  hoill  or 
difplace  the  lower  mails  of  a  fliip. 

SHEIBON,  a  dillria  in  Africa,  lying  to  the  fonth- 
eaft  of  the  kingdom  of  Dar-Fiir  (See  Soudan  in  this 
volume),  where  much  gold  is  found  both  in  duft  and  in 
fmall  pieces..  The  natives,  who  are  idolaters  and  fa- 
vages,  coUeft  the  dull  in  quills  of  the  oftrich  and  vul- 
ture, and  in  that  condition  fell  it  to  the  merchants. 
They  have  a  ceremony  on  difcovering  a  large  piece  of 
gold,  of  killing  a  flieep  on  it  before  they  remove  it. 
The  people,  who  are  all  black,  have  fome  form  of  mar- 
riage, ».  e.  of  an  agreement  between  man  and  woman 
to  cohabit.  Women  of  full  age  wear  a  piece  of  plaited 
grafs  on  their  parts.  The  younger  and  unmarried  are 
quite  naked.  The  flaves,  which  are  brought  in  great 
numbers  from  this  quarter,  are  fome  prifoners  of  war 
among  themfelves  (for  their  wars  are  frequent),  and 
fome  feduced  by  treachery,  and  fold.  But  it  is  faid  to 
be  a  common  practice  for  a  father  in  time  of  fcarcity  to 
fell  his  children. 

At  Sheibon  are  fome  Mahommedans,  who  live  among 
the  idolaters,  and  wear  clothing  :  it  is  not  faid  whether 
Arabs  or  not.  Mr  Browne,  from  whofe  travels  we 
have  taken  this  account  of  Sheibon,  does  not  give  its 
latitude  or  longitude. 

SHILLUK,  a  town  in  Africa  on  the  banks  of  the 
Bahr-el-aljiad,  or  true  Nile.  The  houfes  are  built  of 
clay,  and  the  inhabitants,  who  are  idolaters,  have  no 
other  clothing  than  bands  of  long  grafs,  which  they 
pafs  round  the  waift  and  between  the  thighs.  They 
are  all  black  ;  both  fexes  are  accuftomed  to  fliave  their 
heads.  The  people  of  Shilluk  have  the  dominion  of 
the  river,  and  take  toll  of  all  paflengers,  in  Inch  articles 
of  trafEck  as  pafs  among  them.  The  name  Shilluk  is 
not  Arabic,  and  its  meaning  is  unknown. — When  aflv- 
ed  concerning  their  name  or  country,  the  people  reply 
Shilluk.  When  employed  in  tranfporting  Mahomme- 
dans acrofs  the  ferry,  they  occafionally  exhibit  the  im- 
portance which  their  fituation  gives  them.  After  the 
Muflim  has  placed  himfelf  in  the  boat,  they  will  allt 
him,  "  Who  is  the  mailer  of  that  river?"  'I'he  other 
replies,  as  is  ufual,  "  UUah  or  Rubbani"-  God  is  the 
mailer  of  it.  "  No  (anfwers  the  Shilluk),  you  mud 
fay  that  fuch  a  one  (naming  his  chief)  is  the  mailer  of 
it,  or  you  fliall  not  pafs."  They  are  reprefented  as 
fhewing  hofpltality  to  fuch  as  come  among  them  in  a 
peaceable  manner,  and  as  never  betraying  thofe  to 
whom  they  have  once  accorded  protection.  The  par- 
ticulars ot  their  worfliip  have  not  been  dcfcribcd.  Tn 
Mr  Browne's  map,  ShiUuck  is  placed  in  about  13'  N. 
Lat.  and  32'  26'  E.  Long. 

SHIP.  See  that  article,  and  Shipbuilding  (^En- 
cycl.),  and  likewife  Flo/itikg  Bodies  [Suppl.)  In  the 
Trar.faHtovs  of  the  Royal  Society  of  London  for  1 798, 
Mr  Atwood  ha'  com.pleted  his  difquifition  on  the  Slahi- 
lity  of  Ships  ;  but  as  the  memoir  cannot  be  abridged, 
we  muft  refer  the  fcientific  naval  architedl  to  the  original 
for  much  ufeful  information. 

A  fmall  work  has  lately  been  publlfhed  by  Charles 
Gore,  Efq:  of  Weimar  in  Saxony,  upon  the  refpeciive 
Felocily  of  Floating  Bodies  varying  in  Form.  It  con- 
tains merely  the  refults  of  two  feries  of  experiments  : 
from  the  firft  of  which  feries,  it  feems  to  appear  that 
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the  form  beft  calculated  for  velocity  is  a  long  parallel  5hi|>. 
body,  terminating  at  each  end  in  a  parabolic  cuneus,  """v— 
and  having  the  extreme  breadth  in  the  centre.  Alfo, 
that  making  the  cuneus  more  obtufe  than  is  neceffary 
to  bre.ik  with  fairnefs  the  curve  line  into  the  (Iraight, 
creates  a  confidernble  degree  of  impediment.  And  Mr 
Gore  is  inclined  to  think,  that  the  length  of  fliips, 
vvhich  has  already  been  extended  with  fuccefs,  to  four 
times  the  breadth,  is  capable,  with  advantage,  of  flill 
further  extenfion,  perhaps  to  five,  and,  in  fome  cafes, 
even  to  fix  times. 

The  fecond  fet  of  experiments  was  iuftituted  to  af- 
certain  the  refpec'tive  degrees  of  (lability,  or  power  of 
refilling  the  preffure  of  the  wind,  in  carrying  fail,  on 
bodies  of  different  forms.  The  bodies  ufed  in  the  ex- 
periments had  their  fpecific  capacities  and  weights  pre- 
cifely  equal,  but  their  forms  different  ;  and  from  the  re- 
fults, it  appears  that  the  form  of  a  midlhip  body,  beft 
adapted  for  liability  only,  is  a  flat  bottom,  with  per- 
pendicular fides  ;  and  that  the  next  belt  adapted  is  a 
femicircle.  But  as  there  exills  much  difficulty  In  con- 
ftrudling  the  former  with  fiifiicient  ftrength,  befides  its 
being  ill  adapted  to  heavy  feas,  as,  by  the  fudden  defcent 
in  pitching,  the  bottom  will  ftrike  the  water  nearly  at 
right  angles,  and  fullain  thereby  a  tremendous  Ihock. 
And  as  the  latter  feems  to  be  too  inclinable  to  tranf- 
verfe  ofcillation,  or  rolling,  and  alfo  to  be  deficient  in 
capacity  for  many  fervices,  our  author  is  of  opinion,  that 
a  midfhip  body,  of  a  compounded  form,  is  mod  appli. 
cable  to  general  purpofes. 

On  account  of  the  few  documents  before  us,  we  are 
unable  to  fpeak  critically  concerning  this  tracl.  To 
benefit  naval  architefture,  we  are  of  opinion,  that  the 
method  of  experiment  is  more  fure  and  expeditions  than 
that  of  calculation  :  yet  conclufions  from  experiments 
mull  be  drawn  with  great  ca\ition.  It  is  by  no  means 
certain  that  a  refult  obtained  for  a  body  of  a  given  bulk 
will  obtain  for  fimilar  bodies  which  differ  in  dimenfions. 
We  (hall  conclude  this  (liort  article  with  a  llatemcnt 
of  the  principles  upon  which  Patrick  Miller,  Efq;  of 
Dalfwinton  (Scotland),  propofes  to  condruCl  flilps  and 
vcffels  which  cannot  founder. 

The  veffel  is  to  be  kept  afloat,  without  the  v'A  of  its 
fides,  folely  by  the  buoyancy  of  its  bottom,  which  is 
flat  ;  the  bottom  never  being  fo  deeply  immerfcd  as  to 
bring  the  upper  furface  thereof  on  a  level  wilh  the  wa- 
ter ;  fuch  velfels  not  being  conflrufled  for  the  purpofc 
of  carrying  cargoes,  but  for  that  of  carrying  parfengers, 
with  the  neceffary  (lores  and  provifions  ;  and  as  thel'e 
vefftls  are  not  kept  afloat  by  the  aid  of  their  fides,  but 
by  the  buoyancy  of  their  bottom,  as  above  dcfcribcd, 
they  cannot  fink,  and  therefore  pumps  are  not  required, 
nor  are  they  in  any  refpcft  neceffary  for  the  preferva- 
tion  of  fuch  veffels.  The  faid  vcflel  is  put  in  motioii, 
during  .calms,  and  againll  light  winds,  by  means  of 
wheels.  Thefe  wheels  project  beyond  the  fides  of  the 
veffel,  and  are  wrought  by  means  of  capfians  :  the 
number  and  the  dimenlions  of  the  wheels  depend  upon 
the  length  of  the  veffel.  Tliefe  wheels  are  built  with 
eight  arms,  which  confiff  entirely  of  plank.  Sliders 
are  ufed  to  work  and  to  keep  the  veffel  to  windward 
when  under  fail.  Thefe  (llders  are  placed  in  the  centre 
of  the  veffel,  from  (lem  to  Hern  ;  they  are  made  of 
plank,  and  the  number  and  dimenfions  mull  depend  on 
the  length  of  the  veffel ;  and  they  are  raiftd  and  let 
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RWp.  down,  either  by  the  hand,  or  hv  means  of  a  piirchafe, 
••~v^—  according  to  thr  ih-c  of  the  vdltl.  VefTols  of  this  coii- 
ftriiftion  draw  water,  in  proportion  to  ihcfr  din-.enfions, 
as  follows  :  a  \ei\i\  of  forty  feet  in  It  n;Tth,  and  from 
thirteen  to  niiietcLMi  tcet  in  brcadtii,  will  draw  from 
thirtec;i  to  lixteeu  iriches  of  water.  One  of  fit'ty  feet 
in  length,  and  from  Uventeen  to  twenty-four  fe^-'t  in 
breadth,  will  draw  irom  fifteen  to  eigliteeii  inthes  of 
■water.  One  fixty  feet  K<Mir,  and  troni  twent)  to  trt'cntv- 
tight  ftct  broad,  will  dv;iw  frum  eighteen  to  twenty- 
one  inches  of  water.  One  'evenly  feet  lon^';,  and  from 
twenty-thiee  to  thirty  two  teet  broad,  wiii  draw  from 
twenty  one  to  twenty-tour  inches  of  witer.  One 
eighty  feet  long,  and  irom  twentyfeven  to  thirty-ftven 
feet  broad,  will  draw  from  twenty- four  to  twenty  feven 
inches  of  w.iter.  One  ninety  feet  h)ng,  and  trom  thirty 
to  forty  two  feet  broad,  will  diaw  from  twenty  icveii  to 
thirty  inches  of  water.  One  ofone  hundred  feet  in  length, 
and  from  thirty-three  to  forty  fevcn  feet  in  breadth, 
will  draw  from  thirty  to  thirty-three  inches  of  water. 

As,  fix>m  the  princi])le  upon  which  this  vcfTeJ  is  con- 
ftruttcd,  Hie  cannot  hnk,  the  invention  trull  prove  a 
means  of  faving  many  lives ;  and  as  it  will  give  more 
room  and  height  between  the  decks  than  any  veflel  of 
the  fame  dimenfions  of  anothci  conftruftion,  it  niuft 
add  greatly  to  the  comfort  and  accommodation  of  pcr- 
fons  at  fca  of  all  defcriptions.  It  is  expefted  that,  from 
thefe  advantages,  a  niore  general  and  friendly  inter- 
courfe  amongll  nations  will  take  place,  which  will  have 
the  effeA  to  diffnie  knowledge,  and  to  remove  national 
prejudices,  thereby  promoting  the  general  welfare  of 
mankind.  At  prefent -{fays  Mr  Miller),  it  would  be 
altogether  improper  to  give  any  dticription  of  fliips  of 
greater  dimenfions,  left  it  fliould  be  converted  to  a  pur. 
pofe  very  difteient  from  that  intended  by  the  inventor. 

SHIPWRECK,  a  well  known  difaller.  by  which 
numbers  of  lives  arc  yearly  loft.  In  that  valuable  niif- 
cellany  entitled.  The  Pbdnfcphical  Magiizinc,  wc  have 
an  account  of  means  for  preventing  that  lofs,  when  the 
(hip  is  in  danger  within  two  or  three  hundred  fathoms 
of  the  (hore  ;  and  as  the  anonymous  author  (a  French- 
man) fays  that  he  has  by  experiment  afcertained  the  ef- 
ficacy of  thefe  means,  we  (hall  (late  them  to  our  readers. 

The  only  certain  means  of  faving  the  crew  of  a  vedel 
in  fuch  a  ftate  is,  to  eftabliih  a  rope  of  communication 
from  the  ihore  to  the  (hip.  But  how  is  this  to  be  done  ? 
The  author  fays,  by  lixing  the  end  of  the  rope  to  a 
bomb  or  cannon  ball,  ana  extending  the  rope  after- 
wards, in  a  zig-zag  diretfion,  bctore  the  mortar  or  can- 
non, or  fulpending  it  on  a  piece  ot  wood  raifcd  feveral 
feet.  A  rope,  fo  placed,  will  not  break  (he  f.^ys)  by 
the  greateft  velocity  which  can  be  given  to  the  bomb 
or  ball ;  and  thus  the  end  of  it  can  be  lent  afliore  by  a 
difcharge  of  artillery.  He  prefers  the  bomb  to  the  cannon 
ball,  for  reafons  which  he  does  not  alhgn.  He  propoles, 
however,  other  means  to  efteft  his  benevolent  purpofe. 

"  It  ought  to  be  remembered  (fays  he),  that  a  veflel 
is  never  calt  away,  or  perifnes  on  the  coafl,  but  becaufe 
it  is  driven  thither  againft  the  will  of  the  captain,  and 
by  the  violence  of  the  waves  and  the  wind,  which  almoft 
always  blows  from  the  fea  towards  the  (hore,  without 
which  there  would  be  no  danger  to  be  apprehended  : 
confequently,  in  thefe  circumftances,  the  wind  comes  al- 
ways from  the  fea,  either  diretlly  or  obliquely,  and 
blows  towards  the  ihore. 
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"-  Jyf,  A  common  pa])er  kite,  therefore,  lannched 
from  the  vpffel  and  driven  by  the  wind  to  the  (hore, 
wonld  be  fufHcient  to  f.ivt  a  crew  confifting  of  I  joo 
fea"ien,  if  fuch  w^e  the  number  of  a  (h'p  of  war. 
This  kite  would  ctn\ey  to  the  (liore  a  Itrong  pack- 
thread, to  the  end  cf  which  might  he  afiixed  a  cord, 
to  be  dra«  11  on  board  by  means  of  the  llring  rf  the 
kite  ;  and  with  thi:^  cord  a  rope,  or  as  '  any  as  ihouid 
be  neceffary,  mif;ht  be  coiivejid  to  the  (liip. 

"  id,  A  ftn.":!!  balloon,  oi  fix  or  fevcn  feet  in  dia- 
meter, and  railed  by  rarefied  air,  would  be  alfo  an  ex- 
celfjnt  means  for  the  like  piirjiufe  :  bi  ing  driven  by  the 
wind  from  the  vefTel  to  the  (hore,  it  would  carry  thither 
a  Itring  CPpable  of  drawing  a  cord  with  which  ieveral 
ropes  might  be  afterwards  convened  to  the  vefTel.  Had 
not  the  diicovcry  of  Moiitgolhcr  produced  any  other 
benefit,  it  would  be  entitled  on  this  account  to  he  con- 
fidered  -is  of  great  importance. 

"  3^/,  A  fliy-rocket,  of  a  large  diameter,  would  be 
of  equal  fervicc.  It  would  alio  cany,  trom  the  veffel 
to  the  (hole,  a  ftiing  capiihle  of  drawing  a  rope  after  it. 

"  Lafih',  A  fcurth  plan  for  fiving  the  crew  of  a  (liip- 
vvrecked  viirel,  is  that  ot  throwing  from  the  vefTel  into 
the  fea  an  empty  cafic  v.!th  a  cord  attached  to  it.  The 
wind  and  the  waves  would  drive  the  caflj  to  the  (hore, 
and  afford  the  means  of  etfablifliing  that  rope  of  com- 
munication already  mentioned." 

SILLA,  a  large  town  on  the  Niger,  which  bounded 
Mr  Park's  travels  eallward.  He  gives  no  defcription 
of  the  place,  which  he  had  not  fpirits  or  health  to  fur- 
vey  ;  but  fills  a  page  of  his  work  with  the  reafons  which 
determined  him  to  proceed  no  farther.  "  When  I  ar- 
rived (fays  he),  I  was  fuffered  to  remain  till  it  was 
quite  dark,  under  a  tree,  furrounded  by  hundreds  of 
people.  But  their  language  yvas  very  different  from 
the  other  parts  of  Bambarra  ;  and  1  was  informed  that, 
in  my  progrefs  eailward,  the  Bambarra  tongue  was  but 
little  underftood,  and  that  when  I  reached  Jenne,  1 
Ihonld  find  that  the  majority  of  the  inhabitants  (poke  a 
different  language,  called  ferine  Kummo  by  the  Negroes, 
and  Kalam  Soudan  by  the  Moors. 

"  With  a  great  deal  of  entreaty,  the  Dooty  allowed 
me  to  come  into  his  balloon,  to  avoid  the  rain  ;  but  the 
place  was  very  damp,  and  I  had  a  fmart  paroxyfm  of 
fever  during  the  night.  Worn  down  by  ficknefs,  ex- 
haufled  with  hunger  and  fatigue,  half  naked,  and  with- 
out any  article  of  value,  by  which  I  might  procure  pro- 
viilons,  clothes,  or  lodging,  I  began  to  uflecl  feiioufly 
on  rrvy  iituation.  I  was  now  convinced,  by  painful  ex- 
perience, that  theobftacles  to  my  farther  progrefs  were 
iiifurmoiinfible.  The  tropical  rains  were  already  let  in 
with  all  their  violence  ;  the  rice  grounds  and  fwamps 
were  everywhere  overflowed  ;  and  in  a  few  days  more, 
travelling  of  every  kind,  uiileis  by  water,  would  be  com- 
pletely obn;ru61;ed.  The  kowries  which  remained  of  the 
king  of  Bambarra's  prefent  were  not  fufficient  to  enable 
me  to  hire  a  canoe  for  any  great  diflance  ;  and  I  had 
but  little  hopes  of  fubfifting  by  charity,  in  a  counti-y 
where  the  Moors  have  fuch  influence.  But  above  all, 
I  perceived  that  I  was  advancing  more  and  more  with- 
in the  power  of  thofe  inercilefs  fanatics  ;  and  from  my 
reception  both  at  Sego  and  Sansanding  (fee  thefe 
articles,  StippL),  I  was  apprehenlive  that,  in  attempting 
to  reach  even  Jenne  (unlefs  under  the  protedfion  of 
fome  man  of  confequence  amongft  them,  which  I  had 
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no  mean*  of  obtaining),  I  fliould  faci-fice  my  life  to  no 
purpofe;  for  my  difcoveries  would  pcrilli  with  me.  The 
^  proipcd  either  way  was.  gloomy.  In  rcluniiiig  to  the 
Gambia,  a  journey  on  foot  of  (Aduy  hundred  miles  pre- 
fciited  itfk'lf  to  my  couten'plation,  ihroiigh  rej^ions  and 
countries  unknown.  Neverthelefs,  this  fecnied  to  be 
the  only  alternative  ;  for  I  faw  inevitable  deftruttiou  in 
attcnipling-to  proceed  to  the  eallward.  With  th:s  coii- 
viclion  on  my  mind,  1  hope  my  readers  will  acknow- 
ledge that  I  did  right  in  going  no  lartiier.  I  had  made 
every  eifort  to  execute  n.y  miffion  in  lis  fuUeil  extent 
v.'hich  prudence  could  judily.  Had  there  been  tiie  iiioll 
diflant  prulpeLt  uf  a  »ueccfstul  termination,  ncitiier  ihe 
unavoiJablc  hardlliips  of  the  journey,  nor  the  dangers  of 
a  fecond  captivity,  Ihould  have  forced  me  to  defiil. 
This,  however,  ntiellity  compelled  me  to  do:  and  what- 
ever may  be  the  opinion  of  my  general  readers  on  tliis 
point,  it  alforJs  me  inexprelTible  fatisfiftion,  lliat  my 
honourable  employers  have  been  pleafcd,  lince  my  re- 
turn, to  expreis  their  full  approbation  of  my  conduct  " 
He  would  be  a  very  unrealonable  man,  indeed,  who 
could  on  this  point  think  dlfTerently  from  Mr  Park's 
employers.  SiUa  is  placed  in  the  new  map  of  Africa 
in  about  14"  48   N.  Lat.  and  1°  24'  W.  Long. 

SILLON,  in  fortification,  an  elevation  of  eartii, 
made  in  the  middle  of  the  moat,  to  fortify  it,  when  too 
broad.      It  is  more  ulually  called  tiie  etiveli/>e. 

SIMANCAS,  a  village  on  the  eallem  limit  of  the 
kingdom  of  Leon  in  Spain,  two  leagues  below  Valla- 
dolid,  on  the  river  Gifnerga.  It  is  mentioned  by  Dr 
Robertfon  in  the  introduftion  to  his  Hiilory  of  Ame- 
rica, and  is  remarkable  for  the  archives  or  regiller  of- 
fice of  the  kingdoms  (>f  Leon  and  Caftile,  kept  in  the 
caftle  there.  This  colleftiuw  w'as  begun  when  the  kings 
refidcd  often  at  Valladolid  ;  in  which  city  to  this  day  is 
the  chancery  or  civil  and  military  tribunal  for  almoft 
all  Spain  to  the  north  of  the  Tagus.  it  was  thought 
convenient  to  have  thofe  papers  kept  in  the  neighbour- 
hood of  that  court;  and  this  caftle  was  particularly  fit 
for  that  purpofe,  as  it  is  all  built  of  ftone.  Some  years 
ago  there  were  two  large  halls  in  this  office  filled  with 
papers  re'.-iting  to  the  firft  fcttlement  of  the  Spaniards 
in  South  America.  There  was  alfo  in  the  room  c.iUed 
the  ancient  royal palromige  a  box  containing  treaties  with 
England,  in  which  are  many  letters  and  treaties  be- 
tween the  kings  of  England  and  Spain  from  about  the 
year  1400  down  to  1600.  There  was  alfo  in  the  fame 
archives  a  ilrong  box,  with  five  locks,  which,  it  is  faid, 
has  not  been  opened  fince  the  time  of  Philip  li.  and  it 
is  conjeftured  that  it  contains  the  procefs  againft  Phi- 
lip's Ion  Prince  Charles.  But  it  foems  foine  of  the 
Hate  papers  have  been  removed  to  Madrid. 

SITUS,  in  algebra  and  geometry,  denotes  the  frtua- 
tion  of  lines,  fuiiaces,  &c.  Woi  bus  delivers  (pme  things 
in  geometry,  which  are  not  deduced  from  the  common 
analyfis,  particularly  matters  depending  on  X.\ic  Jitus  of 
lines  and  figures.  Leibnitz  has  even  founded  a  parti- 
cular kind  of  analyUs  upon  it,  called  calculus J'ttus. 

SIWA,  a  town  in  Egypt,  to  the  weftward  of  Alex- 
andria, built  on  a  fmall  fertile  fpot  or  OaCs,  which  is 
fnrrounded  on  all  fides  by  defert  land.  A  large  pro- 
portion of  this  fpace  is  filled  with  date  trees ;  but  there 
are  alfo  pomegranates,  figs,  and  olives,  apricots,  and 
plantains ;  and  the  gardens  are  remarkably  flourifhitig. 
They  cultivate  a  confiderable  quantity  of  rice,  which, 
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however,  is  of  a  reddilh  hue,  and  different  from  that  of  Siwa. 
the  Delta.  The  remainder  of  the  cultivable  land  fur.  '~~"V— ' 
nilhes  wlieat  enough  for  the  confumption  of  the  inlia- 
bitaiils.  Water,  both  lalt  and  frcfh,  abounds  :  but  the 
fprings  which  fjruifh  the  la'ler  are  moft  of  them  tepid  ; 
and  fueh  is  the  nature  of  the  vvater,  air,  and  other  cir- 
cumllances,  that  ftrangers  are  often  affected  with  agues 
and  malignant  fevers. 

The  greateCi  curiolity  about  Siwa  is  a  ruin  of  un- 
doubted antiquity,  which,  acccidin^,  to  Mr  Browne,  re- 
feinblcs  too  exnClly  thofe  of  the  Upper  Egypt,  to  leave 
a  doubt  that  it  was  eredted  and  ad.jrned  by  tlie  fame 
intelligent  race  of  men.  The  figures  ot  lii.s  and  Anu- 
bis  are  confpicuous  among  the  feulptures  ;  and  the  pro- 
portions are  thofe  of  the  Egyj'tian  temples,  though  in 
miniature.  What  of  it  remains  is  a  lingle  apartment, 
budt  oi  malTy  Itones,  of  the  fame  k'.iid  as  ihoic  of  which 
the  pyramids  coiilhl  ;  and  covered  originally  witii  fix 
large  and  loiid  iilocks,  that  reach  from  one  wall  to  the 
other.  Ttie  le-tjgth  is  52  feet  in  the  cKar,  the  height 
about  ih,  the  width  15.  A  gate,  fituated  at  one  ex- 
tremity, forms  the  principal  entrance  ;  and  two  doors, 
alio  near  tliat  extremity,  open  oppoiite  tii  each  other. 
Tne  other  end  is  quit  ruinous;  but,  judging  from  cir- 
cuinftances,  it  may  be  imagined  that  the  building  has 
never  been  much  larger  than  it  now  is.  There  is  no 
appearance  of  any  other  edifice  h.iving  been  attached 
to  It,  and  the  Icfs  fo  as  there  are  rrmains  of  fculpture 
on  the  exterior  of  the  walls.  In  the  interior  are  three 
rows  of  emblematical  figures,  apparently  defigncd  to  re- 
prefent  a  proceffion  ;  and  tlie  fpace  between  them  is 
filled  with  hieroglyphic  characters,  properly  fo  called. 
The  people  of  Siwa  have  no  tradition  concerning  this 
edifice,  nor  attribute  to  it  any  quality,  but  that  of  con- 
cealing treafures,  and  being  the  haunt  of  demons.  It 
has,  however,  been  fuppofcd,  with  fome  degree  of  pro. 
bahility,  that  Siwa  is  the  Siropum  of  Pliny,  and  that 
this  building  was  coeval  with  the  famous  temple  of  Ju- 
piter  Ammon,  and  a  dependency  on  it.  This  may  be 
io  ;  but  neither  the  natives  of  Siwa,  nor  the  various 
tribes  of  Arabs  who  frequent  tliat  place,  know  any 
thing  of  the  ruins  of  that  temple,  about  which  Mr 
Browne  made  every  poffible  enquiry.  "  It  may  (as  he 
obferves)  uill  fiirvive  the  lapfe  of  ages,  yet  remain  uii- 
known  to  t!ie  Arabs,  who  traverfe  the  wide  expanfe  of 
the  defert  ;  but  Inch  a  circumftance  is  fcarctly  probable. 
It  may  be  completely  overwhelmed  in  the  faud  ;  but 
this  is   hardly  within  the  compafs  of  belief." 

The  complexion  of  the  people  of  Siwa  is  generally 
darker  than  that  of  the  Egyptians.  Their  dialed  is 
ailo  different.  They  are  not  in  the  habitual  ufe  either 
of  colfee  or  tobacco.  Their  fe6t  is  that  of  Malik.  The 
drcls  of  the  lower  clafs  is  very  fimple,  they  being  al- 
moll  naked  ;  among  thofe  whole  coftume  was  difcern- 
ible,  it  approaches  nearer  to  that  of  the  Arabs  of  the 
defert  than  of  the  Egyptians  or  Moors.  Their  cloth- 
ing confifts  of  a  Ihirt  of  white  cotton,  with  large  ileeves, 
and  reaching  to  the  feet  ;  a  red  Tunifine  cap,  without 
a  turban  ;  and  flioes  of  the  fame  colour.  In  warm 
weather  they  commonly  call  on  the  (houlder  a  blue  and 
white  cloth,  called  in  Egypt  metaye ;  and  in  winter 
they  are  defended  from  the  cold  by  an  ihhram  or  blank- 
et.  The  lift  of  their  houfehold  furniture  is  very  fhort  ; 
fome  earthen  ware  made  by  themfelves,  and  a  few  mats, 
form  the  chief  part  of  it,  none  btit  the  richer  order 
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hi  being  poffcfred  of  copper  utenfils.  They  occafionally 
purchafe  a  few  flaves  from  the  Miirzouk  cavavan.  The 
remainder  of  their  wants  is  fupph'ed  from  Cairo  or  A 
lexandria,  whether  their  dates  are  tranlported,  both  in 
a  dry  ftate  and  beaten  into  niafh,  which,  when  good,  in 
fome  degree  refembles  a  fweet  meat.  They  cat  no  large 
quantity  of  animal  food  ;  and  brdad  of  the  kind  known 
to  us  is  uncommon.  Flat  cakes,  without  leaven,  knead- 
ed,  and  then  half  baked,  form  part  of  their  nourifh- 
ment.  The  remainder  confifts  of  thin  fheets  of  pafte, 
fried  in  the  oil  of  the  palm  tree,  rice,  milk,  dates,  6<.c. 
They  drink  in  great  quantities  the  liquor  extrafted 
from  the  date-tree,  which  they  term  ilale-lree  water, 
though  it  have  often,  in  the  ftate  they  diink  it,  the 
power  of  inebriating.  Their  domeftic  animals  are,  the 
iiairy  fhecp  and  goat  of  Egypt,  the  afs,  and  a  very 
fmall  number  of  oxen  and  camels.  The  women  are 
veiled,  as  in  Egypt.  After  the  rains,  the  ground  in 
the  neighbourhood  of  Siwa  is  covered  with  fait  for 
many  weeks.  Siwa  is  fituated  in  29'  12'  N.Lat.  and 
44.°  54'  E.  Long. 

SKIRMISH  Bay,  the  name  given  by  Lieutenant 
Eroughton  to  a  bay  in  an  idand,  which  was  difcovered 
by  him  in  latitude  43"^  48'  fouth,  and  in  longitude  i8j?" 
eall.  The  Chatham  armed  tender,  which  Mr  Brough- 
ton  commanded,  under  Captain  Vancouver  in  his  voy- 
age of  difcovery,  worked  up  into  the  bay,  and  came  to 
anchor  about  a  mile  from  the  (hore.  The  Lieutenant, 
"the  mafter,  and  one  of  the  mates,  landed,  and  found 
the  people  fo  extremely  inhofpitable,  that  they  were 
obliged  to  fire  upon  them  in  their  own  defence.  The 
land,  whether  ifland  or  continent,  is  of  confiderable 
magnitude  ;  the  part  which  they  faw  extended  nearly 
40  miles  from  cafi.  to  weft  ;  and  the  appearance  of  the 
country,  according  to  the  defcription  given,  is  very  pro- 
mifing.  In  many  refpefts,  the  natives  refcmble  thofe 
of  New  Zealand  ;  from  which  country  they  are  diftant 
iibout  100  league.".:  but  their  ft<ins  were  deftltute  of 
any  marks,  and  they  had  the  appearance  of  being  clean- 
ly in  their  perfons.  Their  dreftes  were  of  feal,  or  lea- 
bear  flvin,  and  fome  had  fine  woven  mats  fattened  round 
the  wailL  "  They  feemed  a  cheerful  race,  our  con- 
verfation  (fays  Mr  Broughton)  frequently  exciting  vio- 
lent burfts  of  laughter  amongft  them.  On  our  firft 
landing  their  furprife  and  exclamations  can  hardly  be 
imagined;  they  pointed  to  the  fun,  and  then  to  us,  as 
if  to  aflc,  whether  we  had  come  from  thence  :"  Their 
arms  were  fpears,  clubs,  and  a  fmall  weapon  refembling 
the  New  Zealand  patoo. 

SLIDING-RULE  (fee  that  article,  as  likewife  Cfu- 
ciNG-Rod,  Geometry,  and  Logahithmic  Lines,  En- 
cycl.)  is  introduced  here,  for  the  fake  of  a  new,  and 
(except  in  working  direft  proportions)  a  more  com- 
modious method  than  the  common,  of  applying  the 
Aider.  This  method,  which  is  propofed  by  the  Rev. 
W.  Pearfon  of  Lincoln,  is  as  follows  : 

Invert  the  Aider  B  on  any  common  Aiding  rule, 
whereby  the  numerical  figures  will  afcend  on  it,  and 
on  the  fixed  line  A,  in  contrary  direftions  ;  now,  as  the 
diftance  from  unity  to  any  multiplier,  on  Gunter's  line, 
will  invariably  extend  from  any  multiplicand  to  their 
produtl,  it  follows,  that  if  any  particular  number  on 
the  inverted  Aider  B  be  placed  oppofite  to  any  other 
given  number  on  A,  the  produtt  of  thofe  numbers  will 
■Sand  on  the  Aider  B,  againll  unity  on  A  ;  for,  in  any 
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pofition  of  the  inverted  Aider,  the  diftance  from  unity    SllJing, 
to  the  multiplier  on  A,  inftead  of  being  carried  forward      Snow, 
on  B,  as  when  the  Aider  is  in  a  diredl  pofition,  is  brought         ' 
back  thereby  to  unity  again  ;   fo  that  unity  (or  ten  on 
fingle  lines  where  the  Alder  is  too  Aiort  for  the  opera- 
tion)  is  invariably  the  index  for  the  produtl  ol  any  two 
coincident  numbers  throughout  the  lines. 

In  divifion,  by  the  fame  procefs,  if  the  dividend  on 
B  be  put  to  the  index,  or  unity  on  A,  the  divifion  and 
quotient  will  coincide  on  the  two  oppofite  lines  ;  fo 
that  when  one  is  given,  and  fought  tor  on  either  line, 
the  other  is  feen  on  its  oppofite  line  at  the  fame  time. 

The  next  operation  which  ofFeft  itfelf  here  is  reci- 
procal propmtion,  which  can  be  efFeftcd  by  no  other 
method  than  by  inverting  the  Aider,  but  which  is  ren- 
dered as  eafy  by  this  application,  as  direft  proportion 
is  in  the  common  way  ;  for  if  any  antecedent  number 
on  B  inverted  be  fet  to  its  confcquent  on  A,  any  other 
antecedent  on  B,  in  the  fame  pofition,  will  ftand  againll 
its  confequent  on  A,  fo  as  that  the  terms  may  be  in  a 
reciprocal  ratio.  In  fquaring  any  number,  it  will  ap- 
pear from  what  has  been  already  laid,  that  if  the  num- 
ber to  be  fquared  be  placed  on  B,  inverted  againft  the 
fame  on  A,  the  fquare  will  ftand  on  B,  againft  unity 
on  A.  Therefore,  to  extraft  the  fquare  root  of  any 
number,  let  that  number  on  B  ftand  againft  unity  on 
A  ;  and  then  wherever  the  coincident  numbers  are  both 
of  the  fame  value,  that  point  indicates  the  root.  If 
two  dividing  lines  of  the  fame  value  do  not  exadlly  co- 
incide, the  coincident  point  will  be  at  the  middle  of  the 
fpace  contained  between  thofe  two  which  are  neareft  a 
coincidence  ;  and  as  there  is  only  one  fuch  point,  there 
can  be  no  miftake  in  readily  afcertaining  it-  The  find- 
ing of  a  mean  proportional  between  any  two  numbers 
is  extremely  eafy  at  one  operation  ;  for  if  one  of  the 
numbers  on  B  inverted  be  fet  on  the  other  on  A,  the 
coincident  point  of  two  fimiljr  numbers  ftiews  either  of 
thofe  to  be  the  mean,  or  Iquare  root  of  their  produft, 
according  to  the  preceding  procefs.  Thus  have  we  a 
Aiort  and  eafy  method  of  multiplying,  dividing,  work- 
ing reciprocal  proportion,  fquaring  and  extradling  the 
fquare  root,  at  one  pofition  of  the  inverted  Aider, 
whereby  the  eye  is  direfted  to  only  one  point  of  view 
for  the  refult,  after  the  Aider  is  fixed  :  whereas,  by  the 
common  method  of  extracting  the  fquare  root  by  A 
and  B  direft,  the  Aider  requires  to  be  moved  back- 
wards and  forwards  by  adjuftment,  the  eye  moving  al- 
ternately to  two  points,  till  finiilar  numbers  ftand,  one 
on  B  againft  unity  on  A,  and  the  otlier  on  A  againih 
the  fquare  number  on  B;  which  fquare  number,  in  the 
cafe  of  finding  a  mean  proportional,  muft  be  found  by 
a  previous  operation.  Hence,  for  more  convenience  in 
the  extratlion  of  roots,  and  meafuring  of  folids,  an  ad- 
ditional line  called  D  has  been  added  to  the  rule,  which 
renders  it  more  con\plex,  and  conlequently  feldom  un- 
derftooil  by  an  artificer. 

SNOW.  See  that  article  [Encycl.),  where  we  have 
endeavoured  to  account  for  fnow's  contributing  to  the 
prcfcrvation  and  growth  of  vegetables.  It  muft  be  con- 
fcffed,  however,  that  if  fnow  pofiefied  only  the  proper, 
ty  of  prefervlng  vegetables,  and  of  preventing  them  from 
periAiing  by  the  feverity  of  the  cold,  it  is  not  at  all 
probable  that  the  ancient  philofophers  would  have  con- 
fidered  it  ns  depofiting  on  the  earth  nitrous  falts,  as 
they  might  have  afcertained,  by  a  very  Cmple  experi- 
ment, 


S     N     O 


m<nt,  tli»l  it  contains  none  of  that  fait  ;  for  llicy  did 
~  not  afcril>4e  the  fame  property  to  rain-water,  but  they 
remarked  that  fnow  burnt  the  flcin  in  the  mrtniier  of 
acids,  at  well  as  other  bodies  immerfed  in  it.  Being 
induced  to  conclude  that  there  was  nitre  in  the  air,  it 
was  natural  that  they  Ihould  afcribe  to  this  nitre  the 
Inirning  qualities  of  fnow,  and  confequently  its  influ- 
ence on  vegetation. 

Such  rcfledions  induced  Morveau,  alius  Citizen  Guy- 
tan,  to  employ  J.  H.  HalTenfrat/  to  inquire  into  the 
caufe  of  the  difference  of  the  effefts  of  fnow  and  rain- 
water 041  various  fubllances.  Haffentratz  found  that 
thtfe  differences  are  occafiontd  by  the  oxygenation  of 
the  fnow  ;  and  that  thefe  effefts  are  to  be  afci  ibod  to 
a  particular  combination  of  oxygen  in  this  congealed 
water.  He  put  io;o  grammes  of  fnow  in  ajar,  and 
looo  gramines  of  diflilled  water  in  another.  He  pour- 
ed into  eadi  of  the  jars  an  equal  quantity  of  the  fame 
folution  of  turnfole.  He  placed  both  the  jars  in  a  warm 
temperature  ;  and  after  the  fnow  melted,  he  remarked 
that  the  dye  was  redder  in  the  (iiow  water  than  in  the 
diililled  water.  He  repeated  this  experiment,  and  with 
the  fame  refult.  He  put  into  a  jar  icoo  grammes  of 
diililled  water,  and  into  another  looo  grammes  of  fnow. 
Into  each  of  the  jars  he  put  65  grammes  of  very  pure 
and  clean  fulphat  of  iron.  In  the  firll,  there  was  pre- 
cipitated o'ljo  grammes  of  the  oxide  of  iron,  and  0.010 
grammes  in  the  other.  As  the  oxide  of  iron  was  pre- 
cipitated from  a  folution  of  the  fulphat  by  oxygen,  it 
thence  follows,  that  the  fnow  contained  more  oxygen 
than  the  diililled  water  ;  and  it  follows,  from  the  lirft 
experiment,  that  this  quantity  of  oxygen  was  confider- 
able  enough  to  redden  the  tinfture  of  turnfole. 

It  is  fully  demonftrated  by  thefe  two  experiments, 
that  fnow  is  oxygenated  water,  and  that  it  mud  con- 
•fequently  have  on  vegetation  an  atlion  different  from 
that  of  common  ice.  The  experiments  of  Dr  Ingen- 
Jioufs  on  the  germination  of  feeds  have  taught  us,  that 
•the  prefence  and  conta(2  of  oxygen  are  abfolutely  ne- 
ceffary  for  the  plant  to  expand.  They  have  (liewn  alfo, 
that  the  more  abundant  the  oxygen  is,  the  more  ra- 
pidly will  the  feeds  grow.  Mod  plants  fuffered  to  at- 
tain to  their  perfect  maturity  (hed  on  the  earth  a  part 
of  their  feed.  Ttiefe  feeds,  thus  abandoned  and  expo- 
fed  to  the  a<Elion  of  cold,  are  preferved  by  the  fnow 
which  covers  them,  at  the  fame  time  that  they  find  in 
the  water  it  produces  by  melting,  a  portion  of  oxygen 
that  has  a  powerful  aflion  on  the  principle  of  germina- 
tion, and  determines  the  feeds  that  would  have  periflied 
to  grow,  to  expand,  and  to  augment  the  number  of  the 
plants  that  cover  the  furface  of  the  earth. 

A  very  confiderable  number  of  the  plants  which  are 
employed  in  Europe  for  the  nourifliment  of  men,  are 
fown  in  the  months  of  September,  OAober,  and  No- 
vember. The  feeds  of  fcveral  of  thefe  germinate  before 
the  cold  commences  its  aftion  upon  them,  and  changes 
the  principle  of  their  life.  The  fnow  which  covers  the 
reft,  afting  on  the  germ  by  its  oxygenation,  obliges 
them  to  expand,  and  to  increafc  the  number  of  ufeful 
plants  which  the  farmer  and  gardener  commit  to  the 
earth,  and  confequently  to  multiply  their  produftions. 

Here,  then,  we  have  three  effefts  of  fnow  upon  ve- 
getation, all  very  different,  which  contribute  each  fepa- 
rately  to  increafe,  every  year,  the  number  of  our  plants ; 
Sv*Pi..  Vol..  II.  Part  II. 
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to  give  them  more  vigour,  and  confequently  to  multx-      Snap, 
ply  our  crops.      Thefe  efl'cils  arc:    1.  To  prevciil  the  'o  f'c  in;;, 
plants  from   being  attacked  by  the  cold,  and   from  be- '"""' 
ing  changed  or  pcrifhing  by  its   force,      z.   To  furnilh 
vegetables  witli  ccntijiual  moifture,   which  helps  them 
to   procure   thofe   fubllances    neceffary    for   their   nutri- 
tion, and  to   prefcrve  them   in   a  ftrong  healthy   Hate. 
3.   To  caufe  a  greater  number  of  feeds  to  gcnninate, 
and  conlcquently  to  increafc  the  number  of  our  plants. 

SOAP.       See  Chemis  rRV./niiY.-<,  Suppl. 

SOLDERING.  Under  this  title,  in  the  Encych. 
pitdia,  we  have  given  diredlions  tor  foldcring  filver, 
brats,  and  iron  ;  but  there  are  otiier  metajs  which  muft 
fometimes  be  fnldered  ;  and  the  following  account  of 
different  folders,  taken  from  the  P Inl'.fophical  Magazlni, 
may  be  ufetul  to  many  of  our  readers. 

"  When  lead,  tin,  and  bifmuth,  are  mixed  in  3  cer- 
tain proportion,  they  produce  a  metal  exceedingly  fu- 
fil)le,  which  is  known  by  tiic  nime  o^  fofi  folder  ;  but 
vvliich,  from  its  lingular  properties,  may  be  applied  witU 
advantage  to  many  other  ulctul  purpofes.  Newton, 
and  after  him  Kraft  and  Mul'chcnbrock,  obferved,  that 
five  parts  of  bil'niuth,  three  of  tin,  and  two  of  lead,  al- 
fo five  parts  of  bifmuth,  four  of  tin,  and  one  part  of 
lead,  melted  with  a  heat  of  220  degrees  of  Fahrenheit  ; 
and  they  found  that  various  mixtures  of  this  kind  were 
fufible  by  a  heat  not  much  greater  than  that  of  boiling 
water.  At  a  later  period,  V.  Rofe,  a  German  natura- 
lift,  difcovered,  that  a  mixture  of  four  parts  of  bifmuth,, 
two  of  tin,  and  two  of  lead,  as  Kunkel  recommended 
for  foldering  tin  ;  and  D'Arcet,  among  the  Frenchj 
that  a  mixture  of  tight  parts  of  bifmuth,  three  of  tin, 
and  five  of  lead  ;  or  eight  of  bifmuth,  four  of  tin,  and 
four  of  lead  ;  or  eight  of  bifmuth,  two  of  tin,  and  \\y. 
of  lead  ;  alfo  fixteen  of  bifmuth,  feven  of  tiji,  and  nine 
of  lead — all  melted,  or  at  leall  became  foft,  in  boiling 
water. 

"  According  to  the  experiments  made  by  Profeflor  ' 
Gmelin,  Tefpetfing  the  fution  of  thefe  three  metals,  a 
mixture,  confifling  of  two  parts  of  bifmuth,  one  part  of 
tin,  and  one  of  lead,  which  is  the  fame  as  Rofe  propo- 
fed,  gave  a  metal  that  was  fufed  in  boiling  water.  A 
mixture  of  fix  or  more  parts  of  bifmuth,  (\y.  of  tin,  and 
three  oF  lead,  or  one  part  of  bifmuth,  two  parts  of  tin, 
aTid  two  of  lead,  gave,  according  to  Klein,  the  folder 
ufed  by  the  tin  button  makers.  The  fame  workmen 
ufe  alio  for  fjldering,  according  to  Klein,  a  mixture  of 
tour  parts  of  bifmuth,  three  parts  of  tin,  and  five  parts 
oi  lead.  Among  the  ma;iy  foft  folders  employed  by 
the  tin-men,  a  mixture  of  one  part  of  bifmuth,  two 
parts  of  tin,  and  one  part  of  lead,  is,  according  to 
Klein,  very  much  employed.  Refpctling  this  kind  of 
folder,  the  experiments  of  Profelfor  Gmelin  give  the 
following  refult:  One  pait  of  bifmuth,  two  parts  of 
tin,  and  one  part  of  lead,  melt  in  boiling  water.  Ac- 
cording to  Klein,  the  tin-men  employ  for  foldering  a 
mixture  of  one  part  of  bifmuth,  twenty-four  parts  of 
tin,  and  four  parts  of  lead.  Eight  parts  of  bifmuth, 
three  of  tin,  and  five  of  lead,  gave  a  metal  exceedingly 
like  tin  in  its  colour  and  brightncfs,  but  very  brittle  ; 
in  water  beginning  to  boil,  it  became  not  only  foft,  but 
was  completely  fufed.  This  imitation,  however,  may 
be  better  accomplithed  by  the  mixture  of  Profeflor 
Lightcnberg,  wjhicjj  confilts  of  five  parts  of  bifmuili, 
3  '^  three 
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tViree  of  tin,  and  two  of  lead.  This  metal  !s  very  like 
the  fovmer,  though  not  fo  brittle  ;  but  it  feemed  to 
melt  in  hot  water  even  before  it  came  to  boil." 

As  this  fubjeft  has  ag.'.in  come  under  our  notice,  it 
may  be  proper  to  lay  before  our  readers  what  M.  Van 
Braam  fays  of  the  Chinefe  method  of  foldering  frying- 
pans  and  other  velTels  of  caft-iron,  when  cracked  and 
full  of  holes.  As  the  author  admits  that  it  mr/^  appear 
impiffibk  to  thofe  who  have  not  tvilnejfcd  the  procels, 
fuch  of  our  artifts  as  have  not  been  in  China  will  give 
to  the  tale  what  credit  they  think  it  deferves. 

"  All  the  apparatus  of  the  workman  confifls  in  a 
little  box,  1 6  inches  long  and  6  wide,  and  i8  inches  in 
depth,  divided  into  two  parts.  The  upper  contains 
three  drawers  with  the  neceflary  ingredients  ;  in  the 
lower  is  a  bellows,  which  when  a  fire  is  wanted  is  a- 
dapted  to  a  furnace  eight  inches  long  and  iour  inches 
wide.  The  crucibles  for  melting  the  fmall  pieces  of 
iron  intended  to  lerve  as  folder  are  a  little  larger  than 
the  bowl  of  a  common  tobacco  pipe,  and  of  the  fame 
tarth  of  which  they  are  made  in  Europe  :  thus  the 
■whole  bufinefs  of  foldering  is  executed. 

"  The  workman  receives  the  melted  matter  out  of 
the  crucible  upon  a  piece  of  <wet  paper,  approaches  it  to 
one  of  the  holes  or  cracks  in  the  frying-pan,  and  ap- 
plies it  there,  while  his  afllllnnt  fmooths  it  over  by  fcra- 
ping  the  furface,  and  afterwards  rubs  it  with  a  bit  of 
tuel  linen.  The  number  of  crucibles  which  have  been 
deemed  neceiTary  are  thus  fucceffively  emptied,  in  order 
to  Hop  up  all  the  holes  with  the  melted  iron,  which 
confolidates  and  incorporates  itfelf  with  the  broken  u- 
tenfil,  and  which  becomes  as  good  as  new.  The  fur- 
nace which  our  author  faw  was  calculated  to  contain 
eight  crucibles  at  a  time  ;  and  while  the  fufion  was  go- 
ing on,  was  covered  with  a  ftone,  by  way  of  increafing 
the  intenfity  of  the  heat."-^M.  Van  Braam  afFcfts  fre- 
quently to  correft  the  miftakes  of  Sir  George  Staun- 
ton ! 

SOUDAN,  literally  fignifies  the  country  of  the  ne- 
groes ;  but  it  is  likewife  ufed  as  one  of  the  names  of 
an  African  kingdom,  otherwife  called  Dar-fuk.  We 
know  not  that  this  kingdom  has  been  vifited  by  any 
European  belldes  Mr  Browne,  who  places  it  between 
the  I  nil  and  j6th  degrees  of  north  latitude,  and  be- 
tween the  26th  and  30th  degrees  of  eall  longitude. 
Thefe  numbers  are  not  exadt  ;  it  does  not  reach  I'o  far 
eaft  as  the  30th  degree,  nor  fo  far  north  as  the  i6th  ; 
but  on  his  map  minutes  are  not  marked.  On  the  north, 
it  is  bounded  by  a  defart  which  feparates  it  from  E- 
gypt  ;  on  the  eait,  by  Kordofan,  which  is  now  fubjeil 
to  Soudan,  and  lies  between  it  and  Sennaar;  and  on  the 
fouth  and  eall,  by  countries  of  which  the  names  are 
hardly  known.  Mr  Browne  was  induced  to  vifit  Sou- 
dan in  hopes  of  being  able  to  trace  the  Bahr-el-abiad, 
or  true  Nile,  to  its  fource  :  but  he  was  diiappointed, 
for  that  river  rifes  In  mountains  confiderably  farther 
louth  than  the  limits  of  this  kingdom  ;  and  the  Sultan, 
a  cruel  and  capricious  tyrant,  detained  him  a  priloner 
at  large  ahnoll  three  years. 

Soudan,  or  Dar-Fur,  abounds  with  towns  or  villages, 
ill-built,  of  clay,  and  none  of  them  very  large.  Of  thefe 
it  is  not  worth  while  to  give  an  account.  Its  feafons 
are  divided  into  rainy  and  dry.  The  perennial  rains, 
which  fall  in  Dar-Fur  from  the  middle  of  June  till  the 
middle  of  September  in  greater  or  lefs  quantity,  but 


generally  both  freqtient  and  violent,  fuddenly  inveft  the  Soudin, 
face  of  the  country,  till  then  dry  and  fteril,  with  a  de- *"~~v~— 
light  ful  verdure.  Except  where  the  rocky  nature  of 
the  loll  abfolutely  impedes  vegetation,  wood  is  found 
in  great  quantity  ;  nor  are  the  natives  affiduous  com- 
pletely to  clear  the  ground,  even  where  it  is  defigned 
for  the  cultivation  of  grain.  As  foon  as  the  rains  be- 
gin, the  proprietor,  and  all  the  affiftants  that  he  can 
coUeft,  go  oyt  to  the  field  ;  and  having  made  boles  at 
obout  two  feet  diftance  from  each  other,  with  a  kind  of 
hoe,  over  all  the  ground  he  occupies,  the  Hokn,  a  kind 
of  millet,  is  thrown  into  them,  and  covered  with  the 
foot,  for  their  hufbandry  requires  not  many  inilruments. 
The  time  for  fowing  the  wheat  is  nearly  the  fame. 
The  iloln  remains  fcarcely  two  months  before  it  is  ripe; 
the  wheat  about  three. 

The  animals  in  Soudan,  both  wild  and  tame,  are  the 
fame  as  in  other  parts  of  Africa  in  the  fame  latitude. 
Though  the  Furians  breed  horfes,  and  purchafe  very 
fine  ones  in  Dongola,  and  from  the  Arabs  to  the  eaft 
of  the  Nile,  the  afs  is  more  ufed  for  riding  ;  and  an 
Egyptian  afs  (for  the  affes  of  Dar-Fur  are  diminutive 
and  indocile  like  thofe  of  Britain)  fetches  from  the  va- 
lue of  one  to  that  of  three  flaves.  The  villages  of  this 
country,  like  thofe  of  Abyffinia,  are  infefled  with  hye- 
nas ;  and  in  the  unfrequented  parts  of  the  country  are 
the  elephant,  the  rhinoceros,  the  lion,  the  leopard,  and-" 
all  the  other  quadrupeds  of  Africa.  The  Arabs  often 
eat  the  flefh  of  the  lion  and  the  leopard  ;  and  fome- 
times  they  fo  completely  tame  thofe  animals,  as  to  carry 
them  loofe  into  the  market  place.  Our  author  tamed 
two  lions,  of  which  one  acquired  mod  of  the  habits  of 
a  dog.  He  fatiated  himfelf  twice  a  week  with  the  offal 
of  the  butchers,  and  then  commonly  flept  for  feveral 
hours  fucceffively.  When  food  was  given  them,  they 
both  grew  ferocious  towards  each  other,  and  towards 
any  one  who  approached  them.  Except  at  that  time, 
though  both  were  males,  he  never  faw  them  difagree, 
nor  fhew  any  fign  of  ferocity  towards  the  human  race. 
Even  lambs  pafied  them  unmolefted. 

Among  the  birds,  the  vulture perenopterus,  or  white- 
headed  vulture,  is  moft  worthy  of  notice.  It  is  of  fur- 
priling  ffrength,  and  is  faid  by  the  natives  to  be  very, 
long-lived,  fed  Jieles  penes  auitorcs.  "  1  have  lodged 
(fays  Mr  Browne)  a  complete  charge  of  large  fliot,  at 
about  50  yards  diltance,  in  the  body  of  this  bird  :  it 
feemed  to  have  no  effect  on  him,  as  he  flew  to  a  confi- 
dcrable  diftance,  and  continued  walking  afterwards.  I 
then  difcharged  the  fecond  barrel,  which  was  loaded 
with  ball  :  this  broke  his  wing  ;  but  on  my  advancing 
to  leize  him,  he  fought  with  great  fury  with  the  other. 
There  are  many  thoufands  of  them  in  the  inhabited  di- 
llriift.  They  divide  the  field  with  the  hyena  :  what 
carrion  the  latter  leaves  at  night,  the  former  come  in 
crowds  to  feed  on  in  the  day.  Near  the  extremity  of 
each  wing  is  a  horny  iubftance,  not  unlike  the  Ipur  of 
an  old  cock.  It  is  ilrong  and  fharp,  and  a  formidable 
inftrument  of  attack.  Sorne  fluid  exudes  from  this 
bird  that  fmells  like  mufl<  ;  but  from  what  part  of  him 
I  am  uncertain."  The  ferpents  found  in  Soudan  are 
tlie  fame  as  in  Egypt  ;  but  the  natives  have  not  the  art 
of  charming  them  like  the  Egyptians.  The  locull  of 
Arabia  is  very  common,  and  is  frequently  roafted  and 
eaten,  particularly  by  the  flaves. 

In  Dar-Fur  there  feems  to  be  a  fcarcity  of  metals ; 

but 
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Soudan,  bnt  in  its  neighbourhood  to  the  fouth  and  well  all  kinds 
-  1  are  to  be  found.  The  copper  brought  by  the  mer- 
chants from  the  territories  of  certain  idolatrous  tribes 
bordering  on  Fur,  is  of  the  finell  quality,  in  colour  re- 
fembling  that  of  China,  and  appears  to  contain  a  por- 
tion of  zinc,  being  of  the  fame  pale  hue.  Iron  is  found 
in  abundance  ;  but  they  have  not  yet  learned  the  art  of 
converting  it  into  fteel.  Silver,  lead,  and  tin,  our  au- 
thor never  heard  mentioned  in  Soudan,  but  as  coming 
from  Egypt  ;  but  of  gold,  in  the  countries  to  the  eait 
and  welt,  the  fupply  is  abundant.  Alabafter,  and  va- 
rious kinds  of  marble,  are  found  within  the  limits  of 
Fur,  as  is  folTil  fait  within  a  certain  dillrlft  ;  and  there 
is  a  fufhcient  fupply  of  nitre,  of  whieh,  however,  no 
-ufe  is  made. 

The  reilraint  under  which  Mr  Browne  was  kept  in 
this  inhofpitable  country,  prevented  him  from  making 
a  full  catalogue  of  its  vegetable  productions.  Of  the 
trees  which  fhade  our  forells  or  adorn  our  gardens  in 
Europe,  very  few  exill  in  Dar-Fur.  The  charadleriftic 
marks  of  thofe  fpecies  which  mod  abound  there,  are 
their  fliarp  thorns,  and  the  folid  and  unperilhable  qua- 
lity of  their  fubllance.  They  feem  to  be  much  the 
fame  as  thofe  which  Bruce  found  in  Abyfiinia.  There 
is  a  fmall  tree  called  enneb,  to  the  fruit  of  which  they 
have  given  the  name  of  grapes.  It  bears  leaves  of  light 
green  hue  ;  and  the  fruit,  which  is  of  a  purple  colour, 
is  attached,  not  in  bunches,  but  lingly  to  the  fmaller 
branches,  and  interfperled  among  the  leaves,  'i'he  in- 
ternal flrufture  of  the  fruit  is  not  very  unlike  the  grape, 
which  it  alio  refembles  in  fize  :  but  the  pulp  is  of  a  red 
hue,  and  the  tafte  is  ftrongly  aftringent.  The  water- 
melon (cucurlita  c'ltrullus )  grows  wild  over  almoll  all 
the  cultivable  lands,  and  ripens  as  the  corn  is  removed. 
In  this  (late  it  does  not  attain  a  large  hze.  The  in- 
fide  is  of  a  pale  hue,  and  has  little  flavour.  As  it 
ripens,  the  camels,  afles,  &c.  are  turned  to  feed  on  it, 
and  it  is  faid  to  fatten  them.  The  feeds,  as  they  grow 
blackiih,  are  collected  to  make  a  kind  of  tar,  kutran. 
Thofe  plants  of  the  melon  which  receive  artificial  cul. 
ture  grow  to  a  large  fizc,  and  are  of  exquifue  flavour. 
Tobacco  is  produced  in  abundance  ;  and  our  author 
fpeaks  of  cochineal  as  found  in  Dar-Fur,  or  fome  of  the 
neighbouring  countries. 

The  harvell  is  conducted  in  a  very  fimple  manner. 
The  women  and  flaves  of  the  proprietor  are  employed 
to  break  oft  the  ears  with  their  hands,  leaving  the  (Iraw 
ilanding,  which  is  afterwards  applied  to  buildings  and 
various  other  ufeful  purpofcs.  ^I'hey  then  accumulate 
them  in  balkets,  and  carry  them  away  on  their  heads. 
When  thraflied,  which  is  aukwardly  and  incompletely 
performed,  they  cxpofe  the  grain  to  the  fun  till  it  be- 
come quite  dry  j  after  this  a  hole  in  the  earth  is  pre- 
pared, the  bottom  and  fides  of  which  are  covered  with 
chaff  to  exclude  the  vermin.  This  cavity  or  magazine 
is  filled  with  grain,  wliich  is  then  covered  with  chaff, 
and  afterwards  with  earth.  In  this  way  the  maize  is 
preferved  tolerably  well.  In  ufing  it  for  food,  they 
grind  it,  and  boil  it  in  the  form  of  polenta,  which  is 
eaten  either  with  frefh  or  four  milk,  or  Itill  more  frc- 
<juently  with  a  fauce  made  of  dried  meat  pounded  in  a 
mortar,  and  boiled  with  onions,  &:c.  The  Furians  ufe 
little  butter  ;  with  the  Egyptians  and  Arabs  it  is  an 
article  in  great  requtlt.  Tliere  is  alio  another  fauce 
which  the  poorer  people  ufe  and  highly  relilh  ;  it  is 
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compofed  of  an  herb  called  cotvel  or  cawel,  of  a  tafte  In 
part  acefcent  and  in  part  bitter,  and  generally  difagrce- 
able  to  llrangers. 

The  magillracy  of  one,  which  fecms  tacitly,  if  it  be 
not  exprcfsly  favcnired  by  the  difpenfation  of  Moham- 
med,  as  in  moll  other  coimtrics  profelTuig  that  relii^ion, 
prevails  in  Dar-Fur.  The  monarch  indeed  can  do  no- 
thing contrary  to  the  Koran,  but  lie  may  do  more  than 
the  laws  cftablllhcd  thereon  will  authurife  ;  and  as  there 
is  no  council  to  controul  or  even  to  alTill  him,  his  power 
may  well  be  termed  dcfpotlc.  He  fpeaks  in  public  of 
the  foil  and  its  produftions  as  his  perfonal  property, 
and  of  the  people  as  little  elfe  than  his  flaves. 

His  power  in  the  provinces  is  delegated  to  officers, 
who  poffefs  an  authority  equally  arbitrary.  In  thofe 
dlllrifts,  which  have  always,  or  for  a  long  time,  formed 
an  integral  part  ot  the  empire,  thefe  oflicers  are  gene, 
rally  called  Meleks.  In  fuch  as  have  been  lately  con- 
quered, or,  perhaps  more  properly,  have  been  annexed 
to  the  dominion  of  the  Sultan  under  certain  llipula- 
tions,  the  chief  is  fuffered  to  retain  the  title  of  Sultan, 
yet  is  tributary  to  and  receives  his  appointment  from 
the  Sultan  of  Fur. 

Defpotic  and  arbitrary  as  he  is,  the  Sultan  here  does 
not  feem  wholly  inattentive  to  that  important  objedt, 
agriculture.  Nevci  thelefs,  it  may  be  tiitemed  rather  a 
blind  compliance  with  ancient  culloni,  than  individual 
public  fpirit,  in  which  has  originated  a  praftice  adopt- 
ed by  him,  in  itfelf  iufficiently  laudable,  fmce  other  of 
his  regulations  by  no  means  conduce  to  the  fame  end. 
At  the  beginning  of  the  Har'if,  or  wet  feafon,  which  is 
alfo  the  moment  for  fowing  the  corn,  the  king  goes  out 
with  his  Meleks  and  the  reft  of  his  train  ;  and  while 
the  people  are  employed  in  turning  up  the  ground  and 
fowing  the  feed,  he  alfo  makes  feveral  holes  with  his 
own  hand.  The  fame  cullom,  it  is  faid,  obtains  in  Bor- 
nou  and  other  countries  in  this  part  of  Africa.  It  calls 
to  the  mind  a  pradice  of  the  Egyptian  kings  mention- 
ed by  Herodotus. 

The  population  of  Dar-Fur  is  not  large.  An  army 
of  20C0  men  was  Ipoken  of,  when  Mr  Browne  was  in 
the  country,  as  a  great  one;  and  he  does  not  think  that 
the  number  of  louls  within  the  en  pire  can  much  ex- 
ceed 200,000.  The  troops  of  this  country  are  not 
famed  for  ikill,  courage,  or  ptrfeverance.  In  their  cam- 
paigns, much  reliance  is  placed  on  the  Arabs  who  ac- 
company them,  and  who  are  propcily  tributaries  rather 
than  fubjecls  of  the  fultan.  One  energy  of  barbarifm 
they  indeed  poflefa  in  common  with  other  favages,  that 
of  being  able  to  endure  hunger  and  thirfl  ;  but  in  this 
particular  they  have  no  advantage  over  their  neigh- 
bours. In  their  perfons  the  Furians  are  not  remark- 
able for  cleanllneis.  Though  obfcrving  as  Mahomme- 
dans  all  the  fupeillitious  formalities  of  piayer,  their 
hair  is  rarely  combed,  or  their  bodies  completely  walb- 
ed.  The  hair  of  the-pubcs  and  axllUc  it  is  ulual  to  ex- 
terminate ;  but  they  know  not  the  ufe  of  foap  ;  fo  that 
with  them  polifhing  the  fkin  with  unguents  holds  the 
place  of  perfedl  ablutions  and  real  purity.  A  kind  of 
farinaceous  pafte  is  however  prepared,  which  being  ap- 
plied with  butter  to  the  flcin,  and  rubbed  continually 
till  it  become  dry,  not  only  improves  its  appearance, 
but  removes  from  it  accidental  ibrdes,  and  Hill  more  the 
effedl  of  continued  tranlpiralion,  which,  as  there  are  no 
baths  i(i  the  country,  is  a  conlideration  of  fom.e  im'port- 
3  T  2  ance. 
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fiou<}*ii.     ance.     The  female  flaves  are  dexterous  in   tlie  applica- 
»         tion  of  it  ;  and  to  undergo  this  operation  is  one  of  the 
retinements  of  African  icnfuality. 

Nothing  refembh'ng  current  coin  is  found  in  Soudan, 
unlefs  it  be  certain  fmall  tin  rings,  the  value  of  which 
is  in  fome  degree  arbitrary.  The  Auitrian  dollars,  and 
other  filvcr  coins  brought  from  Egypt,  are  all  fold  as 
ornamentc  for  the  worrien. 

The  difpofition  of  the  Furians  is  cheerful  ;  and  that 
gravity  and  reftrve  which  the  precepts  of  Mahomme- 
difin  ir.fpire,  and  tlie  pradice  of  the  greater  number  of 
its  profelTors  countenances  and  even  requires,  feems  by 
no  means  as  yet  to  lit  eafy  on  them.  A  government 
perfectly  defpotie,  and  not  ill  adminiftered,  as  far  as  re- 
iatef  to  the  manners  of  the  people,  yet  forms  no  ade- 
quate reftraiiit  to  their  violent  palTions.  Prone  to  inc- 
lination, but  unprovided  with  materials  or  ingenuity  to 
prepare  any  other  fermented  liquor  than  bu%a,  with 
this  alone  their  convivial  exccfles  are  committed.  But 
though  the  Sultan  publifhed  an  ordnance  (March  179  ^), 
forbidding  the  ufe  of  that  liquor  under  pain  of  death, 
the  plurality,  though  lefs  publicly  than  before,  flill  in- 
dulge themfclvts  in  it.  A  company  often  fits  from  fun- 
rife  to  fuu-fet,  drinking  and  converfing,  till  3  fingle  man 
fometimes  carries  off  near  two  gallons  of  that  liquor. 
The  buza  has,  however,  a  diuretic  and  diaphoretic  ten- 
dency, which  precludes  any  danger  from  tlicfe  exccfles. 
In  this  country  dancing  is  praftifed  by  the  men  as  well 
as  the  women,  and  they  often  dance  promifcuoufly. 

The  vices  of  thieving,  lying,  and  cheating,  in  bar- 
gains, with  all  others  nearly  or  remotely  allied  to  them, 
as  often  happen  among  a  people  under  the  fame  cir- 
cumftances,  are  here  alnioil  univerfal.  No  property, 
whether  confiderable  or  trifling,  is  fafe  out  of  the  light 
of  the  owner,  nor  indeed  fcarcely  in  it,  unlefs  he  be 
ftronger  than  the  thief.  In  buying  and  felling,  the  pa- 
rent glories  in  deceiving  the  fon,  and  the  fon  the  pa* 
rent  ;  and  God  and  the  Prophet  are  hourly  invocated, 
to  give  colour  to  the  mod  palpable  frauds  and  falfe- 
hoods. 

The  privilege  of  polygamy,  which,  as  is  well  known, 
belongs  to  their  religion,  the  people  of  Soudan  pulh  to 
the  extreme.  By  their  law,  they  are  allowed  four  free 
women,  and  as  many  flaves  as  they  can  maintain  ;  but 
the  Furians  take  both  free  women  and  flaves  without  li- 
mitation. The  Sultan  has  more  than  a  hundred  free 
women,  and  many  of  the  Meleks  have  from  twenty  to 
/  thirty.     In  their  indulgence  with  women,  they  pay  little 

regard  to  rellralnt  or  decency.  The  form  of  the  hoiifes 
fecures  no  great  fecrecy  to  what  is  carried  on  within 
them  ;  yet  even  the  concealment  which  is  thus  offered  is 
not  always  fought.  Tiie  fhade  oF  a  tree,  or  long  grafs, 
is  the  fole  temple  required  for  the  facrifices  to  the  Cy- 
prian goddefs.  In  the  courft  of  licentious  indulgence, 
father  and  daughter,  fon  and  mother,  are  fometimes 
mingled  ;  and  the  relations  oi  brother  and  After  arc  ex- 
changed for  clofer  intercourfe. 
•  Ahout  a  Previoufly  to  the  ellablifhment  of  Iflamifm  *  and  king- 
eciituryandfjjip,  the  people  of  Fur  feem  to  have  formed  wandering 
tribes;  in  which  flate  many  of  the  neighbouring  nations 
to  this  day  remain.  In  their  perfons  they  differ  from 
the  negroes  of  tHe  coaft  of  Guinea.  Their  hair  is  ge- 
nerally fhort  and  woolly,  though  fome  are  feeii  with  it 
of  the  length  of  eight  or  ten  inches,  which  they  efteem 
a  beauty.     Their  complexion  is  for  the  moft  part  per- 
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feflly  black.     The   Arabs,  who  are  numerous  within     Souchrfi, 
the  empire,  retain  their  diftindfion    of  feature,  colour,  Sooffnere. 
and  language.      They  moft  commonly  intermarry  with         'f~~' 
each  other.      The  flaves,  which    are  brought  from  the 
country    they  call  Fertit  (land  of  idolaters),  perfcAly 
refemble  thofe  of  Guinea,  and  their  language  is  pecu- 
liar to  themlelves. 

The  revenues  of  the  crown  confift  of  a  duty  on  all 
merchandile  imported,  which,  in  many  inilanccs,  a- 
mounts  to  near  a  tenth  ;  of  a  tax  on  all  flaves  export- 
ed to  Egypt  ;  of  all  forfeitures  for  mifdemeanors  ;  of  a 
tenth  on  all  merchandife,  efpecially  flaves,  brought  from 
every  quarter  but  Egypt,  and  when  flaves  arc  procured 
by  force,  this  tenth  is  raifed  to  a  fifth  ;  of  a  tribute 
paid  by  the  Arabs,  who  breed  oxen,  horfes,  camels, 
Iheep  ;  of  a  certain  quantity  of  corn  paid  annually  by 
every  village  ;  bcfidcs  many  valuable  prefents,  which 
muft  be  paid  by  the  principal  people,  both  at  ftated 
times  and  on  particular  occafions.  Add  to  all  this, 
that  the  king  is  chief  merchant  in  the  country;  and  not 
only  difpatchcs  with  every  caravan  to  Egypt  a  great 
quantity  of  his  own  merchandife,  but  alfo  employs  his 
flaves  and  dependents  to  trade  with  the  goods  of  Egypt 
on  his  own  account,  in  the  countries  adjacent  to  Sou- 
dan. 

The  commodities  brought  by  the  caravans  from  E- 
gypt  are,  i.  Amber  beads.  2.  Tin,  in  fmall  bars, 
3.  Coral  beads.  4.  Cornelian  beads.  5.  Falfe  corne- 
lian beads.  6.  Beads  of  Venice.  7.  Agate.  8.  Rings, 
filver  and  brafs,  for  the  ancles  and  wrifts.  9.  Carpets, 
fmall.  10.  Blue  cotton  cloths  of  Egyptian  fabric. 
II.  White  cotton  ditto.  I2-  Indian  muflins  and  cot- 
tons. 13.  Blue  and  white  cloths  of  Egypt,  called  Me- 
layes.  14.  Sword-blades,  ftrait  (German),  from  Cairo. 
15.  Small  looking  glaffes.  16.  Copper  face-pieces,  or 
defenfive  armour  for  the  horfes  heads.  17.  Fire  anns. 
18.  Kohhel  for  the  eyes.  19.  Rhea,  a  kind  of  mofs 
from  European  Turkey,  for  food  and  a  fcent.  20.  She, 
a  fpecics  of  abfynthiiim,  for  its  odour,  and  as  a  reme- 
dy :  both  the  laft  fell  to  advantage.  21.  Coffee.  22. 
Miihleb,  Kruriphl/le,  Symbille,  Sandal,  nutmegs,  23. 
Dufr,  the  fliell  of  a  kind  of  fifh  in  the  Red  Sea,  ufed 
for  a  perfume.  24.  Silk  unwrci.ight.  25.  Wire,  brafs, 
and  iron.  26.  Coarfe  glafs  beads,  made  at  Jerufalem, 
called  herjlj  and  munjur.  27.  Copper  culinary  utenfils, 
for  which  the  demand  is  fmall.  28.  Old  copper  for 
melting  and  reworking.  29.  Small  red  caps  of  Bar- 
bary.  30.  Thread  linens  of  Egypt— fmall  confump- 
tion.  31.  Light  French  cloths,  made  into  bcniflies. 
32.  Silks  of  Scio,  made  up.  33.  Silk  and  cotton  pieces 
of  Aleppo,  Damafcus,  &c.  34.  Shoes  of  red  leather. 
^5.  Black  pepper.  ^6.  Writing  paper  (popier  des  trots 
tunes),  a  confiderable  article.      37.  Soap  of  Syria. 

The  goods  trantported  to  Egypt  are,  i.  Slaves,  male- 
and  female.  2.  Camels.  3.  Ivory.  4.  Horns  of  the 
rhinoceros.  5^  Teeth  of  the  hippopotamus.  6.  Oftrich 
feathers.  7.  Whips  of  the  hippopotamus's  hide.  8. 
Gum.  9.  Pimento.  10.  Tamarinds,  made  into  round 
cakes.  11.  Leather  facks  for  water  {ray)  and  dry  ar- 
ticles {gerauL).  12.  Peroquets  in  abundance,  and  fome 
monkeys  and  Guinea  fowls.  13.  Copper,  white,  in 
fmall  quantity. 

SOUFFRIERE,  a  fmall  town,  fituated  at  the  hot. 
torn  of  a  bay,  towards  the  leeward  extremity  of  theifland 
of  St  Lucia.  There  is  nothing  in  the  town  itfelf  which 
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SoclTritrc,  could  have  entitled  it  to  notice  in  this  work  ;  but  the 
hmmd.     ground  about  it  is  very   remarkable.      It   has  been  de- 
^*~^^~~~  (cribtd  by  different  authors;  and  our  readers  will  pro- 
bably not  be  ill  pleafed  with   the   following  defcription 
of  this  wonderful  fpot  by  Dr  RoUo. 

"  Souftriere  (fays  he)  is  furroundcd  by  hills  covered 
with  trees,  the  declivities  of  which,  and  every  part  ca- 
pable of  produce,  are  cultivated,  and  afford  good  fugar- 
canc.  This  place  has  its  marfhes,  but  not  fo  extenfive, 
or  fo  much  to  windward  as  tliofe  about  Carenage. 

"  The  extremity  of  the  fouth  iidc  ot  Souffriere  Bay 
runs  into  two  lleep  hills  of  a  conical  figure,  which  are 
nearly  perpendicular:  they  are  reckoned  the  highett  on 
the  idand,  and  are  known  by  the  name  of  the  Sugar 
I.onf  Hills.  From  their  hciglit  and  ilraitnefs  it  is  im- 
poflible  to  afccnd  them  :  we  were  told  it  was  once  at- 
tempted by  two  negroes,  but  they  never  returned.  They 
aie  covered  with  trees  and  (hrubs,  and  are  the  fhelter  of 
goats,  ftveral  of  wliich  fometinics  defcend,  and  are  fhot 
by  the  natives. 

"  After  you  pafs  the  hills  to  windward  of  Souffriere, 
a  fine  clear  and  level  country  prtftnts  itfclf.  From  tUe 
back  of  the  Sugar  Loaf  Hills,  and  all  along  the  fca- 
coatl,  to  the  diftance,  we  fuppofe,  of  from  fifteen  to 
twenty  miles,  this  flat  or  level  extends  !  it  is  all  culti- 
vated and  divided  into  rich  cllates,  affording  tugarcane 
equal  to  any  in  cur  iflands.  This  beautiful  fpot  is  in- 
terfered by  many  rivers  of  very  clear  water,  and  thefe 
are  condutfed  by  art  to  the  purpofe  of  fugar  making. 
The  rains  in  this  part  are  lefs  frequent  than  on  any 
other  part  of  the  illand  ;  however,  they  have  o^ten  a 
proportion  more  than  fufficient.  The  wind  here  blows 
from  the  fea,  or  nearly  fo. 

"  We  cannot  finilh  this  defcription  without  taking 
notice  of  a  volcano  in  the  neighbourhood  of  SoutlViere. 
You  pafs  over  one  or  two  fmall  hills  to  the  fouthward 
of  the  town,  and  before  any  mark  of  the  place  is  per- 
ceived you  are  fenfJble  of  the  fmcll  of  fulphur.  The 
firft  thing  you  difcern  is  a  rivulet  of  black  running  wa- 
ter, fending  forth  flreams  as  if  nearly  boiling.  From 
the  profpeA  of  this  you  foon  open  on  the  volcano, 
which  appears  in  a  hcllow,  furroundtd  clofe  on  every 
fide  by  htlls.  Tiiere  are  only  two  openings  ;  the  one 
we  entered,  and  another  alnioil  oppofite  to  it  on  the 
north  fide.  In  the  hollow  there  are  many  pits  of  a 
black  and  thick  boiling  matter,  which  feems  to  work 
with  great  force.  Lava  is  flowly  thrown  out  ;  and  in 
the  centre"of  the  hollov,r  there  is  a  large  mafs  of  it, 
forming  a  kind  of  hill.  This  we  afcended  ;  but  were 
foon  obliged  to  return  from  the  exctflive  heat.  The 
lava  is  a  fulphur  mixed  with  a  calcareous  earth  and 
fome  faline  body.  We  folind  fmall  quantities  of  alum 
in  a  perfcft  flatc.  In  the  opening,  at  the  north  fide  of 
the  hollow,  there  is  a  rivukt  of  very  good  water.  On 
ftirring  the  bottom,  over  which  this  water  runs,  we 
were  furprifed  with  feeling  it  very  hot  ;  and  on  placing 
a  tumbler  filled  with  fome  of  the  water  clofe  to  the  bot- 
tom of  the  rivulet,  it  foon  became  fo  hot  as  not  to 
be  touched.  The  liquid  which  runs  from  the  pits  is 
llrongly  impregnated  with  fulphur,  and  refembles  a 
good  deal  the  preparation  fold  in  the  fhops,  known  by 
the  name  o{  aqua  fulphurata,  ox  gas  fulf hurts." 

SOUND-BOARD,  the  principal  part  of  an  organ,  and 
that  which  makes  the  whole  machine  play.  This  found- 
board,  or  £unnaer,  ia  a  refervoir  into  which  the  wind, 
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drawn  in  by  the  bellows,  is  conduced  by  a  port-vfnt,  Sound 
and  tiunce  diftributed  into  the  pipes  plsced  over  the 
holes  of  its  upper  part.  The  wind  enters  them  by 
valves,  which  open  by  prefiing  upon  the  flops  or  kiys, 
after  drawing  the  regillers,  which  prevent  the  air  fr';m 
going  into  any  of  the  other  pipes  betides  thofe  it  is  re. 
quired  in. 

Soi  ND-Boaril  denoliii  alfo  a  thin  broad  board  placfd 
over  the  head  of  a  public  fpe^ker,  to  enlarge  and  extend 
or  flrcngthen  in's  voice. 

Soundboards,  in  theatres,  are  found  by  experience 
to  be  of  no  fervice  ;  their  diflance  from  the  fpeaker  be- 
ing too  great  to  be  imprtffed  with  fufEcient  force.  But 
found-boards  immediately  over  a  pulpit  have  often  a 
good  effedt,  when  the  cafe  is  made  of  a  juit  thicknefs, 
and  according  to  certain  principles. 

SouKb-PoJI,  is  a  poll  placed  withirfide  of  3  %iolin, 
&c.  as  a  prop  between  the  back  and  the  belly  of  the 
inftrument,  and  nearly  under  the  bridge. 

SOWAL,  in  the  language  of  Bengal,  a  queftion  or 
rcqucft. 

SPALLANZANI  (Lazarcs),  was  born  at   Scan- 
diano,   in    the   duchy  of  Modena,  on   the   loth   of  Ja- 
nuary 17.-'^.    He  was  fon  of  jean  Nicholas  Spal*tizani, 
an  eileemed  jurifconfult,  and  of  Lucia  Zugliani.      He 
commerced   his  fhidies  in  his  own  country,  and   at  the 
age  of  fifteen   years  went   to  Reggio  cie  Modena   in  or. 
der  to  continue  them.     'I  he  Jefuits,  who  infhuclcd  him 
m  the  belies  lettres,  and  the  Dominicans,  who  heard  of 
his  progrefs,  were  each  deijrous  of  attaching  him   to 
them  ;  but  his  pafiion  for  extending  his  knowledge  led 
him  to  Bologna,  where  his  relation  Laura  BafTi,  a  wo- 
man jnftly  celebrated  for  her  genius,  her  eloquence,  and 
her  Hiill  in  natural  philofcpiiy  and  the  mathematics,  was 
one  of  the  moll  illuilrious  profeffurs  of  the  Inftitute  and 
of  haly.   Under  the  direction  of  this  enlightened  guide, 
he  learned  to  prefer  the  Uudy  of  Nature  to  that  of  her 
commentators,  and  to  judge  of  the  value  of  the   com- 
mentary   by   its  refemblance  to  the  original.      He  in- 
llantly    availed   himfelf  of  tlie   wif'dom  of  that  lady's 
counlels,  and  was  not  long  before  he  experienced  the 
happy  effcdts  of  it.      How  agreeable  it  is  to  fee  him  in 
1765  painting  his  gratitude  for  his  inftriiflor,  to  whom 
he  dedicated  a  Latin  differtation  at  that  time,  in  which 
he  mentions  the  applaufes  that  Laura  Bafli  received  at 
Modena,   when  fiie  entered  the  auditory  of  her  pupil, 
then   become  profcflbr.      The  tafte  of  Spallanzani   for 
phih>fophy  was  not  exclufive ;  he  already  thought,  like 
all  great  men,  that  the  ftudy  of  antiquity  and  the  belles 
lettres  was  requitite  to  give  to  ideas  that  cleari:efs,  to 
expreffions  that  accuracy,   and  to   reafonings  that  con- 
nedtion,  without  which  the  finefl  thoughts  become  bar- 
ren.    He  fludied  his  own  language  with  care,  and  per- 
fcded  himfelf  in  the  Latin  tongue  ;   but   above  all,  he 
attached  himfelf  to  the  Greek   and  the  French.      Ho- 
mer, Demoflhenes,  St  Bafll,  were  his  favourite  authors. 
Spallanzani  applied   liimf'elf  to  jurifprudence  at  the  in- 
flance  of  a  father  whom  he  tenderly  loved  :   he  was  up- 
on the   point  of  receiving  the  degree  of  dodlor  of  civil 
law,  when  Anthony  Vallifneri,  profeffor  of  natural  hif- 
tory  at  Padua,  "perfuaded  him  to  renounce  this  voca- 
tion, by  promifing  to  obtain  the  confent  of  his  father, 
who  was   fenfibly  touched  by  his  fon's  devotion  to  his 
will,  and  who  thereby  left  him  at  liberty  to  follow  hie 
own  inclinations.     From   that  moment  he  gave  himfelf 
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up  with  more  ardour  tlian  ever  to  the  ftudy  of  mathe-     toads  and  fro^s 
matics,  continuing  that  alfo  of  the  living  and  dead  lan- 
guages. 

Spallanzani  was  prcfently  known  all  over  Italy,  and 
his  own  country  was  the  firft  to  do  homage  to  his  ta- 
lents. 'I'he  univeriity  of  Reggie,  in  1754,  chofe  him 
to  be  profefTor  in  logic,  metaphyiics,  and  Greek.  He 
taught  there  for  ten  years;  and  during  that  period  con- 
fecrated  all  the  time  he  could  fpare  from  his  lefTons  to 
the  obfervation  of  Nature.  Now  and  then  an  accidental 
difcovery  would  increafc  his  palfion  for  natural  hiftory, 
which  always  augmented  by  new  fuccelTtrs.  His  ohfer- 
vations  upon  the  animalculae  of  infufions  fixed  the  atten- 
tion of  Haller  and  of  Bonnet  ;  the  latter  of  whom  af- 
iirted  him  in  his  glorious  career,  and  thenceforth  di- 
ftiiiguilhed  him  as  one  of  the  learned  interpreters  of 
Nature. 

In  I  760  Spallanzani  was  called  to  the  univerfity  of 
Modena  ;  and  although  his  intereft  would  have  made 
him  accept  the  advantageous  offers  of  the  univerfity  of 
Coimbra,  of  Parma,  and  of  Cefena  ;  yet  his  patriotifm 
and  his  attachment  to  his  family  confined  his  fervices  to 
his  own  country.  The  fame  confiderations  engaged 
him  to  refufe  the  propofitions  made  him  by  the  acade- 
my of  Peterfburg  fome  years  after.  He  remained  at 
Modena  till  the  year  1768,  and  he  faw  raifed  by  his 
care  a  generation  of  men  conftituting  at  this  time  the 
glory  of  Italy.  Among  them  may  be  counted  Venturi, 
profeflbr  of  natural  philofophy  at  Modena  ;  Belloni, 
bidiop  of  Carpi  ;  Lucchefinl,  ambaffador  of  the  late 
king  of  Pruflia  ;  and  the  poet  Angela  Mazzo  of 
Parma. 

During  his  refidcnce  at  Modena,  Spallanzani  pub- 
lifhed,  in  1765,  Scrggio  di  Offer'uazioni  Microfcoplche  con- 
csrncnte  il  Sj/lona  Ji  Nte'dham  e  Bujon.  He  therein 
eftablirties  the  antmality  of  what  had  been  called,  but 
not  generally  atfenttd  to  as,  microfcopic  animalculie, 
by  the  moft  ingenious,  and  at  the  fame  time  folid,  ex- 
periments. He  fent  this  work  to  Bonnet,  who  formed 
his  opinion  of  the  author  accordingly,  and  who  lived  to 
fee  tire  accomplifhment  of  the  prophecy  he  drew  from 
it.  From  that  moment  the  moft  intimate  acquaintance 
was  formed  between  them,  and  it  larted  during  their 
lives,  of  which  it  conftituted  the  chief  happinefs.  In 
the  fame  year  Spallanzani  pubhfhed  a  diflertation  truly 
original :  De  Laptd'ihus  ah  Aqua  refdlentibus.  In  that 
work  he  proves,  by  fatisfaftory  experiments,  contrary 
to  the  commonly  received  opinion,  that  the  ducks  and 
drakes  (as  they  are  called)  are  not  produced  by  the  ela- 
■fticity  of  the  water,  but  by  the  natural  effeil  of  the 
xhange  of  direftion  which  the  ftonc  experiences  in  its 
movement,  after  the  water  has  been  ftruck  by  it,  and 
that  it  has  been  carried  over  the  bend  or  hollow  of  the 
cup  formed  by  the  concufTion. 

In  1768  he  prepared  the  philofophers  for  the  furpri- 
fing  diicoveries  he  was  about  to  offer  them  throughout 
his  life,  in  publifhing  his  Prodromo  di  un  Opera  da  Im- 
primerfi  fopra  le  Riproduzioni  Animali.  He  thereui  lays 
down  the  plan  of  a  work  which  he  was  anxious  to  get 
up  on  this  important  fubjedt  ;  but  this  fimple  profpec- 
tus  ccnitains  more  real  knowledge  than  all  the  books 
which  had  appeared,  becaufe  it  taught  the  method  that 
ought  to  be  followed  in  this  dark  refearch,  and  con- 
tained many  unexpefted  fa£ls  ;  fuch  as  the  pre-exift- 
cnce  of  tadpoles  at  the  fecundation,  in  many  fpecies  of 
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go  ,  the  reprodudion  of  the  head  cut  off 
from  fnails,  which  he  had  already  communicated  to 
Bonnet  in  1766,  and  which  was  difputcd  for  fome 
time,  in  fpile  of  the  repeated  confirmation  of  this  phe- 
nemenon  by  Heriflant  and  Lavoifier.  He  demonftra- 
ted  it  again  afterwaxls  in  the  Memorie  ddla  Societa  Ita- 
liona  ;  as  alfo  the  renewal  of  the  tail,  the  limbs,  and 
even  the  jaws,  taken  from  the  aquatic  falamander. 
Thele  fads  continue  to  ailonifh  even  at  this  ilay,  when 
they  are  thought  of,  notwithllanding  every  one  has  had 
the  opportunity  of  familiarifing  himfelf  with  them:  and 
we  hardly  know  which  we  ought  moft  to  admire,  the 
expertnels  of  Spallanzani  in  affording  fuch  decifive 
proofs,  or  his  boldnefs  in  fearching  after  them,  and  fei- 
ziug  them.  We  have  to  regret,  that  the  projeft  of  his 
great  undertaking  is  not  realized  ;  but  various  clrcum- 
fiances  prevented  him  from  giving  way  to  the  folicita- 
tions  of  his  friends  for  its  accomplifhment.  Perhaps 
he  defpaired  of  throwing  upon  every  part  of  it  all  the 
light  which  at  firft  he  thought  he  might  be  able  ;  and 
found  it  prudent  to  mature  his  ideas  by  new  medita- 
tions: this  may  probably  have  been  as  powerful  a  caufe 
as  that  other  calls  and  occupations,  perpetually  accumu- 
lating, fhould  not  have  allowed  him  to  purfue  it  as  he 
had  intended.  He  has  always  laid  Nature  open  to  full 
view;  and  the  thlnnell  veil  darkened  her  till  he  fucceed- 
ed  in  removing  it  altogether. 

The  phyfiology  of  Haller  that  Spallanzani  ftudied, 
fixed  his  attention  upon  the  circulation  of  the  blood, 
in  which  he  difcovered  feveral  remarkable  phenomena. 
He  publiflied,  in  1768,  a  fmall  traft  :  Dell'  ylzione  del 
Cuore  ne'  Vafi  Sangu'tgni  nuovi  Offervazioni,  and  he  re- 
printed it  in  1773,  with  three  new  dilfertatlons,  De' 
Pcnoiiwrn  delta  Circolaztone  ajfernjata  nel'  Giro  univerjlili 
de'  Vafi ;  De'  Fenomeni  delta  Circolilzione  Laiiguente ; 
De'  Moli  del  Sangue,  indepcndente  del  jjzione  del  Cuore  e 
del  Pulfare  delle  yirterie  This  work,  but  little  known, 
contains  a  feries  of  obfervations  and  experiments,  of  the 
moft  ingenious  and  delicate  nature,  upon  a  fubjeft  of 
which  the  furtace  only  is  known.  It  merits  the  at- 
tention of  thofe  who  are  interefted  in  the  progrefs  of 
phyfiology. 

When  the  univerfity  of  Padua  was  re  eftablifhed  up- 
on a  larger  fcale,  the  Emprels  Maria  Therefa  direfted 
the  Count  de  Firmian  to  invite  him  to  fill  a  chair,  as 
profefTor  of  natural  hiftory  ;  his  great  reputation  ren- 
dered him  eligible  for  this  diillnftion,  follcited  by  many 
celebrated  men,  and  he  merited  it  by  his  fuccefs,  and 
by  the  crowd  of  fludents  who  thronged  to  his  leffons. 
Only  great  men  make  excellent  mailers,  becaufe  their 
ideas  are  the  moft  perfpicuous,  the  moil  extenfive,  and 
bell  connected. 

Spallanzani  united  a  vaft  extent  of  knowledge  to  a 
fine  genius  ;  a  method  fimple,  but  rigorous  in  its  na- 
ture ;  and  he  connected  what  he  knew  to  principles  firm- 
ly eftabllllied.  His  ardent  love  of  truth  made  him  dif- 
cufs,  with  the  utmoft  care,  the  theories  which  prevail- 
ed ;  to  found  their  f'olidity,  and  dilcover  their  weak 
fides.  The  great  art  which  he  had  acquired,  of  inter- 
preting Nature  by  herfelf,  diffufed  fuch  a  light  over  his 
leffons,  as  made  every  thing  perfpicuous  that  was  capable 
of  affording  inflrudlion.  An  eloquence  at  once  plain 
and  lively  animated  his  difcourfe  ;  the  purity  and  ele- 
gance of  his  flyle  charmed  all  who  heard  it  :  in  fhort, 
it  was  known  that  he  always  occupied  himfelf  about 
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the  means  of  rendering  hislefTons  ufeful,  which  he  pre- 
pared a  year  beforehand.  They  became  always  new 
and  engaging,  by  his  new  obfervations,  and  by  the  en- 
larged views  that  liis  meditations  prefented  to  him. 
The  learned  perfons  who  attended  his  Icfturcs  were 
pleafed  to  become  his  fcholars,  in  order  to  know  better 
what  they  already  knew,  and  to  learn  that  which  other- 
wife  they  would  perhaps  neve'-  have  known. 

In  arriving  at  the  univerlity,  Spallanzani  took  the 
Contemplation  de  la  Nature  of  Bonnet  for  the  text  of  his 
lefTons  :  he  filled  up  the  vacancies  in  it,  he  unfolded  the 
ideas,  and  confirmed  the  theories  by  his  experiments. 
He  believed,  with  reafon,  that  the  book  which  infpircd 
him  with  the  love  of  natural  hiftory  by  reading  it,  was 
the  mod  proper  to  give  birth  to  it  in  the  minds  of  his 
difciples. 

He  trandated  it  into  Italian,  and  enriched  it  with 
rotes  ;  he  added  a  preface  to  it,  wherein  he  pointed  out 
the  fubjefts  of  the  vegetable  and  animal  economy,  which 
in  an  efpecial  maimer  deferved  the  attention  of  his  pu- 
pils ;  and  fometimes  pointing  out  to  them  the  means 
of  fucceeding  in  their  refearches.  It  was  thus  he  at  firll 
devoted  himfelf  to  the  pleafing  employment  of  inflruc- 
tor  of  his  countrymen,  and  that  he  became  the  model 
of  thofe  who  were  delirous  of  inftrufting  ufefuUy.  He 
publifhed  the  firft  volume  of  his  tranflation  in  1769, 
and  the  fecond  in  1770. 

The  conneftion  of  Spallanzani  with  Bonnet  had  an 
influence  upon  his  genius,  which  bent  to  the  fevere  me- 
thod of  the  philofopher  of  Geneva.  He  prided  him- 
felf in  being  his  pupil,  and  he  unceafingly  meditated 
upon  his  admirable  writings ;  and  thus  it  was  that  he 
became  defirous  of  feeking  in  Nature  for  the  proofs  of 
Bonnet's  opinion  upon  the  generation  of  organized  bo- 
dies, and  that  this  charming  fubjedl  fixed  his  attention 
for  a  long  time. 

He  publifhed.  In  1776,  the  two  firft  volumes  of  his 
Opufcoli  di  F'ljica  Animale  e  Vegetabile :  they  are  the 
explanation  of  a  part  of  the  microfcopic  obfervations 
which  had  already  appeared. 

If  the  art  to  obferve  be  the  moft  difficult,  it  Is  ne- 
verthelefs  the  moft  neceflary  of  all  the  arts  ;  but  it  fup- 
pofes  every  quality,  every  talent  :  and  further,  though 
each  believes  himfelf  more  or  Icfs  confummate  therein, 
yet  it  is  obviijus,  that  only  great  men  have  exercifed  it 
in  a  dirtlngulfhed  manner.  Genius  alone,  fixes  the  ob- 
jefts  worthy  of  regard  ;  that  alone  diretls  the  fenfes  to 
the  obfcurities  which'  it  Is  neceflary  to  difljpate  ;  it 
watches  over  them  to  prevent  error  ;  it  animates  them 
to  follow  by  the  fcent,  as  it  were,  that  which  they  have 
but  a  dirtant  view  of:  It  takes  off  the  veil  which  covers 
what  we  are  looking  after  ;  it  fiipports  the  patience 
which  waits  the  moment  for  gratifying  the  light  in  the 
midft- of  obftacles  multiplying  one  upon  another:  in 
(hort,  it  is  genius  that  concentrates  the  attention  upon 
an  objeft,  which  communicates  that  energy  to  him  for 
imagining,  that  fagacity  for  difcovering,  that  prompt- 
ncfs  for  perceiving,  without  which  we  fee  only  one  fide 
of  truth,  when  we  do  not  happen  to  let  it  efcape  alto- 
gether. But  this  Is  not  all  ;  for  after  Nature  has  been 
read  with  precifion,  it  Is  neceffary  to  interpret  her  with 
fidelity  ;  to  analyle  by  the  thought  the  phenomena  ana- 
tomifed  by  the  fenfes  ;  to  confider  of  the  fpecies  by 
obferving  the  Individual,  and  to  anticipate  the  general 
propolitioDS  by  confidering  the  unconneded  facls.  Here 
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prudence  and  circumfpeftion  will  not  always  fecure  us    Spallan- 
againft  error,   if  an  ardent  love  for  the  truth  does  not       ^'"'' 
affay  obfervations  and  their  confequences  in  its  crucible,         ' 
and  thereby  reduce  every  thing  to  fcor'it  which  is  not 
truth. 

Such  was  Spallanzani  in  all  his  refearches  ;  fuch  we 
fee  him  in  all  his  writings.  Occupied  by  the  great  phe- 
nomenon of  generation,  he  examined  the  opinion  of 
Needham  to  demonftrate  its  want  of  foundation.  The 
latter,  not  fatlsfied  with  the  microfcopic  obfervations  of 
Spallanzani,  which  weakened  the  imagined  vegetative 
force  to  put  the  matter  In  motion,  challenged  the  pro- 
fcffor  of  Reggio  to  a  reperufal  of  what  he  had  written ; 
but  he  proved  to  the  other,  that  we  in  common  prac- 
tl  •■  always  fee  that  which  has  been  well  obfirved,  but 
that  we  never  again  fee  that  which  we  have  been  con- 
tented with  imagining  <we  fa-ui. 

Spallanzani  has  received  much  pralfe  for  the  polite, 
nefs  with  which  he  carried  on  this  controverfy,  and  for 
the  fevere  logic  with  which  he  demonftrates  to  Need- 
ham  the  caufes  of  his  error  ;  and  proves,  that  the  ani- 
malcule of  infufions  are  produced  by  germs  ;  that  there 
are  fome  of  them  which  defy,  like  certain  eggs  and 
feeds,  the  moft  exceffive  cold,  as  well  as  the  heat  of 
boiling  water.  On  this  occalion,  he  treats  on  the  in- 
fluence of  cold  upon  animals,  and  proves  that  the  le- 
thargic numbnefs  of  fome,  during  winter,  does  not  de- 
pend upon  the  ImprefTion  the  blood  may  receive  from 
it  ;  fince  a  frog,  deprived  of  his  blood,  becomes  lethar- 
gic when  he  Is  reduced  to  the  fame  cold  ftate  by  an 
Immerfion  in  Ice,  and  fwims  as  before  when  reftored  to 
warmth.  In  the  fame  manner  he  fhews  that  odours, 
various  liquors,  the  vacuum,  ad  upon  anlmalculje  as  up- 
onother  animals  ;  that  they  are  oviparous,  viviparous, 
and  hermaphrodite.  Thus,  in  running  over  thefe  dl- 
ftant  regions  of  Nature  with  this  llhiftrious  traveller,  we 
are  always  meeting  with  new  fafts,  profound  remarks, 
precious  details,  and  fome  curious  anecdotes  ;  in  fhort, 
an  univerfal  hiftory  of  thofe  beings  which  are  the  moll 
numerous  of  the  globe,  although  their  exiftence  is 
fcarcely  fufpedled,  and  whofe  organization  is  In  many 
refpefts  different  from  that  of  known  animals. 

The  fecond  volume  of  this  work  is  a  new  V05  age  in- 
to the  moft  unknown  parts  :  a  fublime  pencil  had  al- 
ready painted  it,  but  the  pliiture  was  not  done  after 
Nature.  Spallanzani  here  gives  a  hiftory  of  the  fper- 
matlc  anlnuilcul:^,  which  the  eloquent  hiftorlan  above 
alluded  to  always  confounds  with  the  animalculx  of  in- 
fufions. We  cannot  but  admire  the  modcll  diffidence 
of  this  new  demnnftrator,  ilruggllug  againft  his  own 
opinion  and  the  authority  of  Uuffon  ;  and  he  appears 
to-admit,  with  repugnance,  the  refults  of  his  multi- 
plied, and  in  a  thoufand  ways  varied,  obfervations, 
which  expofe  the  fceblenefs  of  the  fyftem  of  organic 
moleculas. 

Spallanzani  afterwards  dcfcribes  the  volvox  and  the 
flow-moving  animalcula:  [rotifere  and  tarJignide),  thofe 
colofTufes  of  the  microfcopic  world,  fo  lingular  by  their 
figure  and  organization,  but  more  fingular  ftill  by  their 
faculty  of  refuming  life,  after  a  total  fufpence  of  all  the 
apparent  acts  of  it  during  many  years. 

We  will  not  here  fpeak  of  the  experiments  of  Spal- 
lanzani on  the  death  of  animals  In  clofe  vefTcIs,  becaufc 
he  took  up  the  fubjeft  again,  and  enlarged  and  exem. 
plified  it  by  the  new  lights  of  chemiftry  ;  but  this  col- 
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le.?lion  lie  concludes  with  another  on  the  hrflory  of  ve- 
getable  mould  growing  on  the  fuvfacc  of  hquors  and 
moilt  fubltances,  the  feeds  of  which  he  fhews  to  float  in 
the  air  ;  and  he  leiiiai  ks,  that  thefc  microfcopic  cham- 
pignons or  nmihroohis  diftlnguilh  themfelves  trom  other 
plants  by  their  tendency  to  grow  in  aU  directions, 
without  conforming  to  the  almoil  univerfal  law  of  per- 
pendicularity  of  ilalkto  the  ground. 

Spallanzani  was  jibccd  at  the  head  of  the  univerfity's 
cabinet  of  natural  hKlory,  but  he  was  little  more  than 
titular  depcifilary  of  a  treafure  which  no  longer  exifted. 
He  laid  the  foundationsj  however,  for  its  renewal,  and 
by  his  care  it  is  become  one  of  the  mod  precious  and 
ufcful.  He  enriched  it  through  his  repeated  travels  by 
land  and  fea,  in  Europe,  in  Afia,  acrofs  the  Apennines, 
the  Alps,  the  Krapacks,  at  the  bottom  of  mines,  on  the 
top  of  volcanoes,  at  the  mouth  of  craters  :  lupported 
by  his  ardent  paffion  in  the  midft  of  perils,  he  preferved 
the/iny /roil/ of  the  philofopher  to  contemplate  thefe 
wonders,  and  the  piercing  eye  of  an  obfervcr  to  ftudy 
them.  It  is  thus  that  he  always  diftinguilhed  the  pro- 
per objefts  for  improving  fcience  by  favouring  inftruc- 
tion  ;  it  is  thus  that  he  filled  this  dcpofitary  with  trea- 
fures,  that  all  the  gold  in  the  world  conld  not  have  ob- 
tained, becaufe  gold  never  fupplies  the  genius  and  the 
difcernment  of  the  enlightened  naturalift. 

In  1779  Spallanzani  ran  over  Switzerland  and  the 
Grifons  ;  he  then  went  to  Geneva,  where  he  fpent  a 
month  with  his  friends,  who  admired  him  the  more  in 
his  converfations  after  having  admired  him  in  his  wri- 
tings. He  then  returned  to  Pavia,  and  publidied,  in 
J  780,  two  new  volumes  of  his  Djjferlaxiciie  di  Fi/rca 
yliiimale  c  Vegetabile.  He  thercip  reveals  the  fccrets  of 
the  interpretation  of  two  very  obfcnre  phenomena,  con- 
cerning the  vegetable  and  animal  economy. 

Some  experiments  made  by  Spallanzani  upon  di^cf- 
tion,  for  his  lefTous,  engaged  him  to  ftudy  this  dark 
operation  :  he  repeated  Reaumur's  experiments  upon 
the  gallinaceous  birds  ;  and  he  obferved  thut  the  tritu- 
ration, which  is  in  this  cafe  an  aid  to  digelllon,  could 
not,  however,  be  a  very  powerful  means.  He  faw  that 
the  gizzard  of  thofe  birds  which  pulverife  the  (lones  of 
fruit  to  pieces,  as  it  done  with  needles  or  other  fharp. 
pointed  inftruments,  did  not  digeft  the  powder  fo 
formed  :  that  it  was  neceflfary  it  Ihould  undergo  a  new 
operation  in  the  ftomach,  before  it  could  become  fit 
chyle  for  affording  the  elements  of  the  blood  and  other 
humours.  He  ellabliihed  the  point,  that  the  digeftlon 
was  performed  in  the  ftomach  of  numerous  animals  by 
the  powerful  aftion  of  a  juice  which  dlfiiilves  the  ali- 
ment! ;  and  to  render  his  demonftration  the  more  con- 
vincing, he  had  the  courage  to  make  feveral  experiments 
on  himfelf  which  might  have  proved  fatal,  and  had  the 
addrefs  to  complete  his  proofs  hy  artificial  digeilions, 
made  in  glafles  upon  the  table,  by  mixing  the  chewed 
aliments  with  the  gallric  juice  of  animals,  which  he 
knew  how  to  extract  from  their  ftomachs.  But  this 
book,  fo  original  by  the  multitude  of  experiments  and 
curious  obfervations  which  it  contains,  is  ftill  more  wor- 
thy of  attention  by  the  philofophic  fpirit  which  deteft- 
ed  it. 

This  fubjedl  is  one  of  the  moft  difficult  in  phyfiolo- 
gy  :  the  obferver  is  always  compelled  to  aft  and  to 
look  with  darknefs  around  him ;  he  is  obliged  to  ma- 
nage the  animal  with  care,  to  avoid  the  derangement  of 
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his  operations  j  and  when  he  has  laboriondy  complcttd 
his  experiments,  it  is  neccffary  that  he  fhoidd  xvell  di- 
ftinguifli  the  confequences,  fometimts  erroneous,  which 
may  be  drawn  from  thofe  of  (<bfervatlon,  which  never 
deceive  when  they  are  immediate.  Spallanzani,  in  this 
work,  is  truly  a  fine  fpeftacle  ;  fcrupuloufly  analyfiiig 
the  fails  in  order  to  discover  their  eanfcs  with  certain- 
ty ;  inventing  happy  refinirces  f(n'  funnounlli'g  the  ob- 
ftaeles  which  renew  thomfelve-:  ;  compaiiug  Naluie  with 
his  experinn-nts,  to  judge  r.f  them  ;  catching  hold  in 
his  obiervations  of  every  thing  that  is  eflentlal  in  them  ; 
nicafnrlng  their  folidity  by  the  augmentation  or  dimi- 
nution of  fuppofed  caufes  ;  drawing  the  bell  founded 
conclufions,  and  rcjefting  the  moft  plauiiblc  hypothefes  ; 
modeftly  expofing  the  errors  of  thofe  who  have  gone 
before  him^  and  employing  analogy  with  that  wife  cir- 
cumfpcftion  which  infpires  confidence  in  an  inftrumcnt 
at  once  fo  dangerous  and  fo  ufcful.  But  let  it  be 
known,  Spallanzani  had  a  capacity  in  particular  for  dif- 
covering  the  truth,  while  the  greater  part  of  obferva- 
tors  fcarccly  ever  attain  it  ;  and  then,  after  having  de- 
fcribed  arotmd  them  a  circuitous  trace,  he  runs  upon  it 
by  a  ftraight  line,  and  potTeffes  himfelf  of  it  fo  as  that 
it  cannot  efcape  him. 

Thi^  work  put  John  Hunter  out  of  humour  ;  and 
he  publlflied,  in  178J,  Some  Obfervations  upon  D'lgejlion, 
wherein  he  threw  out  fome  bitter  farcafms  againll  Spal- 
lanzani ;  who  took  ample  revenge  by  publlflilng  this 
work  in  Italian,  and  addrefling  to  Caldani,  in  1788, 
Una  Letlera  Apologetlca  in  Rifpojla  alle  Offervazione  d-l 
Signor  Giovanni  Hunter.  He  expofes,  with  modera- 
tion, but  with  an  irrefiftible  logic,  the  overfights  of  the 
Engliih  phyfiologift,  and  points  out  his  errors  in  a  man- 
ner which  left  him  no  hope  of  a  reply. 

The  fecond  volume  treats  of  the  generation  of  ani- 
mals and  pljnts.  Spallanzani  proves,  by  experiments 
as  I'atisfaftory  as  they  are  furprifing,  the  pre-exiftcnce 
of  germs  to  fecundation  ;  he  fliews  the  exiftence  of  tad- 
poles in  the  females  of  five  difi^erent  fpeciet  of  t"rogs,  in 
toads,  and  in  falaiiianders,  before  their  fecundation  :  he 
recounts  the  fuccefs  of  fome  artificial  fecundations  up- 
on the  tadpoles  of  thofe  five  fpccie5,  and  even  upon  a 
quadruped.  He  in  the  fame  manner  (hews  the  feed  in 
the  flowers,  before  the  emiflion  ot  their  farina  ;  and  by 
a  fubtle  anatomy  of  which  one  can  hardly  form  an  idea, 
he  exhibits  to  the  eye  in  the  flower  of  X}\t  fpariium  jun- 
ceum,  the  filiqua,  its  feeds,  with  their  lobes,  and  the 
embryo  plant  ;  he  purfues  them  in  their  expanfion  be- 
fore and  after  fecundation,  and  leaves  not  a  doubt  but 
that  the  feeds  and  the  pericarpla  exifted  long  before  the 
blofToming  of  the  buds,  and  confequently  a  long  time 
before  they  could  have  been  ieeundated.  He  has  re- 
peated thefe  obfervations  upon  various  fpecles  of  plants 
with  the  fame  rtfults  ;  in  ftiort,  he  has  raifed  the  indi- 
viduals of  plants  with  female  flowers  which  have  borne 
fecundated  feeds,  although  they  were  out  of  the  reach 
even  of  fnfpicion  of  a  communication  with  the  farina 
of  the  male  flowers.  Such  is  the  ferles  of  furprifing 
phenomena  Spallansani  adds  to  the  hiftory  of  Nature. 

According  to  cuftom,  he  availed  himfelf  of  the  aca- 
demical vacation  of  1781,  to  make  a  journey,  the  ob- 
jeft  of  which  was  to  add  to  the  cabinet  of  Pavia.  He 
fet  out  in  the  month  of  July  for  Marfeilles,  where  he 
commenced  a  new  hiftory  of  the  fea,  which  had  pre- 
fented  him  with  a  crowd  of  novel  and  curious  fafts  up- 
on 
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SF»!lan.  on  numcrou3  genera  of  the  inliabi'taiits  of  the  ocean 
^*'";  He  went  lilcevvife  to  Finale,  to  Genoa,  to  MafTa,  and 
'  to  Carrara,  to  obferve  the  quarries  of  marble  fo  famous 
with  the  ftatuaries  ;  he  returned  to  vSpezzia,  and  tliL-nce 
brought  to  Pavia  an  immenfe  barveft  of  filhes,  cruilace- 
ous  and  teftaceous,  which  he  dcpofited  in  that  cabinet 
of  which  his  voyages  and  travels  had  rendered  him  fo 
worthy  to  be  the  guardian.  He  vifited,  in  the  fame 
view,  and  with  the  fame  fuccefs,  the  coafts  of  Iftria  in 
J  782  ;  the  Apennine  Mountains  in  178^,  where  he 
noticed  the  terrible  hurricanes,  and  the  furpriluig  va- 
pours which  rendered  that  year  fo  famous  in  meteoro- 
logy. The  cabinet  of  Pavia  thus  every  year  faw  its 
riches  increafe  ;  and  in  the  lame  proportion  it  became 
the  objeft  of  ftrangers  admiration  ;  but  every  one  ad- 
mired IHU  more  the  immenfe  labour  of  Spallanzani,  who 
had  colleCled  every  part  of  it. 

The  Emperor  Joleph  knew  this  when  he  came  into 
Lombardy  :  he  delircd  to  have  a  converfation  with  Spal- 
lanzani ;  and  his  raaiefty  expreffed  his  approbation  by 
prefenting  him  with  his  medal  in  gold. 

The  univerfity  of  Padua  offered  to  Spallanzani,  in 
1785,  the  chair  of  natural  hillory,  which  the  death  of 
Anthony  Vallifneri  had  left  vacant,  piomiling  him  more 
confiderablc  advantages  than  thotc  which  he  enjoyed  at 
Pavia  ;  but  the  archduke  doubled  his  penfion,  and  al- 
lowed  him  to  accompany  to  Conllantinrple  the  Chevalier 
Zuliani,  who  had  juil  been  nominated  ambalfador  from 
the  republic  of  Venice. 

He  left  this  city  the  2  ift  of  Auguft  ;  and  during  his 
voyage  made  feveral  oLfervations  upon  the  marine  pro- 
<lu6lions  he  met  witli  in  thofe  climates,  as  well  as  upon 
the  meteorological  events   of  every  day,  among  which 
he  had  the  advantage  of  beholding   a   Ipecies  of  water- 
fpout.      He  touched  at  feveral  iOands  in   the  Archipe- 
lago; which  he  examined,   and  went  afhore  at  Troy  to 
vilit  the  places  fung  by  the  poet  whom  he  preferred  to 
all  others;  and  in  treading  upon  that  ground  fo  ancient- 
ly famous,  he   made  fume  geological   obfervations  truly 
original.     One  may  judge   before  hand  of  the  intereft 
we  (hall  feel  in  reading  the  Voyage  of  Spallanzani,  by 
fome    memoirs    which    have  appeared  in   the   Memor'ie 
iJella  SoLieta   Ilalicina  upon  the   water-lpouts  at  fea,  the 
ilroke  of  the  torpedo,   divers  marine  produftions,  and 
the  idand  of  Cytherea,  where  he  dilcovered  a  mountain 
rompofed  of  various  fpecies  of  foflils.      Spallanzani  ar- 
rived at  Conftantinoplc  the    iithof  Oftober,  and  re- 
mained there  eleven  months  :  he  muft  have  been  great- 
ly out  of  his  element  in  that  country  of  ignorance  and 
fuperllition,  if  he  had  not    had  Nature  to  ftudy,  and 
Zuliani  to   hear  him.     The  phyfical  and  moral  pheno- 
mena of  this  country,   quite  new  to  him,  fixed  his  at- 
tention ;  he  ftrayed  over  the  borders  of  the   two  fea«, 
and  climbed  up    the    neighbouring    hdls ;    he    vifited 
the  idand  of   Chalki,    where  he  made  known  to  the 
Turks  a  mine  of  copper,  the   exiftence  of  which  they 
never  fo  much  as  fufpefted.      He    went  to  the  Principi 
ifland,  a  few  miles  diftant  from   Conllantiiiople,  where 
he  difcovered    an  iron  mine  equally  unthought  of  by 
the  Turks.   He  returned  to  Europe  loaded  with   fpoils 
from  the  Eaft,   compofed  of  the  creatures  of  the  three 
kingdoms,  peculiar  to  thofe  regions  :  after  having  been 
ulcful  to   the  Orientals,  who  were  incapable  of  appre- 
ciating his  merit,  or  rather  of  imagining  he  could  have 
SuppL.  Vol.  n.  Part  II. 


[       521       ] 


SPA 


any,  he  fet  out  on  his  return  for  Italy  the  16th  of  An- 
gull,  1786. 

A  voyage  by  fea  was  in  every  rcfpefl  the  mnft  fjfe 
and  the  moll  commodious  ;  but  Spallanzani  conlidered 
the  dangers  and  the  inconveniences  of  the  road  as  no- 
thing when  employed  in  any  beneficial  purfuit  ;  he 
braved  all  the  perils  of  thofe  defert  regions,  where  tiiere 
is  no  police,  no  fecurity.  When  he  arrived  at  Bucha- 
reft,  he  was  retained  there  during  nine  days  by  the  ce- 
lebrated and  unhappy  Mauroceni,  hofpodar  of  Wai- 
lachia.  This  prince,  the  friend  of  fcience,  received  him 
with  dillinAion,  prcfented  him  with  many  of  the  rari- 
ties of  his  country,  furnillied  him  with  horl'es  for  tra- 
veiling,  and  alfo  gave  him  an  efcort  of  thirty  troopers 
throughout  the  whole  extent  of  his  dominions.  Spal- 
lanzani pafled  by  Hermanftadt  in  Tranfylvania,  and  ar- 
rived at  Vienna  the  7th  of  December,  after  having 
viewed  the  numerous  mines  of  Tranfylvania,  of  Hun- 
gary, and  of  Germany,  which  lay  in  the  neighbourhood 
of  his  route.  Spallanzani  remained  five  days  in  this 
capital  of  Auftria  ;  he  had  two  very  long  audiences 
with  the  Emperor  Jofeph  II.  ;  was  well  received  by 
the  higheft  nobility  in  that  metropolis,  and  vifited  by 
the  men  of  letters.  At  length  arrived  at  Pavia;  the 
ftudents  came  to  meet  him  cut  of  the  gates  of  the  city, 
and  accompanied  him  home,  manifeiting  their  joy  all 
the  way  by  repeated  fliouts.  Their  great  defire  to  hear 
him,  drew  him  almofl  immediately  to  the  auditory, 
where  they  forced  him  to  afcend  the  chair  from  which 
he  had  been  accuftomed  to  deliver  his  lectures  to  them. 
Spallanzani,  aflFeftcd  by  this  fcene,  teftified  with  elo- 
quence his  gratitude  and  attachment; — friendly  vvifhes, 
cries  of  joy,  clapping  of  hands,  recommenced  with  more 
force,  and  he  was  obliged  to  reqneft  them  to  dcfift,  and 
allow  him  to  take  in  his  houfe  that  repofe  which  was 
more  neceffary  than  ever.  He  had  in  the  courfe  of  thit 
year  above  500  Undents. 

Spallanzani  had  acquired  glory  enough  to  merit  the 
attacks  of  envy  ;  but  his  dilcoverics  were  too  new,  too 
original,  too  folid  to  be  difputed;  envy  itftlf  was  there- 
fore forced  to  admire  him  :  but  that  unworthy  paffion, 
being  tired  out  by  the  increafing  reputation  of  that 
great  man,  watched  the  moment  to  prove  that  It  had 
not  forgotten  him.  Envy  and  malignity  then  called  in 
quellion  his  uprightnefs  in  the  adminlllration  ot  the  ca- 
binet of  Pavia  ;  the  whole  of  which  was  tlie  fruit  of  his 
own  labours  :  but  the  darts  aimed  at  his  honour  only 
made  it  fhine  with  new  lullre.  Tlie  integrity  of  Spal- 
lanzani appeared  even  more  pure  after  the  juridical  exa- 
mination of  th_  tribunals.  But  let  us  Hop  here  ;  Spal- 
lanzani  had  the  fortitude  to  forget  this  event  which  had 
torn  his  heart  to  pieces  ;  the  great  part  of  his  enemiej 
acknowledged  their  miflake,  abjured  their  hatred,  and 
did  not  dclpair  of  regaining  his  friendlhip. 

The  cabinet  of  Pavia  was  always  the  objedl  of  Spal- 
lanzani's  thoughts  ;  amidll  the  numerous  rarities  which 
he  had  placed  there,  he  only  faw  thofe  that  were  want- 
ing. Struck  with  its  deficiency  in  volcanic  matters, 
which  had  neither  feries  nor  order,  and  confequently 
excited  little  intereft,  being  a  mute  article  with  refpect 
to  inllruftion  (although  Italy  was  the  theatre  where 
the  fires  of  volcanoes  had  for  fo  many  ages  exercifed 
their  defolating  powers),  he  took  the  refolution,  with 
which  bis  talents,  his  courage,  and  his  zeal,  infpired 
3  U  him. 
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him.  He  was  defirous  to  inftnift  his  pupils,  his  na- 
tion, himfelf,  concerning  the  phenomena  fo  ftriking, 
and  yet  fo  httle  known,  and  to  coUeft  the  documents 
of  their  hiltory  in  the  places  where  they  have  always 
been  the  terror  of  thofe  who  furrounded  them,  and 
where  they  have  been  ufelefsly  the  fiibjeft  of  the  ob- 
fervations  of  the  philofupher.  He  therefore  prepared 
himfelf  for  this  gicat  enterprife  by  deep  (Indies.  He 
fet  out  for  Naples,  in  the  fummerof  17S8,  and  afctnd- 
eil  mount  Vefuvius ;  he  looked  attentively  into  its  cra- 
ter, examined  and  made  notes  in  his  books,  and  em- 
barked for  the  Lipari  iflands.  He  diflefted,  as  it  were, 
the  uninhabited  volcanoes,  with  the  exadlnefs  of  a  na- 
turalill  anatomifing  a  butterfly,  and  the  intrepidity  of 
a  vparrior  defying  the  moft  imminent  dangers.  It  was 
then  that  he  had  the  boldnefs  to  walk  over  that  ful- 
phurous  cruft,  cleft  with  chinks,  trembling,  fmoking, 
burning,  and  fometimes  treacheroufly  covering  the 
hearth  of  the  volcano.  He  pafled  into  Sicily,  where 
he  climbed  up  to  Etna,  and  coafted  its  immenfe  crater. 
His  curiofityT  not  being  exhaufted,  he  would  collcft 
around  him,  and  have  iu  his  mind,  all  the  fingular  phe- 
nomena that  Sicily  contained  ;  he  examined  the  ftones 
and  the  mountains,  and  difcovered  many  new  marine 
animals  ;  he  approachtd  Scylla  and  Charybdis,  and  in 
a  boat  croffed  the  frothy  billows  of  thofe  deadly  rocks, 
celebrated  for  fo  many  (hipwrecks,  and  fo  often  fung 
by  the  poets  ;  but  in  the  very  midft  of  their  frightful 
waves,  he  difcovered  the  caufe  of  their  fury  (See  Scyl- 
la, Suppl.)  It  was  thus  that,  at  the  age  of  60,  he 
picked  up  thofe  numberlefs  anecdotes  which  fill  his 
voyages  in  the  two  Sicilies  ;  and  that  he  compared  the 
description  which  Homer,  Pindar,  Virgil,  Diodorus  Si- 
culus,  and  Strabo,  have  given  of  thefe  ever  famous 
places,  with  that  which  he  made  himfelf.  In  this  man- 
ner he  (hewed  the  conneftion  of  ancient  literature  with 
natural  hiftory. 

We  find  in  the  voyages  of  Spallanzani  a  new  volca- 
nology.  He  therein  teaches  the  way  to  meafure  the  in- 
tenfity  of  the  fire  of  volcanoes,  to  glance  at  the  caufes, 
to  touch  alrrioft,  in  the  analyfis  which  he  makes  of  the 
lava,  that  particular  gas  which,  refembling  a  powerful 
lever,  tears.from  the  bowels  of  the  earth,  and  raifes  up 
to  the  top  of  Etna,  thofe  torrents  of  (lone  in  fufion 
which  it  difgorges ;  to  furvey  the  nature  of  thofe  pu- 
mice-llones,  which  he  has  fince  explained  in  his  artifi- 
cial pumice-ftones.  He  concludes  this  charming  work 
with  fome  intereding  inquiries  into  the  nature  of  fwal- 
lovvs,  their  mild  difpofitions,  rapid  flight  ;  fuggefting 
that  an  advantage  might  be  drawn  from  them  in  the  way 
of  aerial  poll ;  their  migrations  determined  by  the  tem- 
perature of  the  air,  and  the  birth  of  infefts  it  occafions  : 
in  (hort,  he  dlfculTes  the  famous  problem  of  their  re- 
maining benumbed  during  winter  ;  and  proves,  that  ar- 
tificial cold,  much  greater  than  that  ever  naturally  felt 
in  our  climates,  does  not  render  thefe  birds  lethargic. 
He  next  fpeaks  of  a  fpecies  of  owl,  hitherto  very  ill 
defcribed  ;  and,  laftly,  of  eels  and  their  generation, 
which  is  a  problem  (till  in  fome  meafure  to  be  folved  ; 
but  he  carries  it  on  by  his  inquiries  to  that  (lep  which 
alone  remains  to  be  made  for  obtaining  a  complete  fo- 
lution  ;  or  to  get  over  it  eafily  by  a  fmall  number  of 
obfervations  in  thofe  times  and  places  pointed  out,  but 
•which  the  academical  occupations  of  Spallanzani  forced 
fcira  to  give  up  to  others. 
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Spallanzani  followed  the  progrcfs  of  the  French  che-    Spallan. 
miftry  with  much  fatisfaftion,   nor  was  he   long  before      ^^"'^ 
he   adopted  it  ;   it  was  calculated  for  a  jull  conception  ^~~*^~~' 
like  his,  delighting  to  give  an  account  of  every  pheno- 
menon he  obferved.     The  folidity   of  principles  in  this 
new   dodlrine,   the  precifion  in  its  way   of  proceeding, 
the  elegance  of  its  interpretation,  the  generality  of  its 
confequences,   prcfcntly  replaced  in  his  mind  the  hefita- 
tions  and  the  obfcurities  ot  the  ancient  chemiftry  ;   and 
his  heart  anticipated  with  pleafure  the  triumphs  that  it 
was  about  to  obtain. 

In  1791,  Spallanzani  publKhed  a  letter  addrelTed  to 
ProfefTor  Fortis,  upon  the  Pennet  Hydrofcope.  He 
there  relates  the  experiments  which  he  had  directed  to 
be  made  for  afcertaining  the  degree  of  confidence  which 
might  be  allowed  to  the  fingular  talents  of  this  man  ;  but 
he  ingenuoufiy  confefFes,  that  he  is  not  decided  upon 
the  reality  of  the  phenomenon. 

Spallanzani  has  often  difcovered  that  which  miglit 
have  been  deemed  impoflible.  In  1795  he  made  a  dif- 
covery  of  this  nature,  which  he  publilhed  in  his  Lettere 
fopra  il  fofpello  iVun  nuovo  fenfo  net  PippiflreUi.  We  there- 
in learn  that  the  bats,  if  blinded,  aft  in  every  refpeft 
with  the  fame  precifion  as  thofe  which  have  their  eyes  ; 
that  they  in  the  fame  manner  avoid  the  moft  trifling  ob- 
ftacles,  and  that  they  know  where  to  fix  themfelvcs  on 
ceafing  their  flight.  Thefe  extraordinary  experiments 
were  confirmed  by  feveral  natural  philofophers,  and 
gave  occafion  to  lufpeft  a  new  fenfe  in  thefe  birds,  be- 
caufe  Spallanzani  thought  he  had  evinced  by  the  way 
of  exclufion,  that  the  other  fenfes  could  not  fupplv 
the  deficiency  of  that  fight  which  he  had  deprived 
them  of  ;  but  the  anatomical  details  of  ProfefTor  Jurine, 
upon  the  organ  of  hearing  in  this  fingular  bird,  made 
him  incline  afterwards  towards  the  idea,  that  the  fenfe 
of  hearing  might  in  this  cafe  fupply  that  of  fight,  as  in 
all  thofe  where  the  bats  are  in  the  dark. 

Spallanzani  concluded  his  literary  career  for  the- 
public,  by  a  letter  addreffed  to  the  celebrated  Giobert;, 
Sopra  la  piatite  chiufs  ne'vafi  tkntro  I'aqua  e  Paria,  ef- 
pojle  a  /'  immediata  lume  folare  e  a  I'ombra.  It  is  a  mis- 
fortune for  this  part  of  the  fcience,  that  his  death  has 
deprived  us  of  the  difcoveries  he  was  about  to  make  in  it. 
Thefe  numerous  works,  printed  and  applauded,  did 
not  however  contain  all  the  feries  of  Spallanzani's  la- 
bours. He  had  been  occupied  a  confiderable  time  upon 
the  phenomena  of  refpiration  ;  their  refcmblances  and 
differences  in  a  great  number  of  fpecies  of  animals ;  and 
he  was  bufily  employed  in  reducing  to  order  his  re- 
fearches  upon  this  fubjeft,  which  will  aftonilh  by  the 
multitude  of  unforefeen  and  unexpefted  fafts.  He  has 
left  a  precious  colleftion  of  experiments  and  new  ob- 
fervations upon  animal  reproduftions,  upon  fponges,, 
the  nature  of  which  he  determines,  and  upon  a  thou- 
fand  interefting  phenomena  which  he  knew  how  to 
draw  out  of  obfcurity.  He  had  almoft  finiflied  his. 
voyage  to  Conftantinople,  and  had  amaffed  confiderable 
materials  for  a  Hiftory  of  the  Sea,  when  an  end  was 
put  to  bis  life  and  his  labours. 

On  the  4th  of  February  1 799,  he  was  feized  with  a 
retention  of  urine,  the  fame  night  was  unquiet,  and  in 
the  morning  he  loft  all  powers  of  reafon,  which  he 
never  recovered  but  during  very  (hort  intervals.  Hi? 
intimate  friends,  Tourdes,  a  French  phyfician,  and  the 
celebrated  ProfefTor  Scarpa,    did    every    thing  which 
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cmild  be  cxpeftcd  from  genius,  cxperfence,  and  fn'end- 
•  lliip,  to  lave  him  ;  but  he  died  the  )  7th,  after  having 
'  cdilied  thofe  around  him  by  his  piety.  This  lamentable 
event  overwhelmed  all  his  family  in  fonow,  occalioncd 
the  tears  to  flow  from  all  his  friends,  HUed  his  difciples 
with  a  deep  afBidion,  ai,d  excited  the  regret  of  a  na- 
tion proud  of  having  given  him  birth. 

The  reader  cannot  but  have  perceived  in  this  fketch 
the  drain  of  panegyric,  rather  than  the  calm  narrative 
of  impartial  biography.  It  is,  in  fact,  an  abridged 
tranllation  of  an  eloge  by  a  c'il'fz.en  philofopher  of  Ge- 
neva, who  has  adopted  the  calendar,  and  probably  the 
principles  of  republican  France.  Some  abatement  there- 
iove  will  naturally  be  made  by  every  Briton  of  the 
jiraifes  bellowed  upon  the  piety  of  Spallanzani  ;  but 
after  proper  allowance  of  this  kind,  truth  will  proclaim 
him  a  very  great  man.  Accordingly,  France,  Ger- 
many, England,  all  were  eager  to  avail  themlclves  of 
his  works  by  means  of  tranllations.  He  was  admitted 
into  the  academies  and  learned  focieties  of  London, 
Stockholm,  Gottingen,  Holland,  Lyons,  Bologr.a, 
Turin,  Padua,  Mantua,  and  Geneva.  He  was  a  cor- 
refpondent  of  the  academy  of  fciences  of  Paris  and  of 
Montpelier  ;  and  received  from  the  great  Frederic  him- 
felf  the  diploma  of  member  of  the  academy  of  Berlin. 

SPECIES,  in  algebra,  are  the-letters,  fymbols, 
marks,  or  charafters,  which  reprefent  the  quantities  in 
any  operation  or  equation. 

Species,  in  optics,  the  image  painted  on  the  retina 
by  the  rays  of  light  reflected  from  the  feveral  points  of 
the  furface  of  an  objeft,  received  in  by  the  pi:pil,  and 
collcfled  in  their  pallage  through  the  cryftalline,  5;c. 

SPECTACLES  (See  Encycl.)  are  certainly  the 
moft  valuable  of  all  optical  inllruments,  though  there  is 
not  the  fame  fcience  and  mechanical  ingenuity  dilplay- 
ed  in  the  making  of  them  as  in  the  conilruftion  of  mi- 
crofcopes  and  telefcopes,  A  man,  efpecially  if  accuf- 
tomed  to  fpend  his  time  among  books,  would  be  much 
to  be  pitied,  when  his  fight  begins  to  fail,  could  he  not, 
in  a  great  meafure,  reftore  it  by  the  aid  of  fpedlacles  ; 
but  there  are  fome  men  whofc  fight  cannot  be  aided  by 
the  ufe  either  of  convex  or  concave  glalTes.  The  fol- 
lowing method  adopted  by  one  01  thofe  to  aid  his  fight 
is  certainly  worthy  of  notice  : 

When  about  fixty  years  of  age,  this  man  had  almoll 
entirely  loft  his  fight,  feeing  nothing  but  a  kind  of  thick 
iiiift,  while  little  black  fpecks  which  appeared  to  float  in 
the  air.  He  knew  not  any  of  his  friends,  he  could  not 
even  diftinguifh  a  man  from  a  woman,  nor  could  he 
walk  in  the  llreets  without  being  led.  GlalFcs  were 
of  no  ufe  to  him  ;  the  bell  print,  feen  through  the 
bell  fpedlacles,  feemed  to  him  like  a  daubed  paper. 
Wearied  with  this  melancholy  Hate,  he  thought  of  the 
follov^'ing  expedient. 

He  procured  fome  fpedlacles  with  very  large  rings  ; 
and,  taking  out  the  glafles,  fubllituted  in  each  circle  a 
conic  tube  of  black  Spanilh  copper.  Looking  through 
the  large  end  of  the  cone  he  could  read  the  fmalleft 
print  placed  at  its  other  extremity.  Thefe  tubes  were 
of  different  lengths,  and  the  openings  at  the  end  were 
alfo  of  different ■  fizes ;  the  fmaUer  the  aperture  the  bet- 
ter could  he  dillingu|/h  the  fmallell  letters ;  the  larger 
the  aperture  the  more  words  or  lines  it  commanded  ;  and 
confequently  the  lefs  occafion  was  there  for  moving  the- 
head  and  the  hand  in  reading.     Sometimes  he  ufed  one 
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eye,  fometimes  the  other,  alternately  relieving  each,  for  Spe.lre. 
the  rays  of  the  two  eys  could  not  unite  upon  the  fame  """"v— "~ 
objeft  when  thus  feparated  by  two  opaque  tubes.  The 
thinner  thefe  tubes,  the  lefs  troublelome  are  they. 
They  mull  be  totally  blackened  within  fo  as  to  prevent 
all  Ihining,  and  they  (honld  be  made  to  lengthen  or 
contraCl,  and  enlarge  or  reduce  the  aperture  at  pleafure. 

When  he  placed  convex  glaffes  in  thefe  tubes,  the 
letters  indeed  appeared  larger,  but  n<jt  fo  clear  and  di- 
ftincl  as  through  the  empty  tube  :  he  alfo  found  the 
tubes  more  convenient  wlion  not  fixed  in  the  fpeClacle 
rings  ;  for  when  they  hung  loofely  they  could  be  raifed 
or  lowered  with  the  hand,  and  one  or  botb  nn'ght  be 
uled  as  occafion  required.  It  is  almoll  necdlcfs  to  add, 
that  the  material  of  the  tubes  is  of  no  importance,  and 
that  they  may  be  made  of  iron  or  tin  as  well  as  of  cop- 
per, provided  the  infidesof  them  be  fufiiciently  blacken- 
ed. Sec  La  Nou-velle  B'tgarure  for  February  1754,  or 
Monthly  Magazine  for  April  I7y9. 

SPECTRE  OF  THE  Brokin,  a  curious  phenomenon 
obferved  on  the  fummit  of  the  Broken,  one  of  the  Harz 
mountains  in  Hanover.  Wc  have  the  following  ac- 
count of  it  by  M.  Haue.  "  After  having  been  here 
(fays  he)  for  the  thirtieth  time,  and  having  procured 
information  relptfting  the  abovcmentioned  atmofpheric 
phenomenon,  I  was  at  length,  on  the  23d  of  May 
1797,  fo  fortunate  as  to  have  the  pleafure  of  feeing  it  ; 
and  perhaps  my  defcription  may  afford  fatisfaclion  to 
others  who  vifit  the  Broken  through  curiofity.  The 
fun  rofe  about  four  o'clock,  and,  the  atmofphere  being 
quite  ferene  towards  the  call,  his  rays  could  pais  with- 
out any  obflrudion  over  the  Heinrichfliijhe.  In  the 
fouth-weft,  however,  towards  Achtermannih(;)lie,  a  brilk 
weft  wind  carried  before  it  thin  tranfparent  vapours, 
which  were  not  yet  condenl'ed  into  thick  heavy  clouds. 

"  About  a  quarter  paft  four  I  went  towards  the  inn, 
and  looked  round  to  fee  whether  the  atmofphere  would 
permit  me  to  have  a  free  profpecl  to  the  fouth-weft  ; 
when  I  obferved,  at  a  very  great  diftance  towards  Ach- 
termannfliohe,  a  human  figure  of  a  monflrous  fize.  A 
violent  gull  of  wind  having  almoft  carried  away  my 
hat,  I  clapped  my  hand  to  it  by  moving  my  arm  to- 
wards my   head,  and  the  coloflal  figure  did  the  fame. 

•'  The  pleafure  which  I  felt  on  this  difcoverv  can 
hardly  be  defcribed  ;  for  I  had  already  walked  many  a 
weary  ftep  in  the  hopes  of  feeing  this  fhadowy  image, 
without  being  able  to  gratify  my  cnriolity.  I  imme- 
diately made  another  movement  by  bending  my  body, 
and  the  coloffal  figure  before  me  repeated  it.  I  was 
defirous  of  doing  the  fame  thing  once  more — but  my 
coloffus  had  vanilhed.  1  remained  in  the  fame  pofition, 
waiting  to  fee  whether  it  would  return  ;  and  in  a  few 
minutes  it  again  made  its  appearance  on  the  Achter. 
mannfhiihe.  I  paid  my  refpeCts  to  it  a  fecond  time, 
and  it  did  the  fame  to  me.  I  then  called  the  landlord 
of  the  Broken  ;  and  having  both  taken  the  fame  pofi- 
tion which  I  had  taken  alone,  we  looked  towards  the 
Achtermannfhohe,  but  law  nothing.  We  had  not, 
however,  ftood  long,  when  two  fuch  coloffal  figures 
were  formed  over  the  above  eminence,  which  repeated 
our  compliments  by  bending  their  bodies  a«  we  did  ; 
after  which  they  vanilhed.  We  retained  our  pofition  ; 
kept  our  eyes  fixed  on  the  fame  fpot,  and  in  a  little  the 
two  figures  again  ftood  before  us,  and  were  joined  by  a 
third.  Every  movement  that  we  made  by  bending  our 
3  U  2  bodies 
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Sp»culum.  bcfti'-s  theft-  figures  imita'cd — but  with  this  difference, 
^"»,--i—  tJim  (111-  nhenoni'.Mion  was  tuiu times  weak  and  faint, 
lonur'ines  ftrong  and  wtU  defined.  Having  thus  had 
an  opportunity  of  difcovering  the  whole  fecret  of  this 
phenomenon,  I  can  give  the  following  information  to 
fuch  of  rov  readers  aS  may  be  dcfirous  of  feeing  it  them- 
fclves.  When  the  rifing  fun,  and  according  to  analogy 
the  cafe  will  be  the  fame  at  the  fetting  fun,  throws  his 
rays  over  the  Broken  upon  the  body  of  a  man  itandiug 
tippoiite  to  tine  light  clouds  floating  around  or  hover- 
ing pall  him,  he  needr,  only  fix  his  eyes  iledfallly  upon 
ihem,  and,  in  all  probability,  he  will  fee  the  lingular 
fpeftacle  of  his  own  ihadow  extending  to  the  length  of 
iive  or  fix  hundud  feet,  at  the  dillance  of  about  two 
juiles  before  him." 

If  our  memory  does  not  deceive  us,  there  is  in  one 
of  the  volumes  of  the  Muiuhtjler  TranfaSions  an  ac- 
vount  of  a  fimQar  phenomenon  obferved  by  Dr  Ferrier, 
on  a  hill  fomewhere  in  England. 

SPECULUM  for  refleding  telefcopes  Under  this 
title  {Encyc/.)  we  have  given  the  compofition  of  the 
mixt  metal  of  which  it  has  been  found  by  experience 
^hat  the  belt  fpeculums  are  made  ;  we  have  likewile 
given,  under  the  fame  title,  fome  direftions  for  calling 
fpeculums  ;  but  owing  to  a  circumftance  in  which  the 
public  can  take  no  interell,  we  ncgletted  to  give  direc- 
tions for  grinding  and  ])oli(hing  them,  and  omitted  fome 
9ther  circumlhuices,  which,  though  not  fo  important 
as  thefe,  are  certainly  worthy  of  notice.  Thefe  omiffions 
if  is  the  obicft  of  this  article  to  fupply. 

When  the  metal  is  taken  out  of  the  flalks  (See  n"  3. 
^f  the  article  referred  to),  which  it  fhould  be  as  foon  as 
ijt  has  become  folid,  and  while  it    is   yet  red-hot,  care 
ipull  be  taken  to  keep  the  face  downwards  to  prevent 
it  from  finking.     Holding  it  in  that  pofition  by  the 
git,  force  out  the  fand  from  the  hole  in  the  m.iddle  of 
the  mirror  with  a  piece  of  wood  or  iron,  and  place  the 
fpeculum  in  an  iron  pot,  with  a  large  quantity  of  hot 
alhes  or  fmall  coals,  fo  as  to  bury  the  fpeculum  in  them 
a  lufTicitnt  depth.      If  the  fand  is  not  forced  out  of  the 
hole  in  the  manner  above  directed,   the  metal,  by  fink- 
ing as  it  cools,  will  embrace  the  fand  in  the  middle  of 
tlie  fpeculum  fo  tight,  as  to  caufe  it  to  crack  before  it 
becomes  entirely  cold.      And  if  the  metal  is  not  taken 
Vut  of  the  fand,  and   put  in  a  pot  with  hot  afties  or 
Qoals  to  anneal  it,  the  moifture  from  the  fand  will  al- 
ways break  the  metal.      Let  the   fpeculum  remain   in 
the  afhes  till  the  whole  is  become  quite  cold.      T'.e  git 
may   be  eafily   taken   off  by   marking  it  round  with  a 
(jommon  fine  half  round  file,  and  giving  it  then  a  gentle 
blow.  The  metal  is  then  to  be  rough  ground  and  figured. 
It  may  be  proper,  however,  before   we  proceed  to 
defcribe  that  prccefs,  to   give  aji  account  of  another 
compofition   for  the  fpeculum  of  a  reflefting  telefcope, 
\yhich  has  been  employed  with  great  fuccefs,  by  Rochon 
direftor  of  the  marine  obfcrvatory   at  Bred.     Of  this 
compofition  the  principal  ingredient  is  platinum  ;  which, 
in  grains,  mull  be  purified  in  a  ftrong  fire  by  means  of 
nitre  and  the  fait  of  glafs,  or  that   flux  which  in  the 
Englilh  glafshoufes  is  called  by   the  workman  fjndifer. 
To  the  platinum,  when  purified,  add  the  eighth  part 
of  the   metal  employed  in  the  compofition  of  commoa 
fpecula  ;  for  tin  without  red  copper  would  not  produce 
a  good  effeft.     This  mixture  ia  then  to  be  expofed  to 
the  tnoil  violent  heat,  which  mufl  be  ilill  excited  by 


the  oxygen  gas  that  difengages  itfelf  from  nitre  when  Speculum, 
thrown  into  the  fire.  One  melting  would  be  infufii- *"— v— 
cient  :  five  or  fix  are  rtquifite  to  bring  the  mixture  to 
perfeftion.  It  is  neceflary  that  the  metal  fhould  be  in 
a  ftate  of  complete  fufion  at  the  moment  when  it  is 
pound  into  the  mould.  By  this  procefs  I  have  been 
enabled  (fays  our  author)  to  conftruft  a  telefcope  with 
platinum,  which  magnifies  the  diameters  of  objefts  five 
hundred  times,  with  a  degree  of  clearnefs  and  dillinft- 
nefs  requifite  for  the  nicell  obfervations.  The  large  fpe- 
culum  of  platinum  weighs  fourteen  pounds  :  it  is  eight 
inches  in  diameter,  and  its  focus  is  fix  feet.  Though 
the  high  price  of  platinum  will,  in  all  probability,  for 
ever  prevent  it  from  coming  into  general  ufe  for  the 
fpeculums  of  telefcopes,  we  thought  it  proper  to  notice 
this  dllcovery,  and  Ihall  now  proceed  to  the  grinding  of 
the  fpeculum. 

For  the  accomplilhing  of  this  objeft,  a  very  compli- 
cated procefs  is  recommended  in  Smith's  Optics,  and 
one  not  much  more  fimpler  by  Mr  Mudge  in  the  67th 
volume  of  the  Phi/ofophical  Traiifad'wns  ;  but  accord- 
ing to  Mr  Edwards,  whole  fpeculums  are  confeffedly 
the  beft,  neither  of  thtfe  is  neccfl'ary.  Befides  a  com- 
mon grindllone,  all  the  tools  that  he  made  ufe  of  are 
a  rough  grinder,  which  ferves  alfo  as  a  pohfher,  and  a 
bed  of  hones.  When  the  Ipeculum  was  cold,  he  ground 
its  furface  bright  on  a  common  grindllone,  previoufly  - 
brought  to  the  form  of  the  gage  ;  and  then  took  it  to 
the  rough  grinder. 

This  tool  is  compofed  of  a  mixture  of  lead  and  tin, 
or  of  pewter,  and  is  made  of  an  elliptical  form,  of  fuch 
diuienlions,  that  the  Ihorteil  diameter  of  the  ellipfe  is 
equal  to  the  diameter  of  the  mirror  or  fpeculum,  and 
the  longed  diameter  is  to  the  fhorteft  in  the  proportion 
of  ten  to  nine.  This  rough  grinder  may  be  fixed  upon 
a  block  of  wood,  in  order  to  raife  it  higher  from  the 
bench  ;  and  as  the  metal  is  ground  upon  it  with  fine 
emery,  Mr  Mudge,  with  whom;  in  this  particular,  Mr 
Edwards  agrees,  directs  a  hole  or  pit  to  be  made  in 
tlie  middle  of  it  as  a  lodgement  for  the  emery,  and  deep 
grooves  to  be  cut  out  acrofs  its  furface  with  a  graver 
for  the  fame  purpofe.  By  means  of  a  handle,  fixed  on 
the  back  of  the  metal  with  foft  cement,  the  fpeculum 
can  be  whirled  round  upon  this  grinder  fo  rapidly,  that 
a  common  labourer  has  been  known  to  give  a  piece  of 
metal,  four  inches  in  diameter,  fo  good  a  face  and  figure 
as  to  fit  it  for  the  hones  in  the  fpacc  of  two  hours. 
The  emery,  however  fine,  will  break  up  the  metal  very 
much  (  but  that  is  remedied  by  the  fubiequent  proceffea 
of  honing  and  polifhlng. 

When  the  metal  is  brought  to  a  true  figure,  it  mufl 
be  taken  to  a  convex  tool,  formed  of  fome  ftones  from 
a  place  called  Edgedon  in  Shropfhire,  fituated  between 
Ludlow  and  Bilhop's  caftle.  The  common  blue  hones, 
ufed  by  many  opticians  for  this  purpofe,  will  Icarcely 
touch  the  metal  of  Mr  Edwards's  fpeculums;  but  where 
they  mull  be  employed  for  want  of  the  others,  as  little 
water  fhould  be  ufed  as  poflible  when  the  metal  is  put 
upon  them  ;  becaufe  it  is  found  by  experience  that  they 
cut  better  when  but  barely  wet,  than  when  drenched 
with  water,.  The  Hones,  however,  from  Edgedon  arc 
greatly  preferable  ;  for  they  cut  the  metal  more  eafily, 
and  having  a  very  fine  grain,  they  bring  it  to  a  fmooth 
face.  Thefe  ftones  are  diretled  by  Mr  Mudge  to  be 
cemented  in  fnaall  pieces  upon  a  thick  round  piece  of 

marble. 
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■fulum.  marble,  or  of  metal  made  of  tin  and  lead  like  the  former     than  if  no  fuch  fquares  had  been  made,     Mr  Miidge  Speeuluit* 
my  I    '  comuofitions,  in  fuch  a  manner,  that  the  lines  between     direAs  the  polifher  to  be  llrewed  over  with  very  fine      .  '1. 

the  llones  may  run  ftraight  from  one  fide  to  the  otlier  ;  ful/y;  but  Mr  Edwards  prefers  Colcothar  of  vitriol.  Machine. 
fo  that  plating  the  teeth  of  a  very  fine  faw  in  each  of  (See  that  article,  Encycl.)  Putty  (fays  he)  gives  me- *— v— « 
thefe  divlfions,  they  may  be  cleared  from  one  end  to  tals  a  white  luftre,  or,  as  workmen  call  it,  a  filver  hue  ; 
the  other  of  the  cement  which  riles  between  the  Hones.  b>it  good  colcothar  of  vitriol  will  pollfh  with  a  very  fine 
As  foon  as  the  hones  are  cemented  down,  t'-is  tool  and  lu'gh  black  hidre,  fo  as  to  give  the  metal  finilhtd 
mud  be  fixed  in  the  lathe,  and  turned  as  exadlly  true  with  it  the  compleftion  of  polifhed  fteel.  To  know  if 
to  the  gage  as  poflible.  It  ihould  be  of  a  circular  fi-  the  colcothar  of  vitriol  is  good,  put  fome  of  it  into 
pure,  and  but  very  little  larger  than  the  metal  intended  your  mouth,  and  if  you  find  it  dilTolvcs  away  it  is  good  ; 
to  be  figure<i  upon  it.  If  it  be  made  confiderably  but  if  you  find  it  hard,  and  crunch  between  your  teeth, 
larger,  it  will  grind  the  metal  into  a  larger  fphereand  a  then  it  is  bad,  and  not  well  burned.  Good  colcothar 
bad  figure  ;  and  if  it  be  made  exactly  ol:"  the  fame  fi/e,  of  vitriol  is  of  a  deep  red,  or  of  a  deep  purple  colour  ; 
it  will  work  the  metal  indeed  into  a  figure  tr\ily  fphc-  and  is  foft  and  oily  when  rubbed  between  the  fingers  ; 
rical,  but  will  be  apt  to  iliorten  its  focus,  unlcfs  the  bad  colcothar  of  vitriol  is  of  a  light  red  colour,  and 
metal  and  tool  be  worked  alternately  upwards.  On  feels  harfh  and  gritty.  The  colcothar  of  vitriol  fhould 
■  thefe  accounts,  Mr  Edwards  recommends  it  to  be  made  be  levigated  between  two  furfaccs  of  polilhed  fteel,  and 
about  one  twentieth  part  longer  in  diameter  than  the  wrought  with  a  little  water  ;  when  it  is  worked  dry, 
fpeculuni,  becaufe  he  has  found  that  it  does  not  then  you  may  add  a  little  more  water,  to  carry  it  lower  down 
alter  its  focus  ;  and  he  earneftly  diffuades  the  ufe  of  to  what  degree  you  pleafe.  When  the  colcothar  of 
much  water  on  the  hone  pavement  at  the  time  of  ufmg  vitriol  has  been  wrought  dry  three  or  four  times,  it  will 
it,  otherwife,  he  fays,  that  the  metal  in  dift'crent  parts  acquire  a  black  colour,  and  will  be  low  enough,  or  fuf. 
of  it  will  be  of  different  degrees  of  brightnefs.  ficiently    fine,  to  give  an   exquifite  luftre.     This  levi- 

When  the  metal  is  brought  to  a  very  fine  face  and  gated  colcothar  of  vitriol  muft  be  put  into  a  fmall  phial, 
figure  by  the  bed  of  ftones,  it  is  ready  to  receive  a  po-  and  kept  with  fome  water  upon  it.  When  it  is  to  be 
lilh,  which  is  given  to  it  by  the  elliptical  roUj^'h  grinder  ufed,  every  part  of  the  pitch-polilher  muft  be  firft  brulTl- 
covered  with  pit^.  With  refpeft  to  the  coniiftency  ed  over  with  a  fine  camel's  hair  brulh,  which  has  been 
of  this  pitch,  Mr  Mudge  and  Mr  Edwards  give  very  dipped  in  pure  water,  and  rubbed  gently  over  a  piece 
different  direftions.  Whilft  the  former  fays  that  it  of  dry  clean  foap.  The  wallied  colcothar  of  vitriol  is 
fliould  be  neither  too  hard  nor  too  foft,  the  latter  af-  then  to  be  put  upon  the  polifher  ;  and  Mr  Edwards  di- 
iirms  that  the  harder  the  pitch  is,  the  better  figure  it  refts  a  large  quantity  of  it  to  be  put  on  at  once,  fo  as 
will  give  to  the  metal.  Pitch  may  be  cafily  made  of  a  to  fatnrate  the  pitch,  and  form  a  fine  coating.  If  a 
fufficient  hardnefs  by  adding  a  proper  quantity  of  rofin  ;  fecond  or  third  application  of  this  powder  be  found  ne- 
and  when  it  is  hardened  in  this  way,  it  is  not  io  brittle  ceflary,  it  muft  be  ufed  very  fparingly,  or  the  pnlifli 
as  pitch  alone,  which  is  hardened  by  boiling.  Mr  Ed-  will  be  deftroyed  which  has  been  already  attained, 
wards  advifes  to  make  the  mixture  juft  fo  hard  as  to  When  the  metal  is  nearly  polifhed,  there  will  always 
receive,  when  cold,  an  impreflion  from  a  moderate  prtf-  appear  fome  black  mud  upon  its  furface,  as  well  as  up- 
i'ure  of  the  nail  of  one's  finger.  When  the  elliptical  on  the  tool.  Part  of  this  muft  be  wiped  away  with 
tool  is  to  be  covered  with  this  mixture,  it  muft  be  made  fome  very  foft  wafli  leather  :  but  if  the  whole  of  it  be 
pretty  warm,  and  in  that  Hate  have  the  mixture  poured  taken  away,  the  poliftiing  will  not  be  fo  well  con-pleted. 
upon  it  when  beginning  to  cool  in   the  crucible.      Our  With   refpeft  to  ihe  pjrLibolic  Jigure  to  be  given   to 

author  recommends  this  coating  to  he  made  evei-y  where  the  mirror,  Mr  Edwards  ulTures  us,  that  a  very  little 
of  about  the  thicknefs  of  halfacrown  ;  and  to  give  it  experience  in  thefe  matters  will  enable  any  one  to  give 
the  proper  form,  it  muft,  when  fomewhat  cool,  be  it  with  certainty,  by  polifliing  the  fpecuhim  in  the  com- 
preffed  upon  the  face  of  the  mirror,  Vi'hich  has  firft:  been     mon  manner,  only  with  crofs  ftr(,kes  in  every  diredtion,. 

upon  an  elhptical  tool  of  the  proper  dimenfions. 

SPINDLE,  in  geometry,  a  folid  body  generated 
by  the  revolution  of  fome  curve  line  about  its  bafe  or 
double  ordinate  ;  in  oppofition  to  a  conoid,  which  is 
generated  by  tiie  rotation  o(  the  curve  about  its  axis  or 
abfcifs,  perpendicular  lo  its  ordinate.  The  fpindle  is 
denominated  circular,  elliptic,  hyperbolic,  or  parabolic,. 
&c.  according  to  the  figure  of  its  generating  curve. 
Spindle,  in  mechanics,  fometimes  denotes  the  axis- 


dipped  in  cold  water,  or  covered  over  with  very  fine 
writing  paper.  If  it  be  not  found  to  have  taken  the 
exaft  figure  from  the  firft  preffure,  the  furface  of  the 
pitch  nuift  be  gently  warmed,  and  the  operation  repeat- 
ed as  before.  All  the  fuperfluous  pitcli  is  now  to  be 
taken  away  from  the  edge  of  the  polifher  with  a  pen- 
knife, and  a  hole  to  be  made  in  th?  middle,  accurately 
round,  with  a  conical  piece  of  wood.  This  hole  fliould 
go  quite  through  the  tool,   and   fhonld  be  made  of  the 


fame  fize,  or  fomewhnt  lets  than  the  hole  in  the  middle  of  a  wheel,  or  roller,  5(c.  and  its  ends  are  the  pivots, 

of  the  fpeculum.      Mr  Edw.'.rds  favs,    that   he   has  al-  SPINNING  machine.     The  ancient  Greeks  were 

ways  found   that    fmall   mirrors,  tiiough   witliout   any  not,  like  the  modern   philofophcrs,    unwilling    to    ac- 

hole  in  the  middle,  poliih  much  better,  and  take  a  more  knowledge  their  obligations  to    Providence   for  all  the 

eorretl  figure,   for  the  polifher's  having  a  hole   in   the  comfort    and    enjoyments    of    life,    nor    felt    pride    in 

middle  of  it.  deriving   every   tlung    from    their  own   talents.      They 

The   polifher  being   thus   formed,    it    muft  be   very  were  even  difpofed  to  think  that  thofe  very  talents  were 

gently  warmed    at   the   fire,    and   divided   into    fevcral  infpired.      Their  fivfl  inftruftors,  the  poets,  gave  to  A- 

fquares  by  the  edge  of  a  knife.     Thefe,  by  receiving  the  polio   the  honour  of  that  power  of  invention  and  ima- 

fmall  portion  of  metal  that  works  off  in  poliftiing,  will  gination  by  which  they   inftruded   and  charmed  their 

oaufe  the  figure  of  the  fpeculum  to  be  more  curre<?t  admiring  hearers.     The  prophetefs  dictated  her  oracles, 

the 


p 
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Sp'nnin^  the  poet  fung  his  enraptured  drain  only  when  iiifpired. 
^Machme.  rpj^^  happy  thought  of  twiniug  a  thread,  and  working 
•  it   into  a  blanket,  when  viewed  by  that  ingenious  and 

acutely  fenlible  people  in  all  its  importance,  as  the  pro- 
teftor  of  the  human  race  from  the  feverity  of  the 
weather,  feemed  a  preftnt  from  heaven,  as  the  inipira- 
tion  of  a  divinity  ;  and  the  diflafF  and  the  loom  were 
Minerva's  firll  title  to  a  feat  among  the  great  gods  on 
Olympus. 

We  are  much  inclined  to  be  of  the  fame  opinion. 
When  we  obferve,  that  in  all  the  countries  which  have 
been  difcovered  by  the  navigators  of  the  three  laft  cen- 
turies, the  diftnfF  and  fpindle,  and  the  needle,  have  been 
found,  we  own  ourfelves  much  difpofed  to  think  that 
they  are  the  refults  of  inftinft.  Our  inilinfts  are  not 
all  fimple  and  blind,  like  that  which  direfts  the  new- 
born anin-.al  to  the  breail  of  its  mother  without  know- 
ing why.  We  have  inftinfts  of  intelleft  33  well  as  of 
appetite  ;  and  the  logic  of  common  converfation  «s  an 
example  of  many  fuch.  We  doubt  not  but  that  the 
noble-minded  inhabitants  of  Pelew  would  have  wor- 
fhipped  as  a  divinity  an  Englifh  maiden  with  her  fpiu- 
ning  wheel  and  fly.  Surely  he  who  (hould  carry  them 
this  homelybut  ingenious  machine,  and  a  potter's  wheel, 
would  do  them  more  fervice  than  if  he  taught  thefu  all 
the  fcience  of  a  Newton,  with  all  the  philofophy  of  the 
J 8th  century  into  the  bargain.  We  do  not  know,  ex- 
cept perhaps  the  fteam  engine,  any  mechanical  inven- 
tion that  has  made  fuch  amazing  addition  to  the  afti- 
vity  and  induftry  and  opulence  of  this  highly  favoured 
idand,  as  the  invention  of  Mr  Arkwright  for  fpinning 
by  water,  where  dead  matter  is  inade  to  perform  all 
that  the  nicefl  finger  can  do  when  direded  by  the  never- 
ceafing  attention  of  the  intelligent  eye.  Minerva  has 
the  undifputed  honours  of  the  dillaff  and  fpindle.  We 
know  not  to  what  benefadtor  we  owe  the  fly-wheel. 
Mr  Arkwright  has  the  honour  of  combining  them 
both,  and  infpiring  them  with  his  own  fpirit  :  for  we 
may  truly  fay  of  the  contrivance  which  pervades  the 
■wonderful  machinery  of  a  cotton  mill, 

Totofque  infufa  per  artus 
Mens  agilal  mo  Jem  ct  magna  fe  cor  pore  mlfcct. 

To  give  an  intelligible  and  accurate  defcription  of  a 
cotton  mill  would  be  abundant  employment  for  a  vo- 
lume. Our  limits  admit  of  nothing  like  this  ;  but  as 
we  are  certain  that  many  of  our  readers  have  viewed  a 
cotton  mill  with  wonder,  but  not  with  intelligence,  nor 
with  leifure  to  trace  the  fteps  by  which  the  wool  from 
the  bag  ultimately  affunies  the  form  of  a  very  fine 
thread.  Bewildered  by  fuch  a  complication  of  machi- 
nery, all  in  rapid  motion,  very  few,  we  imagine,  are  able 
to  recoUedt  with  dillinftnefs  and  intelligence  the  eflen- 
tial  part  of  the  procefs  by  which  the  form  of  the  cotton 
is  fo  wonderfully  changed.  Such  readers  will  not  think 
a  page  or  two  mifemployed,  if  they  are  thereby  able  to 
underftand  this  particular,  to  which  all  the  reft  of  the 
procefs  is  fubfervient. 

We  pafs  over  the  operation  of  carding,  by  which  all 
the  clots  and  inequalities  of  the  cotton  wool  are  remo- 
ved, and  the  whole  is  reduced  to  an  uniform  thin  fleece, 
about  20  inches  broad.  This  is  gradually  detached 
from  the  finifhing  card,  and,  if  allowed  to  hang  down 
from  it,  would  pile  up  on  the  floor  as  long  as  the  mill 
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continues  to  work  ;  but  it  is  gin'ded  off  trom  the  card, 
very  tenderly,  in  a  horizontal  direftion,  by  laying  its 
detached  end  over  a  roller,  which  is  flowly  turned  round 
by  the  machine.  Another  roller  lies  above  the  fleece, 
preffing  it  down  by  its  weight.  By  tTiis  prelfure,  a 
gentle  hold  is  taken  of  the  tk-ece,  and  theierore  the 
flovv  notion  of  the  rollers  draws  it  gently  trom  the  card 
at  the  fame  rate  as  it  is  difeng.igcd  by  the  comb;  but  be- 
tween the  card  and  the  rollers  a  fct  of  imooth  pins  are 
placed  in  two  rows,  leadii»g  from  the  card  to  the  rol- 
lers, and  gradually  approaching  each  other  as  we  ap- 
proach the  rollers.  By  thcfe  pins  the  broad  fleece  is 
hemmred  in  on  both  fides,  and  gradually  contraclcd  to 
a  thick  roll  :  and  in  this  (late  paffes  betweeji  the  rollers, 
and  is  comprefled  into  a  pretty  firm  flat  riband  about 
two  inches  broad,  which  falls  off  from  the  rollers,  and 
piles  up  in  deep  tinplate  cans  fet  below  to  receive  it. 

It  is  upon  this  ftripe  or  riband  of  cotton  wool  that 
the  operation  of  fpinning  begins.  The  general  effecl 
of  the  fpinning  procefs  is  to  draw  out  tliis  maflive  roll, 
and  to  twill  it  as  it  is  drawn  out.  But  this  is  not  to 
be  done  by  the  fingers,  pulling  out  as  many  cotton 
fibres  at  once  as  are  neceflary  for  compofing  a  thread  ot 
the  intended  finenefs,  and  continijlng  this  manipulation 
regularly  acrofs  the  whole  end  of  the  riband,  and  thus, 
as  it  were,  nibbling  the  whole  of  it  away.  The  fingers 
muft  be  direfted,  for  this  purpofe,  by  an  attentive  eye. 
But  in  performing  this  by  machinery,  the  whole  riband 
mull  be  drawn  out  together,  and  twilled  as  it  is  drawn. 
This  requires  great  art,  and  very  delicate  management. 
It  cannot  be  done  at  once  ;  that  is,  the  cotton  roll  can- 
not firft:  be  ftretched  or  drawn  out  to  the  length  that  is 
ultimately  produced  from  a  tenth  of  an  inch  of  the  roll,, 
and  then  be  twifted.  There  is  not  cohefion  enough  for 
this  purpofe  ;  we  fliould  only  break  off  a  bit  of  the 
roll,  and  could  make  no  farther  ufe  of  it.  The  fibres 
of  cotton  are  very  little  implicated  among  each  other 
in  the  roll,  becaufe  the  operation  of  carding  has  laid 
them  almoS.  parallel  in  the  roll;  and  though  comprcflTed 
a  little  by  its  contraftion  from  a  fleece  of  20  inches  to 
a  riband  of  only  2,  and  afterwards  comprcfTed  between 
the  difcharging  rollers  of  the  carding  machine,  yet  they 
cohere  fo  flightly,  that  a  few  fibres  ma^  be  drawn  out 
without  bringing  many  others  along  with  them.  For 
thefe  reaions,  the  whole  thicknefs  and  breadth  of  two  or 
three  inches  of  the  riband  is  llrctched  to  a  very  minute 
quantity,  and  then  a  very  flight  degree  of  twill  is  given 
it,  viz.  about  three  turns  in  the  inch  ;  fo  that  it  fliall 
now  compofe  an  extremely  foft  and  Ipongy  cyhnder, 
which  cannot  be  called  a  thread  or  cord,  becaufe  it  has 
fcarcely  any  firmnefs,  and  is  merely  rounder  and  much 
flendcrer  than  before,  being  ftretched  to  about  thrice  its 
former  length.      It  is  now  called  flab,  or  roove. 

Although  it  be  ftill  extremely  tender,  and  will  not 
carry  a  weight  of  two  ounces,  it  is  much  more  cohefive 
than  before,  becaufe  the  twift  given  to  it  makes  all  the 
longitudinal  fibres  bi'nd  each  other  together,  and  com- 
prefs  thof(*  which  lie  athwart  ;  therefore  it  will  require 
more  force  to  pull  a  fibre  from  among  the  reft,  but 
ftill  not  nearly  enough  to  break  it.  In  drawing  out  a 
fingle  fibre,  others  are  drawn  out  along  with  it ;  and  if 
we  take  hold  of  the  whole  aiTemblage,  in  two  places, 
about  an  inch  or  two  inches  afunder,  we  ftiall  find  that 
we  may  draw  it  to  near  twice  its  length  without  any 
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ride  of  its  feparating  in  any  intermediate  part,  or  be- 
cominjT  much  fmaller  in  one  part  tiian  another.  It  fecins 
"  to  yield  equably  over  all. 

Such  is  the  ftate  of  the  flab  or  roove  of  the  firft 
formation.  It  is  ufually  called  the  preparation  ;  and  the 
operation  of  fpinning  is  confidercd  as  not  yet  begun. 
This  preparation  is  the  moll  tedious,  and  requires  more 
attendance  and  hand  labour  than  any  fubfcqucnt  part  of 
the  proccfs.  For  tlie  ftripes  or  ribands  from  whicli  it  is 
made  are  fo  light  and  bulky,  that  a  few  yards  only  can 
be  piled  up  in  the  cans  fct  to  receive  them.  A  perfon 
mull  therefore  attend  each  thread  of  flab,  to  join  frefli 
ftripes  as  they  arc  expended.  It  is  alfo  the  moft  im- 
portant in  the  manufadlure  ;  for  as  every  inch  of  the 
flab  meets  with  precifely  the  fiirae  drawing  and  the 
fame  twilling  in  the  fubfcqucnt  parts  of  tlie  procefs, 
therefore  every  inequality  and  fault  in  the  flab  (indeed  in 
the  fleece  as  it  quits  the  linilhing  card)  will  continue 
through  the  whole  manufadure.  The  fpinning  of  cot- 
ton yarn  now  divides  into  two  branches.  The  firft, 
performed  by  what  are  C3.\\e<]  jennies,  perfeitly  rel-.'mbles 
the  ancient  fpinning  with  the  diftaff  and  fpindle  ;  the 
other,  called  fpinning  of  tivifl,  is  an  imitation  of  the 
fpinning  with  the  fly-wheel.  ^They  differ  in  the  fame 
manner  as  the  fpinning  with  the  old  wool  or  cotton- 
wheel  diff^ers  from  the  fpinning  with  the  flax-wheel. 
Mr  Arkwright's  chief  invention,  the  fubftitution  of 
machinery  for  the  immediate  work  of  the  human  finger, 
is  feen  only  in  the  manufafture  of  twift.  We  fliall 
therefore  confine  our  attention  to  this. 

The  refl  of  the  procefs  is  little  more  than  a  repeti- 
tion of  that  gone  through  in  making  the  firft  flab  or 
roove.  It  is  formed  on  bobins.  Thefe  are  fet  on  the 
back  part  of  the  drawing  frame  ;  and  the  end  of  the 
flab  ii  brought  forwards  toward  the  attending  work- 
man. As  it  comes  forward,  it  is  ftretched  or  drawn 
to  about  y  of  its  former  length,  or  lengthened  y  ;  and 
is  then  twifted  about  twice  as  much  as  befor^,  and  in 
this  ftate  wound  up  on  another  bobin.  In  fome  mills 
two  rooves,  after  having  been  properly  drawn,  are 
brought  together  through  one-hole,  arid  twifted  into 
one  ;  but  we  believe  that,  in  the  greater  number  of 
mills,  this  is  deferred  to  the  fecond  drawing.  It  is  on- 
ly  after  the  firft  drawing  that  the  produce  of  the  opera- 
tion gets  the  name  of  fliih  ;  before  this  it  is  called  pre- 
paration, or  roeve,  or  by  fome  other  name.  The  flab 
is  ftill  a  very  feeble,  foft,  and  delicate  yarn,  and  will 
not  carry  much  more  weight  than  it  did  before  in  the 
form  of  roove.  The  perfeftion  of  the  ultimate  thread 
or  yarn  depends  on  this  extreme  foftnefs  ;  for  it  is  this 
only  which  makes  it  fufceptibk  of  an  equable  ftretch- 
ing  ;  all  the  fibres  yielding  and  feparating  alike. 

The  next  operation  is  the  fecond  draining,  which  no 
way  differs  from  the  firft,  except  in  the  different  pro- 
portions of  the  lengthening,  and  the  proportion  be- 
tween the  lengthening  and  the  fubfequent  twift.  On 
thefe  points  we  cannot  give  any  very  diftinft  infor- 
mation. It  is  different  in  different  mills,  and  with  dif- 
ferent fpecies  of  cotton  wool,  as  may  be  eafily  ima- 
gined. The  immediate  mechanifm  or  manipulation  muft 
be  Wilfully  accommodated  to  the  nature  of  that  fridlion 
which  the  fibres  of  cotton  exert  on  each  other,  ena- 
bling one  of  them  to  pull  others  along  with  it.  This 
is  greatly  aided  by  the  contorted  curled  form  of  a  cot- 
ton fibre,  and  a  confiderable  degree  of  elafticity  which 
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it  pofleffes.  In  this  refpett  it  greatly  refembles  woollen  Spmniivf. 
fibre?,  and  differs  exceedingly  trom  thofc  of  flax  :  and 
it  is  for  this  reafon  that  it  is  fcarccly  polhble  to  fpiii 
flax  in  this  way  :  its  fibres  become  lank,  and  take  any 
fliape  by  the  flighted  compreflion,  cfpecially  when  dump 
in  the  llighteft  degree.  But  befidcs  this,  the  furface 
of  a  cotton  fibre  has  a  harlhnefs  or  roughnefs,  which 
greatly  augments  their  mutual  friftion.  This  is  pro- 
bably the  reafon  why  it  is  fo  unfit  for  tents  and  other 
drefilngs  for  wounds,  and  Is  rcfufed  by  the  furgeon 
even  in  the  mcaneft  hofpitals.  But  this  harflinefs  and 
its  elafticity  fit  it  admirably  for  the  manufafture  of 
yarn.  Even  the  fliortnefs  of  the  fibre  is  favourable  : 
and  the  manufadure  would  hardly  be  poflible  if  the 
fibre  were  thrice  as  long  as  it  generally  is.  If  it  be 
juft  fo  long  that  in  the  finiftied  thread  a  fibre  will  rather 
break  than  come  out  from  among  the  reft,  it  is  plain 
that  no  additional  length  can  make  the  yarn  any  ftrong- 
erwith  the  fame  degree  of  compreffion  by  twining.  A 
longer  fibre  will  indeed  give  the  fame  firmnefs  of  adhe- 
rence with  a  fmaller  compreffion.  This  would  be  an 
advantage  in  any  other  yarn  ;  but  in  cotton  yarn  the 
comprclllon  is  already  as  flight  as  can  be  allowed ;  were  it 
lefs,  it  would  become  woolly  and  rough  bv  the  fmalleft 
ufage,  and  is  already  too  much  difpoled  to  teazle  out. 
It  can  hardly  be  ufed  as  fewing  thread.  Now  fuppofe 
the  fibres  njuch  longer  ;  fome  of  them  may  chance  to 
be  ftretched  along  the  flab  through  their  whole  length. 
If  the  flab  is  pulled  in  oppcfite  direftions,  by  pinching 
it  at  each  end  of  fuch  fibres,  it  is  plain  that  It  will  not 
ftretch  till  this  fibre  be  broken  or  drawn  out ;  and  that 
while  it  is  in  its  extended  ftate,  it  is  adllng  on  the  other 
fibres  in  a  very  unequable  manner,  according  to  their 
pofitions,  and  renders  the  whole  apt  to  fcparate  more 
irregularly.  This  Is  one  great  obftacle  to  the  fpinning 
vf  flax  by  fimllar  machinery  ;  and  it  has  hitherto  pre- 
vented (we  believe)  the  working  up  of  any  thing  but 
the  Jlor/s  or  tow,  which  is  feparated  from  the  long  fine 
flax  in  the  operation  of  hatcheliiig. 

A  third,  and  fometlmes  even  a  fourth,  drawing  is 
given  to  the  flab  formed  on  the  bobins  of  this  fecond 
operation.  The  flab  produced  is  now  a  flender,  but 
ftill  extremely  foft  cord,  fufceptible  of  confiderable  ex- 
tenfion,  without  rifle  of  feparation,  and  without  the 
fmalleft  chance  of  breaking  a  fingle  fibre  in  the  attempt. 
In  one  or  more  of  the  preparatory  drawings  now  de- 
fcrlbed,  two,  and  fometlmes  three  flabs  of  a  former 
drawing,  are  united  before  the  twift  Is  given  them. 
Tiie  praclice  is  different  in  different  mills.  It  is  plain,, 
that  unlcfs  great  care  be  taken  to  preferve  the  flab  ex- 
tremely foft  and  compreffible  during  the  whole  procefs, 
the  fubfequent  draw  ing  becomes  more  precarious,  and 
we  run  a  rin<  of  at  laft  making  a  bad  and  loofe  thiead 
inftead  of  a  uniform  and  fimple  yarn.  Such  a  thread- 
will  have  very  little  lateral  connefiion,  and  will  not 
bear  much  handling  without  feparating  into  ftrands. 
The  perfedion  of  the  yarn  depends  on  having  the  laft 
flab  as  free  of  all  appearance  of  ftrands  as  poffible. 

The  laft  operation  is  the  fpinning  this  flab.  This 
hardly  differs  from  the  foregoing  drawings  in  any  thing 
but  the  twift  that  is  given  it  after  the  laft  ftretching  iii 
Its  length.  This  is  much  greater  than  any  of  the  pre- 
ceding, being  intended  to  give  the  yarn  hardnefs  and; 
firmnefs,  fo  that  it  will  now  break  rather  than  ftretchi 
any  more. 
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The  reader,  moderately  acquaintud  with  mechanics, 
caiinut  but  perceive  that  each  of  the  operations  now 
defcribed,  by  which  the  roove  is  changed  into  the  foft 
(lab,  and  each  of  thefe  into  one  flendertr  and  fomewhat 
firmer,  by  aUcrnately  teazling  out  and  twining  the  foft 
cord,  is  a  fubltitute  for  a  (ingle  pull  of  the  finger  and 
ihumli  of  the  fpinller,  which  (he  accommodates  precile- 
ly  to  the  peculiar  condition  of  the  lock  of  wool  which 
liie  to\iches  at  the  moment.  She  can  follow  this  thro' 
all  its  irregularities  ;  and  perhaps  no  two  fuccecding 
plucks  are  alike.  But  when  we  cannot  give  this  mo- 
mentary attention  to  every  minute  portion,  we  mud  be 
careful  to  introduce  the  roove  in  a  Hate  of  perfeft  uni- 
formity ;  and  then  every  inch  being  treated  in  the  fame 
manner,  the  final  refult  will  be  equable— the  yarn  will 
be  uniform. 

We  are  now  to  defcribe  the  mechanifm  by  which  all 
this  is  effefted.  But  we  do  not  mean  to  defcribe  a  cot- 
ton mill  ;  we  only  mean  to  defcribe  what  comes  into 
immediate  contaft  with  the  thread  ;  and  in  fo  doing, 
to  confine  ourfelves  to  what  is  neceffary  for  making  the 
reader  perceive  its  ability  to  perform  the  required  taflv. 
We  fee  many  cafes  where  individuals  can  apply  this 
knowledge  to  ufeful  purpofes.  More  than  this  would, 
we  think,  be  improper,  in  a  national  point  of  view. 

Let  ABC  reprefent  the  feftion  of  a  roller,  whofe 
pivot  D  does  not  turn  in  a  pivot  hole,  but  in  the 
bottom  of  a  long  narrow  notch  DE,  cut  in  an  iron 
ftandard.  ab  c  is  the  feiElion  of  another  iron  roller, 
whofe  pivot  d  is  in  the  fame  notches  at  each  end,  while 
the  roller  itfelf  lies  or  refts  on  the  roller  ABC  below 
it.  The  lurfaces  of  tltefe  rollers  are  fluted  Icngthwife 
like  a  column  ;  only  the  flutings  are  very  fmall  and 
Iharp,  like  deep  ftrokes  of  engraving  very  clofe  toge- 
ther. It  is  plain,  that  if  the  roller  ABC  be  made  to 
turn  flowly  round  its  axis  by  machinery,  in  the  direc- 
tion ABC  (as  exprelTed  by  the  dart),  the  roughnefs  of 
the  flutings  will  take  hold  of  the  fimilar  roughnefs  of 
the  upper  roller  abc,  and  carry  it  round  alio  in  the 
direftion  of  the  dart,  while  its  pivots  are  engaged  in 
the  notches  DE,  which  they  cannot  quit.  If  there- 
fore we  introduce  the  end  F  of  the  cotton  firing  or  ri- 
band, formed  by  the  carding  machine,  it  will  be  pulled 
in  by  this  motion,  and  will  be  delivered  out  on  the  other 
fide  at  H,  confidcrably  compreflfed  by  the  weight  of  the 
upper  roller,  which  is  of  iron,  and  is  alfo  prcffed  down 
by  a  lever  which  refts  on  its  pivots,  or  other  proper 
places,  and  is  loaded  with  a  weight.  Tiiere  is  nothing 
to  hinder  this  motion  of  the  riband  thus  comprefled 
between  the  rollers,  and  it  will  therefore  be  drawn  thro' 
from  the  cans.  The  comprefled  part  at  H  would  hang 
down,  and  be  piled  up  on  the  floor  as  it  is  drawn  thro'; 
but  it  is  not  permitted  to  hang  down  in  this  manner, 
but  is  brought  to  another  pair  of  fliarp  fluted  iron  rol- 
lers K  and  L.  Suppofing  this  pair  of  rollers  to  be  of 
the  fame  diameter,  and  to  turn  round  in  the  fame  time, 
and  in  the  fame  direftion  with  the  rollers  ABC,  abc; 
it  is  plain  that  K  and  L  drag  in  the  compretfed  ri- 
band at  I,  and  would  deliver  it  on  the  other  fide  at  M, 
ftill  more  comprefled.  But  the  roller  K  is  made  (by 
the  wheelwork)  to  turn  round  more  fwiftly  than  ABC. 
The  difference  of  velocity  at  the  furface  of  the  rollers 
is,  however,  very  fmall,  feldom  exceeding  one  part  in 
12  or  15.  But  the  confequence  of  this  difference  is, 
that  the  Ikeiu  of  cotton  HI  will  be  lengthened  in  the 
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fame  proportion  ;  for  the  upper  rollers  prefllng  on  i\ie 
under  ones  with  a  confiderable  force,  their  fharp  flutings 
take  good  hold  of  the  cotton  between  them  ;  and  fince 
K  and  L  take  up  the  cotton  fafter  than  ABC,  and  a  be 
deliver  it  out,  it  mull  either  be  forcibly  pulled  through 
between  the  firft  rolleis,  i-:r  it  nuift  be  ft.retched  a  little 
by  the  fibres  flipping  among  each  other,  or  it  muft 
break  When  the  extenfion  is  fo  very  moderate  as  we 
have  juft  now  faid,  the  only  cffcft  of  it  is  merely  to  be- 
gin to  draw  the  fibres  (which  at  prefent  are  lying  in 
every  pofTiblt  diredtion)  into  a  more  favourable  pofition 
for  the  fubfequent  extenfions. 

The  fibres  being  thus  drawn  together  into  a  more 
favourable  pofition,  the  cotton  is  introduced  between  a 
third  pair  of  rollers  O,  P,  conflrufted  in  the  fame  way, 
but  fo  moved  by  the  wheelwork  that  the  furface  of  O 
moves  nearly  or  fully  twice  as  fall  as  the  furface  of  K. 
The  roller  P  being  alfo  well  loaded,  they  take  a  firm 
hold  of  the  cotton,  and  the  part  between  K  and  O  is 
nearly  or  fully  doubled  in  its  length,  and  now  requires 
a  little  twining  to  make  it  roundifli,  and  to  confolidate 
it  a  little. 

It  is  therefore  led  Hoping  downwards  into  a  hole  or 
eye  in  the  upper  pivot  of  the  firfl  fly,  called  a  jack.  This 
turns  round  an  upright  axis  or  fpindle  ;  the  lower  end 
of  which  has  a  pulley  on  it  to  give  it  motion  by  means 
of  a  band  or  belt,  which  paffes  round  a  drum  that  is 
turned  by  the  machinery.  This  jack  is  of  a  vei-y  inge- 
nious and  complicated  conftruftion.  It  is  a  fubftitute 
for  the  fly  of  the  common  fpinning  wheel.  If  made 
precifely  in  the  form  of  that  fly,  the  thread,  being  fo 
veiy  bulky  and  fpongy,  and  unable  to  bear  clofe  pack- 
ing on  the  bobin,  would  fwag  out  by  the  whirling  of 
the  fly,  and  would  never  coil  up.  The  bobin  therefore 
is  made  to  lie  horizontally  ;  and  this  occafions  the  com- 
plication, by  the  difficulty  of  giving  it  a  motion  round 
a  horizontal  axis,  in  order  to  coil  up  the  twilled  roove. 
Mr  Arkwright  has  acconipliflied  this  in  a  very  ingeni- 
ous manner;  the  effential  circumftances  of  which  we  Ihall 
here  briefly  defcribe.  A  is  a  roller  of  hard  wood,  ha- 
ving its  furface  cut  into  iharp  flutes  longitudinally.  On 
the  axis,  which  projefts  through  the  fide  of  the  gene- 
ral frame,  there  is  a  pulley  P,  connedled  by  a  band  with 
another  pulley  C)  ,  turning  with  the  horizontal  axis 
QR.  This  axis  is  made  to  turn  by  a  contrivance  which 
is  different  in  every  different  cotton  mill.  The  fimpkfb 
of  all  is  to  place  above  the  pulley  C  (which  is  turned 
by  the  grent  band  of  the  machinery,  and  thus  gives  mo- 
tion to  the  jack)  a  thin  circular  difc  D,  loofe  upon  the 
axis,  fo  as  to  turn  round  on  it  without  obflruiflion.  If 
this  difc  exceed  the  pulley  in  breadth  about  one-tenth 
of  an  inch,  the  broad  belt  which  turns  the  pulley  will 
alfo  turn  it  ;  but  as  its  diameter  is  greater  than  that  of 
the  pulley,  it  will  turn  fomewhat  flower,  and  will  there- 
fore have  a  relative  motion  with  refpeft  to  the  axis  QR. 
This  can  be  employed,  in  order  to  give  that  axis  a  very 
flow  motion,  fuch  as  one  turn  of  it  for  20  or  30  of  the 
jack.  This  we  leave  to  the  ingenuity  of  the  reader. 
The  bobin  B,  on  which  the  roove  is  to  be  coiled  up, 
lies  on  this  roller,  its  pivots  palling  through  upright 
flits  in  the  fides  of  the  general  frame.  It  lies  on  A, 
and  is  moved  round  by  it,  in  the  fame  manner  as  the 
uppermoft  of  a  pair  of  drawing  rollers  lies  on  the  un- 
der one,  and  receives  motlofl  from  it.  It  is  evident  that 
the  fluted  furfaces  of  A,  by  turning  flowly  round,  and 
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Splnninp-  r«n7!n5f  t^e   weight  of  the  bobin,  comprefTeB  a  little  flat,  large,  and  divided,  deeper  than   the  middle,  into   8n;e!ia. 

Machine   ji,,.  j-otton  that  is  between  them  ;   and  its  flutings,   be-  five  parts,  with  broad,  llat,  pointed  lucinli.     The  riithi-  "~~v— — 

iiig  (harp,  take  a  (light  huld  of  it,  and  caule  it  to  turn  rium   is  (mall,   llar-fliaped,   flat,  quinqiic(id,   wjiii  linear 

round  alfo,    and  thus   coil  up  the  voove,   pulling   it  in  Incinit  ;  and  embracing  with  ics  ragged  points  the  leed- 


Stapelia. 


forming  parts.  Another  Iniall  liar,  wiiich  is  alio  Hat 
and  quinquttid,  covers  the  leiniuiferouii  parts  with  its 
entire  acute  lucinia.  The  Jlamina  are  tifc  in  number  ; 
the ^/tiincn/i  are  ercft,  flat,  and  broad  ;  and  the  ctnl/iera 
are  linear,  on  eacli  tide  united  to  the  (Ide  of  the  fua- 
nient.     The  p'yUlliim  has  two  germina,  which   are  oval 


through  the  hole  E  in  the  upper  pivot  (which  relemhles 
the  fore  pivot  or  eye  of  a  fpiniiing  wlieel  fly)  in  lo 
gentle  a  manner  as  to  yield  whenever  the  motion  of  the 
bobin  is  too  great  for  tlie  fpeed  with  which  the  cotton 
fl<ein  is  difiiuirged  by  the  rollers  O  and  P.  —  N.  B. 
The  axis  OR  below,  alfo  gives  motion  to  a  guide  with- 
in the  jack,  which  leads  the  roove  gradually  from  one  and  flat  on  llic  iniide.  There  are  no  jlyhs  ;  and  the 
tnd  of  the  bobin  to  the  other,  and  back  again,  fo  is  to  J/igniiUa  are  oblolete.  The  feed-vejj'il  conlills  of  two 
toil  it  with  regularity  till  the  bobfii  is  full.  The  whole  oi)long,  awl-fhaped,  unilocujar  and  univalved  follicles, 
of  this  internal  mechanifm  of  the  jack  is  commonly  (hut  'ihe  Jceds  are  numerous,  imbricated,  comprilfed,  and 
up   in   a    tin   cylinder.     This    is   particularly   neceffary     crowned  with  a  fxippus  or  down. 

when  the  whirling  motion  muft  be  rapitl,  as  in  the  ie-  This  fingular  tribe  of  plants  is  peculiar  to  the  landy 
cond  and  third  drawings.  If  open,  the  jacks  would  deferts  of  Africa  and  Aiabia.  They  arc  exLieinelr 
meet  with  mneh  refillance  from  the  air,  which  would  fuccultnt.  From  this  peculiarity  of  Ihucture,  the 
load  the  mill  with  a  great  deal  of  ufclcls  work,  power  of  retaining  water  to   lupport  and  nourilh  them, 

The  reader  is  defired  now  to  return  to  the  begin-  they  are  enabled  to  live  during  the  prevalent  dri.iughtu 
ning  of  the  procefs,  and  co  confider  it  attentively  in  its  of  thofe  arid  regions.  On  this  account  the  llapelia 
different  ilages.  We  apprehend  that  the  delcription  is  has  been  compared  to  the  caiuel ;  and  we  are  told  lh;it, 
fufficiently  perfpicuous  to  make  him  perceive  the  cfii-  by  a  very  apt  limilitude,  it  has  been  denominated  "  the 
cacy  of  the  mechanifm  to  execute  all  that  is  wanted,  canul  of  the  vegetable  kingdom."  We  mult  confels 
and  prepare  a  (lab  that  is  uniform,  foft,  and  (till  very  ourfelves  quite  at  a  lols  to  lee  the  propriety  or  aptitude 
extenfible  ;  in  (hort,  fit  for  undergoing  the  laft  treat-  of  this  comparifon.  In  many  parts  of  the  animal  and 
ment,  by  which  it  is  made  a  fine  and  firm  yarn.  vegetable  economy  there  is  doubtlefs  a  vpy  obvious  and 

As  this  part  of  the  procefs  dilfers  from  each  of  the  flriking  analogy  :  but  this  analogy  has  been  often  car- 
former,  merely  by  the  degree  of  twill  that  is  given  to  ried  too  far  ;  mucli  fartho  than  fair  experiment  and 
the  yarn,  and  as  this  is  giveu  by  means  of  a  fly  not  ma-  accurate  obfcrvation  will  in  any  degree  fupport.  It  is 
tcrially  difi'erent  from  that  of  the  fpinning  wliecl  for  perhaps  owing  to  this  inaccuracy  in  obleiving  the  pe- 
fiax,  we  do  not  think  it  at  all  necelFaiy  to  (ay  any  thing  culiarity  of  ilruCture  and  diverlity  of  functions,  ttiat  a 
more  about  it.  refemblance  is  fuppofed  to  exill,   as  in  the  pie(ent  cale,  J 

The  intelligent  reader  is  furely  fenfible  that  the  yarn  where  in  reality  there  is  none.  The  camel  is  provided 
produced  in  this  way  muft  be  exceedingly  uniform,  with  a  bag  or  fifth  ftomach,  in  addition  to  the  four 
The  uniformity  really  produced  even  exceeds  all  expec-  with  which  ruminant  animals  are  furni(hed.  This  fifth 
tation  ;  tor  even  although  there  be  fome  l"m.-;ll  inequali-  ftomach  is  deftined  as  a  relervoir  to  contain  water  ;  and 
ties  in  the  carded  fleece,  yet  if  the(e  are  not  matted  it  is  fufficiently  capacious  to  receive  a  quantity  of  that 
clots,  which  the  card  could  not  equalife,  and  only  con-  neceffary  fluid,  equal  to  the  vi'ants  of  the  animal,  for 
(Ml  of  a  little  more  thicknels  of  cotton  in  fome  places  many  days  ;  and  this  water,  as  long  as  it  remains  in 
than  in  others,  when  fuch  a  piece  of  the  ftripe  comes  the  fifth  ftomach,  is  laid  to  be  perfectly  pure  and  un- 
to the  firft  roller,  it  will  be  rather  more  ftretched  by  changed.  I'lie  Jiiipelia,  and  other  ("ucculent  plants, 
the  fecond,  and  again  by  the  bobin,  after  the  firft  very  have  no  fuch  refervoir.  'i'he  water  is  equally,  or  near- 
flight  twining.  That  this  may  be  done  with  greater  ly  fo,  diff'ufed  through  the  whole  plant.  Every  vefl'tl 
certainty,  the  weights  of  the  firft  moving  rollers  are  and  every  cell  is  fully  diftended.  But  befides,  this 
made  very  fmall,  fo  that  tiie  middle  part  of  the  (l<ein  water,  whether  it  be  received  by  the  roots,  or  ablorbed  ' 
can  be  drawn  through,  while  the  outer  parts  remain  from  the  atmofjjhere,  has  probably  undergone  a  coin- 
laft  held.  plete  change,  and  beconie,  atter  it  has  been  a  fliort  time 

We  are  informed  that  a  pound  of  the  fineft  Bourbon     within  the  plant,  a  fluid  poffeded  of  very  different  (lua- 
cotton  has  been  fpun  into  a  yarn  extending  a  few  yards    lities. 
l)«yond  119  miles.  The  peculiar  economy  in  the  ftapelia,  and  other  fnc- 

Elater  spring,  in  phyfics,  denotes  a  natural  fa-  culent  plants,  fcems  to  exill  in  the  abforbent  and  exha- 
culty,  or  endeavour,  of  certain  bodies  to  return  to  their  lant  (yltems.  The  power  of  abforption  is  as  much  in- 
lirft  ftate,  after  having  been  violently  put  out  of  the  creafed  as  the  power  of  the  exhalant  or  perfpiratory 
lame  by  compreffing,  or  bending  them,  or  the  like.  veflTels  is  diminilbcd.  In  thefe  plants,  a  fm.ill  quantity 
This  faculty  is  ulually  called  by  philofophers  elajlic  of  nourifhment  is  required.  There  is  no  (olid  pa  t  to 
Jorce,  or  elajlicity.  ,  be  formed,  no  large  fruit  to   be  produced.     Thsjy  ge- 

T.  SQUARE,  or  Tee  Square,  an  inftrument  ufed  nerally  have  very  fmall  leaves,  often  are  ent.'rely  naked} 
in  drawing,  fo  called  from  its  refemblance  to  the  capi-  fo  that  taking  the  whole  plant,  a  (mall  fuif.ice  only  is 
tal  letter  1'.  expofed   to   the   aftion   of  light  and    heat,   .ind  confe- 

STAPELIA,  a  genus  of  plants  belonging  to  the  quently  a  much  fmaller  proportion  of  water  is  dccoin- 
clafs  pentandria,  in  the  Linna?an  arrangement,  and  to  pofed  than  in  plants  which  are  much  branched  and  fur- 
the  order  digynia.     The  generic  charaders  are  the  fol-    niflied  with  leaves. 

lowing  :  The  calyx  is  monophyllous,  quinquefid,  acute,         Two  fpecies  of  ftapelia  only  were  known  at  the  be- 

fniall,  and  permanent.     The  corolla  is  monopetalouSi    ginning  of  the  century.     The  unfortunate  Forfkal,  the 

Supj-L.VoL.II.  Part  II,  3X  companion 
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companion  of  Nitbhur,  who  was  fent  out  by  the  king  eight  inches  high  :  the  burs  made  by  ftamping  the  holes 

of  Denmark  :o  explore  tlie  interior  of  Arabia,  and  who  are  on  the  inlide.     This  grater  is  fupported  upon  three 

fell  a  facrifice  to  the  peltilei.tial  diftafes  of  thofe  inhof-  feet  AAA,  made   of  flat   iron   bars,   fevcn   feet  high, 

pitable  vcj^ions,   diicovered   two  new  fpccies.      Thiin-  llrorgly  rivtttcd   to  the  grat^er  ;  the    bottom   of  each 

berg,  in  his  Prr.dromus,  has  mentioned  five  more.     For-  foot  is  bent  horizontally,  and  has  a  hole  in  it  which  re- 

ty  new  fpecies  liave  been   difcovered  by  Mr  Maflbii  of  ceives  a  fcrew,  as  at  A,  fig.  4.      A  Jittle  below  the  up- 

Kew  Garde:;1,  who   was  fent  out  by  his  prefent  Ma-  per  end  of  the  three  feet  is  fixed  a  crofs  piece  B  (fig. 

jelty   for  the   piirpcfe   of  collecting  plants   round  the  I .  and  4.),  divided  into  three  branches,  and  rivetted  to 

Cape  of  Good  Hone.     Defcriptions  of  thefe,  with  ele-  the  feet.      This  crofs  piece  not  only  ferves  to  keep  the 

gant  and  hig^iily  finifhed  coloured  engravings,  have  lately  feet  at  a  proper  diilance  from  each  other,  and  to  pre- 

beeu  publiihcd.     They  are  chiefly  natives  of  ^he  exten-  vent  their  bending  ;  but  the  centre  of  it  having  a  hole 

live  deferts  called   Karro,  on  the  wertern  lide  of  the  cut  'u  it,  ferves  to  fiipport  an  axis  or  fpindle  of  iron,  to 


be  prefently  defcribed. 

The  upper  end  of  this  cylindrical  grater  has  a  diver, 
ging  border  of  iron  C  (fig.  i.  4.  and  7.),  about  ten 
inches  in  diameter  at  the  top,  and  five  inches  in  height. 

Within  this  cylindrical  grater  is  placed  a  fecond  gra- 
ter (fig.  2.  and  3.),  in   the  form  of  a  cone,   the  point 


Cape. 

STAR,  in  fortification,  denotes  a  fmall  fort,  ha- 
ving five  or  more  points,  or  faliant  and  re-entering 
angles,  flanking  one  another,  and  their  faces  90  or  100 
feet  long. 

■STARCH  (fee  Encvcl.)  is  commonly  made  of 
■wheat,  and  the  very  belt  ftarch  can  pofTibly  be  made  of  of  which  is  cut  off.  The  latter  is  made  of  thick  plate 
nothing  elfp.  Wheat,  however,  is  too  valuable  an  ar-  iron,  and  the  burs  of  the  holts  are  on  the  outfide  ;  it  is 
ticle  ot  food  to  be  emplcved  as  the  material  of  llarch,  fixed,  with  the  broad  end  at  the  bottom,  as  in  fig.  4. 
\shtn  any  thing  elfe  will  anfwer  the  purpofe  ;  and  it  At  the  upper  end  of  the  cone  is  rivetted  a  fniall  tri- 
has  long  been  known  that  an  inferior  kind  of  ftarch  angle,  or  crofs  piece  of  iron,  confiding  of  three  branches 
may  be  made  of  potatoes.  Potatoes,  however,  are  D  (fig.  2.),  in  the  middle  of  which  is  made  a  fquare- 
themfelves  a  valuable  article  of  food  :  and  it  is  there-  hole,  to  receive  an  axis  or  fpindle  ;  to  give  more  re- 
fore  an  objeft  of  importance  to  try  if  ftarch  may  not  fiftance  to  this  part  of  the  cone,  it  is  ftrengthened  by 
be.  made  of  fomething  (till  lefs  ufeful.  means  of  a  cap  of  iron  E,  which  is  fixed  to  the  grater 

On  the  8tli  of  March  1796,  a  patent  was  granted  to     by  means  of  rivets,  and  has  alio  a  fquare  hole  made  in 
Lord  William  Murray  for  liis  difcovery  of  a  method  by     it,  to  let  the  axis  pafs  through. 


which   ftarch   may   be   extracted    from  horfe-chefnuts. 
That  method  is  as  follows  : 

Take  the  borfe-chefnuts  out  of  the  outward  green 
prickly  hudvs  ;  and  then,  either  by  hand,  with  a  knife 
or  other  tool,  or  elfc  with  a  mill  adapted  for  that  pur- 
pofe,  very  carefully  pare  off  the  brown  rind,  being  par- 


Fig.  3.  reprefents  the  fame  cone  feen  in  front  ;  the 
bafe  F  has  alfo  a  crofs  piece  of  three  branches,  rivetted 
to  a  hoop  of  iron,  which  is  fixed  to  the  inner  furface 
of  the  cone  ;  the  centre  of  this  crofs  piece  has  alfo  a 
fquare  hole  for  the  paflage  of  the  axis. 

Fig.  5.  is  a  fpindle  or  axis  itfelf ;  it  is  a  fquare  bar 


ticiilar  not  to  leave  the  fmalleft  fpeck,  and  to  entirely  of  iron  about  16  inches  long,  and  more  than  half  an 

eradicate  the  fprout  or  growth.     Next  take  the  nuts,  inch  thick  ;  round  at  the  bottom,  and  alfo  towards  the 

and  rafp,  grate,  or  grind  them  fine  into  water,  either  top,  where  it  fits  into  the  crofs  piece  T,  fig.  7.  and  B, 

by  hand,  or  by  a  mill  adapted  for  that  purpofe.     Walh  fig.  i,  and  4.;  in  thefe  pieces  it  turns  round,  and  by 

the  pulp,  which  is  thereby  formed  in  this  water,  as  clean  them  it  is  kept  in  its  place.      It  muft  be   fquare  at  its 

as  poflible,  through  a  coarfe  horfe  hair  fieve;  this  again  upper  extremity,  that  it  may  have  a  handle,  about  nine 

wafh  through  a  finer  fieve,   and  then   again  through  a  inches  long,  fixed  to  it,  by  means  of  which  the  conical 

itiU  finer,  conflantly  adding  clean  water,  to  prevent  any  grater  is  turned  round.      At  G.  (fig-  5-),  a  fmall  hole 


is  made  through  the  axis,  to  receive  a  pin  H,  by  means 
of  which  the  conical  grater  is  kept  at  its  proper  height 
within  the  cylindrical  one. 

Fig.  6.  is  a  bird's  eye  view,  in  which  the  mill  is  re- 
prefented  placed  in  an  oval  tub,  like  a  bathing  tub.     I 


Stirch. 


Phte 


ftarch  from  adhering  to  the  pulp.     The  lad  procefs  is, 

to  put  it  with   a   large  quantity  of  water  (about   four 

gallons  to  a   pound  of  itarch)   through  a  fine  gauze, 

mudm,  or  lawn,   fo  as  entirely  to  clear  it  of  all  bran  or 

other  impurities.     As  foon   as  it  fettles,  pour  off  the 

water  ;  then  mix  it  up  with  clean  water,  repeating  this  is  the  fore-mentioned  triangular  iron  crofs,  fixed  with 

operation  till  it  \io  longer  imparts  any  green,  yellow,  or  fcrews  to  the  fide  of  the  tub  ;  the  centre  of  it  has  a 

other  colour  to  the  water.     Then  drain  it  off  till  near-  round  hole,  for  the  axis  of  the  mill  to  move  in  when  it 

ly  dry,  and  fet  it  to  bake,  either  in  the  ufual  mode  of  is  ufed. 

baking  ftarch,  or  elfe   fpread  out  before  a  brifk  fire  ;  Fig.  7.    reprefents  the  mill   in  the  oval  tub  ;  it   is 

being  very  attentive  to  ftir  it  frequently  to  prevent  its  placed  at  one  end  of  it,  that  the  other  end  may  be  left 

horning,   that   is   to   fay,  turning  to  a  pafte  or  jelly,  free  for  any  operation  to  be  performed  in  it  which  may 

■which,  on  being  dried,  turns  hard  like  horn.   The  whole  be  neceflary.     A  part   of  the  tub  is   cut  off,  that  the 

procefs  fhould  be  conducted  as  quickly  as  poffible.  infide  of  it,  and  the  manner  of  fixing  the  mill,  may  be 

Mention  is  here  made  of  a  mill  which  may  be  em-  feen.     That  the  bottom  of  the   tub  may  not  be  worn 

ployed  to  grind  the  horfe-chefnuts  ;  but  none  is  defcri-  by  the  fcrews  which  pafs  through  the  feet  of  the  mill, 

bed  as  proper  for  that  purpofe.     Perhaps  the  follow-  a  deal  board,  about  an  inch  thick,  and  properly  fhaped, 

ing  mill,  which  was  invented  by  M.  Beaume  for  grinding  is  placed  under  the  mill. 

potatoes,  with  a  view  to  extract  Itarch  from  them,  may  When  we  wifh  to  make  ufe  of  this  mill,  it  is  to  be 

anfwer  for  grinding  horfe-chefnuts.  fixed  by  the  feet,  in  the  manner  already  defcribed  ;  it 

He  had  a  grater  made  of  plate  iron.  In  a  cylindrical  is  alfo  fixed  at  the  top,  by  means  of  the  crofs  piece  I, 

form  (fig.  I.)  about  feven  inches  in  diameter,  and  about  fig.  6.  and  7.     The  tub  is  then  to  have  water  poured 

into 


Vl'A.l  . 


I'luL 


STAlilir 


tV;4 


ri.v.t). 


IK-.s..,  ...S. 


S    T     A  [     53»     ]  .S 

Into  it  as  Iiigh  as  K,  and  the  top  of  t!ie  mill  is  to  be     ed  upon  the  flour  remainin 
'filled  with  potatoes,  properly  walhcd  aod  cut ;   the  han- 
dle L  is  to  be  turned  round,  and  the  potatoes,  after 


being  ground  between  the  two  graters,  go  out  gra- 
dually at  the  lower  part,  being  afliUcd  by  the  motion 
produced  in  the  water  by  the  aftion  of  the  mill. 

It  is  not  necetfary,  in  the  condruAion  of  fuch  a  mlU, 
to  be  very  particular  with  rcfpcft  to  its  proportions  ; 
but,  in  order  to  make  known  thofe  which  experience 
has  proved  to  be  good  ones,  a  fcale  is  given  with  the 
figures,  to  which  recourfe  may  be  had.  With  a  mill 
of  this  fize,  100  pounds  of  potatoes  may  be  ground  in 
the  fpace  of  two  hours. 

We  are  perfuaded  that  this  roil!  will  aiifwer  perfeftly 
well  for  grinding  horfe-chefnuts  ;  and  we  hope,  that 
where  they  can  be  had  they  will  be  ufed  in  preference 
to  potatoes.  We  fiiall,  however,  give  M.  Beaume's  me- 
thod of  extrafting  ftarch  from  the  ground  potatoes, 
not  only  becaufe  it  will  be  acceptable  to  thofe  who 
have  not  horfe-chefnuts,  but  alfo  becaufe  thofe .  who 
have  may,  by  foUovsing  it,  be  able,  perhaps,  to  make 
ftarch  of  them,  without  encroaching  upon  Lord  Wil- 
liam Murray's  patent. 

In  order  to  prepare  ftarch  from  potatoes,  fays  M. 
Beaume,  any  quantity  of  thcfe  roots  may  be  taken,  and 
foaked  in  a  tub  of  water  for  about  an  hour ;  they  are 
afterwards  to  have  their  fibres  and  flioots  taken  off,  and 
then  to  be  rubbed  with  a  pretty  ftrong  brufli,  that  the 
earth,  which  is  apt  to  lodge  in  the  inequalities  of  their 
furface,  may  be  entirely  removed;  as  this  is  done,  they 
are  to  be  waflied,  and  thrown  into  another  tub  full  of 
clean  water.  When  the  quantity  which  we  mean  to 
make  ufe  of  has  been  thus  treated,  thofe  which  are  too 
large  are  to  be  cut  into  pieces  about  the  fize  of  eggs, 
and  thrown. into  the  mill  ;  that  being  already  fixed  in 
4he  oval  tub,  with  the  proper  quantity  of  water  ;  the 
handle  is  then  turned  round,  and  as  the  potatoes  are 
grated  they  pafs  out  at  the  bottom  of  the  mill  The 
pulp  which  collefts  about  the  mill  mutl  be  taken  off 
from  time  to  time  with  a  wooden  fpoon,  and  put  afide 
in  water. 

When  all  the  potatoes  are  ground,  the  whole  of  the 
ji'.iip  is  to  be  colleiSled  in  a  tub,  and  mixed  up  with  a 
t;reat  quantity  of  clean  water.  At  the  fame  time,  an- 
other tub,  very  clean,  is  to  be  prepared,  on  the  brim  of 
which  are  to  be  placed  too  wooden  rails,  to  fupjiort  a 
liair  fieve,  which  muft  not  be  too  fine.  The  pulp  and 
water  are  to  be  thrown  into  the  fieve  ;  the  flour  paffes 
thiough  with  the  water,  and  frefh  quantities  of  water 
.iire  fucceffively  to  be  poured  on  the  remaining  pulp, 
till  the  water  runs  through  as  clear  as  it  is  poured  in. 
in  this  way  we  are  to  proceed  til!  all  the  potatoes -that 
■were  ground  are  ufcd. 

The  pulp  is  commonly  thrown  away  as  ulclefs;  but 
it  fhould  be  boiled  in  water,  and  ufed  as  food  for  ani- 
mals ;  for  it  is  very  nouriihing,  and  is  about  ^ths  of 
the  whole  quantity  of  potatoes  uftd. 

To  return  from  this  fliort  digrelTion,  i'he  liquor 
which  has  paffed  through  the  fieve  is  turbid,  and  of  a 
brownifii  colour,  on  account  of  the  extraftive  matter 
■which  is  diflblved  in  it ;  it  depofits,  in  tlie  fpace  of 
five  or  fix  hours,  the  flour  which  was  fufpended  in  it- 
Wlien  all  the  flour  is  fettled  to  the  bottom,  the  liquor 
is  to  be  poured  off  and  thrown  away,  being  ufelefs  ; 
a  great  quantity  of  very  clan  water  is  then  to  be  pour. 
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at  the  bottom  of  the  tul), 
which  is  to  be  ftirred  up  in  the  water,  that  it  may  be 
waflied,  and  the  whole  is  to  itand  quiet  till  the  day  i 
following.  The  flour  will  then  be  found  to  have  fet- 
tled at  tlie  bottom  of  the  tub  ;  the  water  is  again  to 
be  poured  off  as  ufelefs,  the  flour  wafhed  in  a  frelh 
quantity  of  pure  water,  and  the  mixture  pafled  thro\igli 
a  filk  fieve  pretty  fine,  wliich  will  retain  any  fniall 
quantity  of  pulp  which  may  have  pafled  through  tlie 
hair  lieve.  The  whole  mult  once  more  be  fuffered  to 
Hand  quiet  till  the  flour  is  entirely  fettlid  ;  if  the  wa- 
ter abiive  it  is  perfcdly  clear  and  colourlcfs,  tlie  flour 
has  been  fufficiently  waflied  ;  but  if  tlie  water  has  any 
fenfible  appearance  either  of  coluiir  or  of  talle,  the  fliur 
niiifl  be  again  wafhed,  as  it  is  abfulutely  neccifary  tliat 
none  of  tiie  extractive  matter  be  fuffered  to  remain. 

When  the  flour  is  fufliciently  wafhed,  it  may  be  taken 
out  of  the  tub  with  a  wooden  fpoon  ;  it  is  to  be  placed 
upon  wicker  frames  covered  with  paper,  and  dried, 
properly  defended  from  durt.  When  it  is  thoroughly 
dry,  it  is  to  be  paffed  through  a  lilk  fieve,  that  if  any 
clotted  lumps  fliould  have  been  formed  they  may  be  di- 
vided. It  is  to  be  kept  in  glafs  veifels  ftupped  with  pa- 
per only.      See  Vegetable  SunsT/^.wcF.s,  Suppl. 

A''.  B.  Almoft  all  the  flour  of  potatoes  that  is  to  be 
bought  contains  a  fmall  quantity  of  fand,  which  is  per- 
ceived between  the  teeth  ;  it  is  owing  to  the  potatoes 
not  having  been  properly  waflied  ;  for  the  fand  which 
lodges  in  the  knobs  and  wrinkles  of  thefe  roots,  is  not 
always  eafy  to  get  out. 

STARLINGS,  or  Sterlings,  the  name  given  to 
the  ftrong  pieces  of  timber  which  were  driven  into  the 
bed  of  the  river  to  proteft  the  piles,  on  the  top  of 
which  were  laid  the  flat  beams  upon  which  were  built 
the  bafes  of  the-ft^one  piers  that  fupport  the  arches  of 
London  bridge.  In  general,  flarlings  are  large  piles 
placed  on  the  oiitfide  of  the  foundation  of  the  piers  of 
bridges,  to  break  the  force  of  the  water,  and  to  protedl 
the  (tone  work  from  injury  by  floating  ice.  They  are 
otherwilc  called  Jhttes,  which  fee  in  this  Supplement  ; 
and  their  place  is  often  fupplied  by  large  ftones  thrown 
at  random  rt)und  the  piers  of  bridges,  as  may  be  feen 
at  Stirling  hriilge  when  the  river  is  low  ;  and  as  was 
done  by  Mr  Smeatou's  dircftion  round  the  piers  of  tlie 
centre  arch  of  London  bridge,  when  it  was  thought  in 
danger  of  being  undermined  by  the  current.  See 
Smkaton,  Eticycl. 

STATIONARY,  in  aftronomy,  the  ftate  of  a  pla- 
net when,  to  an  obferver  on  the  earth,  it  appears  for 
feme  time  to  ftand  Rill,  or  remain  immoveable  in  the 
fame  place  in  the  heavens.  For  as  the  planets,  to  fuch 
an  obferver,  have  fometimes  a  progrefTive  motion,  and 
fometimes  a  retrograde  one,  there  mull  be  fome  point 
between  the  two  where  they  niuft^  appear  ffationary. 

STEAM,  Steai<i-Engin£.  The  few  followijig  cor- 
reftions  of  thefe  articles  in  the  Encycl.  vv-ere  communi- 
cated by  the  author. 

Page  745.  cul.  I. — It  was  not  at  the  York  Build. 
ing  waterworks  in  London  that  the  boiler  burft,  but  in 
the  country  in  an  engine  erefted  by  Dr  Defaguilliers. 
See  his  E:<perimental  PhUofophy,  Vol.  II.  p.  489. 

Page  74.(1.  col   2.  —  The  condenfatiou  requires  more 
cold  water  than  is  here  allowed,  as  will  appear  by  and 
bye  ;  and  we   alfo   fufpeiil  that   the   rapidity  is  over- 
rated with  which  a  great  volume  of  ftcnm  is  condeiifed 
3X2  by 
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Steam.  y,y  the  cold  furface  of  a  vcflcl.  We  are  well  informed 
*  that  Mr  Watt  was  much  difappointtd  in  lils  expcaa- 
tions.from  a  conllruftiun  in  which  this  mode  of  con- 
tlenfation  was  adopted.  The  condenfer  employed  by 
Mr  Cart  Wright  ((ee  Phi/.  Mag.)  was  one  of  the  very 
firft  f'lought  of  and  tried  for  this  purpofe,  and  was  gi- 
ven up,  as  well  us  all  others  on  the  fame  principle  ;  and 
the  imnifdiate  contait  of  cold  water  was  preferred  as 
incomparably  more  eficaive.  Tlie  great  fiiperiority  of 
the  capacity  of  water  for  iieat  is  now  well  known.  It 
is  true,  that  when  v.e  employ  an  cxtenfive  cold  furface 
of  tiie  condenfer,  this  fuiiace  is  keiJt  cold  by  the  water 
round  it  ;  and  therefore  we  iliU  avail  ourfclves  of  this 
trreat  avidity  of  water  for  heat.  But  this  water  mud 
■c&  through  the  intervention  of  the  vellel  ;  and  the  fub- 
ftance  of  the  vcilel  does  not  convey  heat  to  the  fur- 
rounding  water  in  an  inilant. 

Page  749.  col.  2— No  diftinft  experiment  (liews  fo 
great  an  expanfion  of  v\atcr,  when  converted  into  fteam 
at  the  tcmi:erature  212"  ;  and  under  the  prcflure  of  the 
air  Mr  Watt  never  found  it  more  than  l&oo  times  ra- 
rer than  water. 

Page  753.  col.  I.— The  heat  expended  in  boiling  off 
a  cubic  foot  of  water  is  about  fix  times  as  much  as 
would  bring  it  to  a  boiling  heat  from  the  mcdiumtem- 
perature  (55)  in  this  climate. 

Page  758.  col.  2. — The  quantity  of  water  neceffary 
for  injcftion  may  be  determined  on  principle,  at  leal! 
for  an  engine  having  a  fepaiate  condenfer.  Every  cu- 
bic foot  of  common  lleam  produces  about  an  inch  of 
water  when  condenfed,  and  contains  about  as  m.uch  la- 
tent heat  as  would  raife  iico  inches  of  water  one  de- 
gree. This  fteam  muft  not  only  be  condenfed,  but 
muft  be  cooled  to  the  temperature  of  the  hot  well  ; 
therefore  as  many  inches  of  cold  water  muft  be  em- 
ployed as  will  require  all  this  heat  to  raife  it  to  the  tem- 
perature of  the  hot  well.  Therefore  let  x  be  the  cubic 
feet  of  fteam,  or  capacity  of  the  cylinder,  and  let  y  be 
the  inches  of  cold  water  expended  in  condenfmg  it. 
Let  a  be  the  difference  between  212°  and  the  tempera- 
ture of  the  hot  well,  and  b  the  difference  between  the 
temperature  of  the  well  and  the  injeftion  ciflern.     X^  e 

iave  V  i  =  X  X  1 1  CO  -f  rt,  or  >>  =  ' 

Thus,  if  the  teinperature  of  the  hot  well  be  1 00" 
(and  it  ftiould  never  be  higher,  if  we  would  have  a  to- 
lerable vacuum  in  the  cylinder),  and  that  of  the  injec- 
tion ciftern  be  30°,  we  have  a  =  112,  and  b  =  5:,  and 

^^^^  X,  =  24,245c,  or  243  x;   that  is,  every  foot 
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of  the  capacity  of  the  cylinder,  or  every  inch  of  water 
evaporated  from  the  boiler,  requires  more  than  24  inch- 
es of  water  to  condenfe  the  fteam.  A  wine  pint  for 
every  inch  of  water  boiled  ofl",  or  every  cubic  foot  of 
capacity  of  the  cylinder,  may  be  kept  in  mind,  as  a 
large  allowance.  Or,  more  exaflly,  if  tb«  engine  be  in 
good  order,  and  the  injeftion  water  as  low  as  50",  and 
the  hot  well  not  above  100°,  w^e  may  allow  25  gallons 
of  inje£fion  for  one  gallon  of  water  boiled  off.  This 
greatly  exceeds  the  quantity  mentioned  in  the  cafe  of  a 
good  Newcomen's  engine,  the  cylinder  of  which  con- 
tained almoft  30  cubic  feet  of  fteam.  And  this  circum- 
ftance  fliews  the  fuperiority  of  the  engine  with  a  fepa- 
rate  condenfer.     The  injedion  of  Newcomen's  engine 
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had  been  adjufted  by  experience,  fo  as  to  make  the  beft  i 
compenlation  for  the  unavoidable  walte  in  the  cylinder,'— 
We  prelunie  that  this  machine  was  not  loaded  above 
eight  pounds  per  inch,  more  likely  with  feven  ;  wiiereas 
Watt's  engine,  working  in  the  condition  now  defcribcd, 
bears  a  load  not  much  below  twelve,  making  at  l»all 
twelve  ftrokes  per  minute. 

This  is  not  a  matter  of  mere  curiofity  ;  it  affords  a 
very  exa6l  rule  forjudging  of  the  good  working  order 
of  the  engine.  We  can  meafure  with  accuracy  tiie  wa- 
ter  ailmittcd  into  the  boiler  during  an  hour,  without 
allowing  its  furface  to  rife  or  fall,  and  the  water  em- 
ployed for  injctlion.  If  the  laft  be  below  the  propor- 
tion now  given  (adapted  to  the  temperatures  5(;'  and 
ico'^),  we  are  certain  that  fteam  is  wafted  by  leaks,  or 
by  condenfation  in  fome  improper  place.  Tlic  rule  is 
not  ftriftly  conformable  to  the  latent  heat  of  fteam 
which  balances  the  atmofphere,  1  loo"  being  fomewhat 
too  great  a  value.  It  is  accommodated  to  the  adtual 
performance  of  Watt's  engines,  when  in  their  bell 
working  condition. 

It  is  evident  that  it  is  of  great  importance  to  have 
the  temperature  of  the  hot  well  as  low  as  poffible  ;  be- 
caufe  there  always  remains  a  fteam  in  the  cylinder,  of 
the  fame,  or  rather  higher  temperature,  poffcffing  an 
clafticity  whicli  balances  part  of  the  preffure  on  the 
other  iide  of  the  pifton,  and  thus  diminiihes  the  power 
of  the  engine.  This  is  clearly  feen  by  tiie  barometer, 
which  Mr  Watt  applies  to  many  of  his  beft  engines, 
and  is  a  moft  ufeful  addition,  for  the  proprietor.  It 
ftiews  him,  in  every  itioment,  the  ftate  of  the  vacuum, 
and  the  real  power  of  bis  engine,  and  tells  him  when 
there  are  leaks  by  which  air  gets  in. 

Page  762  cols.  I.  2. —  Mr  Watt's  firft  experiment 
was  not  exaftly  as  here  related,  but  much  more  analo- 
gous  to  the  prefent  form  of  his  engine.  The  conden- 
fer was  a  cylinder  of  tinplate,  fitted  with  a  pifton,  which 
was  drawn  up  from  the  bottom  to  the  top,  before  the 
edudtion  cock  was  opened.  Without  this  previous  ra- 
refaction in  the  condenfer,  there  was  no  inducement  for 
the  fteam  to  take  this  courfe,  unlcfs  it  were  made  much 
ftronger  than  that  of  ordinary  boiling  water. 

The  defcription  of  the  firft  form  ot  the  engine  is  alfo 
faulty,  by  the  omiffion  of  a  valve  immediately  below  the 
eduftion  pipe.  This  valve  is  (hut  along  with  the  valve 
I,  to  prevent  the  fteam,  which  ftiould  then  go  into  the 
lower  part  of  the  cylinder,  from  alfo  going  down  into 
the  condenfer.  ^This  is  not  abfolutely  neceffary,  but  its 
advantage  is  evident. 

Page  766.  col.  I. — This  form  of  the  engine  was  ve- 
ry early  put  in  practice  by  Mr  Watt — about  the  year 
1775.  The  fmall  engine  at  Mr  Bonlton's  works  at 
Soho  was  erefted  in  1776  ;  and  the  engine  at  Shad- 
well  waterworks,  one  of  the  beft  yet  erefted,  had  been 
working  fome  time  when  we  faw  it  in  1778.  We 
mention  this,  becaufe  we  have  been  told  that  Mr  Horn- 
blower  puts  in  fome  claim  to  priority  in  this  invention. 
We  do  not  think  that  Mr  Hornblower  eiefted  any  of 
his  engines  before  1782  ;  and  as  Mr  Hornblower  was, 
we  believe,  working  with  Boulton  and  Watt  before  that 
time,  we  think  it  fully  more  probable  that  he  has  in  this 
refpeft  profited  by  the  inftruftion  of  fuch  intelligent 
employers.  We  may  alfo  obferve,  that  Mr  Watt  em- 
ployed the  fame  contrivance  which  we  have  defcribed. 
with  much  approbation  in  p.  772.  Encycl.  for  keeping 
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thf  collar  rou'id  the  pillon  rods  fleam  and  air  tight, 
He  found  them  effcClual,  but  tliat  they  required  more 
attention  for  keeping  them  in  fit  condition  than  the 
ufiial  mode  of  packing.  He  made  a  fimilar  packing 
for  the  pifton,  and  with  a  fimilar  refnlt. 

Page  769.  cols.  I.  2. — Mr  Boulton  ellimates  the  per- 
formance of  the  engines  in  the  following  maimer.  See- 
in'T  that  the  great  ixpence  of  the  engine  is  the  coti- 
fumptioii  of  fuel,  he  makes  this  the  Itandard  of  com- 
putation, and  ellimates  the  performance  by  the  work 
which  he  en'rii^ts  to  perform  by  the  confumption  of  one 
budiel  of  good  Nwvcaltle  coal,  Loudon  meafure,  or  con. 
taining  S^  lbs.  without  regard  to  the  time  in  which  this 
hulhel  is  expended.  'I'liis  depends  on  the  fi'/.e  of  the 
engine. 

The  burning  one  budiel  of  coal  will, 

1.  Raife  30  million  pounds  one  toot  high. 

2.  It  will  grind  and  drefs  1  i  biilhels  or   wheat. 

3.  It  will  (lit  and  draw  into  nail  rods  5  cwt.  of  iron. 

4.  It   will  drive  loco  cotton  fpindle?,  with  all  the 

preparation  machinery,  with  the  proper  velo- 
city. 

y.   It  h  equivalent  to  the  work  of  ten  horfes. 

The  general  performance  of  the  double  llroke  ex- 
panlive  engines  is  fomewhat  beyond  this  ;  and  their  per- 
formance in  cotton  fpinning,  or  as  compared  with  liorfe 
■work,  is  much  under-rated.  The  firlt  eftimation  is 
without  ambiguity.  Suppofe  the  engine  of  fuch  a  fize 
as  to  confume  a  bufhel  of  coals  per  hour.  This  will  be 
found  equivalent  to  railing  97  wine  hogfheads  of  water 
ten  feet  high  in  a  minute,  which  ten  (tout  draught  horfes 
cannot  do  for  a  quarter  of  an  hour  together.  They  can 
raife  60  in  that  time,  and  work  at  this  rate  eight  or  per- 
haps ten  hours  from  day  to  day. 

Mr  Watt  finds  that,  with  the  moft  judicioufly  con- 
ftrudled  furnaces,  it  requires  eight  feet  of  furface  of  the 
boiler  to  be  expofed  to  tl:e  aflion  of  fire  and  flame  to 
boil  cfF  a  cubic  foot  of  water  in  an  hour,  and  that  a 
bufhel  of  coals  fo  applied  will  boil  off  from  eight  to 
twelve  cubic  feet. 

Boulton  and  Watt  now  make  fleam-engines  equiva- 
lent in  power  to  one  or  two  horfes.  The  cylinder  and 
whole  machinery  does  not  occupy  more  room  than  a 
fine  lady's  working  table,  ftanJing  in  a  fquare  of  about 
2-J  feet,  and  about  ?  feet  high. 

STEEL  (fee  that  article  Enc\cl.  and  Chemistry, 
no  114.  Supf/.^  is  compofed  of  iron  and  carbon.  In 
addition  to  the  old  proofs  which  we  had  of  this  faft,  it 
occurred  to  Morveau,  alias  Giiyton,  to  attempt  to  con- 
vert foft  iron  into  Heel,  by  ufing  tbe  diamond  iii- 
ilead  of  charcoal  in  the  procefs  of  cementation.  This 
expcnfive  experiment, which  was  fuggefled  bv  M.Clouet, 
•was  made,  by  inclofing  within  a  fmall  crucible  of  very 
foft  iron  a  diamond,  and  fhutting  up  the  crucible  by  a 
flopper  well  adjulled.  This  crucible  of  iron,  with  its 
contents,  was  plated,  without  the  addition  of  any  fur- 
rounding  matter,  in  a  very  fmall  Hellian  crucible,  and 
the  latter  in  a  fecond  crucible  of  the  fame  earth  ;  but 
the  fpace  between  the  t'i-o  latter  crucibles  was  filled 
with  filiceous  fand,  free  from  all  ferruginous  particles. 
In  the  laft  place,  the  large  crucible  was  luted  with  earth 
arifing  from  pounded  crucibles  and  unbaked  clay,  and 
the  whole  was  expofed  about  an  hour  to  a  three  blaft 
forge  fire.  When  the  whole  was  tooled,  the  iron  was 
found  in  the  interior  Heflian  crucible  convsrted  into  a 


folid  ingot  of  cad  ftetl.  Thus  the  diamond  difappcared 
by  the  atFinity  which  iron  excrcifed  on  it  by  the  help 
of  the  high  temperature  to  wliich  they  were  both  ex- 
pofed, in  the  fame  manner  as  a  metal  difappears  in  the 
alloy  of  another  metal.  The  diamond  therefore  fur- 
nillied  here  the  fame  principle  as  carbon,  fince  the  pro- 
duct of  the  union  has  the  fame  properties. 

The  converfion  into  Heel  could  not  be  doubted. 
The  ingot  having  been  polifhed  on  a  lapidary's  wheel, 
a  drop  of  weak  nitrous  acid  immcdi?.tely  produced  a 
dark-grey  Ipot,  abfolutcly  like  that  exhibited  on  Eng- 
lifh  cafl  fleel,  and  on  call  Heel  produced  by  the  procefs 
of  M.  Clouet.  Thofe  who  have  often  tried  fttel  by 
this  kind  of  proof,  iong  ago  pointed  out  by  Rinmann, 
ha(l  occafion  to  remark,  that  the  fpot  of  •ail  Heel,  tho' 
very  fcnfihle,  \^,  ht^wevcr,  Icfs  black  than  that  of  fleel 
made  by  cementation,  which  depends  perhaps  on  the 
different  degree  of  oxydation  of  the  carbon  which  they 
have  taken  in. 

The  procefs  of  M.  Clouet  here  mentioned,  for  pro- 
ducing cafl  fleel,  confifts  in  nothing  more  than  throw- 
ing a  quantity  of  glafs  into  the  mafs  of  iron  and  char- 
coal during  the  formation  of  the  former  into  fttel.  The 
fame  chcmill  has  afcertaincd  that  iron,  during  its  con- 
verfion into  Heel,  anforbs  C.JCI3  of  iis  weight  of  car- 
bon ;  and  that  the  afTinity  of  iron  for  carbon  is  fo  flrong, 
that,  at  a  white  heat,  it  is  capable  of  decompofing  car- 
bonic acid  gas.  This  he  proved  by  the  following  ex- 
periment. 

If  fix  parts  of  iron  be  mixed  with  four  parts  of  a 
mixture  compofed  of  equal  quantities  of  carbonat  of 
lime  and  clay,  and  kept  in  a  crucible  at  a  white  heat 
for  an  hour  or  longer,  according  to  the  quantity,  the 
iron  will  be  converted  into  Heel.  The  decompolition 
of  carbonic  acid  is  evidently  the  confequence  of  a  com- 
pound affinity  ;  part  of  the  iron  combining  with  the 
carbon,  and  another  part  with  the  oxygen  of  the  car- 
bonic acid  gas.  Accordingly  the  commiflioners,  who 
were  appointed  to  examine  the  procefs,  remark,  that  a 
quantity  of  oxide  of  iron  was  always  mixed  with  the 
melted  earthy  fubllance,  which  was  leparated  from  the 
Reel. 

STEEVENS  (George),  the  mofl  fuccefsful  of  all 
the  editors  and  commentators  of  Shakefpeare,  was  born 
1735.  Of  his  parents  we  know  nothing,  but  that  they 
feem  to  have  been  in  circumflances  which  may  be  deem- 
ed aliluent.  George  received  the  rudiments  of  his  claf- 
fical  education  at  Kiugllon-upon-Thames,  under  the 
tuition  of  l)r  Woodefon  and  his  alTiflants  ;  aod  had  for 
a  companion  at  that  fchool  Gibbon  the  hillorian.  From 
Kingtlon  he  went  to  Eton,  whence,  after  fome  years, 
he  was  admitted  a  fellow- commoner  of  King's  College, 
Cambridge;  but  with  the  courfe  of  his  fludies  in  the  uni- 
vtrfity  we  are  not  acquainted.  If  we  might  hazard  a 
conjcdlure,  from  the  manner  in  which  he  employed  his 
riper  years,  we  fiiould  fuppofe  that  he  had  little  rellfh 
for  thofe  mathematical  fpeculations  which  in  Cambridge 
lead  to  academical  honours.  After  he  left  the  univtr- 
fity,  he  accepted  a  commiflion  in  the  Efftfx  militia  on 
its  firll  eftablilhment  :.  and  he  fpent  the  ^.atter  years  of 
his  life  at  Hampflead  in  almoft  total  leclulion  from  the 
world  ;  feldom  mixing  with  fociety  but  in  the  fliops  of 
bookfcllers,  in  the  Shakefpeare  Gallery,  or  in  the  morn- 
ing converfat'wns  of  Sir  Jofeph  Banks.  He  died  Ja- 
nuary 1800. 

This 
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Stcevens. 


This  is  a  very  meagre  account  of  the  Incidents  wliich 
'mull  have  taken  place  in  the  life  of  a  man  fo  confpicu- 
ous  in  the  republic  of  letters  ;  but  we  have  had  no  op- 
portunity of  improving  it.     His  charafter,  as  drawn  in 
the  Monthly  Magazine,  believing  it  to  be  juft,  we  {hall 


that    many  of   his  jeux    d'efprit    might   be  coUedled  :    Steeven%  I 
there  is  a  poem  of  his  in  Dodfley's  Annual  Regifter,  Stereome. 
under  the  title  of  The  Frantic  Lover,   which  is  fuperior  ^ 
to  any  fimllar  produftion  in  the  Englifh  language.     Mr 
Stcevens  was  a  clafllcal  fcholar  of  the  firfl  order.     He 


ter. 


adopt,  as  It  will  lupply  in  fome  degree  the  defeds  of    was  equally  acquainted  with  the  belles  lettres  of  Eu- 

rope.     He  had  itudled  hiftory,  ancient  and  modern,  but 
particuhvly  that  of  his  own  country.     He  pofltfled  a 


our  narrative. 

Though  Mr  Steevens  is  known  rather  as  a  commen- 
tator than  as  an  original  writer;  yet,  when  the  works 
which  he  ilhiftrated,  the  learning,  fagacity,  tafte,  and 
general  knowledge  which  he  brought  to  the  tafli,  and 
the  fuccefs  which  crowned  his  labours,  are  confidered, 
it  would  be  an  aft  of  inju.lice  to  refufe  him  a  place 
among  the  firft  literary  charafters  of  tlie  age.  Adorn- 
ed by  a  verfatility  of  talents,  he  was  indeed  eminent 


ftrong  original  genius,  and  an  abundant  wit  ;  iiis  imagi- 
nation was  of  every  colour,  and  his  feirtiments  were  en- 
livened with  the  moil  brilliant  expreffions.  His  collo- 
quial powers  furpaffed  thofe  of  other  men.  In  argu- 
ment he  vi'as  uncommonly  eloquent :  and  his  eloquence 
was  equaljy  logical  and  animated.  His  defcriptions 
were  fo  true  to  nature,  his  figures  were  fo  finely  (Icetch- 


both  by  his  pen  and  his  pencil.     With  the  one  there    ed,   of  fuch  curious  feleftion,  and  fo  happily  grouped, 
was  nothing  which  he  could  not  compofe,  and  with  the    that  he  might  be  confidered  as  a  fpeaking  Hogarth. 


He  would  frequently,  in  his  fportive  and  almoft  boyiih 
humours,  condefcend  to  a  degree  of  ribaldry  but  little 
above  O'Ketfe— ^with  him,  however,  it  loft  all  its  coarfe- 
nefs,  and  afTumed  the  air  of  claffical  vivacity.  He  was 
indeed  too  apt  to  catch  the  ridiculous,  both  In  charac- 
ters and  things,  and  indulge  an  indlfcreet  animation 
wherever  he  found  it.  He  fcattered  his  wit  and  his 
humour,  his  gibes  and  his  jeers,  too  freely  around  him, 
and  they  were  not  loft  for  want  of  gathering. 

Mr  Steevens  poflefTed  a  very  handfome  fortune,  which 
of  language  or  cuftom,  which  prevailed  in  diflferent  he  managed  with  difcretion,  and  was  enabled  by  it  to 
parts  of  the  kingdom,  but  more  particularly  in  thofe  gratify  his  wifhes,  which  he  did  without  any  regard  to 
where  Shakefpeare  paffed  the  early  years  of  his  life  expence,  in  forming  his  diftingulfhed  coUeftlons  of  claf- 
This  ftore  of  knowledge  he  was  continually  Increafing,  fical  learning,  hterary  antiquity,  and  the  arts  connefted 
by  the  acquifitlon  of  the  rare  and  obfolete  publications  with  it.  His  generofity  alfo  was  equal  to  his  fortune; 
of  a  former  age,  which  he  fpared  no  expence  to  ob-  and  though  he  was  not  feen  to  give  eleemofynary  fix- 
taln 


other  there  was  nothing  which  he  could  not  Imitate  fo 
clofely,  as  to  leave  a  doubt  which  was  the  original  and 
which  the  copy.  But  his  chief  excellence  lay  in  his 
critical  knowledge  of  an  author's  text ;  and  the  beft  fpe- 
cimen  of  his  great  abilities  is  his  edition  of  Shakefpeare, 
in  which  he  has  left  every  competitor  far  behind  him. 
He  had,  in  fhort,  ftudied  the  age  of  Shakefpeare,  and 
had  employed  his  perfevering  Induftry  In  becoming  ac- 
iqualnted  with  the  writings,  manners,  and  laws  of  that 
period,  as  well  as  the  provincial  peculiarities,  whether 


were 

meanings   _  „  •  .         i  ,       ,  r  ■      - 

vert,  and  confequently  enlarging  the  diXplay  of  his  beau-  named,  which  could  only  proceed   from  a  mind  adorn- 

ties.     This  advantage  is  evident  from  his  laft  edition  of  ed  with  the  noblclt  fcntiments  of  humanity.     He  pof- 
Shakefpeare,  which  contains  fo  large  a  portion  of  cew, 


iiiterefting,  and  accumulated  lUuftration.  In  the  pre- 
paration of  it  for  the  prefs,  he  gave  an  inftance  of  edi- 
torial aftivity  and  perfeverance  which  Is  without  ex- 
ample. To  this  work  he  devoted  folely,  and  exclu- 
sively of  all  other  attentions,  a  period  of  1 8  months; 
and  during  that  time  he  left  his  houfe  every  morning 
at  one  o'clock  with  the  Hampftead  patrole,  and  pro- 
ceeded, without  any  confideration  of  the  weather  or  the 
feafon,  to  his  friend  Mr  Ifaac  Read's  chambers,  in  Bar- 
nard's Inn,  where  he  was  allowed  to  admit  himfelf,  and 
found  a  room  prepared  to  receive  him,  with  a  fheet  of 
the  Shakefpeare  letter  prefs  ready  for  correftlon.  There 
was  every  book  which  he  might  wldi  to  confult  ;  and 
to  Mr  Read  he  could  apply,  on  any  doubt  or  fudden 
fufTTeftlon,  as  to  a  man  whofe  knowledge  of  Englifh 
literature  was  perhaps  equal  to  his  own.  This  noilur- 
cal  toil  greatly  accelerated  the  printing  of  the  work  ;  as 
while  the  printers  flept  the  editor  was  awake  ;  and  thus, 
in  lefs  than  twenty  mouths,  he  completed  his  laft  fplen- 
did  edition  of  Shakefpeare,  ia  fifteen  large  oftavo  vo- 
lumes  ;  an  almn;l  incredible  labour,  which  proved  the 
aftonithiiig  energy  and  perfeverl  ig  powers  of  his  mind. 

That  Mr  Steevens  contented  himfelf  with  being  a 
commentator,  arofe  p.obably  from  the  habits  of  his 
]il.e,  and  his  devotion  to  the  name,  with  which  his 
own  will  defc«nd  to  the  hteft  poftcrity.     It  is  probable 


feiTed  all  the  grace  of  ejiterlor  accomplifhment,  acquired 
at  a  period  when  civility  and  politeness  were  charafte- 
riftlcs  of  a  gentleman. 

He  has  bequeathed  his  valuable  Shakefpeare,  illuftra- 
ted  with  near  i  500  prints,  to  Lord  Spencer  ;  his  Ho- 
garth perfeft,  with  the  exception  of  one  or  two  pieces, 
to  Mr  Windham  ;  and  his  correded  copy  of  Shake- 
fpeare, with  200  guineas,  to  his  friend  Mr  Read. 

STERliOMETER,  an  Inftrument  lately  invented 
ia  France  for  meafuriiig  the  volume  of  a  body,  however 
Irregular,  without  plunging  it  in  any  liquid.  If  the 
capacity  of  a  viflel,  or,  which  Is  the  fame  thing,  the 
volume  of  air  contained  In  that  vefFtl,  be  mealured, 
when  the  veffel  contains  air  only,  and  alfo  when  the 
veffcl  contains  a  body  whofe  volume  Is  required  to  be 
known,  the  volume  of  air  afct:rtalned  by  the  firft  mea- 
furemcut,  dedufting  the  volume  afccrtained  by  the  fe- 
cond,  will  be  the  volume  of  the  body  itfelf.  Again,  If 
It  be  admitted  as  a  law,  that  the  volume  of  any  mafs  of 
air  be  Iiiverfely  as  the  preffure  to  which  it  is  fubjefted, 
the  temperature  being  fuppofcd  conftant,  it  will  be  eafy 
to  deduce,  from  the  mathematical  relations  of  quantity, 
the  whole  bulk,  provided  the  difference  between  tiie 
two  bulks  under  two  known  prcfFures  be  obtained  by 
experiment. 

Let  it  be  fuppofed,  for  example,  that  the  firft  pref- 
fure is  double  the  ftcond,  or,  which  follows  as  a  confe- 

quence, 
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tereome-  qucnce,  that  the  fecond  volume  of  the  air  be  double  the 
ici-       firft,  and  that  the  difference  be   fifty  cubic  inches,  it  is 
""-v^—  evident  that  the  firll  vulunne  of  the  air  will  likewilc  be 
fifty  cubic  inches.     The  ftereomcter  is  intended  to  af- 
ctrtnin  this  difference  at  two  known  prcffuers. 
Plate  The  inftniment   is  a  kind  of  funnel  AB  (fig.  I.  ), 

''^"'"  conipnfcd  of  a  capfule  A,  in  which  the  body  is  placed, 
and  a  tub  B  as  uniform  in  the  bore  as  can  be  procu- 
red. The  upper  edge  of  the  capfule  is  ground  with 
emery,  in  order  that  it  may  be  heimetically  clofed  with 
u  glafs  cover  M  fiigh'ly  greafed.  A  double  fcale  is 
palted  on  the  tube,  having  two  fets  of  graduations  ;  one 
to  indicate  the  length,  and  the  other  the  capacities,  as 
determined  by  experiment. 

When  this  inllrument  Is  ufcd,  it  muff  be  plunged  in 
a  veffel  of  mercury  with  the  tube  very  upright]"  until 
the  mercury  rifes  within  and  without  to  a  point  C  of 
the  fcale.      See  fig.  2. 

The  capfule  is  then  clofed  with  the  cover,  which 
being  greafed  will  prevent  all  communication  between 
the  external  air  and  that  contained  within  the  capfule 
and  tube. 

In  this  fituation  of  the  inftrument,  in  which  the  mer- 
cury  llands  at  the  fame  height  within  and  williout  the 
tube,  the  interna!  air  is  comprtfied  by  the  weight  of  the 
atmofphere,  which  is  known  and  expreffed  by  tlie  length 
of  the  mercury  in  the  tube  of  the  common  barometer. 

The  inllrument  is  then  to  be  elevated,  taking  care  to 
keep  the  tube  conffantlv  in  the  vertical  pofition.  It  is 
reprefented  in  this  fituation,  fig.  2.  fecond  pofition.  The 
mercury  defceuds  in  the  tube,  but  not  to  the  level  of 
the  external  furface,  and  a  column  DE  of  mercury  re- 
mains fufpended  in  the  tube,  the  height  of  which  is 
known  by  the  fcale.  The  interior  air  is  therefore  lefs 
compreffed  than  before,  the  increafe  of  its  voiumc  being 
equal  to  the  whole  capacity  of  the  tube  from  C  to  D, 
which  is  indicated  by  the  lecond  fcale. 

It  is  known  tliercfore  that  the  preiTures  are  in  pro- 
portion to  the  barometrical  column,  and  to  the  fame 
column  dimlnifhed  by  the  fubtraftion  of  DE.  And 
the  bulks  of  the  air  in  thefe  two  dates  are  inverfely  in 
the  fame  proportion  ;  and  again  the  difference  between 
tliefe  bull'.s  is  the  abfolute  quantity  left  void  in  the  tube 
by  the  fall  of  the  mercury  ;  from  which  dattr,  by  an 
eafy  analytical  procefs,  the  following  rule  is  deduced  ; 
Multiply  the  number  which  expreffes  the  lefs  preffure 
by  that  which  denotes  the  augmentation  of  capacity, 
and  divide  the  produdt  by  the  number  which  denotes 
the  difference  of  the  preffures.  The  quotient  will  be 
the  bulk  of  the  air  when  fubjeA  to  the  greater  pref- 
fure. 

To  render  this  more  eafy  by  an  example,  fuppofe 
the  height  of  tlie  mercury  in  the  barometer  to  be  78 
centimetres,  and  the  inllrument  being  empty  to  be 
plunged  in  the  mercury  to  the  point  C.  It  is  then  co- 
vered, and  railed  until  the  fmall  colum  of  mercury  DE 
IS  fufpended,  for  example,  at  the  heig.it  of  fix  centi- 
metres. The  internal  air,  which  was  the  firft  compreffed 
by  a  force  reprefented  by  78  centimetres,  is  now  com- 
preffed only  by  a  force  reprefented  by  78—6,  or  72 
centimetres, 

Suppofe  it  to  be  obferved,  at  the  fame  time,  by 
means  of  the  graduations  of  the  fecond  fcale,  that  the 
capacity  of  the  part  CD   of  the  tube  which  the  mer- 


cury has  quitted  is   two   cubic   centimetres.     Then  by  Sttreome. 
the  rule  V  X  2  give  24  cubical   centimetres,   which   is       '"' 
the  volume  of  the  air  included  in  the  inllrument  when    f,""!,'"^'' 
the  mercury  role  as  high  as  C  in  the  tube. 

The  body  of  which  the  volume  is  to  be  afcertained 
mull  then  be  placed  in  the  capfule,  and  the  operation 
repeated.  Suppofe,  in  this  cafe,  the  column  of  mer- 
CU17  fufpended  to  be  eight  centimetres,  when  the  capa- 
city of  the  part  CD  of  the  tube  is  equal  to  two  centi- 
metres cube.  Then  the  grcateft  preffure  being  deno- 
ted- by  78  centimetres,  as  before,  the  lead  will  be  70 
centimetres,  the  difference  of  the  preffures  being  8,  ami 
the  difference  of  the  volumes  two  cubical  centimetres. 
Hence  \°  X  2  gives  the  bulk  of  the  included  air  under 
the  greated  preffure  17,5  cubic  centimetres.  If  there- 
fore 17,5  centimetres  be  taken  from  24  centimetres,  or 
tlie  capacity  of  the  inflrument  when  empty,  the  diffe- 
rence 6,5  cubic  centimetres  will  exprefs  the  volume  of 
the  body  which  was  introduced.  And  if  the  abfolute 
weight  of  the  body  be  multiplied  by  its  bulk  in  centi- 
metres, and  divided  by  the  abfolute  weight  of  one  cu- 
bic centimetre  of  diftilled  water,  the  quotient  will  ex- 
prefs the  fpecihc  gravity  of  the  body  in  the  common 
form  of  the  tables  where  diftilled  water  is  taken  as  uni- 
ty, or  the  term  of  comparifon. 

After  this  defeription  and  explanation  of  the  ufe  of 
his  inftrument,  the  author  proceeds  with  the  candour 
and  aeutenefsof  a  philofopher  to  afccrtain  the  limits  of 
error  in  the  refults;  an  objeft  fcldom  fufficieiitly  at- 
tended to  in  the  inveftigatlon  of  natural  phenomena. 
From  his  refults  it  appears,  that  with  the  dimenfionshe 
has  affumed,  and  the  method  prcfcribed  for  operating, 
the  errors  may  affedl  the  fecond  figure.  He  likewife 
gives  the  formulas  by  means  of  which  the  inftrument  it- 
felfmay  be  made  to  fupply  the  want  of  a  barometer  in 
afcertalning  the  greatefl  preffure.  He  likewife  ad- 
verts to  the  errors  which  may  be  produced  by  change 
of  temperature.  To  prevent  thefe  as  much  as  poffible, 
the  aiftual  form  of  the  inftrument  and  arrangements  of 
its  auxiliary  parts  are  fettled,  as  in  fig.  :^.  by  which 
means  the  approach  of  the  hand  near  the  veffel  and  its 
tube  is  avoided.  In  this  figure  the  vertical  pofition  of 
the  tube  is  fecured  by  the  fufpenfion  of  the  veffel,  and 
a  perforation  in  the  table  through  which  the  tube 
paffes.  The  table  Itfelf  fnppcfrts  the  capfule  in  its  firll 
pofition,  namely,  that  at  which  the  cover  is  required  ta 
be  put  on. 

Mr  Nicholfon,  from  whofe  Journal  this  abftraft  is 
immediately  taken,  fuppofes,  with  great  probability,  that 
the  author  of  the  Inveiitlou  had  not  ffnlflied  his  medita- 
tions  on  the  fubjeil,  when  the  msmoir  giving  an  ac- 
count of  it  was  publlflud.  If  he  had,  fays  the  inge- 
nious journallft,  it  is  likely  that  he  would  have  deter- 
mined his  preffures,  as  well  as  the  meafures  of  bulks  by 
weight.  For  it  may  be  eafily  underftood,  that  if  the 
whole  inftrument  were  fet  to  its  pofitlonsby  fufpendlng 
it  to  one  arm  of  a  balance  at  H  (fig.  3.),  the  quantity 
of  counterpoife,  when  in  equilibrio,  might  be  applied  to 
determine  the  preffures  to  a  degree  of  accuracy  mucb 
greater  than  can  be  obtained  by  linear  meafurement. 

STEWART-Denham  (Sir  James)  was  born  at  E- 
dinburgh    on   the    loth  of  Oftober,  O.  S.  in  the  year 
I  7 13.     His  father  was  Sir  James   Stewart  of  Good- 
tre«s,  Bart.  Solicitor-general  for  Scotland  ;  and  his  mo- 
ther 
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Stewarf.  ther  was  Anne,  daughter  of  Sir  Hugh  Dalrymp'.e  of 
Derham.  fT,^^^^^  Berwick,  Burt.  prcfiJent  of  the  college  of  juf- 
'         ticc. 

The  firft  rudiments  of  his  education  he  received  at 
the  gratnmer-fcliool  of  North- Berwick,  which  at  the 
time  of  his  father's  death  he  quitted  at  the  age  of  four- 
teen, with  the  reputation  of  being  a  good  fchular,  but 
without  any  extraordinary  advancement  in  knowledge. 

It  is  remarkable,  that  many  inen  who  have  been  lin- 
gularly  ufefiil  to  fociety  have  not  llievvn  early  iymptonis 
of  the  greatnefs  of  their  intellectual  powers.  A  gi  ■"  it 
underllaiiding  mull  be  the  offspring  of  happy  organiza- 
tion in  a  healthy  body,  with  cooperation  of  time,  of 
circumftance,  and  of  inilitution,  without  being  forced 
into  prematurity  by  exceffive  cultivation.  This  holds 
with  refpeft  to  the  growth  and  perfeftion  of  every  crea- 
ture  ;  and  the  truth  appears  remarkable  with  refpecl 
to  our  own  fpecies,  becaufe  we  are  apt  to  millake  the 
flimfy  attainments  of  artificial  education  for  the  Heady 
and  permanent  foundations  of  progrefllve  know!' dge. 

From  the  fchool  of  North-Berwick  Sir  James  was 
fent  to  the  univcrlity  of  Edinburgh,  where  he  conti- 
nued until  the  year  1735,  when  he  paffed  advocate  be- 
fore the  court  of  Seffion,  and  immediately  afterwards 
went  abroad  to  vifit  foreign  countries.  He  was  then 
in  the  23d  year  of  his  age,  had  made  himfelf  well  ac- 
quainted with  the  Roman  law  and  hiftory,  and  the  mu- 
nicipal law  of  Scotland.  He  had  likewife  maturely 
ilndied  the  elements  of  jurilprudence ;  was  verfed  in 
the  general,  as  well  as  the  particular,  politics  of  Eu- 
rope ;  and  was  bent  upon  applying  his  knowledge  to 
the  inveftigation  of  the  Hate  of  men  and  of  manners  in 
other  nations,  with  a  view  to  promote  the  benefit  of 
his  own,  and  to  confirm  himfelf  in  the  love  of  a  free 
conftitution  of  government,  by  contemplating  the  bane- 
ful effetts  of  unlimited  monarchy  in  Germany,  Italy, 
and  Spain,  and  of  extravagant  attachment  to  a  king  and 
nobility,  to  war,  and  to  pernicious  fpiendonr  in  France. 

He  travelled  firft,  however,  into  Holland,  with  a  view 
to  iludy  the  conftitution  of  the  empire  before  he  fliould 
vifit  Germany,  and  to  attend  iome  of  the  letturcs  of 
the  moft  eminent  profeflors  at  Utrecht  and  Leyden,  on 
public  law  and  politics.  From  thence  he  palfed  into 
Oermany,  refided  about  a  year  in  France,  travelled  thro' 
fome  part  of  Spain,  where  he  had  a  fever,  that  obliged 
him,  for  hi.-,  perfect  recovery  from  its  eftefts,  to  go  by 
the  advice  or  his  friends  to  the  fea-coail  of  the  lovely 
province  of  Valentia  ;  thence  returning,  he  croflcd  the 
AIds,  and  by  Turin  made  the  tour  of  Italy,  where 
chiefly  at  Rome  and  Florence  he  refided  till  the  begin- 
ning  of  the  year  1740;  when,  having  fpent  five  years 
on  his  travels,  he  returned  to  Scotland,  and  married 
the  Lady  Frances  Weniyfs,  eldell  daughter  of  the  Earl 
of  Wemyfs,  about  two  yecrs  after  his  return. 

A  few  months  after  his  marriage  the  reprefentation 
of  the  county  of  Mid-Lothian  became  vacant,  by  the 
member  being  made  a  Lord  of  trade  and  plantation. 
The  candidates  were  the  late  member  and  Sir  John 
Baird  of  Newbyth.  On  the  day  of  election  Mr  Dun- 
das  of  Arnifton,  one  of  the  feiiators  of  the  college  of 
juftice,  was  chofen  prefes  of  the  meeting  ;  and  iome 
how  or  other  omitted  to  caufe  the  name  of  Sir  James 
Stewart  to  be  called  on  the  roll  of  freeholders.  For 
this  illegal  ufe  of  his  temporary  power.  Sir  James  com- 
jpenced  a  fuit  againft  the  prefident ;  and  refuioing  the 
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gown  as  an  advocate,  pleaded  his  own  caufe  wi4Jb  great 
energy  and  eloquence,  and  with  the  applaufe  of  the 
bench,  the  bar,  and  the  public.  This  called  Lord  Ar. 
niilon  from  the  bench  to  plead  in  his  own  defence  at 
the  bar  ;  and  Sir  James  could  not  have  been  oppofcd  to 
an  antagonift  better  qualified  to  call  forth  all  lila  powers; 
for  that  judge  is  talked  of  at  this  day  in  Ldinbuigh  as 
the  profoundell  la.vyer  and  the  ablcll  pleader  that  ever 
graced  the  Scotlifii  bench  or  the  Scottifh  bar. 

With  the  iffue  of  this  conteft  we  arc  not  ac(|nainted  ; 
but  it  drew  upon  Sir  James  Stewart  very  general  at- 
tention, and  convinced  the  public,  that  had  he  coritinued 
at  the  bar,  he  mult  have  rifen  rapidly  to  the  head  of 
his  profeffion.  On  his  travels,  however,  he  had  con- 
tracted friendfhips  with  Lord  Maiifchal,  and  other  emi- 
nent men,  attached  to  the  pretenfions  of  the  royal  fa- 
nu'ly  of  Stuart,  and  had  received  fl.ittering  attentions 
from  the  Pretender  to  the  Britilh  throne  ;  the  impref- 
fion  arifing  from  which,  added  to  the  irritations  of  his 
controverfy  with  the  powerful  party  in  Scotland  at- 
tached to  the  court,  led  him,  unadvifedly,  into  connec- 
tions with  the  movers  of  the  rebellion  in  174J. 

As  he  was  by  tar  the  ablell  man  of  their  party,  the 
Jacobites  engaged  him  to  write  the  Prince  Regent'.^ 
maniteilo,  and  to  alTdt  in  his  councils.  Information 
having  been  given  of  his  participation  in  thefe  atfairs, 
he  thought  it  prudent,  on  the  abortion  of  this  unhappy 
attempt,  to  leave  Britain  ;  and  by  the  zeal,  it  is  faid, 
of  Arnifton,  he  was  excepted  afterwards  from  the  bill 
of  indemnity,  and  rendered  an  exile  from  his  country. 

He  choie  France  for  his  refidence  during  the  ten 
firft  years  of  his  banilhment,  and  was  chiefly  at  An- 
goulefme,  where  he  luperintended  the  education  of  his 
ion  ;  from  thence  he  went  to  Tubingen  in  Swabia,  for 
the  benefit  of  its  univerfity,  in  prolecution  of  the  iame 
dutiful  and  laudable  dclign  ;  but  in  the  end  of  the  war 
1756,  having  been  fuipectcd  by  the  court  of  VerfaiUes 
of  communicating  iuttlLgence  to  the  court  of  London, 
he  was  fcized  at  Spa,  and  kept  fome  time  in  confine- 
ment J  from  which  being  liberated,  after  the  acceftion 
of  the  prefent  king  of  Great  Britain,  he  came,  by  tole- 
ration, to  England,  and  refided  at  London,  where  he 
put  the  laft  hand  to  his  Syftem  of  Politicsl  Economy, 
the  copy-right  of  which  l.e  fold  to  Andrew  Millar; 
and  being  permitted  to  dedicate  this  work  to  the  king, 
he  applied  for  a  noli  profequi,  which,  ak^r  iome  mali- 
cious objediions,  \\e  obtained,  and  had  the  comfort  of 
returning  to  his  family  eftate  in  Scotland. 

Having  nothing  profcflional  to  do  during  his  long 
refidence  in  France,  the  a£tive  mind  of  Sir  James  was 
occupied  in  ftudy.  His  book  on  the  Principles  of  Po- 
litical Economy  contains  moft  of  the  fruits  of  it.  He 
tiirned  himfelf,  in  the  intervals  of  leifure,  to  confider  the 
refonrces  of  France,  that  he  might  the  better  compile 
that  part  of  his  great  work  which  was  to  treat  of  reve- 
nue and  expenditure.  It  was  by  Itudying  the  language 
oi  the  finances,  without  which  nobody  can  aik  a  proper 
queftion  concerning  them,  fo  as  to  be  underilood,  that 
he  attained  his  great  purpofe. 

As  foon  as  he  could  afl<  queftions  properly,  he  ap- 
plied in  familiar  converfation  to  the  intendants  and  their 
fubftitutes  in  the  provinces  where  he  refided,  whom  he 
found  extremely  defirous  to  learn  the  ftate  of  the  Bri- 
ti(h  finances,  under  the  branches  of  the  land-tax,  cuf- 
toms,  excife,  and  other  inland  duties.     This  led  him  to 

compare 
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Stewart,  compare  the  ftatc  of  the  two  nations.  The  information 
Dtnham.  ^^  gave  was  an  equivalent  for  the  information  he  recei- 
""^  ved  (  curiofity  bahincid  curiofity,  each  was  fatisficd  and 
iiillrudted.  The  department  of  the  intendants  in  France 
was  confined  to  the  taxes  which  compofed  the  recetUs 
^ewraks,  namely,  the  taillei  the  capitation,  and  the  ttven- 
tielhs,  or  vi^ntiemes.  All  the  intendairts  had  been  Mai- 
lyes  des  Requeles,  bred  at  Paris,  and  could  not  fail  to 
have  much  knowledge  of  the  general ytrmf/  and  other 
branches  of  the  revenue.  He  carefully  noted  down  at 
all  times  the  anfwers  he  got  ;  and  when  he  came  to  re- 
iidc  at  Paris,  he  obtained  more  ample  information,  both 
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the   abettors  of  the  latter,  entrenching  thcmfclves  be-   Srewarf. 
hind  the  falfrhoods  of  the  ancients,   on  the   fcope  of   ^'  "'""'•^ 
their  remote  hidory,  gave  the  lie  to  all  antiquity,  and         * 
in  defpair  plunged  themfelves  into  the  ocean  of  fcepti- 
cifm. 

Happy  had  it  been  for  fociety  if  this  fccplicifm  had 
confined  itfelf  to  the  hiftory  of  ancient  nations  in  gene- 
ral ;  but  the  fame  fpirit,  taking  difgufl  at  the  horrors 
of  Chriftlan  ambition  and  bigotry,  and  contemplating 
with  derillon  the  ridiculous  legends  of  modern  niiracle&, 
gave  the  lie  to  all  rfligioiis  fcripiure  of  the  Jews  and 
Chriftians,   and  attempted  to  banilh  divine  intelligence. 


fiom  the  gentlemen  of  the  revenue,  and  from  perfonsof  the  fuperintending  providence  of  Deity,  and  the  true 

the  parliament  of  Paris,   who  to  the  number  of  25  had  dignity   of  the  human    fpecies,    from  the   face  of  the 

teen  for  15  months  exiled  in  the  province  where  he  had  earth  ! 

fo  long  relided  at  Angoulefme.  It  was  a  noble  undertaking,  therefore,  in  Sir  Janifs, 

With  thefe  advantages,  wltli  much  ftudy  and  atten-  to  attempt   to  dlfperfe  this  mlft  of  error,  by  dilpafluin. 

tion   to  arrangement,   he  was  enabled  to  com.pofe   the  ately  and  fcientifically  explaining  and   fnpportlng  the 

fixth  chapter  of  the  fourth   part  of  the  fourth  book  of  chronology  of  Sir  Ifaac  Newton.     He  has  done  it  with 

his  Sjllem   of  Political   Economy  ;  a  portion   of  that  great  prcciiion  and  effeft  ;  and  it  is  a  book  well  worth 

great  work  well  worthy  the  attentioii  of  thofe  who  wifh  the  perufal  of  thofe  who  wi(h  to  read  ancient  hiftory 

to  know  the  Itate  of  France  in  refpeA  of  revenue  under  with  improvement,  or  to  prevent  themfelves  from  being 

the  old  government.  bewildered  in  the  mazes  of  modern  conjotture.      It  was 

Although   Sir   James  Stewart's  leifure,   during  the  •        -    •                  — 


firft  ten  years  of  his  exile,  was  chiefly  employed  in  fo- 
cial  intercourfe  with  the  moll  learned,  elegant,  and  po- 
liflied  charafters  in  France,  who  delighted  In  the  con- 
verfation  and  friendftrip  of  a  man  who  pofleiTed  at  once 
immenfe  information,  on  almoft  every  fubjefk,  import, 
ant  or  agreeable  to  fociety,  and  the  talent  of  clearly 
and  beautifully  exprefTing  his  fentiments  in  flowing  and 
animated  converfation  ;  yet  he  did  not  allow  the  plea- 
fures  of  the  circle  and  of  the  table  to  blunt  the  tine 
feelings  of  a  man  of  genius  and  fcience.  The  labour 
of  coUedllng  materials  for  his  great  political  work  was 
opprelTive,  and  he  relieved  himfelf  with  various  enqui- 
ries, fuited  to  the  exalted  ambition  of  his  cultivated 
underllanding,  while  he  turned  the  charms  of  converfa- 


prlnted  In  4to  at  Franckfort  on  the  Maine,  for  John 
Bernard  Eichemberg  the  Elder,  in  171;  7. 

In  the  year  1738,  and  the  following,  the  Britifh 
Houfe  of  Commons  took  up  the  confiderntlon  of  a  fta- 
tute  to  regulate  a  general  uniformity  of  weights  and 
meafures  throughout  the  united  kingdoms,  which  had 
been  fo  often  unfuccefsfully  attempted. 

This  called  the  attention  of  Sir  James,  not  only  to 
the  inveftlgation  of  the  particular  fubjedl  that  engaged 
that  of  the  Houfe  of  Commons,  but  to  devife  a  metljod 
of  rendering  an  uniformity  of  weights  and  meafures 
unlverfal.  He  thought  the  caufe  of  former  difappoint- 
ments  in  this  ufeful  purfuit  had  been  the  miilaken  no- 
tion that  one  or  other  of  our  prefent  meafures  fliould  be 
adopted  for  the  new  ftandard.     After  the  plan  had  bfcu 


tion  to  the  permanent   delight  of  his  aflbclates  and  of  rellnqulflied  by  the  parliament  of  England,  he  digefted 

pofterity.     The  motto  of  Apelles,   "  Nulla  dies  fine  /:-  his  notes  ^nd  obfervations  on  this  Important  difquilition 

nea,"  was  the  emblem  of  his  employment  ;  and   It  is  into  the  form   of  an   cplftolary  diflertation,   which   he 

amazing  what  may  be  done  by  daily  attention  for  im-  tranfmitted  to  his  friend  Lord  Barrington,  and  refolved, 

provement,  without  appearing  to  abftraft  any  extraor-  if  there  had  been  a  congrefs  aflembled,  as  was  once  pro- 


dlnary  time  from  the  common  offices  and  rational  plea- 
fures  of  fociety. 

In  the  beginning  of  the  year  1755,  Sir  James  wrote 
his  Apology,  or  Defence  of  Sir  Ifaac  Newton's  Chro- 
nology, which  at  that  time  he  intended  to  publi/h,  but 
was  prevented  by  other  engagements.      It  was  commu- 


pofed,  to  adjufl;  the  preliminaries  of  the  general  peace 
in  176;^,  to  have  laid  his  plan  before  the  mlnlllers  of 
the  different  nations,  who  were  to  prepare  that  falutary 
pacification  of  the  contending  powers. 

This  epiftolary  dllTertation  Sir  James  afterwards  re- 
duced at  Coltnefs,  in  the  year  1777,   into  a  form  more 


nicated   to  feveral  perfons  of  eminence  In   France  and  proper  for  the  public  eye,  and  fent  a  correfted  copy  to 

Germany  in  MS.  and  produced,  in  the  month  of  De-  a  friend,  refervlng  another  for  the  prefs,    which  was 

cember  that  year  in  the  "  Mercure  de  France,"  an  an-  printed  1790  for  Stockdale  in  Piccadilly. 

fwer  from  M.  Dcfiiouheres,  to  which   Sir  James  foon  In  this  traft  the  author  Ihews,  from  the  incffedlual 

after  replied.  attempts  that   have  been  made  to  alter  partially,  by  in- 

The  great  Newton,  applying  aftronomical  and  ftatif-  novation,  the  ftandards  of  meafures  or  weights,  that  the 

tical  principles  to  the  ancient  chronology  of  Greece,  .  effeftual  plan  to  be  adopted,  is  to  depart  entirely  from 

had  chaftlfed  the  vanity  of  nations,  and  arrefted  the  pro-  every  meafure  whatfoever  now  known,  and  to  take,  ad 

grefs  of  infidelity  In  delineating  the  hiftory  of  the  world,  iibituin,  fome  new  mafs  Inftead  of  our  pound,  fome  new 

Loft  in  the  confufion  of  exceffive  pretenfions  to  an  an-  length  inftead  of  our  ell,  fome  new  fpace  inftead  of  our 

tlquity  beyond  all  meafure,  and  difgufted  by  the  fuper-  acre,   and  fome   new  folid   inftead  of  our  gallon   and 

flitious  aids  that  were  alTumed  to  fupport  thefe  preten-  bulhel. 

fions  among  ancient  nations,  the  revivers  of  learning  in  For  this  purpofe  Sir  James  propofes  as  the  unit  a 

Europe,   during  the  laft  and  the   preceding  century,  mafs  to  be  verified  with  the  greateft  pofllble  accuracy, 

turmoiled   themfelves  with   controverfies  between  the  equal  in  weight  to  ten  thoufand  Troy  grains.     The 

comparative  merits  of  the  ancients  and  moderns ;  and  pendulum,  as  it  fwings  at  London,  to  beat  fcconds  of 
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Stewwt.    time,  he  propofes  to  be  the  meafure  of  length  ;  and  af- 
■f~~~  tcr  having  hid   down    liis   fundamental   principles,  he 
propofes  an  ingenious  plan  for  rendering  tlicir  adoption 
univerf?!  thnnigh  the  whole  world. 

Having  obtained  liis  pardon.  Sir  James  Stewart  re- 
tired to  Coltnefs,  in  the  county  of  Lanark,  the  pater- 
nal eftatc  of  his  family,  v.-here  he  turned  his  attention 
to  the  improvement  of  his  neighbourhood  by  public 
works  and  police,  and  drew  the  firll  good  plan  for  a 
turnpike  bill,  fuited  to  the  circumllances  of  Scotland, 
which  has  been  iince  generally  adopted.  He  repaired 
his  houfe,  planted,  improved,  and  decorated  his  eftate, 
and  in  focial  intercourfe  rendered  himfelf  the  delight  of 
his  neighbourhood  and  country. 

Never  was  there  a  man  who,  with  fo  much  know- 
ledge, and  fo  much  energy  of  expreffion  in  converfa- 
tion,  rendered  himfelf  more  delightful  to  his  company, 
or  was  more  regretted  by  his  acquaintance  when  he 
died.  Nor  was  the  aftive  mirid  of  Sir  James  unem- 
ployed for  the  general  benefit  of  his  country  during  his 
retreat.  He  was  engaged  by  the  direftors  of  the  Eafl 
India  Company  of  England  to  digeft  a  cod  for  the  re- 
gulation of  the  current  coin  of  Bengal  ;  the  plan  for 
■which  important  regulation  he  printed,  and  received 
from  the  court  of  direftors  a  handforae  diamond  ring, 
as  a  mark  of  their  approbation. 

He  prepared  for  the  prefs,  but  never  publifhed,  an 
antidote  to  the  Syjlemi  de  law  Nature  by  Mirabeau, 
wherein  the  parallelogifms  and  foolifh  reafoning  of  that 
infidel  work  are  examined,,  detefted,  and  confuted.  It 
is  written  in  French  ;  and  were  the  work  of  Mirabeau 
worth  refutation,  might  be  printed  with  much  advan- 
tage to  Sir  James's  reputation  as  a  controverfial  writer. 

This  great  and  good  man  died  in  November  178;, 
and  was  buried  at  Cambufnethan,  in  Lanarkfhire,  on 
the  28th  of  the  fame  month  ;  the  Duke  of  Hamilton 
and  his  neighbours  pei  forming  the  lall  offices  to  the  re- 
mains of  their  highly  valued  friend,  and  bedewing  his 
afhes  with  their  tears. 

For  this   fliort  (ketch  of  the   principle  ever.ts  in  the 
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life  of  Sir  James  Stewart-Denham,  we  are  indebted  to  Stewart 
his  nephew  the  Earl  of  Buchan,  who,  juftly  proud  of  II 
his  relation  to  fuch  a  man,  cannot  be  fuppofed  to  view  ^"Wuc- 
all  his  proiedls,  or  even  all  his  reafonings,  with  the  cool  ,  "''°' 
impartiality  of  flrangers.  His  plan,  for  iriftance,  of  a 
unitcrfal  ilandard  of  weights  and  meafurcs  for  the 
whole  wor/J,  though  certainly  a  grand  conception,  we 
cannot  help  conlidering  as  romantic  and  impracticable. 
The  author  indeed  was  fenfible,  that  time  would  be  re- 
quifite  for  its  execution  ;  and  fo  large  a  portion  of 
time,  that,  compared  with  it,  a  thoufand  years  are  but 
as  one  day,  when  compared  with  the  ordinary  life  of 
man  :  but  fchemes  of  this  magnitude  are  not  for  crea. 
tures  fo  blind  and  weak  as  we  are,  who,  when  we  wan- 
der to  a  diflance  beyond  the  limits  of  our  narrow  fpherf, 
with  the  ambitious  view  of  benefiting  pofterity,  are  al- 
moft  certain  to  injure  ourfelves,  witliout  a  probability 
of  ferving  ihofe  for  whom  we  dream  that  we  are  exert- 
ing our  abilities.  Sir  James's  Political  Ecconomy,  how- 
ever, is  a  very  great  work,  which  has  not  received  half 
the  piaifes  to  which  it  is  entitled,  and  which,  we  fuf- 
pett,  provoked  the  envy  of  another  great  writer  on  fi. 
milar  fubje6ts,  who  exerted  himfelf  privately  to  lefTen 
its  fame.  The  defence  of  Newton's  chronology  is  like- 
wife  very  valuable,  though  we  certainly  do  not  think 
that  part  of  the  lyftem  iiivulnerable,  in  which  the  great 
ailronomer  attempts  to  prove,  that  Ojtris,  Sefy'lr'u,  and 
Sefac,  are  three  names  of  the  fame  Egyptain  king.  This, 
however,  is  a  very  trifling  millake  ;  and  the  modern 
fciolill,  who  can  lay  hold  of  it  to  rejeA  the  whole,  has 
certainly  never  read,  or,  if  he  has  read,  does  not  un- 
derftand  the  defence  of  the  fyllem  by  Sir  James 
Stewart. 

SUBCONTRARY  position,  in  geometry,  is  when 
two  equiangular  triangles  are  fo  placed,  as  to  have  one 
common  angle  at  the  vertex,  and  yet  their  bafes  not 
parallel  ;  confequently  the  angles  at  the  bales  are  equal, 
but  on  the  contrary  fides. 

SUBDUCTION,  in  arithmetic,  the  fame  as  Sub- 
traSion. 


Animal  .and  Vegetable  SUBSTANCES. 
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■'HE  reader  will  recoUeft,  that  the  article  Chemis- 
try, in  this  Supplement,  was  divided  into  four 
parts  ;  of  which  only  the  firll  three,  comprehending  the 
elements  of  the  fcience,  were  given  under  the  word 
Chemistry.  T\ie  fourth  part,  which  was  entitled  an 
examination  of  bodies  as  they  are  prefented  to  us  by 
„  ^  nature  in  the  mineral,  vegetable,  and  animal  kingdoms, 
the  article  naturally  fubdivides  itfelf  into  three  parts,  comprehend- 
ing refpeftively,  I.  Minerals;  2.  Vegetables  j  3.  Ani- 
mals. 

The  firll  of  thefe  fubdivifions,  which  has  been  deftin- 
guilhed  by  the  name  of  Mineralogy,  we  have  treated 
of  already  in  a  former  part  of  this  volume.  As  the  other 
two  fubdivifions  have  not  hitherto  received  any  appro- 
priate name,  we  have  fatisfied  ourfelves  with  the  word 
Substance,  by  which  chemllls  have  agreed  to  denote 
the  objefts  which  belong  to  thefe  dubdivjfiojis.    This 


name,  it  mull  be  acknowledged,  is  not  unexceptionable;; 
but  we  did  not  confider  ourfelves  as  at  liberty  to  invent 
a  new  one. 

The   prefent   artiole,  then,  fe"ems  to  divide  itfelf  into         ^ 
two  parts  :  the   firft   part  comprehending  ve^iclahle  ;  the  niviCon  o£ 
fecond   an/ma/ fubftances.     But   there   are  certain  ani.it. 
mal    and    vegetable    fubilances    diftingullhed   from  all 
others  by  being  ufed  as  articles  of  clothing.      It  is  ufual 
to  tinge  thefe   of  various   colours,   by  combining  with 
them   different   colouring  matters  for  which  they  have 
an  affinity.      This  procels,  well  known  by   the  name  of 
DYEING,  is  purely  chemical  ;   and  as   it  belongs   exclu- 
fively  to  animal  and   vegetable  fubflances,   it  comes  na- 
turally to  be  examined  here.     We  ihall  therefore  add  a 
ih'irdpart,  in  which  we  fhall  give  a  view  of  the  prefent 
ftate  of  DYEING,  as  far,  at   lead,  as   is  confiflent   with 
the  nature  of  a  fupplementary  article. 

Part 
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Part  I.  Of  Vegetable  SUBSTANCES. 


Si.(!3r.     TTecetAbles,  or  plants,   a"!  thty  are  alfo  called,   are 
'""^  V     too  well  known  to  rcquiic  any  deiinition.     Their 

luimber  is  prodigiou.",  ajul  ibtir  variety,  regularity,  and 
beauty,  are  wonderful.  But  it  is  not  our  intention  in 
this  place  cither  to  enumerate,  to  dcfcnbe,  or  to  clafTity 
plants.  Thefe  tan<s  belong  to  the  botanill,  arid  have 
been  ruccefsfully  acconiplilhed  by  the  zeal,  the  lingular 
addrefs,  and  the  indctatigable  labour  ot"  Linnxi;^  and 
liis  followers. 

3  It  is  tlie  bufinefs  of  the  chcmift  to  analyfe  vegetables, 
Cheniical    to  diicover  the  lubltanees  of  which  they  are  compofcd, 

txaniiiiJ-     j^  examine  tht  nature  of  thefe  fubllances,  to  invelliirate 

tiijii  '11  ve*  .  .  . 

Kctablcs.  '''^  niamier  m  whicii  they  are  combined,  to  detcd  the 
proceiles  by  which  they  are  formed,  and  to  afcertain 
the  cheiriical  changes  to  which  plants,  after  they  have 
ceafed  to  vegetate,  are  fubjctt.  Hence  it  is  t\ideiit, 
that  a  chemical  inveltigation  of  plants  comprehends 
three  particulars  : 

1.  An  account  of  the  fubjiancet  of  which  plants  are 
compofed. 

2.  An  account  of  the  vegctatir,n  of  plants,  as  far  ai  it 
can  be  illuttrated  by  chemillry. 

3.  An  account  of  the  chunges  which  plants  undergo 
after  they  ceafe  to  vegetate. 

We  therefore  divide  this  part  into  three  clitpters,  af- 
i'lgning  a  chapter  to  each  of  thefe  particulars. 

Chap.  I.  Of  the  Ingredients  ot  Plants. 

The  fubllances  hitherto  found  in  the  vegetable  king- 
dom, all  of  them  at  leaft  which  have  been  examined 
with  any  degree  of  accuracy,  may  be  reduced  to  the  fol- 
lowing heads  : 

1.  Sugar,  10.  Camphor, 

2.  Starch,  II.  Refins, 

3.  Gluten,  12.  Caoutchouc, 

4.  Albumen,  13.  Wax, 

5.  Gum,  14.  Wood, 

6.  Jelly,  15.  Acids, 

7.  Extraft,  1 6.  Alkalies, 

8.  Tart,  17.  Earths, 

9.  Oils,  18.  Metals. 

Thefe  fliall  form  the  fubjeft  of  the  following  feftions: 

Sect.  I.    OfSua^R. 

Sugar,  which  at  prefent  forms  fo  important  an  ar- 
ticle in  our  food,  icenis  to  liave  been   known  at  a  very 

4  early  period  to  the  inhabitants  of  India  and  China. 
Oifcovery  Jjut  Europe  probably  owes  it  acquaintance  with  it 
"    "^^'      to  the  conquells   of  Alexander   the    Great.      For  ages 

after  its  introduftion   into    the  weil,  it  was  ufed   only 

as  a  medicine  ;  but  its  confumption  gradually  increafed, 

and  during  the  time   of  the  Crufades  the    Venetians, 

who  brought  it  from  tiie  call,  and  diftributed  it  to  the 

„       northern  parts   of  Europe,   carried  on  a  lucrative  com- 

ntr'sHifiorv'^^''^^   with  fugar.      It  was  not  till  after  the  difcovery 

of  Su.'jr,   '  "f  America,  and  the   extenfive  cultivation  of  fugar  in 

M^nchtjli'  the  Well  Indies,  that  its  ufe  in  Europe,  as  au  article  of 

Memoni,     food,  became  general  *. 

vaV\io-e-       Suj^ar  is  obtained  from    the  arundo  faccharifera,  or 
ttfi  Hijhryf''S'"^  ^cne.     The  juice  of  this  plant  is  preffed  out  and 

t'J  hugar. 


boiled  in  as  low  a  temperature  as  podlble,  till  the  lugar     Sugtr. 
precipitates  i.i   the  form  of  coiifufed  cryilals.     Thefo  *"~^ 
cryllals,  known   by  the  riame  of  raw /uj-^r,  afe  ag'iin  (.j^^.  „),, 
diil'olved   in  water,  the  folutioa   is  clarilicd,  and   purertati.c^l. 
ci'yllals  arc  obtained  by  a  fubfeqtient  evaporation.      But 
for  the  particulars  of  the  art  of  mariufaduring  fugar, 
we  itfcr  the  reader  to  the  aiticle  Sugar,  in  the  Ency- 
clopitdla.  .  5 

Sugar,  after  it  has  been   purified,  or  refined 'f^^  tlie  It?  proi>cf- 
manufacturers  term  it,  is  ufually  fold  in  Europe  in  the''''- 
form  of  a  white  opake  inafs,  well  known  by  the  name 
of  loaf  fugar.    Sometimes  alio  it  is  cryilallizcd,  and  then 
it  is  called  y"«^ar  candy. 

Sugar  has  a  very  llrong  fweet  talle  ;  when  pure  it 
has  no  fniell  ;  its  colour  is  white,  and  when  cryllallized 
it  is  lomewhat  tranfparent.  It  has  often  a  coniulcrable 
degree  of  hardnefs  ;  but  it  i.s  always  fo  brittle  that  it 
can  be  reduced  without  difficulty  to  a  very  fine  powder. 
It  is  not  altered  bv  expofure  to  the  atmolphere. 

It  is  exceedingly  folnble  in  water.  At  the  ttmpera-Solubility 
ture  of  48°,  water,  according  to  Mr  Wenzel,  dilTolves in  water, 
its  own  weight  of  fugar.  The  folvent  power  of  water 
increafis  with  its  temperature  ;  when  nearly  at  the 
boiling  point,  it  is  capable  of  diffblving  any  quantity  of 
fugar  whatever.  Water  thus  faturatcd  with  fugar  is 
known  by  the  name  oi fyrup. 

Syrup  is  thick,  rop)-,  and  very  adhtCre  ;  when 
fpread  thin  upon  paper,  it  foon  dries,  and  forms  a  kind 
of  varnilli,  which'  is  eafily  removed  by  water.  Its  fpeci- 
fic  caloric,  according  Co  the  experiments  of  Dr  Craw-  g 
ford,  is  1.0S6.  When  fynip  is  fufficiently  concentra-It9cr)llaIs. 
ted,  the  fugar  which  it  contains  precipitates  in  cryllals. 
The  primitive  form  of  thefe  cryllals  isla  four-fided 
prifm,  whofe  bafe  is  a  rhomb,  the  length  of  which  is 
to  its  breadth  as  10  to  7  ;  and  whofe  height  is  a  mean 
proportion  between  the  length  and  breadth  of  the  bafe. 
The  cryllals  are  ufually  four  or  fix-fided  prifms,  termi- 
nated by  two-lided,  and  fometimes  by  three-lided  fum- 
mits  f.  t  Oilke. 

Sugar  is  foluble  in  alcohol,  but  not  in  fo  large  a  pro-v,"."'  '  ... 
portion  as  in  water.     According  to  Wenzel,  fourparts 
of  boiling  alcohol  diffolve  one  of  fugar  §.      It   unites         « 
readily  with  oils,  and  renders  them  mifcible  with  wa-Sjlubillty 
ttr.      A   moderate  quantity  of  it  prevents,   or  at  leaft'"  a'eohol. 
retards,  the  coagulation  of  itiilk;  but  Sclieele  difcoveredjj^  ".'.,,. 
that  a  very  large  quantity  of  fugar  caufcs  milk  to  coa-;, ,,,. 
gulate  Ij.  II  Scbfilt  ii. 

Sugar  abfurbs  muriatic  acid  gas  flowly,  and  alTumes-''*-  Dijon 
a  brown  colour  and  veiy  llrong  fmell  %.  }""/^/°"" 

Sulphuric  acid,   when   concentrated,  readily  decom-ijjnt. 
pofes  fugar  ;   water  is  formed  and  perhaps  alfo  acetous         10 
acid  ;  while  charcoal  is  evolved  in  gieat  abundance,  and-'^^'""  °' 
gives  the  mixture  a  black  colour,  and  a  coiifiderable""  ^ 
degree  of  confillency.      The  charcoal  may  be  eafily  fe- 
parated  by  dilution  and  filtration.      When  heat   is  ap- 
plied, the  fulphuric  acid  is  rapidly  converted  into  ful- 
phurous  acid.  n 

When   fugar  is  mixed  with  potafs,  the  mixture  ac-Of potafj, 

quires  a  bitter  -uid  allringent  talle,  and  is  infoluble  in 

alcohol,  though  each  of  the  ingredients  is  very  foluble 

in  that  liquid.    When  the  alkali  is  faturated  with  fulphu- 
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Chap.  I.  Vegetable  S  U 

.  S"g-"^'".  riV  acid,  and  precipitated  by  means  of  ulcohol,  the  fwtet 
*  Cruici.  '^'^^  '^^  *''^  liigar  is  uftoitd  ;  a  proof  tliat  it  liad  undcr^ 
fi'unt,  R„:!t,  R""^  "O  (^ccompofition  from  the  action  of  the  potafs, 
on  Diabetes,  but  had  Combined  vvitii  it  iu  the  Hate  of  UiTar*. 

Lmie  boiled  with  fugar  produces  nearly  the  fame  ef- 
fcft  as  potafs  ;  when  an  alkali  is  added  to  the  com- 
pound, a  fubltance  precipitates  in  white  flakes.  Tliis 
fubflance  is  fugar  combined  with  limef .  Sugar  and 
chalk  compofe,  as  Leonardi  informs  us,  a  kind  of  ce- 
t  Encyc.  ment  J. 
Metl.Cbim.  Sugar,  when  thrown  upon  a  hot  Iron,  melts,  fwells, 
1.  271.  becomes  brownifli  black,  emits  air  bubbles,  and  exhales 

Of  heat.     ^  peculiar  fmell,  known  in  French  by  the  name  of  ca- 
romil.     At  a    red   heat  it   inftantly  burfts  into  flames 
\  with  a  kind  of  explofion.     The  colour  of  the  flame  is 

14  white  with  blue  edges. 
Diftillation  When  fugar  is  diftilled  in  a  retort,  there  conies  over 
a  fluid  which,  at  firlt,  fcarcely  diff'ers  from  pure  water  ; 
by  and  bye  it  is  mixed  with  pyromucous  acid,  after- 
wards fome  empyreumatic  oil  makes  its  appearance;  and 
a  bulky  charcoal  remains  in  the  retort.  This  charcoal 
very  frequently  contains  lime,  becaufe  lime  is  ufed  in 
refining  fugar  ;  but  if  the  fugar,  before  being  fubmit- 
ted  to  diftillation,  be  diiTolved  in  water,  and  made  to 
cryftallize  by  evaporation  in  a  temperature  fcarcely 
higher  than  that  of  the  atmofphcre,  no  lime  whatever, 
nor  any  thing  elfe,  except  pure  charcoal,  will  be  found 
in  the  retort.  During  the  diflillation,  there  comes  over 
a  confiderable  quantity  of  carbonic  acid,  and  carbonated 
hydrogen  gas*.   Sugar  therefore  is  decompofed  by  the 

aftion  of  heat  ;  and  the  following  compounds  are  formed 

iV/rfi.  6'i/«.  from  it :  Water,  pyromucous  acid,  oil,  charcoal,  carbonic 
i.  269.         acid,  carbonated  hydrogen  gas.  The  quantity  of  oil  is  in- 
confiderable;  by  far  the  mod  abundant  produCl  is  pyro- 
mucous acid.      Sugar  indeed  is  very  readily  converted 
into  pyromucous  acid  ;  for  it  makes  its  appearance  al- 
ways  whenever  fyrup  is   raifed  to  the  boiling  tempera- 
ture.    Hence  the  fmell  of  caromel,  which  fyrup  at  that 
temperature  emits.     Hence  alfo  the  reafon  that,  when 
we  attempt  to  cryftallize  fyrup  by  heat,  there  always 
remains  behind  a  quantity  of    incryltallizible    matter, 
known  by  the  name  of  molajfes  ;  whereas    if   the   fyrup 
be  cryflallized  without  artificial  heat,  every  particle  of 
f  Morveaii.  fugar  may  be  obtained  from  it   in   a  cryitalline  form  f . 
Ei^- Mctb.  Hence  we  fee  the  importance   of  properly   reo-ulaling 
A;ct.  1.        ^jjg  j-,.g  fjyrJng  (}jg  cryftallization  of  fugar,  and  the  im- 
menfe   faving  that  would   rcfult  from  condufting  the 
J,         operation  at  a  low  heat. 
Its  compo-        It  follows  from  thefe  fafts,  and  from  various   other 
Ctiou.         methods  of  decompofing  fugar,  that  it  is  compofed  of 
oxygen,  hydrogen,  and  carbon  ;  for   all  the  fubftances 
obtained  from  fugar  by  diftillation  may  be  refolved  in- 
to thefe  elements.     Lavoifier  has  made  it  probable,  by 
a  feries  of  very  delicate  experiments,  that  thefe   fub- 
ftances enter  into  the  compofition  of  fugar  in  the  follow- 
ing proportions  :  64  oxygen, 
28  carbon, 
8  hydrogen. 

IGO 

Of  the  way  in  which  thefe  ingredients  are  combined 
in  fugar,  we  are  ftill  entirely  ignorant.  Lavoifier's  con- 
clufions  can  only  be  confidered  as  approximations  to  the 
truth. 

Sugar  is  confidered  as  a  very  nourifliing  article  of 
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food.     It  is  found  moft  abundantly  in  the  Juice  of  the     Starch. 
fugar  cane,  but  many  other  plants  alfo  contain  it.    The  "^~v— ' 
juice  of  the  acer  faccharinum,  or   fuvar  maple,  contains  m 
lo  much   ot   It,   that  in  North  America  lugar  is  often  :aniii,g  it. 
txtrafted  from  that  tree*.      Sugar  is  alfo  found  in  the  *  J'l'A. 
roots  of  carrot,  parfnip,  beet,    &c.     Mr  Achard   hus^'"'"^  '*»• 
lately   pointed  out  a   method  of  increafing   the  quau- '"''■"'' '*• 
tity   of  fugar  in  beet  fo  much,  that,   according  to   his 
own  account,  it   is  at  prefcnt  cultivated  in  large  quan- 
tities in  Pruflia,  and  fugar  extracted   from    it   with  ad- 
vantagef.      Parmentier   has   alfo    afcertained    that    V\\e\Am.ile 
grains  of  wheats  barley.   Sec.   and  all  the   other  fimilar '■'*'»•  xixit. 
Jeeds  which  are  ufed  as  food,   contain  at  firft  a  large  "'3' 
quantity   of  fugar,  which  gradually  difappears  as  they 
approach  to  a  ilate  of  maturity.     This  is  the  cafe  alfo 
with  ptras  and  beans,  and  all  leguminous  feeds,  and  is 
one  reafon  why  the  flavour  of  young  peas  is  fo  much  fu- 
perior  to  that  of  old  ones. 


Sect.  II,     Of  Starch. 


'7 


When  a  quantity  of  wheat  flour  is  formed  into  a'^'t^'od  "f 
pafte,  and  water  poured  upon  it  till  it  runs  off  colour- ^'"^''""6 
lefs,  this  water  foon  depofits  a  very  fine  whitifh  pow- 
der;  which,  when  properly  waftied  and  dried,  is  known 
by  the  name  oijiarch.  When  firft  prepared,  it  is  of  a 
grey  colour  ;  but  the  ftarchmakers  render  it  white  by 
fteeping  it  in  water  flightly  acidulated.  The  acid  feems 
to  diflblve  and  carry  off  the  impurities. 

Starch  was  well  known    to   the  ancients.      Ph'ny  in- 1  j,-^  j^jjj^ . 
forms  us,  that  the  method  of  obtaining  it  was  firll  in-c.7.  , 

vented  by  the  inhabitants  of  the  ifland  of  Chiof.  'S 

Starch  has  a  fine  wlu'te  colour,  and  is  ufually  concre-  f*  propcr- 
ted  in  longifli  mafles  ;  it  has  fcarcely  any  fmell,  and  very 
little  tafte.      When  kept  dry,   it   continues  for  a  long 
time  uninjured  though  expoled  to  the  air.  19 

Starch  does  not  diflblve  in  cold  water,  but  very  foon  How  a&d 
falls  to  powder.      It  combines  with  boiline  water,  and""    ^ 
forms  with  it  a  thick  pafte.     Linen  dipt  into  this  pafte,  ' 

and  afterwardsdricd  fuddenly,  acquires,  as  is  well  known, 
a  great  degree  of  ftifl^nefs.  When  this  pafte  is  left 
expofed  to  damp  air  it  loon  lofes  its  confiftency,  ac- 
quires an  acid  tafte,  and  its  fur^^ace  is  covered  with 
mould.  10 

Starch  is  fo  far  from  diffolvin'r  in  alcohol,  even  when  Alcohol, 
affiftcd  by  heat,  that  it  does  not  even  fall  to  powder. 

When  ftarch  is  thrown  into  any  of  the  mineral  acids,  n 
at  firft  no  apparent  change  is  vifible.  But  if  an  attempt  Acids 
is  made  to  break  the  larger  pieces  while  in  acids  to 
powder,  they  refill  it,  and  feel  exceedingly  tough  and 
adhefive.  Sulphuric  acid  diflolves  it  flowly,  and  at  the 
fame  time  a  fmell  of  fniiihurous  acid  is  emitted,  and 
fuch  a  quantity  of  charcoal  is  evolved,  that  the  diflt 
containing  the  mixture  may  be  inverted  without  fpil- 
ling  any  of  it.  Indeed  if  the  quantity  of  ftarch  be  fuf- 
ficient,  the  mixture  becomes  perfedlly  folid.  The  char- 
coal  may  be  leparated  by  dilution  and  filtration.  In 
muriatic  acid  ftarch  diflolves  ftill  more  llowly.  The 
folntion  refembles  mucilage  of  gum  arable,  and  ftill  re- 
tains the  peculiar  odour  of  muriatic  acid.  When  allow- 
ed to  ftand  for  fome  time,  the  folution  gradually  fepa» 
rates  into  two  parts  ;  a  perfeftly  tranfparent  ftraw-co- 
I'jured  liquid  below,  and  a  thick,  muddy,  oily,  or  rather 
mucilaginous  fubftance,  above.  When  water  is  poured  in, 
the  muriatic  fmell  inftantly  difappears,  and  a  ftrong  fmell 
is  exhaled,  precifely  fimilar  to  that  which  is  felt  in  corn- 
mills. 
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milis.    Amraonfa  ocoafiona  a  fligbt  precip'fate,  but  too 
finall  to  be  examin.cd. 

Nitric  acid  diftolvcs  ftarcli  rtore  rapidly  than  the 
other  two  acids  ;  it  aeqiilrts  a  green  colour,  and'etnits 
nitrous  giis.  The  folution  is  never  complete,  nor  do 
a.iy  crylials  of  oxalic  acid  appear  iinlcfs  heat  be  applied. 
In  this  rclpedl  ilarch  differs  from  fiigar,  which  yields 
oxalic  atid  with  nitric  acid,  even  at  the'  temperature  of 
the  atmofphere.  Wlien  heat  is  applied  to  the  folution 
of  (larch  in  nitric  acid,  both  oxalic  and  malic  acid  is 
formed,  but  the  undilTolved  fubllancc  ItiU  remains. 
AVhcn  feparated  by  filtration,  and  aftcnvards  edulco- 
rated, tin's  fnbflance  has  the  appearance  of  a  Hiick  oil, 
not  unlike  tallow  ;  but  it  difTolves  readily  in  alcohol. 
When  diltillcd,  it  yields  acetous  acid,  and  an  oil  having 
the  fmell  and  the  confidence  of  tallow*. 

When  ttarch  is  thrown  upon  a  hot  iron,  it  melts, 
blackens,  froths,  fwells,  and  burns  with  a  bright  flame 
like  fugar,  emitting,  at  the  fame  time,  a  great  deal  of 
fnioke  ;  but  it  does  not  explode,  nor  has  it  the  caromel 
fmell  which  dillinguiflies  burning  fugar.  When  diilil- 
led,  it  yields  water  impregnated  with  an  acid,  fnppofcd 
to  be  the  pyromucous,  and  mixed  with  a  little  cnipy- 
reumatic  oil.  The  ciiarcoal  which  remains  is  eafily 
diflipated  when  fet  on  fire  in  the  open  air  ;  a  proof  that 
it  contains  very  little  earth. 

Barley  grain  confifts  alnioft  entirely  of  Ilarch,  not 
however  in  a  (late  of  perfedl  purity.  In  the  procefs  of 
malting,  which  is  nothing  elfe  than  caufing  the  barley 
to  begin  to  vegetate,  a  great  part  of  the  ilarch  is  convert- 
ed into  fugar.  During  this  procefs  oxygen  gas  is  ab- 
forbed,  and  carbonic  acid  gas  is  emitted.  Water,  too,  is 
abfolutely  neceflary  ;  hence  it  is  probable,  that  it  is  de- 
compofcd,  and  its  hydrogen  retainedf .  Starch,  then, 
feems  to  be  converted  into  fugar  by  diminifhing  the 
proportion  of  its  carbon,  and  encreafing  that  of  its  hy- 
drogen and  oxygen.  Its  diftillation  Ihews  us  that  it 
contains  no  other  ingredients  than  thefe  three. 

Starch  is  contained  in  a  great  variety  of  vegetable 
fubllances  ;  mod  commonly  in  their  feeds  or  bulbous 
roots  ;  but  fometimes  alfo  in  other  parts.  Mr  Parmen- 
tier,  whofe  experiments  have  greatly  contributed  to- 
wards an  accurate  knowledge  of  ftarcli,  has  given  us  the 
following  lift  of  the  plants  from  the  roots  of  which  it 
may  be  extracted. 


Arftium  lappa, 
Atropa  belladonna, 
Polygonum  biftorta, 
Bryonia  alba, 
Colchicum  autumnale, 
Spirxa  filipendula. 
Ranunculus  bulbolus, 
Scrophularia  nodofa, 
Sambucus  ebulus. 


nigra, 


Imperatoria  oftrntheum, 
Hyofcyamus  niger, 
Rumex  obtufifolius, 

'  acutus, 
— —  aquaticus. 
Arum  maculatum. 
Orchis  mafcula, 
Iris  pfeudacorus, 
—  foctidiflima, 
Orobns  tuberofus, 
Bunium  bulbocallanum. 


Orchis  morio. 

It  is.  found  alfo  nearly  pure  in  the  following  feeds  : 
Oats,  Chefnut,  Acorn, 

Rice,  Horfechefnut,      And  alfo  in 

Maiz,  Peas,  Salop, 

Millet,  Beans,  Sago. 

Sect.  III.     Of  Glviten. 

When  wheat  flour   is   wafhed  in  the  manner  de. 


fcribed  in  the   laft  fetTion,    in   ordef  to  obtain  ftarcK  Allininen. 
from  it,  the  fubllaiice  which  remains,  after  every  thing         " 
has  been  wa(hed  away  which  cold   water   can  feparate,  oiuten 
is  called  ,f/«/fn.      It  was  difcovercd  by  Beccaria  an  Ita- hov/obtain. 
Han  philofopher,  to  whom  we  are  indebted  for  the  firftcd' 
analyfis  of  wheat  fiourf .  ^/'i''^' 

',  1  L  .        •        I     •        r  1  /Icad.TL.  I. 

Ouiten,  when  thus  ootamed,  is  ot  a  grey  colour,  ex-        jg 
ceediiigly  tenations,  duclile,  and  elaftic,  and  may  be  ex-  Its  proper, 
tended  to  twenty  times  its  original  length.      V'hcn  very  tie*, 
thin,  it  is  of  a  whitifli  colour,  and  has  a  good  ciiai  of  re- 
femblance  to  animal  tendon  or  membrane.      In  ti.is  itate 
it  adheres  very  teiiacioufiy  to  other  bodies,  and  has  of- 
ten been  ufed  to  cement  together  broken  pieces  of  por- 
celain.     Its  fmell  is  agreeable.      It  has  fcarce  any  tallc, 
and  does  not  lofc  its  te.iacity  in  the  mouth.  ^7 

When  expofid  to  the  air,  it  gradually  dries;  and, '^'^""*  °' 
when  completely  dry,  it  is  pretty  hard,  brittle,  llightly  ' 
tranfparent,  of  a  dark  brown  colour,  and  has  fome  re- 
femblnnce  to  g/iie.  It  breaks  like  a  piece  of  glafs,  and 
the  e<!ges  of  the  fradlure  relenible  in  fmoothnels  thofe 
of  broken  glafs  ;  that  is  to  fay,  it  breaks  with  a  vitreous 
fracture. 

When  expofed  to  the  air,  and  kept  moifl,   it  foon 
putrifies  ;  but  when  dry,  it  may  be  kept  any  length  of        »8 
time  without  alteration.      It  is  infulublc  in  water  ;  tho'^'^ater, 
it    imbibes   and    retains   a   certain   quantity   of  it   with 
great  obllinacy.     To  tljis  water  it  owes  its  elafticity 
and  tenacity.    When  boiled  in  water,  it  lofes  both  thefe 
properties.      It  is  foluble  in  alcohol,  as  Mr  Vauquelin 
informs  usjj  and  precipitated  again,    as  Mr  Fourcroy  *,^"''   . 
has  obferved,  by  pouring  into  the  alcohol  two  parts  of  j.g 
waterj.  §  jiij.  vii;. 

Gluten  is  foluble  in  the  three  mineral  acids.     When  iji- 
nitric  acid  is  poured  on  it,  and  heat  applied,  there  is  a      _  19 
quantity  of  azotic  gas  emitted,  as  Berthollet  difcovered  ;  Acids, 
and,  by  continuing  the  heat,  a  quantity  of  oxalic  acid 

is  formed II .  \bid"l"'''"' 

Alkalies  diffolve  gluten  when    they   are  afTifted  by^-g' 
heat.     The  folution  is  never  pevhflly  tranfparent.    A-        30 
cids  precipitate  the  gluten  from  alkalies,  but  it  is  defli-  Alkalies, 
tute  of  its  elafticity^.  t  Fourcrcy. 

When  moift  gluten  is  fuddenly  dried,  its  fwells  ama-        3' 
zingly.      Dry  gluten,   when   expofed   to  heat,   cracks, 
fwells,  melts,  blackens,  exhales  a  fetid  odour,  and  burns 
prcciftly  like  feathers  or  horn.      When  dillilled,  there 
comes  over  water  impregnated  with   ammonia   and  an 
empyreumatic  oil  ;   the  charcoal  which  remains  is  with        3* 
difHculty  reduced  to  alhes.      From  thefe  phenomena,  it ''s  toDipo- 
is  evident   that  gluten   is  compofed  of  carbon,   hydro- 
gen, azot,  and  oxygen  :  perhaps  alfo  it  contains  a  little 
lime.      In  what  manner  thefe  iubftances  are  combined  is 
unknown.  <:,,>,(>,„—. 

The  only  vegetable  fubftance  which  has  been  hither,  containing 
to  found  to  contain  it  abundantly,  is  wheat  flour.  'Vau-jt- 
quelin  alfo  found  it  in  the  fruit  of  the  ciiJfia_JlJluloris*','  '^^"'' 
and  Fourcroy  in  the  bark  of  a  fpecies  of  quinquina  from  ,  „..    ••■ 
bt  Domingof .   It  probably  exilts  in  many  other  plants. 

Sect.  IV.     Of  Jibumrn. 

If  the  water  in  which  wheat  flour  has  been  wafhed 
in  order  to  obtain  ftarch  and  gluten,  according  to  the 
diredions  laid  dov/n  in  the  two  laft  feftions,  be  filtra- 
ted,  and  afterwards  boiled,  a  fubftance  precipitates  in 
white  flakes ;  to  which  Mr  Foufcroy,  who  firft  pointed 

it 
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Je^'y-     it  out,  has  given  the  r.atne  of  albumen  (a),  on  account  of 
1   .   "         its  refemblance  to  the  Wj;Vf  of  an  egg.  J. 
C6;»i. iii.  ^'  '^  evident,  fcom  the  method  of  obtaininc;  It,  that 

159.  albumen,   in   its  natural   fhtc,   is  folidde   in  water,   aiid 

j4         that  heat   precipitates  it   from  that  fluid  in  a  concrete 
Prspcrtic?    ftate.     While  difToKed   in   water,    it  lias   fcarcely   any 
ofalbumcn-tade  ;  but  it  lias  the  property  of  changin^f  vegetable 
blues,  cfpecially  that  whicli  is  obtained  from  the  flowers 
%Ftiircroy,  of  the  midlow  (mi/va  fylvejlris),  into  a  gScen  §.    When 
allowed  to  iH;main  difTolved  in  water,  it  putrifics  witli- 
out  becoming  previoudy  acid  ||.  1,  ,'  ,         ., .,  j 

After  it  lias  been  precipitated  from  water  m  a  con- 
crete ftatc  by  boiling,  it  is  no  longer  fuluble  in  water 
as  before.  Alcohol  alio  precipitates  it  from  water  pre- 
•cifely  in  the  fame  Hate  as  when  it  is  precipitated  by 
heat. 

When  concrete  albumen  is  dried  it  becomes  fome- 
what  tranlpavent,  and  very  bke  glue.  In  that  Aate  it 
is  foluble  in  alkalies,  efpccially  ammonia  *. 

When  diilllkd  it  gives  out  carbonat  of  ammonia,  a 
red  fetid  oil,  and  carbonated  hydrogen  gas  ;  and  a  fpon- 
gy  charcoal  rem<iins  behind  \.     From  this,  it  is  erident 
s  compo-  ji^^j^  albumen,  like  jrluten,  is  compofed  of  carbon,  azot, 
i liiJ.  fiytirogen,  and  oxygen  ;   but  the  proportions  ami  com- 

binations of  thefe  fubllanccs  are  altogether  unknown. 

Mr  Fourcroy  found  albumen  in  the  expreflVd  ji;ice 
of  fcnrvy  grafs,  crtlfes,  cabbage,  and  almoft  all  cruci- 
form plants.  He  found  it,  too,  in  a  great  many  young 
and  fuccnlent  plants  ;  but  never  a  particle  in  thofe  parts 
of  vegetables  which  contain  an  acid.  He  obferved  alio 
that  the  quantity  decreafed  conftantly  with  the  age  of 
the  plant. 

Sect.  V.     Of  Jelly. 

If  we  prcfs  out  the  juice  of  ripe  blackberries,  car- 
rants,  and  many  other  fruits,  and  allow  it  to  remain  for 
fome  time  in  a  ftate  of  reft,   it  partly  coagulates  into  a 
tremulous  foft  fubftance,  well  known  by  the  name  of 
jelly.     If  we  pour  off  the  uncoagulated  part,  and  wafh 
the  coagulum  with  a  fmall  quantity  of  water,  we  obtain 
36        jelh)  approaching  to  a  ftate  of  purity. 
Properties        ^n  this  ftate  it  is  nearly  colourlefs,  tmlefs  tinged  by 
*' J^'y-       tj^g  peculiar  colouring  matter  of  the  fruit  ;  it  has  a  plea- 
fant  tafte,    and  a  tremulous  confiftency.      It  is  fcarce- 
ly foluble  in  cold  water,  but  very  ft)!uble  in  hot  watery 
and,   when  the  folution  cools,  it  again   coagulates  into 
'!Z°T''"'^^^  form  of  a  jelly  \.     When  long  boiled,  it  lofes  the 
Chim.  vi.     property  of  gelatinifing  by  cooling,  and  becomes  ana- 
iS-j.  lagous  to  mucilage  J.     This  is  the  reafon  that  in  ma- 

X  Id.  Ibid.     Jjjng  currant  jelly,  or  any  other  jelly,  when  the  quan- 
V.  100.        ^jj    ^£  fyg3,.  added  is  not  fufticient  to  abforb  all  the 
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watery  parts  of  the  fruit,  and  confequently  it  is  necef-      Gum. 

fary  to  concentrate  the  liquid  by  long  boiling,  the  mix-  '       <     •* 

ture  often  lofes  the  property  of  coagulating,  and  the 

jtlh',  of  courfe,   is  fpoiled.  J.  '  ^  Ann.dt 

felly  combines  readilv  with  alkalies;  nitric  acid  con-    ""'  "' 
.         ■'  ■  ,.         .  ,'      .  ,  ,  .  .    101. 

verjs  It  into  oxalic  acid,  without  leparatnig  any  azotic 

'gas'll-      Whendn'ed  it  becomes  tranlparent  ^.      When  N.''^'''- "•♦ 

dlftiUed  it  affords  a  great  deal  of  pyrymucous  acid,  .ac /i';^^ 

fmiiU  quantity  of  oil,  and  fcarcely  any  ammonia  f.         loo. 

Jtlly   exifis  in    all    acid  fruits,   as  oranges,    lemons,  t  ^'"'- vi. 
goulcbenies,  &c.  and  no  album.en  is  ever  found  in  thofe  ^     ' 
parts  of  vegetables  which  contain  an  acid.     This  cir- 
ciuiiftance  has  induced  Fourcroy  to  luppofe  that  jelly 
is  albumen  combined  with  an  acid*:   but   this  conjee- *''■  "'> 
ture  has  not  been  verified  by  experiment  ;   nor  indeed  ^ 
Is  It  probable  that  it  ever  fliall ;  as  albumen  evidently 
contains  a  quantity  of  azot,  and  jelly  fcarcely  any.    The 
produdls  ot  jelly  by  diilillation  (liew  that  it  approache; 
nearer  than  any  other  vegetable  iubllance  to  the  nature 
of  fugar. 

Sect.  VI.     Of  Guv. 

There   is  a  thick   tranfparent  taftelefs   fluid  which 
fometimes  exfudes  from  certain  fpecies  of  trees.      It  is 
very  adhefive,  and  gradually  hardens  without  lofing  its 
tranfparency  ;  but  cafily  foftens  again  when  moiftened        .1' 
with  water.    This  exfudatlon  is  known  by  the  name  of  ,""'     " 
glim.     The  gum  moll  commonly  ufed  is  that  which  ex- 
fudes from  different  fpecies  of  the  mmnfa,  particularly 
the  ni/olicaf.      It  Is  known  by  the  name  of  gum  ara^ii .  v,^ ,,  """''» 
Gum  likewife  exfudes  abundantly  from  the prurius  avium  j\-r^,. ,  v 
or  common  wild  cherry  tree  of  this  country.  a^j. 

Gum  is  ufually  obtained  in  fmall  pieces  like  tears, 
moderately  hard,  and  fomewhat  brittle  while  cold,  fo 
that  It  can  be  reduced  by  pounding  to  a  tine  powder. 
Its  colour  is  ufually  yellowilh,  and  it  Is  not  deftltute  ol 
luftre.      It  has  no  fmell ;  its  tafte  is  Infipid. 

Gum  undergoes  no  change  from  being  expofed  to 
iTie  atmofphere ;  but  the  light  of  the  fun  makes  it  af-         _-;S 
fume  a  white  colour.     Water  dlflblves  it  in  large  quan-'^"'""  of 
titles.     The  folution  which  is  known  by  the  name  of"' 
mucilage  (b),  is  thick  and  adhefive:  it  is  often  ufed  as 
a  pafte,  and  to  give  ftiffnefs  and  luftre  to  linen.     W^hen 
fpread  out  thin  it  foon  dries,  and  has  the  appearance  of 
.  a  varnifh  ;  but  it  readily  attracts  moifture,  and  becomes 
glutinous.     Water  waflies  it  away  entirely.     When  mu- 
cilage is  evaporated  the  gum  is  obtained  unaltered.  ,„ 

Gum  is  infoluble  in  alcohol.     When  alcohol  is  pour-Alcol.oL 
ed   into  mucilage,  the  gum   immediately  precipitates  ; 
becaufe  the  affinity  between  water  and  alcohol  is  greater 
than  that  between  water  and  gum. 

The  attion  of  alkahes  and  earths  upon  gum  has  not 

been 


(a)  The  exiftence  of  albumen  in  vegetables  was  known  to  Scheele.  He  mentions  it  particularly  in  his  paper 
on  Milk,  firft  publiflied  in  the  year  17S0.      See  Scheek's  IVorls,  II.  ^^.  Dijon  edition. 

(b)  Hermftadt  ufes  this  word  in  a  diff"erent  fcnfc.  He  makes  a  diftlnftion  between  ^«»n  and  mucilage.  The 
folution  of  gum  in  water  is  tranfparent  and  glutinous,  and  can  be  drawn  out  Into  threads  ;  whereas  that  of  mu- 
c'dii^e  Is  opake,  does  not  feel  glutinous,  but  flippery,  and  cannot  be  drawn  into  threads.  Gum  may  be  feparated 
from  mucilage  by  the  following  procefs  =  .  .  . 

Let  the  gum  which  is  fuppofed  to  be  mixed  with  mucilage,  prevloufly  reduced  to  a  dry  mafs,  be  diffolved  in 
as  fmall  a  quantity  of  water  as  poffible,  and  into  the  folution  drop  at  intervals  diluted  fulphuric  acid.  The  mu- 
cilage coagulates  while  the  gum  remains  diflx)lved.  When  no  more  coagulation  takes  place,  let  tlie  mixture  re- 
juain  at  rtft  for  fome  time,  and  the  mucilage  will  precipitate  to  the  bottom,  and  affume  the  confiftence  of  jelly. 
I)ecant  off^  the  liquid  part,  and  evaporate  the  mucilage  to  drynefs  by  a  gentle- heat  till  it  acquires  the  confiftence 
of  horn.     'Med.  and  Phyf.  Jour.  ill.  37c. 
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V£G£XiiaLE 
Acids  do  not  precipitate  it  fiom  niu- 

"^ — "  cila^e  J.     The  concentrated  muicral  ac:db  dellruy  it. 

,  f^'"'i•"'"'■Q^J^^^^„lJ.l^^^.^  lulphuvic  acid  dccompofes  it  ;  water  is 
formed,  and  perhaps  alfo  acetous  acid  ;  while  charcoal  is 
precipitated.      Nitric  acid  converts  it  into  oxalic  acid; 

tlJ.Ann.    oxy-muriatic  acid,  on  the  contrarj',  into  citric  acid*. 

'c  CLipi.  vi.  When  gum  is  expofed  to  heat  it  ioftens  and  fwelU, 
but  docs  not  melt  ;  it  emits  .ur  bubbles,  blackens,  and 
at  lail,  wiien  nearly  reduced  to  charcoal,  emits  a  low 
blue  flame.  This  flame  appears  fooner  if  a  flaming 
lubJlance  be  held  jult  above  the  gum.  After  the  gum 
is  confumed,  there  remains  a  fmall  quantity  of  white 
alhes,  compcfed  chiefly  of  the  carbonats  of  lime  and 
potals. 

When  gum  is  dillilled  in  a  retort,  the  products  are 
water  impregnated  with  a  coiifiderablc  quantity  of  py- 
romucous  acid,  a  little  empyreumatic  oil,  carbonic  acid 
gas,  and  carbonajed  hydrogen  gas.  When  the  pyro- 
mucons  acid  obtained  by  this  procefs  is  faturated  with 
lime,  a  quantity  of  anuiioiiia  is  diiengaged  with  which 
that  acid  had  bceu'combined.  The  thaicoal  which  re- 
mained in  tlie"retort  leaves  behind  it,  after  incineration, 

■  ^""p  'L  ^  '■'■t'e'  lime,  and  phofphat  of  lime  f.. 

n'oi iliii  1        Thefc  experiments  ihew  us  that  gum  is  compofed  of 
4,  hydrogen,  carbon,  oxygen,  azol,  lime,  and  pholphorus  ; 

ts  compo.  but  the  proportions  and  combinations  of  thefe  fubllances 

tion.  g,.j,  unknown  to  us.      Mr  Cruickfliank  has  rendered  it 

probable  that  the  quantity   of  carbon  is  greater,  and 
the  quantity  of  oxyen  lefs,  in  gum  ihun  in  fugar  ||. 

Gum,  or  uiucllage,  txills  moil  abundantly  in  young 
plants,  and  gradually  difappears  as  they  arrive  at  per- 
ieilion.  It  forms  a  great  proportion  ot  the  leaves  and 
iroots  of  many  eatable  plants. 

Sect.  VII.    0/ Ektrjct. 

The  word  cxlraS  was  at  firtl  applied  to  all  thofe 
fubilances  which  were  extracted  from  plants  by  means 
of  water,  and  confeqnently  included  gum,  jilly,  and  ie- 
\eral  other  bodies.  Eut  of  late  it  has  been  confined,  by 
thofe  chemitT:s  who  have  paid  attention  to  the  uie  of 
language,  to  a  fubftance  which  exiiis  in  many  plants, 
and  which  may  be  obtained  by  iutuling yi^^sn  in  water 
for  fome  time,  filtrating  the  infufion,  and  evaporating 
it  to  drynefs.  The  reliduum,  after  evaporation,  is  ex- 
trad  nearly  pure  «[[.  It  poflefics  the  tollowing  pro- 
perties : 

Water   diOTolves  it  in  confiderable  quantities,    tfpe- 

.  p  ojii.  -  j,j^^|jj.  jjjjj  water.  Alcohol  alio  diflolvts  it  with  faci- 
lity. This  property  of  being  foluble  both  in  water  and 
alcohol  has  induced  fome  chemills  to  give  extrnii  the 
name  ofyiiJ/).  It  is  inloluble  in  fnlpburic  ether.  Thefe 
three  properties  are  fufficiciit  to  diilinguilh  it  from  every 
other  vegetable  fnbllance*. 

When  the  folution  of  extrailit  in  water  is  expofed  for 

fome  time  in  the  opcu  air,  the  cxtradt  precipitates,  and 

is   now   no  longer  foluble   in   water.      This   change  is 

fuppoled  to  proceed  from  the  addition  of  a  quantity  of 

rcroy.  j^xygen  which  it  ipibibes  from  the  atmofpheref. 

When  oxy-muriatic  acid  is  poured  into  a  watery  fo- 
lution of  cxtraft,  that  fubllance  precipitates  in  yellow 
flakes.  Thefe  flakes  are  infoluble  in  water ;  they  are 
infoluble  alfo  in  alcohol  at  the  temperature  of  97'J  ;  but 
that  liquid  diflblves  them  at  the  temperature  of  120°. 
They  are  foluble  alfo  in  alkalies,   and  in  boiling-hot 

f'vrcroy.  ^^^^^  ^^^^.  ^^^■^^  -^^^^  ^  yellow  mafs^. 
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b'^tances. 

Extrad.  is  foluble  in  acids.     Heat  foftens  but  does 
not  melt  k  §.  i  n  ,t 

It  is  found  in  i  great  variety  of  plants  ;  but  as  no^,  ti,,,,'" 
method  of  obtaining  it  pcvfedlly  pure  has  hitherto  beenviu. 
difcovered,  the  extradts  ot  diflerent  plants  diflcr  fome- 
wLat  from  each  other  both  in  their  colour,  and  fmell. 

Sect.  VIII.    O/T.tx. 

14 

If  a  quantity  of  nut  galls,  coarfcly  powdered,  bePrepara- 
kept  for  fome  time  iniufed  in  cold  water,  if  the  water t'on  of  taa- 
be  filtered,  and  a  folution  of  muriat  of  tin  be  dropt 
into  it,  a  copious  white  jjrecipitate  falls  to  the  bottom. 
This  precipitate  is  to  be  carefully  waflied  and  difFufed 
(for  it  will  not  diflolve)  thro'  a  laige  quantity  of  water, 
and  this  water  is  to  be  iaturated  with  fulphuratcd  hydro- 
gen gas  fo  completely  that  it  will  not  abforb  any  more. 
By  this  treatment  the  white  precipitate  will  gradually 
difappear,  and  a  brown  precipitate  will  take  its  place. 
This  brown  precij>itate  mult  be  feparated  by  filtration  ; 
and  the  water,  which  has  now  acquired  the  colour  and 
the  talle  of  the  infufion  ot  nut  galls,  mull  be  evaporated 
to  dryncls.  A  iubllance  remains  behind,  known  by 
the  name  of  Ian  or  lanniiu-. 

It  was  firll  difcovered  by  Segnin,  who  pointed  out 
fome  of  its  properties,  and  the  method  of  detecting  it 
in  plants  ||.     The  above  method  of  obtaining  it  in  all  ^"tol- 
Itate  of  purity  was  contrived  by  Mr  Proult.    Tan  exifts/^" '  "J"'"' 
in  the  folution  of  nut  galls  combined  with  gallic  acid.  ' 
The  oxyd  of  tin  has  a  ilrosg  affinity  for  it.     When 
muiiat  of  tin  is  poured  in,  the  tail  combines  with  the 
oxide,  and  the  compound,  being  infoluble,  falls  to  the 
bottom.     Sulphur  has  a  ftionger  aflinity  for  the  oxide 
than  tan  has.    Hence  when  fulphuratcd  hydrogen  gas  is 
thrown  upon  this  compound,  the  fulphur  leaves  the  gas    . 
and  combines  with  the  tin  ;  and  the  compound,  being 
infoluble,    falls    to    the    bottom  :    The    hydrogen    gas 
efcapcs,  and  nothing  remains  in  the  water  except  the 
tan.^  4j 

Tan  is  a  brittle  fubftance,  of  a  brown  colour.  It'tspropetr 
breaks  with  a  vitreous  fracture,  and  does  not  attradt""* 
moifture  from  the  air.  .  Its  talle  is  exceedingly  aflrin- 
gent.  It  is  very  foluble  in  water.  The  folution  is  of 
a  deep  brown  colour,  a  very  aftringent  and  bitter  tafte, 
and  has  the  odour  whicii  dilliiiguilhcs  a  folution  of  nut 
galis.  It  froths,  when  agitated,  like  a  folution  of  foap  ; 
but  docs  not  feel  unctuous.  licids  precipitate  the  tan 
trom  this  folution. 

Tan  is  ftill  more  foluble  in  alcohol  than  in  water. 
When  the  folution  of  tan  is  poured  into  a  folution 
of  the  brown  fulphat  of  iron,  a  deep  blue  coloured  pre- 
cipitate immediately  appears,  confiltiiig  of  the  tan  com- 
bined with  the  oxide.  This  precipitate,  when  dried,  af- 
fumes  a  black  colour.  It  is  dccompofed  by  acids.  The 
green  fulphat  of  iron  is  not  altered  by  tan.     . 

When  too  great  a  proportion  of  brown  fulphat  of 
iron  is  poured  into  a  folution  of  tan,  the  fulphuric  acid, 
fet  at  liberty  by  the  combination  of  the  iron  and  tan,  k  • 
fufficient  to  rediffolve  the  precipitate  as  it  appears  ;  but 
the  precipitate  may  eafily  be  obtained  by  cautioufly  fa- 
turating  this  excefs  of  acid  with  potafs.  When  the  ex- 
periment is  performed  in  this  manner,  all  the  red  fulphat 
of  iron  which  remains  in  the  folution  undccompofed  is 
converted  into  green  fulphat.  MrProuft,  to  whom  we 
are  indebted  for  almoft  every  thing  yet  known  concern- 
ing the  properties  of  tan,  fvippofo  that  this  change  is 

produced.  . 
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Camphor,  produced  by  the  tin  abforbing  oxygen  from   the  iron. 

•  This  may  very  pofTibly  be  the  cafe;  but  his  experiments 
are  infufficient  to  prove  that  it  is.     The  fame  change 

•  takes  place  if  red  oxide  be  rnixed  with  a   confiderable 
excefs  of  fulphuric  acid,  and  diluted  with  water. 

Tan  '■ombiiies  readily  with  oxygen.  When  oxy-mu- 
riatlc  acid  is  poured  upon  it,  its  colour  deepens,  and  it 
lofes  all  its  peculiar  chararters  *. 

Tan  exifts  in  al  noil  all  thofe  vegetable  fuhllances 
vvhicli  have  an  allringent  tafte.  It  is  almoft  conft:intly 
combined  with  gallic  acid.  The  following  table,  drawn 
*^  \\o  bv  Mr  Biggin  f,  though  the  rule  which  the  author  acid  is  yellow.  This  Infl  folution  has  obtained  the  ah- 
j'.^'I*'*"^'' followed  in  making  his  experiments  precluded  rigid  ac-  furd  name  of  oil  of  camphor.  When  nitric  aciJ  is  dif- 
curacy,  will  ferve  to  give  fome  idea  of  the  proportions 
of  tan  which  exift  in  different  plants  : 


•  Prouf, 
jinn,  d^ 
C'jim.  xzv 
ai5 


pitates,  and  afFumes  the  form  of  plumofe,  or  fsather.like  Gdmphor. 
cryftalsj.  rP'~^ 

Camphor  is  not  afted  on  by  alkalies,  either  pure  or  w""""' 
in  the   Itate  of  carbonats.      Pure  alkalies  indeed  feem  1^,5  „  .,^_ 
to  dlfTolve  a  little  camphor  ;  but   the  quantity    is  too 
fmall  to  be  perceptible   by  any  other  quality   than  its 
odour  f.      Neither  is  it   atttd  upon  by  any  of  the  neu-^  BruHhn, 
tral  falts  which  have  hitherto  been  tried.  /a  Orangt, 

Acids  dillblve  camphor,  but  it  is  precipitated  again,  •5""  '''  ... 
unaltered,  by  alkalies,  and  even  by  water.  The  folution  '""•**"• 
of  camphor  in  fulphuric  acid  is  red  ;   that  in  the  nitric 


t  Piil. 
7ran/. 
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Prop,  of  Tan. 

Elm         -  -  2,1 

Oak  cut  in  winter    -  2,1 

Horfe  chefnut       -  2,2 

Beech         -  -  2,4 

Willow  (boughs)    -  2,4 

Elder         -  -  3,0 

Plum  tree     .      -     -  4,0 

Willow  (trunk)     -  4,0 

Sycamore      -         -  4,1 

Birch         ■  -  4>' 

Cherry  tree    -        -  4,2 


Prop,  of 

Tun. 

Sallow 

4,6 

Mountain  afli 

4.7 

Poplar 

6,0 

Hazel 

6.3 

A(h        .        -        - 

6.6 

Spanifh  chefnut 

9,0 

Smooth  oak      - 

9,2 

Oak  cut  in  fpring 

9,6 

Huntingdon  or  Lei- 

celler  willow 

10,1 

Sumach 

16,2 

of  camphor.      When   nitric 
tilled  repeatedly  off  camphor,   it  converts  it  into  cam- 
phoric acid. 

Muriatic,  fulphurons,  and  fluoric  acids,  in  the  (late 
of  gas,  dilTolve  camphor.  When  water  is  add«l,  the 
camphor  appears  unaltered  in  flakes,  which  fwim  on  the 
furfuce  of  the  water  §.  §  Fourcny. 

When  heat  is  applied  to  camphor  it  is  volatilized.  If 
the  heat  be  fudden  and  ilrong,  the  camphor  melts  be- 
fore it  evaporates.  It  catches  flame  very  readily,  and 
emits  a  great  deal  of  fmoke  as  it  burns,  but  it  leaves  no 
reliduum.  It  is  fo  inflammable  that  it  continues  to 
burn  even  nn  the  furface  of  water.  When  camphor  ia 
fet  on  fire  in  a  large  glafs  globe  filled  with  oxygen  gas, 
and  containing  a  little  water,  it  burns  with  a  very 
bright  flame,  and  produces  a  great  deal  of  heat.  The 
inner  furface  of  the  glafs  is  foon  covered  with  a  black 
powder,  which  has  all  the  properties  of  charcoal,  a 
quantity  of  carbonic  acid  gas  is  evolved,  the  water  in 
the  globe  acquires  a  ftrong  fmell,  and  is  impregnated 
with  carbonic  acid  and  camphoric  acid  ||.  ||  BouiUm 

If  two  parts  of  alumina  and  one  of  camphor  be  form-/"  Omngr, 

ed  into   a  pafte  with  water,  and  dlflllled  in  a  glafs  re-'*''-  P-  '*'• 
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Sect.  IX.     Of  Oils. 

There  are  two  fpecies  of  oils  ;  namely, _/f.vf^ and  vo' 
Jatile  :  both  of  which  are  found  abundantly  in  plants. 

1.  Fixed  oil   is   found   in   the   feeds  of  many  plants, 
efpecially  of  the  oil,  beech,  flax,  almond,  rape,  &:c. 

2.  Volatile  oil  is   obtained  by   dlllillation  from  the 
leaves,  flowers,  or  roots  of  aromatic  plants,  as  lavender,     tort,   there  comes  over  into  the  receiver  (which  Ihould  ^^  ^j^^°  g, 
rofes   rofemary,  S:c.  contain  a  little  water,  and  communicate  with  a  pnru- 

ralus)  a  volatile  oil  of   a  golden  yello 


As  an  account  of  the  properties  of  oils  has  been  given 
already  in  the  article  Chemistry,  SuppL  it  would  be 
fuperfluous  to  repeat  it  here. 

Sect.  X.     Of  Cjufbor. 

The  laurus  camphorata  is  a  tree  which  grows  in 
China,  Japan,  and  feveral  parts  of  India.  When  the 
roots  of  this  tree  are  put  into  an  iron  pot  furnilhtd  with 
a  capital,  and  a  fufficient  heat  is  applied,  a  particular 
fubftance  fubhmes  into  the  capital,  which  is  known  by 
the.  name  of  camphor.  The  Dutch  afterwards  purify 
this  camphor  by  a  fecond  fublimation. 

Camphor  is  a  white  brittle  fubllance,  having  a  pecu- 
liar aromatic  odour  and  a  Ilrong  talle. 

It  is  not  altered  by  atmofpheric  air ;  but  it  is  fo  vo- 
ofcamphor.latile,  that  if  it  be  expofed  during  warm  weather  in  an 
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open  veflel,  it  evaporates  completely.  When  fublimed 
in  clofe  vefiels  it  cryftallifes  in  hexagonal  plates  or  pyra- 
mids *. 

It  is  infoluble  in  water ;  but  it  communicates  to  that 
Kquid  a  certain  portion  of  its  peculiar  odour. 

It  diflblves  readily  in  alcohol,  and  is  precipitated 
again  by  vi-ater.  If  the  alcohol  be  diluted  with  water 
as  much  as  poffible,  without  cauling  the  camphor  to 
precipitate,  fmall  cryfl;als  of  camphor  refembling  feathers 
gradually  formf. 
mTrar.  Camphor  is  foluble  alfo  in  hot  oils,  both  fixed  and 
^rj^iP' 4i.volatile  ;  but  as  the  folution  cools  the  caniphor  preci- 


matic  apparatus^  a  volatile  oil  ot  a  golQen  yellow  co- 
lour,  a  little  camphoric  acid  which  dillulves  in  the  vva- 
ter,  and  a  quantity  of  carbonic  acid  gas,  and  carbona- 
ted hydrogen  gas,  which  may  be  colkcled  by  means  of 
a  pneumatic  apparatus.  There  remains  in  the  retort  a 
fubllance  of  a  deep  black  colour,  compofed  of  alumina 
and  charcoal.  By  this  procefs,  from  1  22.284  parts  of 
camphor,  Mr  Bouillon  la  Grange,  to  whom  wc  are  in- 
debted for  the  whole  of  the  analyfis  of  camj)hor,  ob- 
tained 45.856  parts  of  volatile  oil,  and  30.1:71  parts 
of  charcoal.  The  proportion  of  the  other  products  was 
not  afcertalned  *.  *  '^'•^-  ?' 

From  this  analyfis,  Mr  Bouillon  la  Grange  concludes '-S'* 
that  camphor  is  compofed  of  volatile  oil,  and  charcoal 
or  carbon,  combined  together.  We  learn  from  his  ex- 
periments, that  the  ultimate  Ingredients  of  camphor  are 
carbon  and  hydrogen  ;  and  that  the  proportion  of  car- 
bon is  much  greater  than  in  oils. 

Camphor  exifts  in  a  great  many  plants.  Neumann,  pj^jj*'^^., 
Geoffroy,  and  Cavtheufcr,  extrafted  it  from  the  roots  joining  it. 
of  zcdoary,  thyme,  fage,  &c.  and  rendered  it  probable 
that  It  is  contained  in  almoft  all  the  labiated  plants. 
It  has  been  fuppofed  to  exift  in  thefe  plants  combined 
•with  volatile  oil.  Prouil  has  fhewn  how  it  may  be  ex- 
trafted, in  confiderable  quantity,  from  many  volatile 
oils  f .  t  Ann.de 

Camphor,  which  was  unknown  to  the  ancient  Greeks  chlm.  iv. 
and  Romans,  was  introduced  into  Europe  by  the  Ara-«79- 

bians. 


I. 

bians,     jEtius  is  the  firft  pcrfon  who  mentions  it.      It 
'  feems,  however,  to  have  been  vciy  early  known  to  the 
eaftern  nations. 

It  is  much  ufed  in  medicine.  It  is  a  powerful  (li- 
mulant  ;  it  is  conlidered  as  peculiarly  efficacious  in  dif- 
cafes  of  the  urinary  organs  ;  it  is  often  ferviceablc  in 
mania,  and  procures  fleep  when  every  other  medicine 
fails. 

Sect.  XI. 


Of  Rf.hns. 

There  is  a  yellowifh  white  coloured  fubftance  which 
often  exfudes  from  the  Abies  Montana,  or  common  Scotch 
fir,  and  likewife  from  other  fir  trees.  It  is  fomcwiiat 
tranfparent,  is  hard  and  brittle,  of  a  difagrocible  talle, 
and  may  be  collefted  in  confidcrable  quantities.  This 
fubllance  is  knovrn  by  the  name  oi  rsjm  ;  and  the  fame 
name  is  alfo  applied  to  all  fubftances  which  polTefs  near- 


Vegetable   SUBSTANCES. 

To  defcribe  each  rcfin  feparate!y  would  be  to  little  pilr- 
polc,  as  fcarcely  any  thing  is  known  of  them  except 
their  general  properties  as  relins.  The  following  is  a  " 
lill  of  the  principal.  The  reader  will  find  an  account 
of  the  manner  of  obtaining  them,  and  of  their  ufes,  by 
confulting  the  name  of  each  in  the  Encycioptdia. 

1.  Common  refin,  7.  Sandarac, 

2.  Turpentine,  8.  Guiacum, 

3.  Pitch,  9.  Labdanum, 

4.  Galipot,  10.  Dragon's  blood, 

5.  Elcmi,  I  I .  Copaiba. 

6.  Mallic, 
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Caout- 
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There  are  three  vegetable  fubftances  which  have  Balfam* 
been  denominated  balfams  by  fome  of  the  later  French 
writers.  They  appear  to  conf'iil  of  refin,  or  volatile  oil 
combined  with  benzoic  acid.  Thefe  fubftances  are, 
benzoin,  balfam  of  Tolu,  and  ftorax.  For  an  account  of 
ly  the  fame  properties  with  it.  Refin  may  be  dlftin-  them  we  refer  to  the  Encyclop/td'ia. 
guilhed   from   every  other  fubftance  by  the   following  Many  vegetable  fubftances  occur  in   medicine  which  r-.um  re- 

properties  :  confift  chiefly  of  a  mixture  of  gum  and  refin.      Thefi  flna. 

It  is  more  or  lefs  concrete,  and  has  an  acrid  and  hot     fubftances,  of  courfe,  have  a  number  of  the  properties 

tafte.  both  of  gums  and   refins.      For  this  reafon   they  have 

It  is  totally  infoluble  in  water.      By  this  property  it     been   denominated  gum  refins.     Tiie  following  are  the 

may  eafily  be  feparated  from  guni,  if  they  happen  to  be     nioft  important  of  thefe  fubftances  : 


mixed  together. 

It  is  foKible  in  alcohol,  and  in  fulphuric  ether*.  By 
the  firft  of  thefe  properties  we  may  feparate  it  from 
gum,  and  by  the  laft  from  extraft  ;  for  extradl  is  in- 
foluble in  fulphuric  ether.  When  thefe  fohitions  are 
evaporated  the  refin  is  obtained  unaltered.  If  the  fo- 
lution  be  fpread  thin  upon  any  body,  it  foon  dries  by 
the  evaporation  of  the  alcohol  ;  the  refin  remains  be- 
hind, and  covers  the  body  with  a  fmooth  ftilning  tranf- 
parent coat,  which  cannot  be  waftied  off  by  water.  This 
procefs  is  called  varn'ijhing. 

Refin  is  foluble  alfo  in  volatile  oils  ;  and  thefe  fohi- 
tions are  often  ufed  likewife  in  varnifiiing. 

Refin   is   fcarcely   acted    upon    by   acids.     Alkalies 


Olibanum,  ,  Aloes, 

Galbanum,  Myrrh, 

Scammony,  Ammoniac, 

Afafoetida,  Opium. 

For  an  account  of  them  we  refer  to  the  Encyclopxdia, 

Sect.  XII.     Of  Caoutchouc. 


S4 


About  the  beginning  of  the   l8th  century  a  fub- Dlfcovery 
ftance,   called  caoulihouc,  was   brought   as    a  curiofityf  caout- 
from  America.      It  was   foft,  wonderfully  el^llic,  and'^''°'''- 
very  combuftible.     'I"he  pieces  of  it  that  came  to  Eu- 
rope were   ufually  in   the  ftiapo  of  bottles,  birds,  &c. 
This  fubftance  is  very  much   ufed  in   rubbing  out  the 


combine  with  it,  but  the  combination  is  not  eafily  ef-     marks  made   upon  paper  by  a  black  lead  pencil  ;  and 


feded 

When  refin  is  heated  it  readily  melts  ;  and  if  the  heat 
be  increnfed  it  is  volatilized,  and  burns  with  a  white 
J'ame  and  ftrong  fmell.  When  diftilled  it  yields  much 
volatile  oil,  but  fcarcely  any  acid. 

When  volatile  oils  are  expofed  for  fome  time  to  the 
action  of  the  atmofphere  they  acquire  confiftency,  and 
an"ume  the  properties  of  refins.  During  this  change 
they  abforb  a  quantity  of  oxygen  from  the  air.  Weft- 
rum  put  30  grains  of  oil  of  turpentine  into  40  cubic 
inches  of  oxy-muriatic  acid  gas.  Heat  was  evolved,  the 
oil  gradually  evaporated,  and  affumed  the  form  of  yel- 
low refin  f .  Thefe  fafls  render  it  probable  that  refin 
is  merely  volatile  oil  combined  with  a  quantity  of  oxy- 
gen 


therefore  in  this  country  it  is  often  called  Indi.m  rub- 
ber. Nothing  was  known  of  its  production,  except  that 
It  was  obtained  from  a  tree,  till  the  French  academici- 
ans went  to  South  America  in  17^5  to  meafure  a  de- 
gree of  the  meridian.  Mr  dc  la  Coudamine  feut  an  ac- 
count of  it  to  the  French  Academy  in  tlie  year  1736. 
He  told  them,  that  there  grew  in  the  province  of  Ef- 
meraldas,  iu  Brazil,  a  tree,  called  by  the  natives //^ei).?; 
that  from  this  tree  there  flowed  a  milky  juice,  which, 
when  infpilFited,  was  caoutchouc.  Don  Pedro  Maldo- 
nado,  who  accompanied  the  French  academicians,  found 
the  fame  tree  on  th;  banks  of  the  Maragnon  ;  but  he 
died  loon  after,  and  his  papers  were  never  publiihed.  Mr 
Frelnau,   after  a  very  laborious  fearch,  difcovered  the 


51 

unber  of 
ins. 


fame  tree    in  Cayenne.      His  account  of  it  was  read  to 

To  know  whether  any  vegetable  fubftance  contains  the  French  Academy  in  17  51.  ic 

refin,  we  have  only  to  pour  ton.e  fulphuric  ether  upon  It  is  now  known  that  there   are  at  leaft  two  trees  in  P; irirscon- 

it  in  powder,  and  expofe  the  infuiionto  the  light.      If  South  America  from  which  caoutchouc  may  be  obtain- ' '"'"S  >£• 

any  refin  be  prefent  the  ether  will  afl'ume  a  brown  co-  ed,   the  Ha:vea  Caoutchouc  and  tb.e  jatrojjlia  Elaftica  ; 

lour  %.  and  it  is  exceedingly  probable  that   it   is  extrafted  alfo 

The  number  of  refins  is   confiderable.     They  difier  from  other  fpccles  of  Htevea    and  Jatropha.      Several 

from  each  other  chiefly  in  colour,  tafte,  fmell,  and  con-  trees  likewife  which   grow  in   the  Eaft  Indies  yield  ca-       ' 

fiftency.     Whether  thefe  refins  be  really  different  com-  outchouc  ;   the  principal  of  thefe  are,  the  Ficus  Indica, «  AJiaiic    ' 

binations,  or,  as  is  moft  likely,  owe  thefe  difterences  to  tiie  Artocarpus  Jntegrifolia,  and  the  Urceoh  Elaftica ; /^'/arcicj-, 

foreign  ingredients,  either  combined  with  the  refin,   or  a  plant  difcovered  by  Mi-  Howifon,  ar.d  firft.  defcribcd ■■'•  ''^' 

mechanically  mixed  with  it,  is  not  at  prefent  known,  and  named  by  Dr  Roxburgh  *. 
SupFL.  Vol.  II.  Part  II.  3  Z  When' 
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Vegetable  SU 

Wlien  any  of  thcfe  plants  is  pundurcd,  there  exfudes 
from  it  a  milky  juice,  which,  when  cxpoled  to  tiie  air, 
gradually  lets  fail  a  concrete  fubllance,  which  is  caout- 
chouc. 

If  oty-muriatic  acid  be  poured  into  the  milky  juice, 
the  caoutchouc  precipitates  immediately,  anil,  at  the 
fame  time,  the  acid  lofes  its  peculiar  odour.  Tliis  ren- 
ders it  probable  that  the  formation  of  the  caoutchouc 
is  owing  to  its  bafis  abforbiiig  oxygen  *.  If  the  milky 
juice  be  confined  in  a  glafs  velfel  containing  common 
air,  it  gradually  abforbs  oxgen,  and  a  pellicle  of  caout- 
chouc appears  on  its  furface-t". 

Caoutchouc  was  no  fooner  known  than  it  drew  the 
attention  of  philofopherg.  Its  fingular  properties  pro- 
mifed  that  it  would  be  exceedingly  ufeful  in  the  arts, 
provided  any  method  could  be  fallen  upon  to  mould  it 
into  the  various  inftrumenls  for  which  it  feemed  pecu- 
liarly adapted.  MeflVs  de  la  Condimine  and  Frefnau 
had  mentioned  fome  of  its  properties  ;  but  Macquer 
was  the  firft  perfon  who  undertook  to  examine  it  with 
attention.  His  experiments  were  publifhed  in  the  me- 
moirs of  the  French  Academy  for  the  year  1768. 
They  threw  a  good  deal  of  light  on  the  fubjeift  ;  but 
Macquer  fell  into  fome  miftakes,  which  were  pointed 
out  by  Mr  Berniard,  who  publifhed  an  admirable  paper 
on  caoutchouc  in  the  17th  volume  of  the  journal  Je 
Phyfique.  To  this  paper  we  are  indebted  for  the  greater 
number  of  fafts  at  prefent  known  refpcfting  caout- 
chouc. Mr  Groffart  and  Mr  Fourcroy  have  likewife 
added  confiderably  to  our  knowledge  of  this  fingular 
fubftance  ;  both  of  their  treatifes  have  been  publiflied  in 
the  nth  volume  of  the  Annales  de  Chemie. 

Caoutchouc,  when  pure,  is  of  a  white  colour  (c),  and 
without  either  tafte  or  fmellj.  The  blacki/h  colour 
of  the  caoutchouc  cf  commerce  is  owing  to  the  method 
employed  in  drying  it  after  it  has  been  fpread  upon 
moulds.  The  ufual  way  is  to  fpread  3  thin  coat  of  the 
milky  juice  upon  the  mould,  and  then  to  dry  it  by  expo- 
fing  it  to  fmoke;  afterwards  another  coat  is  fpread  on, 
which  is  dried  in  the  fame  way.  Thus  the  caoutchouc 
of  commerce  confifts  of  numerous  layers  of  pure  caout- 
chouc alternating  with  as  many  layers  of  foot. 

Caoutchouc  is  foft  and  pliable  like  leather.  It  is 
exceedingly  elaftic  and  adhefive  ;  fo  that  it  may  be  for- 
cibly ftretched  out  much  beyond  its  ufual  length,  and 
inftantly  recover  its  former  bulk  when  the  force  is  with- 
drawn. It  cannot  be  broken  without  very  conilderable 
force. 

It  is  not  altered  by  expofure  to  the  air ;  it  is  per- 
feftly  infoluble  in  water  :  but  if  boiled  for  fome  time 
its  edges  become  fomewhat  tranfpareiit,  owing  undoubt- 
edly to  the  water  carrying  off  the  foot  ;  ^nd  fo  foft, 
that  when  two  of  them  are  prefled  and  kept  together 
for  fome  time,  they  adhere  as  clofcly  as  if  they  formed 
one  piece.  By  this  contrivance  pieces  of  caoutchonc 
may  be  foldered  together,  and  thus  made  to  affume 
whatever  Ihape  we  pleafc  j. 

Caoutchouc  is  infoluble  in  alcohol.  This  property 
was  dlfcovered  very  early,  and  fully  confirmed  by  the 
experiments  of  Mr  Macquer.  The  alcohol,  however, 
lenders  It  colourlefs. 

Caoutchouc  is  foluble  in  ether.     This  property  was 
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firft  pointed  out  by  Macquer,     Berniard,  on  the  con- 
trary,  found  that  caoutcluiuc  was  fcarcely  (olublc  at  all 
in  fulphuric  ether,   which  was  the  ether  ufed  by  Mac-  ' 
quer,  and  that  even  nitric  ether  was  but  an  imperfeA 
folvent.     The  difference  in   the   refults   of  thefe  two 
chemills  was  very  fingular  ;  both  were  remarkable  for 
their  accuracy,  and  both  were  too  well  acquainted  with 
the  fubjeift  to  be  eafily  milled.     The  matter  was  firit 
cleared  up  by  Mr  Cavallo.    He  found  that  ether,  when 
newly  prepared,  feldom  or  never  diflolved  caoutchouc 
completely  ;  but   if  the  precaution   was  taken  to  wafh 
the  ether  previoufly  in   water,  it   afterwards   diflolved 
caoutchouc  with  facility.      Mr  Groflart  tried  this  ex- 
periment, and  found  it  accurate  *.      It  is  evident  from  . 
this  that  thcfe  chemifts  had  employed  ether  m  different  C6;»i.xi' 
ilates.   The  wafhing  of  ether  has  two  effetfs.   It  deprives  Mr- 
it  of  a  little  acid  with  which  it  is  often  impregnated, 
and  it  adds  to  it  about  one-tenth  of  water,  which  re- 
mains combined  with  it. 

When  the  ether  is  evaporated,  the  caoutchouc  is  ob- 
tained unaltered..  Caoutchouc,  therefore,  diffolved  in- 
ether,  may  be  employed  to  make  inllruments  of  diffe- 
rent kinds,  jull  as  the  milky  juice  of  the  hsvea  ;  but 
this  method  would  be  a  great  deal  too  expenfive  for 
common  ufe.  , 

Caoutchouc  is  foluble  in  volatile  oilsf  ;  but,  in  ge-       QjIi 
neral,  when  thefe  oils  are  evaporated,  it  remains  forae-t  Berniard 
what   glutinous,    and   therefore  is  fcarcely  proper  for 
thofe  ufes  to  which,  before  its  folution,  it  was  fo  admi- 
rably adapted. 

It  is  infoluble  in  alkalies:):.     The  acids  aft  upon  it  »  -j  '^  1 
with  more  or  lefs  violence  according  to  their  nature,  aikaiij,^ 
Sulphiuic  acid  decompofes  it  completely,  charcoal  pre- f /rf. 
cipitates,  and  purt  of  the  acid   is  converted  into   lul- 
phurous  acid.     Nitric  acid  converts   it  into  a  yellow 
fubftance,  analogous  to  fuberic  acid.   Muriatic  acid  does 
not  affeft  it  J.      The  other  acids  have  not  been  tried.      ,  . 

FahronI  has  difcovered,  that  reftified  petroleum  dif-       '  j 

folves  it,  and  leaves  it  unaltered  when  evaporated  ||.         |  j^;^.  ,« J 

When  expofed  to  heat  it  feadily  melts  ;  but  it  never  and  xii.ijfe 
afterwards  recovers  its  properties,  but  continues  always         **       ' 
of  the  confiftcnce  of  tar.      It  burns  very  readily  with  a      ^^^^ 
bright  white  flame,  and  diffules  a  fetid  odour.   In  thofe 
countries  where  it  Is  produced,  it  is  often  ufcd  by  way 
of  candle. 

When  dillilled,  it  gives  out  ammonia  ^.     It  is  evi-^  j7„„„„j^. 
dent  from  this,  and  from  the  effeft  of  fulphuric  and  Ann.  dt 
nitric  acid  upon  it,  that  it  is  compofed  of  carbon,  hy- C*'"- »'• 
drogen,  azot,  and  oxygen  ;  but  the  manner  in  which ^^'*' 
they  are  combined  is  unknown. 

When  treated  with  nitric  acid,  there  came  over 
azotic  gas,  carbonic  acid  gas,  prufTic  acid  gas;  and 
oxalic  acid  was  formed  *.  ^  ^j;^ 

It  feenis  to  exill  in  a  great  variety  of  plants ;  but  is        ^ 
ufually  confounded  with  the  other  ingredients.    It  may  Howtofe*' 
be  feparated  from  refins  by  means  of  alcohol.      It  may  pirate  it     ' 
be   extrafted  from  the  different  fpecies  of  m'l/letoe  by  f^ <""  P'*"** , 
water,  with  which,  in  the  fluid  ftate  in  whiah  it  exifts 
in  thefe  plants,  it  readily  combines.    When  mixed  with 
gum  or  extrad,  it  may  be  feparated  by  the  following 
procefs :   Digcll  a  part  of  the  plant  containing  it  firft 
in  water  and  then  in  alcohol,  till  all  the  fubftances  fo- 
luble 


(c)  Mr  De  Fourcroy  fays,  that  blackilh  brown  is  the  natural  colour  of  caoutchouc, 
pieces  of  it  from  the  Eaft  Indies,  which  had  been  allowed  to  iufpIlTate  in  the  open  air  : 
a.  flight  call  of  yellow,  and  had  very  much  the  appearance  and  feel  of  white  foap. 


But  we  have  feen  fome 
They  were  witite,  with 


>hap.I.  Vegetablk    substances. 

Vfix.      luble  in  tJiefe  liquids  be  extrafled.     Dry  tlip  reliduum,     confiiininj;  that  quant  itv 

•— V— "■  and  digell  it  in  five  times  its  weight  of  reftified  petro- 
leum. Exprefs  the  liquid  part  by  fqueczing  the  fub- 
llance  in  a  linen  cloth.  Let  this  liquid  remain  fevcral 
days  to  fettle,  then  decant  off  the  clear  liquid  part, 
mix  it  with  a  third  part  of  water  and  diftil,  the  caoul- 

< HrrmJI-iJi,chouc  remains  behind  *. 

""'■""^  Sect.  XIII.     Of  frjx. 


Fibre. 


amounted    to   Ci'I.  ^J   grains.     W'^'y 
Confequer.tly    tlie    fubftances   conlinncd   amounted   to 
88.4?  grains.     After  the  combuftion  there  were   found 
in  the  glais  vedel  62.58  grains  ot  carbonic  acid,  aiid  a 
quantity  of  water,    which   was   fuppofed   to  amount  to 


25. '>7  grains. 
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11-3/  ■  Ths  upper  furface  of  the  leaves  of  many  trees  is  co- 

vered witli  a  varnifh  of  wax.  This  varnifli  may  be  fe- 
par;.ted  iiiid  obtained  in  a  ftate  of  purity  by  the  follow- 
ing proccfs. 

Digell  the  hruifed  leaves,  firft   in   water  and  then  in 
jeable pro- alcohol,  till  eiery  part  uf  them  which  is  foluble  in  thele 
luaion.       liquids  Ije  ext.MCled.     Then  mix  the  refiduum  with  fix 
times  its  weight  of  a   folution   of  pure  ammonia,  and, 
after  fufS.  ient  maceration,  decant  off  the  folution,  fiker 
it,  and  drop  into  it,  wliile  it  is  incefTantly  Itirred,   dilu- 
ted fulphuric  acid,  till  more  be  added  than  is  fufficicnt 
to   faliirate   the   alkali.     The   wax  precipitates  in  the 
form  of  a  yellow  powder.      It  fliould  be  carefully  wafh- 
L  jjjiij,     ed  with  water,  and  then  melted  over  a  gentle  lire  f . 
37J.  Mr  Tingry  tirtl  difcovered  that  this  varnilh  poirefTed 

\Enc.M!ib.3)\  the  properties  of  bees  wax  J.  Wax  then  is  a  vcge- 
Forcttet  table  produdl.  The  bees  extraft  it  unaltered  from  the 
&u,i.  toe.  leaves  of  trees  and  other  vegetable  ftibftances  which  con- 
tain it.  They  feem,  however,  to  mix  it  wilii  fome  of 
the  pollen  of  flowers. 
Its  proper-  Wax,  when  pure,  is  of  a  whitiHi  colour,  it  is  deftl- 
tiev  tute  of  talle,  and  has  fearcely  any  fmell.     Bees  wax  in- 

deed has  a  pretty  llrong  aromatic  fmell;  but  this  feems 
chiefly  owing  to  fome  fubftance  with  which  it  is  mix- 
ed;  for  it  difappears  almoft  completely  by  expofing  the 
wax,  drawn  out  into  thin  ribands,  for  fome  time  to  the 
atmofphere.  By  this  procefs  alfo,  which  is  called 
bleaching,  the  yellow  colour  of  the  wax  difappears,  and 
it  becomes  very  white.  Bleached  wax  is  not  aftetled 
by  the  air  §. 

Wax  is  infoluble  in  water  and  in  alcohol.  It  com- 
bines readily  with  alkalies,  and  forms  with  them  a  foap 
which  IS  foluble  in  water  ||. 

Punic  wax,  which  the  ancients  employed  in  painting 
xjiviii.  <6.  in  encaullo,  is  a  foap  compofed  of  twenty  parts  of  wax 
ii  Chaptal,    and  one  of  foda  *.      Its  compofition  was  afcertained  by 

C.T4. 

+  Jour  cfe 
Pbyr.  Nov 
I78J. 


Thefe  were  the  only  produces. 
Now  62.58  grains  of  carbonic  acid  gas  contain 

4456  "f  njy.  Slid  lif.ci  of  c-rb  ;.aiid  IJ.S:  jjr.  of  water  co  'aid 
1  ■.9,1  of  ojy.  and    ^.Ss-  of  liyjro. 


5  ^enthUr^ 
Ann,  de 
Cbim   xii. 
60.  and 
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Sulphuric  and  nitric  acids  decompofe  wax  complete- 
ly ;  oxy-muriatic  acid  bleaches  it  inllantaneoufly. 

Wax  combines  readily  with  oils,  and  forms  with 
them  a  fubftance  of  greater  or  lefs  confiftency  accord- 
ing to  the  quantity  of  oil.  This  compofition,  which 
is  known  by  the  name  of  cerate,  is  much  employed  by 
furgeons. 

When  heat  Is  applied  to  wax  it  becomes  foft  ;  and 
at  the  temperature  of  142°,  if  unbleached,  or  of  155" 
if  bleached  |,  it  melts  into  a  colourlefs  tranfparent 
fluid,  which  concretes  again,  and  refumes  its  former  ap- 
pearance as  the  temperature  diminilhes.  If  the  heat  be 
ilill  farther  increafed,  the  wax  boils  and  evaporates;  and 
if  a  red  heat  be  applied  to  the  vapour,  it  takes  fire  and 
burns  with  a  bright  flame.  It  is  this  property  which 
renders  wax  fo  ufeful  for  making  candles. 

Mr  Lavoifier,  by  means  of  the  apparatus  defcribed 
in  the  article  Chemistry,  Suppl.  00353.  contrived  to 
burn  wax  in  oxygen  gas.  The  quantity  of  wax  con- 
fumed  was  21.9  grains.  The  oxygen  gas  employed  in 


6A.iJ  il.yj 

Coufequently  2  1.9  parts  of  wax  are  compofed  of  iS.Oi 
of  carbon,  and  3.^8  of  hydrogen.  And  100  parts  of 
wax  arc  conipofed  of  82.28  carbon, 

17.72  hydrogen, 

100.00*  •  law/!'!; 

If  wax  be  diftilled    with   a   heat   greater  than    j  1 2'',  T"""  ''<' 
there  comes  <ner  a  little  water,   lomc   febacic  acid,   a ''*.):/■  "**'• 
little  very  fluid  and  odorcms  oil  :  the  oil,  as  the  diililla-^^' 
tion  advances,  becomes  thicker  and  thicker,   till  at  lalt 
it  is  (if  the  ci^nliilency  of  butter,  and  for  this  reaion  has 
been  called  liiUer  of  ivax.     There  remains  in  the  retort 
a  fmall  quantity  of  coal,  which  is  not  eafily  reductd  to 
afhes.     When   the  butter  of  wax  is  repeatedly  d.lliUed 
it  becomes  very  fluid,  and  alTumes  the  properties  of  vo- 
latile oilf.  ff  Lemiry, 

AUm.  Par. 
Sect.  XIV.     Of  the  IVooor  Fibre.  i7o-.p-i3' 

All  trees,  and  mod  other  plants,  contain  a  parti- 
cular fubftance,  well  known  by  the  name  of  ivood.  If 
a  piece  of  wood  be  well  dried,  and  digefttd,  firft  in  a 
fuificient  quantity  of  water,  and  then  of  alcohol,  tc  ex- 
traift  from  it  all  the  fubllanccs  foluble  in  thele  liquids, 
there  remains  behind  only  the  woody  fire.  (,. 

This  fubftance,  which  coiiftitutes  the  bafis  of  wood.Pnpert'Ci 
is  compofed  of  longitudinal  fibres,  eafily   fubdivided  in- of  """'l* 
to  a  number  of  fmailer  fibres.     It  is  fomewhat  tranfpa- 
rent; is  perfectly  taftclefs  ;   has  no  fmell;  and  is  not. al- 
tered by  expofure  to  the  atmofphere. 

It  is  infoluble  in  water  and  in  alcohol ;  but  foluble  in 
alkalies.  The  mineral  acids  decoinpoie  it.  When  diftil- 
led  it  yields,  in  all  probability,  pyrolignous  acid.  When 
burnt  with  a  fmothered  fire  it  leaves  behind  it  a  confi- 
derable  quantity  of  charcoal. 

It  is  precipitated  from  alkalies  unaltered  bv  acids f.  t  Fourcmy, 

By  nitric  acid   Fourcroy  converted  the  refiduum  of^""-'''  .. 

quinquina,   which   does   not   feem    to    differ    from   the  ■•""'•'""• 

woody  fibre,  into  oxalic  acid  ;  at   the  fame  time  there 

was  a  little  citric  acid  formed,  and  a  very  fmall  quan-.  ,  r 

r        I-         J         ^  -JO  •  ir   Iiiaualyus. 

tity  or   malic  and  acetous  acids.      Some  azotic  gas  alfo 

was  difengaged.    By  this  procefs  he  obtained  from  100 

parts  of  woody  fibre 

56.250  oxalic  acid, 

3.905  citric  acid, 

0.388  malic  acid, 

0.486  acetous  acid, 

0.867  azotic  gas, 

8.330  carbonat  of  lime. 


70.226 

32.031  refiduum. 


102.257 
There  was  likewife  a  quantity  of  carbonic  add  ga« 
difengaged^  the  weight  of  which  was  unknown.     This 
3  Z  2  incrcafe 
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Acida. 


acid 


incrcafe  of  weight  in  the  prodjft  was  evidently   owing 

to  the  oxygen  derived  tVom  the  nitric  acid*. 

When  diftilled  in  a  retovt,    ico  parts  yield  the  fol. 

lowing  prodiifts  : 

i6.6a  of  a  yellow  liquid,  containing  alcoholj  and 

which  had  the  finell  of  pyromtiaous. 

6.Q77  of  concrete  oil,  moilly  folubk  in  alcohol. 

22001;  charcoal  1    ■    .1.        .     . 

''^J        .  ri-        }•    in  the  retort. 

3.567  carbonat  01  lime  J 

\   

60. 1  i;9 

^^.S^i  gas,  half  carbonic   acid,  half  carbonated  hy 
dro^en. 


*  Ji'ul.  151.10C  oco 


Vegetable  SUBSTANCES.  Part.  I, 

3.   Citric  acid   is  dillinguiilicd  by  the  following  pro-     '>.cid«, 
pertics  :     It  docs  not  form  tartar   when  potals  is  added  "~~"v-~J 
to    it.      With  lime  it  forms   a  fait   infohible  in   water,  ,.    .'' 
wliich  is  dccompofed  by  fulphuric,  nitric,   and  muriatic        '   ^     ' 
acids.      It  readily  cryftalll^cs.      It  is  dcllroyed  by  heat. 

Citric  acid  luis  been  found  nnmixtd  with  other  acids 
in  the  following  vegetable  fubitances*  :  »  Scbedt 

Tiie  juice  ot  oranges  and  lemons.  Cnllsjour, 

The  berries  of  vaccinium  oxycoccos,  cranberrv.  I':  ^-^"g- 
■  •■'•,              111,  I  raiifl 
— vitis  idaea,  red  ivhortle  berry, 

Prunus  padus,  binlcherry. 
Solanum  dulcamara,  nightjjjade. 
Rofa  canina,  hif>. 
It  occurs  mixed  with  other  acids  in  many  other  fruits.         •;% 
^.  Malic  acid  is  known  by  the  following  properties  :  l^^"'''  acid, 
It  forms  with  lime  a  fait  foluble  in  watt;-,  which  is  dc- 
compofed by  citric  acid.      It  does  not  form  tartar  with 
potals.      It  is  incryftallizable.      Heat  deftroyss't. 

Malic  acid  has  been  found,  by  Scheelef,  in  the  fruits  f  ■'^"'• 


f  UU.  jxi. 
a8j. 


Thefe  fafts  (liew  us,  that  the  woody  fibre  is  corapo- 
fed  of  oxygen,  carbon,  hydrogen,  azot,  and  lime.  Mr 
Chaptal  fnppofes  that  mucilage  differs  from  woody 
fibre  merely  in  containing  Itls  oxygen.  AVe  are  cer- 
tain at  leaft  that  mucilage  or  gum  is  compofed  of  the  of  the  following  plants,  which  contain  no  other  acid 
fume  ingredients  ;  and  Mr  Chaptal  has  (hewn,  that  the  Apples. 

juices  of  plants  are  partly  converted  into  woody  fibre  by 
oxy-mnriatic  acid,  which  imparts  to  them  oxygenf. 
'I'liefe  juices  contain  both  gum  and  refin  :  after  the 
formation  of  the  woody  fibre  the  refin  is  itill  unaltered. 
This  gives  a  good  deal  of  probabib'ty  to  his  opinion. 

Sect.  XV.     Of  Acins. 
The  acids  found  ready  formed  in  vegetables  are  the 
followiii  J  : 


t9 
Planf^  con- 
taining 
•xalic  acid. 


Crell's'Jour. 

i.  J07.  Engi. 
TranH. 
%  Ihid.  34. 
5  Hermfladt. 

70 
Tartarous 

acid, 


1.  Oxalic,  5.   Gallic, 

2.  Tartarous,  6.   Benzoic, 

3.  Citric,  7.   Phofpboric. 

4.  Malic, 

Sometimes  alio  the  fulphuric,  nitric,  and  muriatic 
acids  occur  in  vegetables,  combined  with  alkalies  or 
earths,  but  never  except  in  very  minute  quantities. 


Berberis  vulgaris,  barberry, 
Prunus  domellica,  plum, 

fpinoCt, y/cc 

Sambucus  nigra,  elder. 

Sorbus  aucuparia,  roan  ox  fervid.  y, 

In  the  following  fruits  he  found  nearly  an  equal  quan-  Malic  and 
tity  of  malic  and  citric  acidsj.  cunc. 

Ribes  grofTularia,  goofeberry,  1  •'*■'''• 

rubrum,  currants, 

Vaccmium  myrtillus,    bleaberry. 
Crategus  aria,  beam, 
Prunus  cerafus,  cherry, 
Fragaria  vefca,  flraiuberry, 
Rubus  chamsmorus,  cloudberries,  evrochs. 
idaeus,  rafpberry,^ 


Malic  acid  has  alfo  been  found   in  the  agave  amerI-5  Uofman 
I.  Oxalic  acid  is  eafily  detected  and  diitingui/hed  by     canaij,  and  in   the  pulp  of  tamarinds|l.      In  the  firll  of"/ '<''''"""'•_ 
the  following  properties  :    It  decompofes  all  calcareous     thefe  it  is  mixed  with  tartarous  acid  ;  in  the  fecond  with''/  ""3^'^^ 
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CT  yegtt. 

Acids. 
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falts,  and  forms  with  lime  a  fait  infoinble  in  water.  It 
readily  cryftallizes.  Its  cryflals  are  quadrilateral  prifnis. 
It  is  totally  deilroyed  by  heat. 

Oxalic  acid  was  firfl  detected  in    vegetables  by  Mr 
Scheele.     It  has  been  difcovered  in  the  following  plants  : 
The  leaves  of  the  oxalis  acetofcllaf . 
oxalis  corniculata. 
The  root  of  rhubarb:j:. 
The  leaves  of  the  geranium  acidumij. 
2.  Tartarous  acid  is  known  by  the  following  proper- 
ties :  When  a  little  potafs  is  cautioufly  dropt  into  a  folu- 
tion  containing  it,  common  tartar  is  formed,  and  precipi- 
tates to  the  bottom.   Tartarous  acid  does  not  decompofe 
the  fulphat,  nitrat,  or  mr. rial  of  lime.     Tartrlte  of  lime 
is  foluble   in   water.      Tartarous  acid  cryftallizes.      Its 
cryllals  are  long  flender  prifras.   It  is  dellroyed  by  heat. 
Tartarous  acid  has  been  found  in  the  following  vege- 
table fubftances  :    _ 

The  pulp  of  the  tamarind*. 
The  juice  of  grapes. 

Mulberriesf. 
Rumex  acetofa,  forrel\. 
Rhus  coriaria,  fumach-\. 
Rheum  rhapoiiticum||. 
Agave  Americana^. 
The  roots  of  triticum  repensf . 

Leontodon  taraxicumf. 


Ann.  de 
Chim.  1 
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tartarous  and  citric  acids. 

5.    Gallic  acid  is  known  by  the  following  properties  rp:. 
With  the  brown  oxide  of  iron   it  produces  a  black  co- 
lour.     It  is  cryftallizable.      Heat  deftroys  it.      It   has  Gallic  acj 
been  found  in  a  great  number  of  plants,   chiefly  in  the 
bark. — The  following  tabic,  drawn  up  by  Mr  Biggin*  ;*  V>V/oC 
will  ferve  to  fhcw  the  relative  prdportions   of  this  ac'i^'"",'  ?"' 
in  ditierent  plants : 
Elm 

Oak  cut  in  winter 
Horfe  chelnut 
Beech 

AVillow  (boughs) 
Elder 
Plum  tree 
Willow  (trunk) 
Sycamore 
Birch 
Cherry  tree 


Sallow 

Mountain  afit 

Poplar 

Hazel 

Afh         -         -         - 

Spanidi  chefnut 

Smooth  oak 

Oak  cut  in  fpring 

Huntingdon    or  Lei- 
cefter  willow 

Sumach 
6.  Benzoic  acid  is  diftinguiflied  by  its  aromatic  odour,  g.-^pj'^ 
and  its  votality  on  the  application  of  a  very  moderate  acid, 
heat.      It  has  been  found  hitherto  only  in  three   vege- 
table fubllances,  to  which    the   French   chemifts  have 
confined  the  term  balfam.      Thefe    three   are,  benzoin, 
balfam  of  tola,   andjlorax.      In  thefe  fubftances  it  feems 
to  be  combined  with  a  refin,  or   fomething  which  has 
nearly  the  properties  of  a  refin. 

7.  Phof. 


6 

7 
8 

4 
8 

9 

6 

4 
8 


9 

10 

10 

10 
10 

10 
14 


:hap.  !• 

vikilic'-       7.  Phofphoric  acid  is  eafily  diftiiigiiidicd  from  the 
-'V——' former  ux,  for  it  is  very  fixed,  and  a  violent  heat  does 

r'h  ri    ""*  dedroy  it  aa  it  dots  the  others. 
'°P  °  "       Pliofphoric  acid  has  been  found    in  different   plants, 
but  onlv  in  very  fniall  quantities;   it  is  alniolt  conrtant- 
ly  combined  witli  lime.      Meyer  found  it  in  tlic  leaves 
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'«..Wf'5.  of  many  trees*  ;  Thuren  found  phofpliat  of  lime  in  the 
■^'ilr  Aconitus    Napellusf  ;   and   Bergmanii  found  it  in  all 
kinds  of  grain|. 

Sect.  XVI.     Of  ^lkjlies. 


1. 100 

Atiitt  de 
■im.  ii. 
S. 

Btrrgrfiann 
90. 


The  only -alkalies  found  in  plants  are  potafs  and 
foda.  Ammonia  may  indeed  be  obtained  by  diililling 
many  vegetable  fubilances,  but  it  is  produced  during 
the  operation.  One  or  other  ol^thefe  alkalies  is  found 
in  every  plant  which  has  hitherto  been  examined.  The 
quantity  indeed  is  ufually  very  fmall. 

I.  Potais  is  found  in  almoli  all  plants  which  grow  at 

potafs  in  a  diflance  from  the  f,"a.      It  may  be  extracted  by  burn- 

*"''•         ing  the  vegetable,  walhing  the  afhes  in  water,  filtrating 

the  water,  and  evaporating  it  to  drynefs.      It  is  in  this 

manner  that  all  the  potafh  of  commerce  is  procured. 

The  following  table  exkibits  the  quantity   of  afhes 

and  potafs  which  may  be  extrafted  from.  100  parts  of 

'  various  plants : 


77 
oportion 


Inn.  ffe 
im.  xix, 
4- 


4/hes. 

Potafs. 

Sallow 

2.8 

0.28j*(c) 

Elm 

2.36727 

0.39* 

Oak            ... 

J-35«85 

o-'i343 

Poplar 

1.23476 

0.07481 

Hornbeam         ... 

1. 1283 

0.1254 

Beech 

0.5S432 

0.14572 

Fir          ...          . 

0-54133 

Vine  branches 

3-.^79 

0.55* 

Common  nettle 

10.67186 

'^■5°U 

Common  thillle 

4.0426^ 

0-53734 

Fern         .         .         -         - 

5.0C781 

0.6259 

Cow  thiftle 

105 

1.96603 

Great  rfver  rufh 

38,5395 

0.72234 

Feathered  ru(h 

4-33593 

0.50811 

Stalks  of  turkey  wheat 

8..^6 

1-75* 

Wormwood 

9-744 

7-3* 

Fumitory          ... 

21.9 

7.9* 

Trifolium  pratenfe 

0.078* 

Vetches          ... 

. 

2.75* 

Beans  with  their  ftalks 

. 

2.0* 

In  general,  three  times  as  much  afhes  are  obtained 
from  fhrubs,  and  five  times  as  much  from  herb^:,  as  from 
trees.  Equal  weights  of  the  branches  of  trees  produce 
more  aflies  tiian  the  trunk,  and  the  leaves  more  than 
the  branches.  Herbs  arrived  at  maturity  produce  more 
allies  than  at  any  other  time.  Green  vegetables  pro. 
duce  more  afhes  than  dry-|-. 

The  fait  which  is  obtained  from  plants  does  not  confift 
wholly  of  potafs,  there  are  other  falts  mixed  with  it  ; 
thcfe  ufnally  are  fulphat  of  potafs,  muriat  of  potafs, 
fulphat  of  lime,  phofphat  of  lime,  &c.  ;  but  thefe  bear, 
in  general,  but  a  fmall  proportion  to  the  potafs.  The 
afhes  confift  of  potafs  mixed  with  earths. 

Some  judgment  may  be  formed  of  the  quantity  of 
potafs  which  a  plant  contains  from  the  quantity  of 
afhes  which  it  yields :  but   the  above  table  is  fufficient 


to  (hew  us,  that  were  we  to  truft  to  that  we  would  often     Earchs. 
be  milled.  '— -v       * 

2.  Soda  is  found  in  almoft  all  the  plants  which  grow    c  j 
in  tlic  fca,  and  in  many  of  tliofe   which  gniw  on  the 
(liore.      In  general,  the  quantity  of  foda  which  plants 
contain  bears  a  mucii  greater  proportion  to  their  wtigiit 
than  the  potais   does  wiiich    is   found  in   inland  vege- 
tables,     loo  parts  of  \\\t  falfola  foda,  for  inflance,  yield 
19.921  of  allies  ;  and  thefe  contain  1.992  parts  of  foda, 
fome   of  which,  however,   is  combined   with   muriatic 
acid*.    The  plants  from  which  the  greater  part  of  the  *^'"?"'''"> 
foda,  or  bar'ilha,  as  it  is  called,  wliich  is  imported  from  ,.,'"''   '  ■■• 
bpain,   IS  extracted,  are  the filfola faitva,  ixnd  vnntiicu-yy. 
lata. 

Sect.  XVII.     Of  Earths. 

The  only  earths  hitherto  found  in  plants  are  the  four 
following  ;   lime,  filicu,  magnejia,  alumina. 

1.  Lime  is  ui'ually  the  niofl  abundant  of  the   earths     lj^'j 
of  plants,  and  the  moft  generally  diffufed  over  the  vege- 
table kingdom.      Indeed,  it  is  a  very  uncommon  thing 

to  find  a  plant  entirely  deftitute  of  lime  :  falfola  foda  is 
almoft  the  only  one  in  which  we  know  for  certain  that 
this  earth  does  not  exill*.  *  -'^-  ''*''^- 

2.  Silica  exiftsalfoin  many  plants,  particularly  gralTes        }° 
and  equifetums.       Mr  Davy  has  afcertained,    that    it      ^'''^^' 
forms  a  part  of  the  epidermis,  or  outermoft  bark  of  thefe 
plants ;  and  that  in  fome  of  them  almoli  the  whole  epi- 
dermis is  filica. 

Parts  Silica.     • 
100  parts  of  the  epid.  of  bonnct-cane  yielded  90 
bamboo  7 1-4 

(arundo  phragm.)  common  reed  48.1 

ftalks  of  corn  6.5 

The  concretions  which  are  iometimts  found  in  the 
bamboo  cane  have  been  afcertained  by  Mr  Macie  to  be 
compofed  of  pure  filica.  jj. 

3.  Magnclia  does  not  exift  fo  generally  in  the  vege- Magnefias 
table   kingdom  as  the   two  preceding  earths.     It  has 

been  found,  however,  in  con/ideiable  quantities  in  feve- 
ral  fea  plants,  efpecially   fuci-f-.      But  the  falfola  [oda^  U.iUJ. 
contains    a   greater   proportion    of  magnefia  than   any  ^°' ^'"^  "'• 
plant   hitherto   examined.      Mr  Vauquehn   found   that  '^'^' 
loo  parts  of  it  contained  17.929  of  that  earth;):.  X  J!>''l-"l^. 

4.  Alumina  has  only  been  found  in  very  fmall  quan.         8i 
tities  in  plants.  Alumina. 

The  following  table  will  fhew  the  qiuntity  of  thefe  „      ^^'■ 

four  earths  which  exill  in  feveral  vegetables.  ,  ■'    ' 

100  parts  of  oak  contain. of  earths        1.03* 

Beech  -  .  0.4  53-|- 

Fir  -      ■        -  c.003-t- 

Turkey  wheat       -  7-iit 

Sunflower  -  S-TZ-f  \  Kir-rvnn, 

Vine  branches  -         z.Sjf               ^■'■'^'"  '^""f- 

Box           -  .         2-674f 

Willow         -  .        2.515-j- 

Elm             -  .        i.96f 

Afpiii          .  •         1.146! 

Fern             .  .       3.221J: 

Wormwood  -          2.444^             §  ^I'-'g'-'^ 

Fumitory  .           14.000^ 


o^  earth  in 

plant'. 

*  li'atron. 


111.  35. 


X  Home. 


(c)  Thofe  marked  *  are  from  Kifdian,  Jrifh  Tranf.  v.  164.     The  reft  from  Pertuis,  Ann.  de  Chim.  19.  178. 
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This  table  ftiews  tii,  that   the   quantity  of  earth  ia 
greater  in  herbs  than  in  trees. 

Bergman  found  all  the  four   earths  in  every  kind  of 
•  Ofu/s.  V.  grain  which  he  analyfed  *. 

9<'  Vauquelin  found,    that   lOO   parts  of  oat   grain   left 

3  1591    of  vedJuum.      This   rcliduum  is  conipofed  of 
60.7  fiHca, 
35.3  phofphat. 


i  Jt„j,.dl  ico.cf. 

Qjim.  xxir.       When  the  wliole  of  the  avena  fativa,  however,  ftalk 
'T*  and   feed   together,  are  burnt,  they   leave   a  refiduum 

conipofed  of  55  fih'ca, 

1 5  phofphat  of  h'me, 
20  potafs, 
5  carbonat  of  Hme. 


t  liU.  19. 


84 
Three  mc 
tils  found 
ID  plants. 
*  Ofu/i.  i. 
106. 
t  Piiil. 
J^ag,  V, 

?9- 


95,  and  a  httle  oxide  of  iron  \. 
This  (hews  us  that  the  ftalk  contains  fevcial  fubllan- 
ces  not  to  be  found  in  the  grain. 

Sect.  XVIII.     Of  Metals. 

Several  mctalh'c  fubftances  have  alfo  been  found  in 
vegetables,  but  their  quantity  is  exceedingly  fmall  ;  fo 
fmall,  indeed,  that  without  very  delicate  experiments 
their  prefencc  cannot  even  be  detefted. 

Tiie  metals  hitherto  difcovered  are  iron,  which  is  by 
far  the  moil  common,  mangnnefe,  and  gold. 

Scheele  firll  detefted  nianganefe  in  vegetables  *. 
Prouft  found  it  in  the  aflies  of  the  pine,  calendula, 
vine,  green  oak,  and  fig-tree  f.  M.  Sage  has  fiiewn, 
that  gold  exills  in  many  plants.  Iron  exifts  in  moft 
plants.  The  afhes  of  fome  fpccies  of  falfola  contain  a 
confiderable  quantity  of  it. 


taincd  ia 
planci. 


We  liave  now  taken  a  fui-vcy  of  all  the  fubltances 
■which  have  hitherto  been  obtained  from  vegetables ; 
by  analyfmg  each  of  thefe,  we  come  at  lalt  to  thofe 
bodies  which  we  are  at  prcfent  obliged  to  confider  as 
fimple,  becaufe  they  have  not  yet  been  decompofed, 
j£  and  of  which  accordingly  we  mull  fuppofe  that  vege- 
Slmple  fub-tahles  are  ultimately  compofed.  Thefe  bodies  amount 
fiances  con- to  jg^  namely, 

1.  Oxygen,  9.  Gold, 

2.  Sulphur,  10.  Lime, 

3.  Phofphorus  11.  Magnefia, 

4.  Carbon,  12.  Silica, 

5.  Hydrogen,  13.  Alumina, 

6.  Azot,  14.  Potafs, 

7.  Iron,  15.  Soda, 

8.  Manganefc,  16.  Muriatic  acid. 
But  of  thefe  fubftances  there  are  twelve  which  compofe 
but  a  very  fmall  proportion  indeed  of  vegetables.     Al- 
nioft  the  whole  of  vegetable  fubllances  are  compofed  of 
four  ingredients,  namely. 

Carbon,  Oxygen, 

Hydrogen,  Azot. 

Of  thefe  the  laft,  namely  azot,  forms  but  a  fmall  pro- 
portion even  of  thofe  vegetable  fubftances  of  which  it  is 
a  conftituent  part,  while  into  many  it  does  not  enter  at 
all :  So  that,  upon  the  whole,  by  far  the  greater  part 
of  vegetable  fubftances  is  compofed  of  carbon,  hydro- 
gen, and  oxygen.  We  do  not  mention  caloric  and  light, 
concerning  the  nature  of  which  too  little  is  known  \* 
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enable  us  to  determine  with    certainty  into  what  fub.    Ve(;cia, 
(lances  they  enter.  tiwi. 

The  fubftances  at  prcfent  known  to  chemlfts,  xvhith  "  ^'~~' 
they  have  not  been  hitherto  able  to  decompole,  amount 
(omitting  caloric  and  light)  to  40.  Sixteen  of  thefe 
exill  in  plants  ;  the  other  24  belong  exclufively  to  the 
mineral  kingdom  :  for  it  is  a  fatt,  that  no  lubftance 
(we  mean  limple  fubftanccj  has  been  hitherto  found  in 
the  animal  kingdom  which  docs  not  exill  alfo  in  vege- 
tables. 

On  the  contrary,  all  the  fmiple  fubftances  at  prefent 
known  may  be  found  in  minerals.  This  indeed  ought 
not  to  furprlfe  us,  if  we  recoUedt,  that  the  Ipoils  of  ani- 
mals and  vegetables,  after  they  have  undergone  dccom. 
pofitlon,  are  ultimately  contuunded  witli  minerals,  and 
conlequeirtly  arranged  under  the  mmcral  kingdom.  Be- 
fides,  as  vegetables  draw  all  their  food  from  the  mineral 
kingdom,  it  would  be  abfurd  to  fuppofe  that  they  eoii- 
taln  fubftances  which  ihey  could  not  have  procured 
from  minerals.  It  muft  follow,  therefore,  of  necclhty, 
that  minerals  contain  all  the  limple  lubltanccs  which  ex- 
i(l  In  this  globe  of  our's  ;  and  that  plants  owe  their  di- 
verfity  merely  to  different  modliieatlons  of  thofe  prin- 
ciples which  they  imbibe  from  the  (oil.  But  it  is  im- 
poffible  to  have  any  preclfe  notions  about  a  fubjcdt  fa  ' 
intricate,  without  confidering  with  fome  attention  the 
ftrufture  of  vegetables,  the  food  which  they  Imbibe, 
and  the  changes  which  they  produce  on  that  food. 
Thefe  enquiries  (hall  form  the  fubjedl  of  the  next  chap- 
ter ;  in  which  we  propofe  to  take  a  view  of  thofe  phe- 
nomena of  vegetation  which  are  connefted  with  chemi- 
ftry,  or  which  may  be  elucidated  by  the  application  of 
the  principles  of  that  fcience. 

Chap.  II.     Of  Vegetation. 

We  have  now  feen  the  different  fubftances  which  are  j 

contained  in  plants  ;  but  we  have  llIU  to  examine  tiie 
manner  in  which  thefe  fubftances  are  produced,  and  to 
endeavour  to  trace  the  different  proceflcs  which  conlti- 
tute  vegetation.  We  mull  warn  our  readei  s  not  to  ex- 
peft  complete  information  In  this  chapter.  The  won- 
ders of  the  vegetable  kingdom  are  (lill  but  very  Imper- 
fedlly  explored  ;  many  of  the  organs  of  plants  are  too 
minute  for  our  fenfes ;  and  fcarcely  a  (ingle  procefs  can 
be  completely  traced.  .  „, 

The  multiplicity  of  operations  continually  going  on  phenome- 
in  vegetables  at  the  fame  time,  and  the  variety  of  diffe-  i,a  nf  vege- 
rent,  and  even  oppofite  fubftances,  formed  out  of  the '*"""  ""^^ 
fame  ingredients,  and  almoil  in  the  fame  place,  aftonifh  *  j 

and  confound  us.  The  order,  too,  and  the  (kill  with 
which  every  thing  is  condufted,  are  no  lefs  furprlfing. 
No  two  operations  clafli  ;  there  is  no  difcord,  no  Irregu- 
larity, no  difturbance  ;  every  objetl  is  gained,  and  eve- 
ry thing  Is  ready  for  its  intended  purpole.  This  is  too 
wonderful  to  ,eicape  our  obfervation,  and  of  too  much 
importance  not  to  claim  our  attention.  Many  phllofo- 
phers,  accordingly,  diftlngulfhed  equally  by  their  in- 
duilry  and  fegacity,  have  dedicated  a  great  part  of  their 
lives  to  the  ftudy  of  vegetaj'ion.  But  hitherto  their  fuc- 
cefj  has  not  been  equal  to  their  exertions.  No  perfon 
has  been  able  to  detedl  this  agent,  always  fo  bufy,  and 
performing  fuch  wonders,  or  to  difcover  him  at  his 
work  ;  nor  have  philofophers  been  much  more  fortu- 
nate 
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Veu'eta-    nate  in  their  attempts  to  afcertain  the  inilruments  which 
^"'^       he  employs  in  his  npcrations.      A   great  variety,  how- 
f vcr,   ot'  curious  and    interclting  fafts,  have  been  difco- 
vcred.      Thefe  we   fliall  attempt  in  this  chapter  to  col- 
left'  and    arrange,    to    point  out  their  dependence  on 
each  other,  and  perhaps  to  deduce  Inch  confequences  as 
obviouily  refnh  from  their  mutual  dependence. 
'Unts^arife      '•   Natural  hiilorians  have  proved,  by  a   very   com- 
tomfeed.    plcte  inJudion  of  fads,  that  all  plants  arifc  horn  feeds. 
The  pretended  cxceptio  ;<!  have  difappearcd,  one  after 
another,  as  our  knowledge  of  vegetables  increafed  :  and 
now  there   remains  fcarcely  a  hngle  objection  entitled 
to  the  fmallclt  regard.      The  late  attempt  of  Girtan- 
>Ann.d!     ner  *    to   revive   the   dudrine  of  equivocal    generation, 
Xiw.xixiv.dcferves  no  attention  whatever  ;  becaufe  his  conclufions 
5'  are  abfolutely  incompatible  with  the  exptrhnenti  of  Mr 

Senebif r  upon  the  very  fubftance  on  which  his  theory 
.  is  founded, 

teds  com-  A.  seed  confifts  of  three  parts;  namely,  the  cntylc- 
ofed  of  dons,  the  radicle,  and  ihe p/umulii,  which  are  utualiy  in- 
tiree  parts,  clofcd  in  a  cover. 

If  we  take  a  garden  bean,  we  may  perceive  each  of 
thefe  three  parts  with  great  ealt  ;  tor  this  Iced  is  of  fo 
large  a  IJze,  that  all  its  organs  are  exceedingly  di- 
llind. 

When  we  ftrip  off  the  external  coats  of  the   bean, 
which  are  two,  and  of  diflerent  degrees  of  thicknels  in 
different  parts,   we    hnd  that  it  cafily   divides  into  two 
Wats      lobes,  pretty  nearly  of  the  fame  lize  and  figure.      Each 
XLllI.     of  thefe  lobes  is  called  a  cotyledon  (fig.  i.  a).     The  co- 
tyledons of  the  bean,  then,  are  two  in  number. 

Near  that  part  of  the  lobes  which  is  contiguous  to 
what  is  called  the  eye  of  the  bean,  there  is  a  fmall  round 
white  body  (^),  which  comes  out  between  the  two 
lobes.      This  body  is  called  the  radicle. 

Attaclied  to  the  radicle,  there  is  another  fmall  round 
body  (f),  which  lies  between  the  cotyledons  and 
wholly  within  them,  fo  that  it  cannot  be  feen  till  they 
are  feparated  from  each  other.  This  body  is  called  the 
plumula. 

The  appearance  and  fliape  of  thefe  three  parts  dif- 
fer very  much  in  different  leeds,  but  there  is  no  feed 
which  wants  them.  The  figure  and  fize  of  the  feed 
depend  chiefly  upon  the  cotyledons.  This  is  evident- 
ly the  cafe  with  the  bean,  and  it  is  fo  with  all  other 
feeds.  The  number  of  cotyledons  is  different  in  diffe- 
rent feeds.  Some  feeds  have  only  one  cotyledon,  as 
the  feeds  of  wheat,  oats,  barley,  and  the  whole  tribe  of 
graffes  :  fome  have  three  ;  others  fix,  as  the  feeds  of  the 
garden  grafs  ;  but  moit  feeds,  like  the  bean,  have  two 
cotyledons. 

2.  When  a  feed  is  placed  in  a  fituation  favourable  to 
vegetation,  it  very  foon  changes  its  appearance.      The 
radicle  is  converted  into  a  mot,  and  finks  into  the  earth ; 
the  plumula,  on  the  other  hand,  rifcs  above  the  earth, 
and  becomes  the  trunk  or  ftem.      When  thefe  changes 
take  place,  the  feed  is  faid  to  germinoU  :  tlie  procefs  it- 
felf  has  been  called  ^erminaiion.      Seeds  do  not  germi- 
nate equally  and  indifferently  in   all  places  and  feafons. 
Germination,  therefore,  is  a  procefs  which  does  not  de- 
pend upon  the  feed  alone  ;  foraething  external  mullalfo 
50       affed  it. 
equires         3.  It  is  a  well  known  fad,  that  feeds  will  not  ger- 
iwilure,    rainate  unlefe  maifturt  have  acceft  to  them  ^for  feeds,  if 
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they  arc  kept  pcrfedly  dry,  never  vegetate  at  all,  and  Vegeta- 
yct  their  power  of  vegetating  is  not  dcdroyed.  There  """• 
are  indeed  fome  a]>parent  objedions  to  thii  ;  potatoes,  ' 
for  indance,  and  other  bulbous  bodies,  germiriate,  tho' 
kept  ever  fo  dry.  But  the  reafon  of  this  is,  that  thefe 
bodies  (which  are  not  feeds,  though  they  rcfemblc  them, 
in  fome  particulars)  have  a  fufficicnt  quantity  of  water 
within  thcmlelves  to  give  a  beginning  to  germination. 
We  may  coi.cliidc,  then,  <hat  no  feed  will  germinate 
unlefs  water  has  accels  to  it.  IVnter,  then,  is  effcntial 
to  germination.  Too  much  w.iter,  however,  is  no  lefs 
prejudicial  to  mod  feeds  than  none  at  all.  The  feeds 
of  water  plants,  indeed,  germinate  and  vegetate  extreme- 
ly well  in  water  ;  but  moll  other  feeds,  if  tlicy  aie  kept 
in  water  beyond  a  certain  time,  are  rotted  anU  deltroy- 
ed  altogether. 

^.  It  is  well  known  alfo,  that  feeds  will  not  germi-  Heat 
nate;  even  though  fupplied  with  vi'ater,  provided  the 
temperature  be  below  a  certain  degree.  No  feed,  for 
inftance,  on  which  the  experiment  has  been  tried,  can 
be  made  to  vegetate  at  or  below  the  freezing  point  : 
yet  this  degree  of  cold  does  not  injure  the  vegetating 
power  of  feeds  ;  for  many  feeds  will  vegetate,  as  well  aa 
ever,  after  having  been  frozen,  or  after  liaving  been  kept 
in  frozen  water.  Wc  may  conclude,  then,  that  a  cer- 
tain degree  of  heat  is  neceff.iry  for  the  germination  of 
feeds.  And  every  fpecies  of  plants  fcems  to  have  a  de- 
gree peculiar  to  itfelf,  at  which  its  feeds  begin  to  ger- 
minate ;  for  we  find  that  alniolt  every  feed  has  a  pecu- 
liar Ceafon  at  which  it  begins  to  germinate,  and  this  fea- 
fon  varies  always  according  to  the  temperature  of  the 
air.  Mr  Adanfon  found  that  feeds,  when  fown  at  the 
fame  time  in  France  and  in  Senegal,  always  appeared 
luoner  above  ground  in  the  latter  country,  where  the 
climate  is  hotter,  than  in  France  §.  ^'Fne.Mctt. 

5.  Seeds,   although   fupplied  with  molfture,  and  ^l^.  Phi/Kl.Vi- 
ced   in  a  proper  temperature,  will  not  germinate,  pro-^''*  '^•♦" 
vided    atmofpherical  air  be  completely   excluded  from^njo^' 
them.      Mr  Ray  found   that   grains  of  lettuce  did  not  gen  gati 
germinate  in  the  vacuum  of  an  air-pump,  but  they  be- 
gan to  grow  as  foon  as  air  was  admitted  to  them  f.  f  ■''■*■'• 
Romberg  made  a  number  of  experiments  on  the  fame  T^^"-^' 
fubjed,  which  were  publifhed   in  the  Memoirs  of  the 
French  Academy  for  the  year   1693.      He  found,  that 
the  greater  number  of  feeds  which  he  tried  refufed  to 
vegetate  in  the  vacuum  of  an  air-pump.     Some,  how- 
ever, did  germinate  ;  but    lloyle,   Mufchenbroek,  and 
Boerhaave,  who  made  experiments  on  the  fame  fubjed 
in  fucccffion,   proved  beyond  a  doubt  that  no  plant  ve- 
getates in  the  vacuum  of  an  air-pump  ;  and  that  in  thofe 
cafes  in  which  Homberg's  feeds  germinated,  the  vacuum 
was  far  from  perfed,  3  quantity  of  air  ilill  remaining  in 
the  receiver.      It  follows,   therefore,   that  no   feed  will 
germinate  unlefs  atmofpherical  air,  or  fome  air   having 
the  fame  properties,    have   accefs  to  it.      It   is  for  this 
reafon  that  feeds  will  not  germinate  at  a  certain  depth 
below  the  furface  of  the  earth. 

Mr  Scheele  found  that  beans  would  not  germinate 
except  oxygen  gas  were  prefent ;  Mr  Achard  after. 
■wards  proved,  that  oxygen  gas  is  abfolutely  neceffary 
for  the  germination  of  all  feeds,  and  that  no  feed  will 
germinate  in  azotic  gas,  or  hydrogen  gas,  or  carbonic 
acid  gas,  unlefs  thefe  gafes  contain  a  mixture  of  oxy- 
gen gae.    Thefe  experiment*  have  been  confirmed  by 


oxy- 
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Mr  Gough,  Mr  Cruickfliank,  and  many  other  philofo- 
pliers.  It  fallows,  therefore,  that  it  is  not  the  whole 
atmofpheric  air,  but  merely  the  oxygen  gas  which  it 
contains,  that  is  neceflary  for  the  germination  of  feeds. 
6.  Seeds  do  not  germinate  equally  well  when  they 
are  expofed  to  the  light,  and  when  they  are  kept  in  a 
dark  place ;  light  therefore  has  fome  efTcdt  on  germi- 
nation. 

Mr  Ingenhoufz  found,  th.it  feeds  always  germinate 
fafter  in  the  dark  than  when  expofed  to  the  light  *. 
His  experiments  were   repeated  by  Mr  Senebicr  with 

^fft/aax,  n^qyaj  fuccefs  +  :  and  it  was  concluded,  in  conftquence 

j  Mem.  r.i    •  ■         .     .1    .  r    1  .  • 

J'i  Tic  *    tiieir  experiments,  that  light  is 

eA<Wy:/f,iii.  ti""-     But  the  Abbe  Bi 
341- 
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Injured  by 
the  1  re- 
icnce  of 
Ight. 


•  Kzperi- 
crcefitr  /fj 


injurious  to  germina- 
rtholiii,  who  dilb'nguiflied  him- 


fclf  fo  much  by  his  labours  to  dcmonflrate  the  efFeft  of 
eleftricity  on  vegetation,  objefted  to  tlie  conclulions  of 
thefe  philofophers,  and  affirmed  that  the  difference  in 
the  germination  of  feeds  in   the.  fhade  and  in  the  light 
was  owing,  not  to  the  light  itfelf,  but  to  the  difference  of 
ihe  moiflure  in   the  two  fituations  ;  the  moillure  eva- 
porating much  fafter  from  the   feeds  in  the  light  than 
from  thofe  in  the  fliade  ^  and  he  afHrmed,  that  when 
precautions  were  taken  to  keep  the  feeds  equally  moitl, 
thofe  in  the   fun  germinated   fooner  than  thofe  in  the 
'XJcur.de     fiiade  J.     But  when  Mr  Senebier  repeated  his  former 
i'l'yf.  17S9, experiments,  and  employed  every  pofTible  precaution  to 
Dtcemb.      enfure  the  equality  of  moifture  in    both  fituatio::s,  he 
conftantly  found  the  feeds  in  the  fliade  germinate  foon- 
iEiic.Metl.'.^-[  than  thofe  in  the  light  f.    We  may  conclude,  there- 
f,y   }''  fore,  that  light  is  injurious  to  germination  ;  and  hence 
one  reafon  for   covering  feeds  w-ith  the  foil  in  which 
they  are  to  grow. 

7.  Thus  we  have  feen  that  feeds  will  not  germinate 
^unlefs  mo'ijlure,  heat,  and  oxygen  gas,  be  prefent  ;  and 
that  they  do  not  germinate  well  if  they  are  expofed  to 
the  aftion  of  light.  Now,  in  what  manner  do  thefe 
fubftances  affect  the  feed  ?  What  are  the  changes  which 
they  produce  .' 

We  obferved  before,  that  all  feeds  have  one  or  more 
cotyledons.    Thefe  cotyledons  contain  a  quantity  of  fa- 
rinaceous matter,  laid  up  on  purpofe  to  fupply  the  em- 
bryo plant  with  food  as  foon  as  it  begins  to  require  it. 
This  food,  however,  muff  undergo  fome  previous  pre- 
paration, before  it  can  be  applied  by  the  plant  to  the 
formation  or  completion  of  its  organs.  Now  all  the  phe- 
nomena of  germination,  which  we  can  perceive,  confill 
in   the   chemical   changes  which  are  produced  in  that 
food,  and  the  confequent  developement  of  the  organs  of 
the  plant. 
The  cetv-        When  a  feed  is  placed  in  favourable  *ircumftances,  it 
ledon-i  pre-  gradually  imbibes  moiflure,  and  very  foon  after  emits 
fare  food,    a  quantity  of  carbonic  acid  gaf,  even  though  no  oxy- 
*  Gou£b,     g'^f   K''s   be  prefent  *.      This   feems  to  prove,    as  Mr 
Mancb.       Cruickfhank  has  fuppofed,  that  fume  of  the  water  im- 
Mcm.'w.     bibed  by  the  feed  is  decompoftd,  that  its  oxygen  com- 
Artl  Rll'  '^"'"-'5  with  part  of  the  carbon  of  the  farina,  and  goes  off 
on  Diabetes   '"  ^^^  form  of  catbonic  acid  gas,  while  the  hydrogen 
p. 452.        remains  behind,  and  combines  with  the  ingredients  con- 
tained in   the  cotyledon.     The  firft  part  of  germina- 
tion, then,  confifls  in  diminifhing  the  quantity  of  car- 
bon, and  increaling  the  hydrogen  of  the  farina.      It  no 
oxygen  gas  be  prefent,  the  procefs  flops  here,  and  no 
germination  takes  place. 

But  if  oxygen  gas  be  prefent,  it  Is  gradually  abforb- 
«d  and  retained  by  the  feed  ;  and  at  the  fame  time,  the 
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farina  of  the  cotyledons  afTumss  a  fvreet  tafte  refenibling    Vegeta. 
fugar  :   it   is  therefore   converted   into  fugar,  or  fome       '■''"• 
lubllance   analogous    to   it  *.     Farina,    then,    is  chan-^  /i v""" 
ged   into  fugar,  by   diminifliing  its  carbon,  and  aug-  .. 

menting  the  proportion  of  its  hydrogen   and  oxygen.  I 

This  is  precifely  the  procefs  of  malting,  or  of  convert-  '^ 

ing  grain  into  malt;  during  which  it  is  well  known  that 
there  is  a  confiderable  heat  evolved  ;  fo  much  indeed, 
that  in  certain  circumflances  grain  improperly  kept  has 
even  taken  fire.  We  may  co:;clude  from  this,  that  du- 
ring the  germination  of  feeds  in  the  earth  there  is  alio 
an  evolution  of  a  confiderable  portion  of  heat.  This 
indeed  might  have  been  expefted,  as  it  ufually  happens 
when  oxygen  gas  is  abforbed. 

So  far  leems  to  be  the  work  of  chemiflry  alone  ;  at 
•leall  we  liave  no  right  to  conclude  that  any  other  agent 
interferes  ;  fince  hay,  when  it  happens  to  imbibe  moif- 
ture,  exhibits  nearly  the  fame  procefTes.  Carbonic  acid 
gas  is  evolved,  oxygen  gas  is  abforbed,  heat  is  pro- 
duced fo  abundantly,  that  the  hay  often  takes  fire  :  at 
the  fame  time  a  quantity  of  fugar  is  formed.  It  is 
owing  to  a  partial  change  of  the  fame  kind  that  old 
hay  generally  tafles  much  fweeter  than  new  hay.  Now 
we  have  no  reafon  to  fuppofe  that  any  agents  peculiar 
to  the  vegetable  kingdom  refide  in  hay  ;  as  all  vegeta- 
tion, and  all  power  of  vegetating,  are  evidently  de- 
ftroyed.  .96 

But  when  the  farina  in  the  feeds  of  vegetables  is  con-  which  pal 
verted  into  fugar,  a   number  of  veffels  make  their  ap-fes  into  the  j 
peaiance   in   the   cotyledon.     The  reader  will  have  a'         •      ' 
pretty  diftinft  notion  of  their  dillribution,  by  infpeft- 
ing  fig.  2.     Thefe  veffels  may   indeed  be  deteffed  ih 
many  feeds  before  germination   commences,  but   they 
become  much  more  dilliiift  after  it  h^s  made  fome  pro- 
grefs.    Branches  from  them  have  been  demonflrated  by 
Grew,  Malpighi,  and  Hedwig,  palfing  into  the  radicle, 
and   dillributcd  through   every  part  of  it.      Thefe  evi- 
denlly  carry  the   nourifhment    prepared   in  the  cotyle- 
dons to  the  radicle  ;   for   if  the  cotyledons  be  cut  off 
even  after  the  proceffcs  above  defcribed  are  completed, 
germination,  as  Bonnet  and  Senebier  aiLertained  by  ex-         97 
perimcnt,   immediately   flops.      The   food   therefore   isAndcon- 
coiiveved  from  the  cotyledons  into  the  radicle,  the  ra-^"''"'"" 
dicle    increalcs    in   iize,    auumes  the   lorm   or    a    root, 
finks  down  into  the  earth,  and  foon  becomes  capable  of 
extradling  the   nourifliment    neceffary  for    the    future 
growth   of  the  plant.      Even  at   this  period,  after  the 
radicle  has  become  a  perfetl  root,  the  plant,  as  Senebier 
afcertained  by  experiment,  ceafes  to  vegetate  if  the  co- 
tyledons be  cut  off.      They  are  flill  then   abfolutely  ne- 
ceffary for  the  vegetation  of  the  plant.  98 

The  cotyledons  now  affuine  the  appearance  of  leaves,  CotyleJom 
and  appear  above  the  ground,  forming  what  are  called '"5' ™' "" 
the  femlnnl  haves  of  the  plant.      After  this  the  p/umula ^^^^^^ 
gradually  increafes  in   fize,  rifes  out  of  the  earth,  and 
expands  itfelf 'into  branches  and  leaves.      The  feminal 
leaves,  foon  after  this,  decay  and  drop  off,  and  the  plant 
carries  on  all  the  procelfes  of  vegetation  without  their 
afFi  fiance. 

Mr  Eller  attempted  to  fliew,  that  there  is  a  veffel  in 
feeds  which  paffcs  from  the  cotyledons  to  the  plumula ; 
but  later  anatomills  have  not  been  able  to  perceive  any 
fuch  veffel.  Even  Mr  Hedwig,  one  of  the  mofl  pa- 
tient, acute,  and  fuccefsful  philofophers  that  ever  turn- 
ed their  attention  to  the  ftruclure  of  vegetables,  could 

never 


oodfent 
rom  ihe 
ooc. 


:hap.  II.  Vegetable  SU 

Vej^eta-    never  difcover  any  fiich  vefTcl,  although  ho  traced  the 
tiun.      velTels  of"  the  cotyledons  even  through  the  radicle.    As 

"""^'~~"  it  does  not  appear,  then,  that  there  is  any  communica- 
tion betvpeen  the  cotyledons  and  the  plumula,  it  raiift 
follow  that  the  nouriihment  paiTes  into  the  phiinula  from 
the  radicle  :  and  accordingly  we  fee,  that  the  plumula 
docs  not  begin   to  vegetate  till  the  radicle  has  made 

ATiichpr<-fome    progrefs.     Since   the   plant   ceafcs   to   vegetate, 

)arc  the  even  after  the  radicle  has  been  converted  into  a  root,  if 
the  cotyledons  be  removed  bi.-fore  the  plumula  is  devV 
lopcd,  it  follows,  that  the  radicle  is  infufficient  of  itfelf 
to  carry  on  the  procelTes  of  vegetation,  and  that  the 
cotyledons  ftill  continue  to  perform  a  part.  Now  we 
have  feen  already  what  that  part  is  :  they  prepare y'wrf 
for  the  nouriihment  of  the  plant.  The  root,  then,  is 
of  itfelf  infufficient  for  this  purpofe.  When  the  coty- 
ledons alTume  the  form  of  feminal  leaves,  it  is  evident 
that  the  nourifhment  which  was  originally  laid  up  in 
them  for  the  fupport  of  the  embryo  plant  is  exhaulled, 
yet  they  dill  continue  as  neceffary  as  ever.  Thoy  mull 
therefore  receive  the  nouridiment  which  is  imbibed  by 
the  root;  they  mull  produce  fome  changes  on  it,  render 
it  fuitablc  for  the  purpofes  of  vegetation,  and  then  fend 
it  back  again  to  be  tranfmitted  to  the  plumula. 

After  the  plumula  has  acquired  a  certain  fize,  which 
mull  be  at  leall  a  line,  if  the  cotyledons  be  cut  off,  the 
plant,  as  Mr  Bonnet  afcertained  by  a  number  of  expe- 
riments, afterwards  repeated  with  equal  fuccefs  by  Mr 
Sencbler,  does  not  ceafe  to  vegetate,  but  it  continues 
always  a  mere  pigmy  :  its  fize,  when  compared  with 
that  of  a  plant  whofe  cotyledons  are  allowed  to  remain, 

■JE«..Af.ri.-being  only  as  2  to  7  *. 

"hsfwl.  ft-  When  the  plumula  has  expanded  completely  into 
leaves,  the  cotyledons  may  be  removed  without  injuring 
the  plant,  and  they  very  foon  decay  of  themlclvcs.  It 
appears,  then,  that  this  new  office  of  the  cotyledons  is 
afterwaids  performed  by  that  part  of  the  plant  which 
is  above  ground. 

Tlius  we  have  traced  the  phenomena  of  germination 
as  far  as  they  have  been  detedled.  The  faffs  are  ob- 
vious ;  but  the  manner  in  which  they  are  produced  is  a 
profound  fecret.  We  can  neither  explain  how  the  food 
enters  into  the  vefTels,  how  it  is  conveyed  to  the  diffe- 
rent parts  of  the  plant,  how  it  is  dcpofited  In  every  or- 
gan, nor  how  it  Is  employed  to  increafe  tlie  fize  of  the 
old  parts,  or  to  form  new  parts.  Thefe  phenomena 
are  analogous  to  nothing  in  mechanics  or  chemiftry. 
He  that  attempts  to  explain  them  on  the  principles  of 
thefe  fciences,  merely  fubllltutes  new  meanings  of  words 
indead  of  old  ones,  and  gives  us  no  affilbmce  whatever 
in  conceiving  the  procefTes  themfdvcs.  As  the  lub- 
Itances  em.ployed  in  vegetation  are  all  material,  it  is  evi- 
dent that  they  polFefs  the  properties  of  matter,  and 
that  they  are  arranged  in  the  plant  according  to  thefe 
laws.  It  follows,  tlierefore,  that  all  the  changes  which 
take  place  in  the  plant  are  produced  according  to  the 
known  laws  of  mechanics  and  chtmillry.  This  cannot 
be  difputed :  but  it  explains  nothing;  for  what  we 
want  to  know  is  the  agent  that  brings  every  particle  of 
matter  to  its  proper  place,  and  enabKs  the  laws  of  che- 
nilllry  and  mechanics  to  ail  only  in  order  to  accomplifli 
a  certain  end.  Who  is  the  agent  that  afts  according 
to  this  end  ?  To  fay  that  it  is  chemillry  or  mechanics, 
is  to  pervert  the  ufc  of  words.  For  what  are  the  laws 
of  chemiltrv  and  mechanics  ?  Are  they  not  certain  fixed 
SupPL.  Vol.  II.  Part  II. 
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and  unalterable  properties  of  matter  ?  Now,  to  fay  that  Vcgcca- 
a  property  of  matter  has  an  end  in  view,  or  that  it  a£ls  "°"'  ^ 
in  order  to  accompllfh  fome  delign,  is  a  downright  ab- 
furdlty.  There  mufl  therefore  Ix  fome  agent  in  all 
cafes  of  germination,  which  reg\dates  and  dirccls  the 
mechanical  and  chemical  proccffes,  and  which  therefore 
is  neither  a  mechanical  nor  chemical  property. 

8.  When  the  procefs  of  germination  is  accomplifhed, 
the  plant  Is  complete  in  all  its  parts,  and  capable  of 
vegetating  in  a  proper  foil,  for  a  time  and  with  a  vigour 
proportional  to  its  nature.  loj 

Plants,  as  every  body  knows,  are  very  various,  and  Planisconi. 
of  courfe  the  llrniiture  of  each  fpecies  mull  liave  many  1'°'^"^  °f 
peculiarities.      Trees  have   principally  engaged  the  at-  '^j  J,-,]?"  ' 
tentlon    of   anatomlfls,    on   account   of  their  fize  and 
the  diltindlnefs  which  they   exj)etled   to  find   In   their 
parts.     We  Ihall  therefore  take  a  tree  as  an  inllnnce  of 
the  ftrudlure  of  plants  ;  and  we   fliall  do  It  the  more 
readily,  as  the  greater  numljcr  of  vegetables  are  provi- 
ded  with  analoafous  orjjans,  dedicated  to  fimilar  ules. 

A  TREE  is  compofed  of  a  root,  a  trunk,  and  branches  ; 
the  flrufture  of  each  of  which  is  fo  fimllar,  that  a  ge- 
neral defcription  of  their  component  parts  will  be  fuffi- 
clent.  Eacli  of  them  confills  of  three  parts,  the  bark, 
the  -wood,  and  the  pith.  xa^ 

The  BARK  is  the  outermoft  part  of  the  tree.  It  co-  Baik,  . 
vers  the  whole  plant  from  the  extremity  of  the  roots  to 
the  extremity  of  the  branches.  It  Is  ulually  of  a  green 
colour  :  If  a  branch  of  a  tree  be  cut  acrofs,  the  bark  is 
eafily  difllnguilhed  from  the  rell  of  the  branch  by  this 
colour.  If  we  inlpetl  fuch  a  horizontal  feilion  witli 
attention,  we  fliall  perceive  that  the  bark  itfelf  is  com-  .  j 

pofed  of  three  dllUncl  bodies,  which,  with  a  little  care, 
may  be  feparated  from  each  other.  The  outermoll  of 
thefe  bodies  is  called  the  epidermis,  the  middlemoll  is 
called  \.\m.  pannchynui,  and  tlie  Innermoll,  or  that  next 
the  wood,  is  called  the  cortical  layers.  loj 

The  epidermis  Is  a  thin  traufparent  membrane,  vi'hich C'^mpofed 
covers  all  tfie  outfide  of  the  bark.     It  is  pretty  touarh.  "^.'P"*''' 
When   Infpetted  witli  a  microfcope,  it  appears  to  be      ' 
compofed  of  a  number  of  flendcr  fibres  croffing  each 
other,   and  forming  a  kind  of  network.      It  feems  even 
to  confill  of  dlffcicnc  thin   retiforni   membranes,   adhe- 
ring clufcly  together.      This,  at  leaft.  Is  the  cafe  with 
the  epidermis  of  tlie  birch,  which  Mr  Duhamel  fepara- 
ted into  fix   layers.     The  epidermis,  when   rubbed  off, 
is  reproduced.     In  old  trees  it  cracks  and  decays,  and 
new   epidcnnes   are   iucceffively   formed.      This  is  the 
reafon  that  the  trunks  of  many  old  trees  have  a  rough 
furface.  104 

Tiki.-  parenchyma  lies  immediately  below  the  epider- Parenctif- 
mls  ;  it  is  of  a  deep  green  colour,  very  tender,  and  luc-*"*' 
culent.  Wlien  viewed  with  a  microfcope,  it  feems  to 
be  compofed  of  fibres  which  crofs  each  other  in  every 
direction,  like  the  fibres  which  compofe  a  hat.  Both 
in  it  and  lire  epidermis  tliere  are  numberlcfs  interfllces, 
which  have  been  compared  to  fo  many  fmall  bladders.  to; 

The  cortical  layers  form  the  inncrmoft  part  of  the  .^nil  corti- 
bark,  or  tliat  whicli  is  next  to  the  wood.  They  con-'^^ '*>"'' 
fifl  of  feveral  tt)in  membranes,  lying  the  one  above  the 
other;  and  theii  number  appears  to  increafe  with  the 
age  of  the  plant,  liach  of  thefe  layers  is  compofed  of 
longitudinal  fibres,  which  feparate  ai.d  approach  each 
other  alternately,  fo  as  to  form  a  kind  of  network.  The 
mefhes  of  this  network  lorrefpond  in  each  of  the  lay- 
4  A  ers; 
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ers ;  and  tlicy  become  fmaller  and  I'maller  in  every  lay- 
er as  it  appioaches  the  wood.  'I'hefe  mtflies  are  filled 
with  a  ^reen  coloured  cellular  fubllance,  which  has 
been  cotnpared  by  anatomills  to  a  number  of  bladders 
adherin'T  together,  and  communicating  with  each  other. 

The  WOOD  lies  immediately  under  the  bark,  and 
forms  by  far  the  greateft  part  of  tiie  trunk  and  large 
branches  of  trees.  It  conlills  of  concentric  layers,  the 
number  of  which  increal'es  with  the  age  of  the  part. 
Each  of  thefe  layers,  as  Mr  Du  Haincl  afctrtaincd, 
may  be  feparated  into  feveral  thinner  layers,  and  thtfe 
are  compofed  chiefly  of  longitudinal  fibres.  Hence  the 
reafon  that  wood  may  be  much  more  ealily  fplit  alunder 
than  cut  acrofs. 

The  nvood,  when  we  infpeft  it  with  attention,  is  not, 
through  its  whole  extent,  the  fame  ;  the  part  of  it  next 
the  bark  is  much  fofter  and  whiter,  and  more  juicy 
than  the  reft,  and  has  for  that  reafon  obtained  a  parti- 
cular name  :  it  has  been  called  the  alburnum  or  aulier. 
The  perfeS  luood  is  browner,  and  harder,  and  denier, 
than  the  alburnum,  and  the  layers  increafe  in  denfity 
the  nearer  they  are  to  the  centre.  Sir  John  Hill  gave 
to  the  innermoll  layer  of  wood  the  name  of  corona,  or 
rather  he  gave  this  name  to  a  thin  zone  which,  accord- 
ing to  him,  lies  between  the  wood  and  the  pith. 

The  PITH  occupies  the  centre  of  the  wood.  It  is  a 
very  fpongy  body,  containing  a  prodigious  number  of 
cells,  which  anatomifts  have  compared  to  bladders.  In 
young  flioots  it  is  very  fucculent  ;  but  it  becomes  dry 
as  the  plant  advances,  and  at  laft  in  the  large  trunks  of 
many  trees  difappears  altogether. 

The  LEAVES  are  attached  to  the  branches  of  plants 
by  fliort  footftalks.  From  thefe  footftalks  a  number  of 
fibres  iflue,  which  ramify  and  communicate  with  each 
other  in  every  part  of  the  leaf,  and  form  a  very  curious 
network.  Thefe  fibres  may  be  obtained  feparately,  by 
keeping  the  leaf  long  in  moiihire.  Every  other  part  of 
it  putrefies  and  falls  off,  or  may  eafily  be  rubbed  off, 
and  only  the  fibres  remain,  conllituting  a  Ikeleton  of  the 
leaf.  In  every  leaf  there  are  two  layers  of  thefe  fibres, 
forming  two  diftinft  fl<eletons,  which  had  conftituted 
the  upper  and  under  furface  of  the  leaf. 

The  whole  leaf  is  covered  with  the  epidermis  of  the 
plant  ;  and  this  epidermis,  as  Sauilure  has  fhewn,  con- 
tains in  it  a  great  number  of  glands.  The  other  parts 
of  the  bark  may  alfo  be  traced  on  many  leaves  ;  at  leail 
Saulfure  has  (hewn,  that  the  bark  of  leaves  is  compofed 
of  two  different  layers.  The  interftices  between  the 
fibres  of  the  leaf  are  filled  up  by  a  pulpy-like  fubftance, 
to  which  the  green  colour  of  the  leaf  is  owing. 

Such  is  a  fhort  defcriptlon  of  the  moft  confpicuous 
parts  of  plants.  A  more  minute  account  would  have 
been  foreign  to  tlje  fubjeft  of  the  prefent  article. 

9.  Plants,  after  they  liave  germinated,  do  not  remain 
ftationary,  but  are  continually  increafing  in  fize.  A 
tree,  for  inftance,  every  feafon,  adds  couUderably  to  its 
former  bulk.  The  root  fends  forth  new  fhoots,  and  the 
old  ones  become  larger  and  thicker.  The  fame  incre- 
ment takes  place  in  the  branches  and  the  trunk.  When 
we  examine  this  increafe  more  minutely,  we  find  that  a 
new  layer  of  wood,  or  rather  of  alburnum,  has  been 
added  to  the  tree  in  every  part,  and  this  addition  has 
been  made  juft  under  the  bark.  We  find,  too,  that  a 
layer  of  alburnum  has  sffumed  the  appearance  of  per- 
fcdi  wood.     Befides  tliis  addition  of  vegetable  fibre,  a 
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great  number  of  leaves  have  been  produced  ;  and  the    Vegcti. 
tree  puts  forth  flowers,  and  forms  feeds.  ''""• 

It  is  evident  from  all  this,  that  a  great  deal  of  new         v— ^ 
matter  is  continually  making  its  appearance  in  plants. Therf fore 
Hence,  fince  it  would  be  abfurd  to  fuppoie  that  they  require 
create  new  matter,  it   mull  follow  that  they  receive   it  food, 
by  fome  channel  or  other.      Plants,  then,   require  food 
as  well  as  animals.     Now,  what  is  this  food,  and  whence 
do   they  derive  it  ?   Thefe  queltions  can   only  be    an- 
fwered  by  an  attentive  furvey  of  the   fubftances  which 
are  contained  in  vegetables,  and  an  examination  of  thofe 
fubftances  which  are  ncceffary  for  their  vegetation.      If 
we  could  fucceed  completely,  it  would  throw  a  great 
deal  of  light  upon  the  nature  of  foils  and  of  manures, 
and  on  fome  of  the  moft  important  queftions  on  agricul- 
ture.    But  we  are  far  indeed  at  prefent  from  being  able  1 
to  examine  the  fubject  to  the  bottom.                                     nt 

10.  In  the  firft  place,  it  is  certain  that  plants  will  ^^'"'^'' "*> 
not  vegetate  without  water ;  for  whenever  they  are  de-  "  ^^"i'       1 
prived  of  it,,  they  wither  and  die.     Hence   the  well-  I 

known  ufe  of  rains  and  dews,  and  the  artificial  watering 
of  ground.  We  may  conclude,  then,  that  water  is  at 
lealt  an  eifential  part  of  the  food  of  plants. 

But  many  plants  grow  in  pure  water  ;  and  therefore 
it  may  be  queftioned  whether  water  is  not  the  only 
food  of  plants.  This  opinion  was  adopted  very  long 
ago,  and  numerous  experiments  have  been  made  in  or- 
der to  demonftrate  it.  Indeed,  it  was  the  general  opi- 
nion of  the  17th  century  ;  and  fome  of  the  moft  fuc- 
cefsful  improvers  of  the  phyfiology  of  plants,  in  the 
iSth  century,  have  embraced  it.  The  moft  zealous  ad- 
vocates for  it  were,  Van  Helmont,  Boyle,  Bonnet,  Du- 
hamel,  and  Tillet.  ".1 

Van  Helmont  planted  a  willow  which  weighed  five  •''"rP"''«'| 
pounds,  in  an  earthen  velTel  filldd  with  foil  previoufly  j^^^j  ^^ 
dried  in  an  oven,  and  moiftened  with  rain  water.     This  giants; 
veffel  be  funk  into  the  earth,  and  he  watered  his  willow 
fometimes  with  rain,  and  fometimes  with  diftilled  wa- 
ter.    After   five   years  it  weighed    i69jlbs.  and    the 
earth  in  which  it  was  planted,  when  again  dried,  was 
found    to  have    loft    only  two    ounces  of   its  original 
weight.      Here,  it   has  been  faid,    was  an  increaie  of 
1641b.  and  yet  the  only  food  of  the  willow  was  pure 
water;  therefore  it  follows  that  pure  water  is  fufficient 
to  afford  nourifhmcnt  to  plants.     The  infufficiency  of 
this  experiment  to  decide  the  queftion  was  firll  pointed 
out  by  Bergman  in  1773  *.      He  fliewed,  from  the  ex-  *  ^ff'-''' 
periments  of  MargrafF,  that  the  rain  water  employed  by' 
Van  Helmont   contained  in  it  as  much  earth  as  could 
exift  in  the  willow  at  the  end  of  five  years.      For,  ac- 
cording to  the  experiments  of  Margrafi",    i  lb.  of  rain 
water  contains  i  gr.  of  earth  f.     '['he  growth  of  the  t  O/i;/^.  "■ 
willow,  therefore,  by  no  means  proves  that   the  earth '^•^"     "' 
which  plants  contain   has   been   formed  out  oi    water. 
Befides,   as  Mr  Kirwan    has   remarked  J,    the  earthen  t/"^ 
veffel  muft  have  often  abforbed  moifture,   from  the  fur-,,*^" 
rounding  earth,  impregnated  with  whatever  fubftance 
that  earth  contained  ;  for  unglazed  earthen  veffels,  as 
Hales  *  and  Tillet  +  have  ftjewn,  readily  tranfmit  moif-  * ^'S'.'' 

Stat- 1*  S* 
^"'■^'  ,■  ,  \M,m, 

Plence  it  is  evident  that  no  concluCon  whatever  can  p^,_  ,yyj, 

be  drawn   from  this  experiment  ;  for  all  the  fubftances  ^98. 
which  the  willow  contained,  except  water,  may  have  been       1  '4^^ 
derived  from  the  rain  water,  the  earth  in  the  pot,  ^nd^^^'^^^^j^ 


the  moifture  imbibed  from  the  furroundiog  foil. 


Tha 
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V<get»-        The  experimtnts  of  Duhamel  and  Tillct  are  equally 

'">'•     ^  inconclulive  ;  fo  that  it  is  impofiible  from   thcin  to  de- 

~     '         cide  the  queftlon,  Whether  water  be  the  fole  nouiifh- 

rieiit  ot  plants  or  not?    We  owe  the  folution  of, this 

difficulty  to  the  experiments  of  Mr  Hafleufratz,  who 

pointed  out  the  fallacy  of  thofe  jull  mentioned. 

He  analyfed  the  bulbous  roots  of  hyacinths,  in 
order  to  difcovcr  the  quantity  of  water,  Ciirbon,  and 
hydrogen,  which  they  contained  ;  and  by  repeating 
the  analyfi^  on  a  number  of  bulbs,  he  dilcovercd 
huw  much  of  thefe  ini^redients  was  contained  in  a 
given  weight  of  the  bulb.  He  analyfed  alio  kidney 
beans  and  crefs  feeds  in  the  fame  manner.  Then  he 
made  a  number  of  each  of  thefe  vegetate  in  pure  water, 
taking;  the  precaution  to  weigh  them  beforehand,  in 
order  to  afcertain  the  precile  quantity  of  carbon  which 
they  contained.  The  plants  being  then  placed,  lome 
within  doors,  and  others  in  the  open  air,  grew  and 
flowered,  but  produced  no  feed.  Fie  afterwards  dried 
them,  collecting  with  care  all  their  leaves  and  every 
other  part  which  had  dropt  off  during  the  courle  ot  the 
vegetation.  On  iubmittiiig  each  plant  to  a  chemical  an- 
alyfis,  he  found  that  the  quantity  of  carbon,  which  it 
contained,  was  fomewhat  lefs  than  the  quantity  which 
exifted  in  tiie  bulb  or  the  feed  from  which  tlie  plant 
had  fprung  *. 

Hence  it  follows  irrefiftibly,  that  plants  growing  in 
pure  water  do  not  receive  any  increafe  of  carbon  ;  that 
the  water  merely  icrves  as  a  vehicle  for  the  carbonaceous 
matter  already  prefent,  and  diffufes  it  thro'  the  plant. 
Water,  then,  is  not  the  fole  food  of  plants  ;  for  all  plants 
during  vegetation  receive  an  increafe  of  carbonaceous 
matter,  without  which  they  cannot  produce  pertett 
feeds,  nor  even  continue  to  vegetate  beyond  a  certain 
time  ;  and  that  time  feems  to  be  limited  by  the  quanti- 
ty of  carbonaceous  matter  contained  in  the  buib  or  the 
feed  from  which  they  grow.  I'or  Duhamel  found,  that 
an  oak  which  he  had  raifed  by  water  trom  an  acorn, 
made  lefs  and  lefs  progrefs  every  year.  We  lee,  too, 
that  thofe  bulbous  roots,  fuch  as  hyacinths,  tulips,  &c. 
which  are  made  to  grow  in  water,  unlefs  they  be  planted 
in  the  earth  every  other  year,  refufe  at  laft  to  flower, 
and  even  to  vegetate  ;  efpecially  if  they  produce  new 
bulbous  roots  annually,  and  the  old  ones  decay. 

So  far,  indeed,  is  water  from  being  the  fole  food  of 
plants,  that  in  general  only  a  certain  proportion  of  it  is 
ferviceable,  too  much  being  equally  prejudicial  to  them 
as  too  little.  Some  plants,  it  is  true,  grow  conflantly 
in  water,  and  will  not  vegetate  in  any  other  lituation  ; 
but  the  reft  are  entirely  dellroyed  when  kept  immerfed 
in  that  fluid  beyond  a  certain  time.  Molt  plants  re- 
quire a  certain  degree  of  moiflure,  in  order  to  vegetate 
■well.  This  is  one  reafon  why  different  foils  are  requi- 
red for  different  plants.  Rice,  for  inftance,  requires  a 
very  wet  foil :  were  we  to  fow  it  in  the  ground  on 
which  wheat  grows  luxurioufly,  it  would  not  fucceed  \ 
and  wheat,  on  the  contrary,  would  rot  in  the  rice 
ground. 

We  (hould,  therefore,  in  choofing  a  foil  proper  for 
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the  plants  which  we  mean  to  ralfe,  confider  the  quan-  Vre^ia- 
tity  of  molllure  which  is  bell  adapted  for  them,  and,  """'  , 
choofe  our  foil  accordingly.  Now,  thedrynclsor  moil- 
turc  of  a  foil  depends  upon  two  things  ;  the  nature  and 
proportions  of  the  earths  which  compofe  it,  and  the 
quailtity  of  rain  which  falls  upon  it.  Every  foil  con- 
tains at  lead  three  earths,  (ilica,  lime,  and  alumina,  and 
fometimes  alio  magncfia.  The  lilica  is  always  in  the 
ibitc  of  land.  Now  foils  retain  moillure  longer  or 
(h  irter  according  to  the  proportions  of  tliele  earths. 
'I'hole  which  contain  the  greatell  quantity  of  fand  re- 
tain it  the  (hortell,  and  tliole  which  contain  the  great- 
eft  quantity  of  alumina-rei;iin  it  longcil.  The  tirll  is 
a  dry,  the  (econd  a  wet  foil.  Lime  and  magnefia 
are  intermediate  between  ihcle  two  extremes;  they 
render  a  fandy  foil  more  retentive  of  moifture,  and 
diminifh  the  wetnefs  of  a  clayey  foil.  It  is  evident, 
therefore,  that,  by  mixing  together  proper  proportions 
of  thele  four  earths,  we  may  form  a  foil  of  any  degree 
ot  drynefs  and  moillure  that  we  pleafe. 

But  whatever  be  the  nature  of  the  foil,  its  moifture 
mult  depend  in  general  upon  the  quantity  of  rain  which 
falls.  If  no  rain  at  all  fell,  a  foil,  however  retentive  of 
moifture  it  be,  muft  remain  dry  ;  and  if  rain  were  very 
frequently  falling,  the  loil  muft  be  open  indeed,  if  it  be 
not  conftantly  wet.  The  proportion  of  the  different 
earths  in  a  foil,  therefore,  muft  depend  upon  the  quan- 
tity of  rain  which  falls.  In  a  rainy  country,  the  foil 
ought  to  be  open  ;  in  a  dry  country,  it  ought  to  be 
retentive  of  moifture.  In  the  firft,  there  ought  to  be 
a  greater  proportion  of  fand  ;  in  the  fccond,  of  clay.         n5 

I  I.  Almolt  all  plants  grow  In  the  earth,  and  every  Earth  ne- 
foil  cotitains  at  lealt  filica,  lime,  alumina,  and  often"  y* 
magnelia.  We  have  feen  already,  that  one  ufe  of  thefe 
earths  is  to  adminifter.  the  proper  quantity  of  water  to 
the  vegetables  which  grow  in  the  foil.  But  as  all  plants 
contain  earths  as  a  part  of  their  ingredients,  is  it  not 
probable  that  earths  alio  ferve  as  a  food  for  plants  i'  It 
has  not  yet  indeed  been  (hewn,  that  thofe  plants  which 
vegetate  in  pure  water  do  not  contain  the  ufual  quan- 
tity ot  eartli ;  but  as  earths  are  abfolutely  iieccirury  for 
the  perfeft  vegetation  of  plants,  as  they  arc  contained 
in  all  plants,  and  are  even  found  in  their  juices,  we  can 
fcarcely  doubt  that  they  are  adlually  imbibed,  though 
only  in  fmall  quantities  (d).  fi; 

12.  We  have  iecn  in  the  laft  chapter,  that  all  plants  And  falts ; 
contain  various  faline  jubilances;  and  if  we  analyfe  the 
moll  fertile  foils,  and  the  richefl  manures,  we  never  find 
them  dellitute  of  thefe  fubllances.  Hence  it  is  pro- 
bable that  different  falts  enter  as  ingredients  into  the 
food  of  plants.  It  is  probable  alfo,  that  every  plant 
ablorbs  particular  kinds  of  falts.  Thus  fea  plants  yield 
foda  by  analyiis,  while  inland  plants  furnilh  potafs. 
The  potafs  contained  in  plants  has  indeed  been  iuppo- 
fed  to  be  the  produce  of  vegetation  ;  but  tin's  has  not  i 
been  proved  in  a  fatisfaftory  manner.  We  find  potafs 
in  the  very  juices  of  plants,  even  more  abundantlv  than 
in  the  vegetable  fibres  themfelves.  But  this  fubjetl  is 
ftill  buried  in  obfcurity  ;  and  indeed  it  is  extremely  dif- 
4  A  2                           ficult 


(d)  Mr  Tennant  has  afcertained,  that  magnefia,  when  uncombined  with  carbonic  acid  gas,  is  injurious  to  corn 

when  employed  as  a  manure  ;  and  that  lime,  which  contains  a  mixture  of  magnefia,  likewife  injures  corn 

See  Phil.  Tratif.  1799,  p.  2.     This  important  fad  demonftrates,  that  earths  are  not  mere  vehicles  for  conveying 
water  to  plants. 
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Vegeta-    ficult  to  make  dccilive  exiiciiments,  on  account   of  the 
''°"-       very   Aiiall  quantity    of  potals  wliich   mod  plants  con- 
tain. 

The  phofphorus,  too,  and  the  iron,  and  other  me- 
tals which  are  found  in  plants,  are  no  doubt  ablorbed 
by  them  as  a  part  of  their  food.  We  may  fuppofe  al- 
fo,  that  the  fulphuric  and  muriatic  acids,  and  perhaps 
even  the  nitric  acid,  when  found  in  plants,  are  imbibed 
by  them  along  with  the  rell  of  their  aliment. 

Nothing  is  at  prcfent  known  concerning  thofe  f:dine 
fubftances  which  form  an  efTential  part  of  the  food  of 
plants  ;  though  it  has  been  long  remarked  that  certain 
falls  arc  ui'eful  as  manures. 

13.  Water,  then,  and  earths,  and  perhaps  alfo  falts, 
form  a  part  of  the  food  of  plants.  But  plants  contain 
carbon,  which  cannot  be  derived  from  any  of  tbefe  fub- 
ftances ;  confcquently  fome  fubllanee  or  other  belides, 
which  contains  carbon,  muft  conltltute  a  part  of  the 
food  of  plants. 

Mr  Gii>bert  mixed  together  the  four  earths,  filica, 
alumina,  lime,   magnefia,  in  the  proper  proportions,  to 
conftitnte  a  fertile  foil  ;  and  after  moifteniug  them  with 
water,  planted  feveral  vegetables  in  them  ;  but  none  of 
his  plants  grew  well,  till  he  moiflened  his  artificial  foil 
with  water  from  a  dunghill  *.     Now  it  is  certain,  from 
iviiti/.  Phyf.X'^t   experiments  of  Hafleiifratz,  that_  this  water  con- 
Vc^et.  p.      tains   carbon  ;   for  when  evaporated,    it  conftantly   left 
behind  it  a  ref.duum  of  charcoal  f.    We  know  likewlfe, 
from  a  great  variety  of  experiments,  that  all  fertile  foils 
contain  a  confiderable  quantity  of  carbonaceous  matter; 
for  all  of  them,  when  expofcd  to  heat,  are  fufceptible 
of  partial   combuftion,   during  which  a  quantity  of  car- 
bonic  acid  gas  efcapes.     Thus  Fourcroy  and  Haden- 
fratz   found,  that   9216  parts  of  fertile  foil  contained 
30;  parts  of  carbon,  befides  279  parts  of  oil;  which, 
fyom  the  analyfis  of  Lavoilier,  we  may  fuppofe  to  con- 
tain about  2ZC  parts  of  carbon.      It  follows,  therefore, 
from   the   experiments   of  thefe  chcmifts  t,  that  9216 
iW=.'A.''Wj,/.  parts  of  foil  contain  525   parts  of  carbon.      But   thefe 
^';?''-P-       9216  parts  of   foil  contained  806  parts  of  roots  ot  ve- 
getables which  were  excluded   from  the  analyfis  ;  con- 
fcquently a  fertile   foil  contains  (exclufive  of  the  roots 
of  vegetables  (about  one-fixteenth  of  its  weight  of  car- 
bon. 

But  the  carbon  rauft  cxift  in  the  foil  in  a  particular 
muft  be  in  ftate  of  combination,  otherwife  it  does  not  anfwer  as 
W  ftT""  ^^""^  *^°''  Pl^"'5  =  ^^^  inllance,  powdered  pitcoal,  mixed 
""^  '  with  earths,  is  not  found  to  att,  at  leaR  immediately, 
as  a  manure;  yet  pitcoal  contains  a  very  great  quantity 
of  carbon.  Farther,  it  appears,  from  the  experiments 
of  Mr  Haflenfratz,  that  fubftances  employed  as  ma- 
nures produce  efttCts  in  times  proportioned  to  their  de- 
gree of  putrefiftion  ;  thofe  fubftances  which  are  moft 
putrid  producing  the  moft  fpeedy  efTcds,  and  of  courfe 
fooneft  lufing  their  efficacy.  Having  manured  two 
pieces  of  the  fame  kind  of  foil,  the  one  with  a  mixture 
tif  dung  and  ftraw  highly  putrefied,  the  other  with  the 
fame  mixture  newly  made,  and  the  ftraw  almoft  frefh, 
he  obferved  that,  during  the  firft  year,  the  plants  which 
grew  on  the  land  manured  with  the  putrefied  dung  pro- 
duced a  much  better  crop  than  the  other;  but  the  fe- 
cond  year  (no  new  dung  being  added),  the  ground 
which  had  been  manured  with  the  unputrefied  dung 
produced  the  beft  crop  ;  the  fame  thing  took  place 
the  third  year  ;  after  which,  both  feemed  to  be  equally 
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exhaufted  *.   Here  it  is  evident  that  the  putrefied  dung    Veetta.  J 

afted   foonelt,  and  was  fooneft  exhaufted.     It  follows^     '['"'•    ,11 

from  this,  that  carbon  only  adls  as  a  manure  when  in  a,  j^^     , 

particular  ftate  of  combination  ;  and   this   ftate,  what-  cijim.  xiv, 

ever  it  may  be,  is  evidently  produced  by  putrefaftion.iy. 

Another  experiment  of  the  lame    chemift   renders  this 

truth  ftill  more  evident.      He  allowed  fhavings  of  wood 

to  remain    lor  about  ten  months  in    a  moift  place  till 

they   began  to  putrefy,  and  then  fpread  tiiem  over  a 

piece  of  ground  by  way  of  manure.     The  firft  two 

years  this  piece  of  ground  produced  nothing  more  than 

others  which   had  not  been  manured  at  all  ;   the  third 

year  is    was   better,   the   fourth    year  ftill   better,   the 

fifth   year  it  reached  its   maximum   of   fertility  ;  after 

which  it  declined  conftantly  till  the  ninth,  when  it  was 

quite  exhaufted  f .      Here  the  effeft  of  the  manure  evi.  f  liiJ.  p,. 

dently  depended  upon  its  progrefs  in  putrefaftion.  5S. 

Now  what  is  the  particular  ftate  into  which  carbon       '}°. 
mull  be  reduced  before  it  be  fit  for  the  food  of  plants  ?  j,]^  ;„  ^^^^ 
This  fubjeft  has  never  been   examined  with  attention  ;ter. 
the  different  combinations  of  carbon  having  been  in  a 
great  meafure  overlooked.     And  yet  it  is  evident,  that 
it  is   only  by  an  accurate  examination  of  thefe  combi- 
nations, and  a  thorough  analyfis   of  manures,  in  order 
to  difcover  what  particular  combinations  of  carbon  exift 
in  them,   and  in  what  the   moft  efficacious  manures  dif- 
fer from  the  reft,  that  we  can  expeft  to  throw  complete 
light  upon  the   nature  and   ufe  of  manures,  one  of  the 
moft  important  fubjefts  to  which  the  farmer  can  direft 
his  attention.      We  know,  from  the  experfments  of  Mr 
Haflenfratz,  that  all  thofe  manures  which  adt  with  effi- 
cacy and  celerity  contain  carbon  in  fuch  a  ftate  of  com- 
bination, that  it   is  foluble  in  water,  and  that  the  effi- 
cacy of  the  manure  is  proportional  to  the  quantity  of 
carbon  fo   foluble.     He  found  that  all  efficacious  ma- 
nures gave  a  brown  colour  to  water,  and  that  the  water 
fe  coloured,  when   evaporated,  left  a  refiduum,   which 
confifted  in  a  great  meafure  of  carbon  *.     He  obferved,  ,  j^.j 
too,  that  the  ioil  which  gives  the  deepeft  colour  to  wa- ,(j_ 
ter,  or  which  contains  the  greatert  quantity   of  carbon 
foluble  in  water,  is,  other  things  being  the  fame,  the 
moll  fertile. 

This  is  not,  however,  to  be  underftood  without  limi- 
tation ;  for  it  is  well  known  that  if  we  employ  excei- 
five  quantities  of  manure,  we  injure  vegetation  inftead 
of  promoting  it.  This  is  the  reafon  that  plants  will 
not,  as  Mr  Duhamel  found  by  experiment,  vegetate  in 
fatnrated  folutious  of  dung  f .  ^  Mtm.Pan 

One  of  the  combinations  of  carbon  which  is  foluble  1^4$. 
in  water,  and  with  which  we  are  beft  acquainted,  is  car-      in 
bonic  acid  gas.      It  has   been  fuppofcd   by  many  philo-"^"'*  "^'^ 
fophers,  particularly  by  Mr  Senebier,  that  this  gas,  dif-,,-'^  ^^j^. "' 
folved  in    water,  fupphes  plants   with  a  great   part  of  gas; 
their  carbon.     But  Mr  Haffenfratz,  on  making  the  ex- 
periment, found  that  the  plants  which  he  raifed  in  wa- 
ter, impregnated  with  carbonic  acid  gas,  diftered  in  no 
refpeft  from  thofe  which  grew  in  pure  water,  and  did 
not  contain  a  particle  of  carbon  which  had  not  exifted" 
in  the  feeds  from  which  they  fprungt.     This  experi- 1  ^m,  i/< 
ment  proves,  that  carbonic  acid  gas,  dilTolved  in  water, ''"i'"»- xiii. 
does  not  ferve  as  food  for  plants.     It  appears,  however,  •5*°' 
from  the  experiments  of  Ruckert,    that   when   plants 
growing  in  foil  are  watered  daily  with  water  impregna-      ,jj 
ted   with  carbonic  acid  gas,  they  vegetate  fafter  than Thaigh 
when  this  watering  is  omitted.     Ke  planted  two  beans jliat  gas 
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in  pots  of  equal  di'menfions,  filled  with  garden  mould. 
One  of  thefe  was  watt:red  almoll  daily  witii  dilliUcd  wa- 
ter, the  ottier  with  water,  every  ounce  of  whicli  was 
impregnated  with  half  a  cubic  inch  of  carbonic  acid 
pas.  Both  were  phced  in  the  open  air,  but  in  a  litua- 
tion  wliere  they  were  fecure  from  rain.  The  bead  treat- 
ed with  the  water  impregnated  with  carbonic  acid  gas 
appeared  above  ground  nine  days  before  the  other,  and 
produced  2?  beans  ;  whereas  the  other  produced  only 
ly.  The  lame  experiment  was  tried  on  other  plants 
with  cuual  fuccefs  f .  This  fliews  us  that  carbonic  acid 
gas  is  foinehow  or  other  ufeful  to  plants  when  they  ve- 
getate in  mould  ;  but  it  gives  us  no  information  about 
its  mode  of  afting.  Some  foils,  we  know,  are  capable 
of  decompofing  it  ;  for  fome  foils  contain  the  green 
oxide  of  iron  :  and  Gadolin  has  proved,  that  fuch  foils 
have  the  property  of  decompofing  carbonic  acid  gas*. 
Indeed  almod  all  foils  contain  iron,  either  in  the  ftate 
of  the  brown  or  the  green  oxide  ;  and  Beaume  has 
(hewn,  that  oils  convert  the  brown  oxide  of  iron  into 
the  green  f .  Now  dung  contains  a  quantity  of  oily 
fubftance;  and  this  is  the  cafe  alfo  with  rich  foils.  One 
ufi  of  manures,  therefore,  ma)'  be,  to  reduce  the  brown 
oxide  of  iron  to  the  green,  that  it  may  be  capable  of 
decompofing  carbonic  acid  gas  ;  and  the  carbon,  thus 
precipitated,  doubtlefs  enters  into  fome  new  combina- 
tion, in  which  Ifate  it  ferves  as  food  for  plants. 

Mr  Humbolt  has  lately  proved,  that  foils  have  the 
property  of  abforbing  oxygen.  It  can  fcarcely  be 
doubted  that  this  abforption  has  an  influence  on  vege- 
tation, efpecially  as  watering  plants  with  weak  folutions 
of  oxy-muriatic  acid  accelerates  vegetation*.  But  we 
know  top  little  of  the  fubjeft  at  prefent  to  be  able  to 
fpecify  precifely  what  that  influence  is. 

14.   Since  the  only  part  of  plants  which  is  contigu- 
ous to  the  foil  is  the  root,  and  fince  the  plant  perifhes  - 
when  the  root  is  pulled  out  of  the  ground,  it  is  evident 
that  the  food  of  plants  mult  be  imbibed  by  the  roots. 

When  we  examine  the  roots,  we  do  not  find  them  to 
contain  any  large  opening.  The  paffages  by  which  the 
food  enters  are  too  fmall  for  the  naked  eye.  This  flicws 
us  that  the  food  can  enter  plarfts  only  in  a  fluid  itate  ; 
and  that  confequently  every  thing  which  can  be  render- 
ed ufeful  as  food  for  plants  mull  be  previoufly  in  a  ftate 
of  iblution. 

It  feems  moft  probable,  that  the  whole,  or  the  great- 
eft  part  of  the  food,  enters  at  the  extremities  of  the 
roots  ;  for  Duhamel  oblerved,  that  the  portion  of  the 
foil  which  Is  lo.ineft  exhaufled,  is  precifely  that  part  in 
which  the  greateft  number  of  the  extremities  of  roots 
lies  J.  This  (hews  us  the  reafon  why  the  roots  of 
plants  are  continually  incrcafing  in  length.  By  this 
means  they  are  enabled,  in  fome  meafure,  to  go  in 
queft  of  nourUhment.  The  extrerriities  of  the  roots 
fcem  to  have  a  peculiar  llrutlure  adapted  for  the  im- 
bibing of  moifture.  If  we  cut  off  the  extremity  of 
a  root,  it  never  increafes  any  more  in  length :  there- 
fore its  ufe  as  a  root  has  been  in  a  great  meafure  de- 
ftroyed.  But  it  fends  out  fibres  from  its  fides  which 
aft  the  part  of  roots,  and  imbibe  food  by  their  extremi- 
ty.  Nay,  in  fome  cafes,  when  the  extremity  of  a  root 
is  cut  off,  the  whole  decays,  and  a  new  one  is  formed 
in  its  place.  This,  as  Dr  Bell  iufoirns  us,  is  the  cafe 
with  the  hyacinth  f . 
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Since  the  food  of  plants  muft  be  in  a  fluid  ftate,  and    Vtgcta- 
fince  no  plant  will  live  if  it  be  deprived  of  moifture,  we  .     """•    , 
may  conclude  that  all  its  food  is  previoufly  dilfolved  in       ,  * 
water.     As  for  the  carbon,  we  know,  that  In  all  aftive  DilTolvcd 
manures  it  is  in  fuch  a  ftate  of  combination,  tliat  it  is  in  wiatcr. 
foluble  in  water.      We  know,  too,  that  all  tlic  falts 
which  we  can  fnppofe  to   make  a   part  of  the  food  of 
plants,  are  more  or  lefs  foluble  in  water.      Lime  alfo  is 
foluble  in  water,  whether  it  be  pure  or  in  the  ftate  of  a 
fait  ;   magnella  and   alumina   may  be   rendered   fo  by 
means  of  carbonic  acid  gas  ;  and  Bergman,  Macie,  and 
Klapioth,   have  Ihewn  that  even  filica  may  be  difTolved 
in  water.     We  can   fee,  therefore,  in  general,  though 
we  have  no  precife  notions  of  tlie  very  combinations 
which  are  iuimediately  imbibed  by  plants,  that  all  the 
fubftances  which   form  elTential  parts  of  that  food  may 
be  dilfolved  in  water. 

1 5.  Since  the  food  of  plants  is  Imbibed  by  their  roots  Therefore 
in  a  fluid  ftate,  it  muft  exill  in  plants  in  a  fluid  ftate  ;  fluid, 
and  unlefs  it  undergoes  alterations  in  its  compofition 
juft  when  imbibed,  we  may  expcft  to  find  it  in  the 
plant  unaltered.  If  there  were  any  method  of  obtain- 
ing this  fluid  food  from  plants  before  it  has  been  altered 
by  them,  we  might  analyfe  it,  and  obtain  by  that  means 
a  much  more  accurate  knowledge  of  the  food  of  plants 
than  we  can  by  any  other  method.  This  plan  indeed 
muft  fail,  provided  the  food  undergoes  alteration  juft 
when  it  is  abforbed  by  the  roots  :  but  If  we  confider, 
that  when  one  fpecies  of  tree  is  grafted  upon  another, 
each  bears  Its  own  peculiar  fruit,  and  produces  its  own 
peculiar  fubllances,  we  can  fcarcely  avoid  thinking  that 
the  great  changes,  at  leait  which  the  food  undergoes  af- 
ter abforption,  are  produced,  not  in  the  roots,  but  in 
other  parts  of  the  plant. 

If  this  eonclufion  be  juft,  the  food  of  plants,  after 
being  imbibed  by  the  roots,  mull  go  dlrc6tly  to  thofe 
organs  where  It  is  to  receive  new  modifications,  and  to 
be  rendered  fit  for  being  afllmllated  to  the  different  parts 
of  the  plant.  There  ought  therefore  to  be  certain  juices 
continually  afcending  from  the  roots  of  plants  ;  and 
thefe  juices,  if  we  could  get  them  pure  and  unmixed 
with  the  other  juices  or  fluids  which  the  plant  mull 
contain,  and  which  have  been  fecreted  and  formed  from 
thefe  primary  juices,  would  be,  very  nearly  at  lealt,  the 
food  as  It  was  imbibed  by  the  plant.  Now  durinr  the 
vegetation  of  plants,  there  aftually  Is  d,  juice  continually 
afcending  from  their  roots.  Tliis  juice  has  been  called 
the  fap,  tUefuccus  eotninunis,  the  lymph  of  plants.  We 
fhall  adopt  the  firll  of  theie  names,  becaufe  it  has  been 
moft  generally  received. 

The  firft  ilep  towards  an  accurate  knowledge  of  the 
food,  and  of  the  changes  wlilch  take  place  durln-r  ve<i-c- 
tatlon,  is  an  analyfis  of  the  fap.  The  fap  is  mofl  abun- 
dant during  the  fprlng.  At  that  feafon,  if  a  cut  be 
made  through  tlie  baik  and  part  of  tlic  wood  of  fome 
trees,  the  lap  flows  out  very  piofufely.  The  trees 
are  then  fru'd  to  bleed.  By  this  contrivance  any  quan- 
tity of  fap  we  think  proper  may  be  collefted.  It  js 
not  probable,  indeed,  that  by  this  method  we  obtain 
the  afcending  fap  in  ail  its  purity  :  it  is  no  doubt 
mixed  with  the  peculiar  juices  of  the  plant  ;  but  the 
lefs  progrefs  vegetation  has  made,  the  purer  we  may 
expeft  to  find  it ;  both  becaufe  the  peculiar  juices  muft, 
be  in  much  fmalkr  quantity,  and  becaufe  its  quantity 
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may  be  fuppofcd  to  be  greater.  We  (hould  therefore 
examine  the  lap  as  early  in  the  feafon  as  poffible,  and 
at  all  events  before  the  leaves  have  expanded. 

For  the  moll  complete  fet  of  experiments  hitherto 
made  upun  tiie  l;ip,  we  are  indebted  to  Mr  Vauquelin. 
/\n  account  of  ii's  experiments  has  been  piiblilhed  in 
the  3  1 11  volume  of  the  Aiinalcs  lie  Chimie.  He  has  ne- 
glefted  to  inform  as  of  the  Hate  of  the  tree  when  the 
fap  which  he  analyftd  was  taken  from  it  ;  fo  that  we 
are  left  in  a  (late  ot  nncertainty  with  refpeft  to  the  pu- 
rity ot  the  lap  :  but  from  the  comparifon  which  he  has 
put  it  in  our  power  to  draw  between  the  flate  of  the 
fap  at  different  lucceflive  periods,  we  may  in  fome  mea- 
fure  obviate  this  uncertainty. 

He  found  that   1039  parts  of  the  fap  of  the  ulmus 
campellris,  or  common  elm,  were  compoied  of 
1027.^67  water  and  volatile  matter, 
9.553  acetite  of  potafs, 
1.062  vegetable  matter, 
0.8  i  8  carbonat  of  lime, 
Befides   fome  flight  traces  of  fulphuric   and  muriatic 
acids. 

On  analyfing  the  fame  fap  fomewhat  later  rn  the  fea- 
fon, Mr  Vauquelin  found  the  quantity  of  vegetable 
matter  a  little  increafed,  and  that  of  the  carbonat  of  lime 
and  acetite  of  potafs  diminilhed.  Still  later  in  the  fea- 
fon the  vegetable  matter  was  farther  increafed,  and  the 
other  two  ingredients  farther  diminflied.  The  acetite 
of  potafs,  in  1039  parts  of  this  third  fap,  amounted  to 
*  Ann.d!     8.615  parts*. 

C/j/'ot.  xxii.        If  thefe  experiments  warrant  any  confequence  to  be 
3»-  drawn  from  them,  they  would  induce  us  to  fuppofe  that 

the  carbonat  of  lime  and  acetite  of  potafs  were  contained 
in  the  pure  nfcending  fap,  and  that  part  at  lealt  of  the  ve- 
getable matter  was  derived  from  the  peculiar  juices  alter- 
ed by  the  fecreting  organs  uf  the  plant  ;  tor  the  two  falts 
diminlfhed  in  quantity,  and  the  vegetable  "matter  in- 
creafed as  the  vcjretation  of  the  tree  advanced.  Now 
this  is  precifely  what  ought  to  have  taken  place,  on  the 
fuppofitioii  that  the  fap  became  more  and  more  mixed 
with  the  peculiar  juices  of  the  tree,  as  we  are  fuppofing 
it  to  do.  If  thefe  conclufions  have  any  folidity,  it  fol- 
lows from  them,  that  carbonat  ot  lime  and  acetite  of 
potafs  are  abforbcd  by  plants  as  a  part  of  their  food. 
Now  thefe  falts,  before  they  are  ahforbed,  muft  be  dif- 
folved  in  water.  But  the  carbonat  of  lime  may  be 
diffolved  in  water  by  the  help  of  carbonic  acid.  This 
(hews  us  how  water  fituratcd  with  carbonic  acid  may 
be  ufeful  to  plants  vegetating  in  a  proper  foil,  while  it  is 
ufelefs  to  thofe  that  vegetate  in  pure  water.  In  tiie  pure 
water  there  is  no  carbonat  of  lime  to  be  dilFolved  ;  and 
therefore  carbonic  acid  gas  cannot  enter  into  a  combina- 
tion which  renders  it  proper  for  becoming  the  food  of 
plants.  Part  of  the  vegetable  matter  was  precipitated 
from  the  fap  by  alcohol.  This  part  feems  to  have  been 
gummy.  Nowgumswe  know  are  produced  by  vegetation. 
The  fap  of  the  fagus  fylvatica,  or  beech,  contained 
the  following  ingredients. 

Water, 

Acetite  of  lime  with  excefs  of  acid, 
'  Acetite  of  potafs, 

Gallic  acid, 

Tan, 

A  mucous  and  extraftive  matter, 

Acetite  of  alumina. 
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Although  Mr  Vauquelin  made  two  different  aiialyfeg 
of  this  fap  at  different  feafons,  it  is  impofTible  to  draw 
any  fatisfaftory  conclufions  from  them,  as  he  has  not 
given  us  the  proportions  of  the  ingredients.  It  fcenu 
clear  that  the  gallic  acid  and  tan  were  combined  toge- 
ther ;  for  the  fap  talted  like  the  infufion  of  oak  bark. 
The  quantity  ol  each  of  thele  ingredients  inciciifcd  ai 
vegetation  advanced  ;  for  the  cohinr  of  the  iecond  fap 
collefted  later  was  much  deeper  than  that  of  the  hrlt. 
This  Ihews  us  that  thefe  ingredients  were  jiroduced  by 
vegetation,  and  that  they  did  not  form  a  pait  of  the 
afccnding  fap.  Probably  they  were  derived  from  the 
bark  of  the  tree.  The  prefence  of  alumina,  and  the 
abience  of  carbonic  acid  gas,  would  feem  to  indicate 
that  all  plants  do  not  imbibe  the  very  fame  food. 

The  lap  of  the  capinus  fylveftris  contains  water, 
acetite  of  potafs,  acetite  of  lime,  fugar,  mucilage,  vege- 
table extraft.  It  cannot  be  doubted  that  the  fugar  and 
the  mucilage  are  the  produce  of  vegetation. 

The  fap  of  the  betula  alba,  or  common  birch,  con- 
tains water,  fugar,  vegetable  extraft,  acetite  of  lime, 
acetite  of  alumina,  and  acetite  ot  potafs. 

Thefe  experiments  are  curious,  and  certainly  add  to 
the  preciiion  of  our  notions  concerning  tiie  food  of 
plants;  but  they  are  not  decifive  enough  to  entitle  us 
to  draw  conclufions.  They  would  feem  to  fhew,  either 
that  acetite  of  potafs  and  lime  are  a  part  of  the  food  of 
plants,  or  at  leaft  fome  fubftances  which  have  the  pro- 
perty of  afTuming  thefe  combinations. 

16.  Thefe  experiments  lead  to  the  conclufion   that  ,,ru  'u  . 
•  I  r  r    1      ,-  XT        whether 

acetous  acid  rorras  a  component  part  or  the  lap.      Now,|,g  food  is 

it  is  not  eafy  to  fuppofe  that  this  fubflance  is  adlually  altered  by 
ahforbed  by  the  roots  in  the  ftate  of  acetous  acid.  The  the  roots, 
thing  might  be  determined  by  examining  the  mould  in 
which  plants  grow.  This  examination  indeed  has  been 
performed  ;  but  no  chemill  has  ever  found  acetous  acid, 
at  leail  in  any  fenfiule  quantity.  Is  it  not  probable, 
then,  that  the  food,  after  it  is  imbibed,  is  fomewhat 
modified  and  altered  by  the  roots  ?  In  what  manner 
this  is  done  we  cannot  fay,  as  we  know  very  little 
about  the  vafcular  flrudlure  of  the  roots.  We  may 
conclude,  however,  that  this  modification  is  nearly  the 
fame  in  moll  plants  :  for  one  plant  may  be  engrafted 
on  another,  and  each  continue  to  produce  its  own  pe- 
culiar produiffs  ;  which  could  not  be,  unlefs  the  proper 
fubllances  were  conveyed  to  the  digeflive  organs  of  all. 
There  are  feveral  circumllances,  however,  which  render 
the  modifying  power  of  the  roots  fomewhat  probable. 
The  flrongell  of  thefe  is  the  nature  of  the  ingredients 
found  in  the  fap.  It  is  even  pofTible  that  the  roots 
may,  by  fome  means  or  other,  throw  out  again  fome 
part  of  the  food  which  they  have  imbibed  as  excremen- 
titious.  This  has  been  fufpefted  by  feveral  phyliolo- 
gills  ;  and  there  are  feveral  circumllances  which  render 
it  probable.  It  it  well  known  that  fome  plants  will 
not  vegetate  well  after  others  ;  and  that  fome  again  ve- 
getate unufually  well  when  planted  in  ground  where 
certain  plants  had  been  growing.  Thefe  fadls,  with- 
out doubt,  may  be  accounted  for  on  other  principles. 
If  there  be  any  excrementitious  matter  emitted  by  the 
roots,  it  is  much  more  probable  that  this  happens  in 
the  lafl  ftage  of  vegetation.  That  is  to  fay,  when  the 
food,  after  digeftion,  is  applied  to  the  purpofes  which 
the  root  requires.  But  the  faft  ought  to  be  fupported 
by  experiments,  otherwife  it  cannot  be  admitted. 

17.  The 
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Vc-gcta-         17.  The  fap,  as  Dr  Hales  has  (hewn  us,  afcends  with  gone  far  to  overturn  it  altogether.      For  lie  found  that 

tmi).       g  y^ry  coiifiderahle  force.      It  itlueJ   during  the  bleed-  thefe  woody  fibres  are  diviuble  into  fmaller  fibres,  and 

"    ,    '  in  J  ffafon  with  fuch  impttuolity  from  tlie  cut  end  of  a  tliefe  again  into  iliU  fmaller;  and  even,  by  the  aihilance 

,nf'      'vine   branch,  that   it   fupported  a  column  of  mercury  of  the  bell   microfcopcs,  he  could  find   110  end  of  this 

"'"■5"  .....„' "^  r   1   J-    :.-      -  »        VI ,   •     _    .1-  .r..  ^1 ...   u (T-..l_    > 
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Now  gianting  thefe  fibres  to  be  vedcls,  •  Plyfiqm 

bpiienJs      Now  what  is  the  particular  channel  through  which      it  is  fcarcely  poilible,  after  this,  to  fufipofe  that  tiie  fap^"^'*'**, 
•  the  fap  afcends,  and  what  is  the  caufe  of  the  force  with     really  moves  through  tubes,  wbofe  diameters  are  almoft  '•  ■*^" 

which  it  moves  ?  Tiiefe  are  quellions  whicli  have  ex- 
cited a  great  deal  of  the  attention  of  thoie  pliilofophers 
who  have  made  tlie  pliyfiology  of  vegetables  their  par- 


ticular lludy  i  but  the  examination  of  them  is  attended 
with  fo  many  difficulties  that  they  are  very  far  from  be- 
ing decided. 

It   is  certain   that   the  fap   fioivs  from  the  roots  to- 


inlinitely  fuiall.  I'here  are,  however,  veffels  in  plants 
which  may  eafily  be  dillinguilhed  by  llie  help  of  a  fmall 
microfcope,  and  even,  in  many  caies,  by  the  naked  eye. 
Thefe  were  feen,  and  dillindily  defcribed,  by  Grew  and 
Malpigfii.  They  conliil  of  a  fibre  twilled  round  like 
a  corkfcrew.  It  we  take  a  Imall  cylinder  of  wood, 
and  wrap  round   it  a  flcnder  brais  wire,  fo  clolely  that 


wards  the  fummit  of  the  tree.     For  if  in  the  bleeding     all  the  rings  of  the  wire  touch  each  other,  and  if,  after 


feafon  a  numlier  of  openings  be' made  in  the  tree,  the 
fap  begins  firfl  to  flow  from  the  lowefl  opening,  then 
from  the  lowed  but  one,  and  fo  on  fucceffively,  till  at 
lad  it  makes  its  appearance  at  the  hlghellof  all.  And 
when  Duhamel  and  Bonnet  made  plants  vegetate  in 
coloured  liquors,  the  colouring  matter,  which  was  de- 


i:!0 
Tlirough 
llie  wood, 


this,  we  pull  out  the  wooden  cylinder  altogether,  the 
brafs  wire  thus  twilled  will  give  us  a  very  good  repre- 
fentation  of  thefe  vciTcls.  It  we  take  hold  of  the  two 
ends  of  the  brals  wire  thus  twilled,  and  pull  them,  we 
can  eahly  draw  out  the  wire  to  a  coiiliderable  length. 
In  the  fame  manner,  when  we  lay  hold  of  the  two  ex- 

pofited  in  the  wood,  appeared  firll  in  the  lowell  part  of  treuiities  of  thefe  veHlls,   we  can  draw  them  out  to  a 

the  tree,  and  gradually  afcended  higher  and  higher,  till  great  length.     Malpighi  and  Grew  finding  ihem  always 

at  lall  it  reached  the  top  of  the  tree,   and  tinged  the  empty,  concluded  that  they  were  intended  for  the  circu- 

very  leaves.  lation  of  the  air  through  the  plant,  and  therefore  gave 

It  feems  certain,  too,  that  tlie  fap  afcends  through  them  the  name  of //-;(f/jf«  ;  which  word  is  ufed  to  denote- 

the  wood,  and  not  through  the  bark  of  the  tree  :   for  a  the  lu'indpipe  of  animals.      Tliefe  trachea  are  not  found 

plant   continues  to  grow  even   when   flript  of  a  great  in  the  bark;  but  Hedwig  has  ihewn  that  they  are  much 

part  of  its  bark  ;   which  could   not  happen   if  the  fap  more  numerous  in  the  wood  than  was  fuppofed  ;  and 

afcended  through  the  bark.      When  an  incilion,  deep  that  they  are  of  very  different  diameters;  and  Reichel 

enough  to  penetrate  the  bark,  and  even  part  of  the  has  demonllrated  that  they  go  to  the  minuted  branches, 

wood,  is  carried  quite  round  a  branch,  provided  the  and  fpread  through  every  leaf.      He  has  fhewn,  too, 

wound  be  covered  up  from  the  external  air,  tne  branch  that  they  contain   lap;   and   Hedwig   has  proved  that 

continues   to  vegetate    as   if  nothing    had   happened  ;  the  notion  which   generally  prevailed  of  their  contaiii- 

which  could  not  be  the  Cafe  if  the  fap  afcended  between  ing  nothing  but  air,  arofe  from  this  circumllance,  that 

the  bark   and  the  wood.      It  is  well  known,  too,  that  the  larger  trachea:,   which  alone  were  attended  to,  lofe 

in  the  bleeding  feafon  little  or  no  fap  can  be  goot  from  a  their  fap  as  fooii  as  they  are  cut ;  and,  of  courfe,  uiilefs 

,,i      tree  unlefsour  inciiion  penetrate  deeper  than  the  bark.  they  are  infpeiScd  the  inflant  thty  are  divided,  they  ap- 

Mot  by  the      If  the  fap  afcended   thro'  the  parenchyma  of  plants,  pear  empty  f .      Is  it  not  probable,  then,  or  rather  is  it  f-  Funii- 

larenchy.    35   fome  phyfiologills  have  fuppofed,    fince  there  is  a  not  certain,  front  the  difcoveries  of  thit  very  ingenious"'"'-  ■^'/'* 

"'■  communication  between  every  part  of  that  organ,  it  is  phyfiologill,   that  the  trachea;  are,   in  reality,  the  fap     "  y  „  Z. 

evident'that  the  tree  ought  to  bleed  whenever  any  part  vcffLls  of  plants  ?     Indeed   it   feems  ellablifhed   by  the  p^^t ;  ^ 

of  the  parenchyma  is  wounded.      But   this  is  not   the  experiments  both  of  Reichel  and  Hedwig,  that  all,  or54. 

cafe.      Conlequently  the  fap  does  not  afcend   through  almod  all  the  vtlfels  of  plants  may,  if  we  atteud  only  to 

the  parenchyma.      Befides,  if  the  fuppofition  were  true,  their  druclure,  be  denominated  Irache.t.  i,, 

the   fap,   from  the  very   flrufture  of  the  parenchyma.  But  by  what   powers  is  the  fap  made  to  afcend  in  Why  it 

mud  afcend   in  the  fame  manner  as  water  through  a  thefe  veffels?     And  not  only  to  afcend,  but  to  move sf'=""^'- 

fponge  ;   and  in  that  cafe  could  not  poflibly  pofTefs  the  with    very   coiiliderable    force;   a  force,  as  Hales   has 

force  with  which  we  know  that  it  afcends.      But  if  the  diewn,  fufficient  to  overcome  the  preffure  of  43  feet  per- 

fap  is  not   found  in   the  parenchyma,  as  is  now  well  pendicular  of  water  J  ?  %  (^'gfU 

known  to  be  the  cafe,  it  mud,  of  neceffity,  be  confined  Grew  afcribed  tliis  phenomenon  to  the  levity  of  the  ^'"'^  '■  "'7> 

in  particular  veflcls  ;   for  if  it  were  not,  it  would   un-  fap;  which,  according  to  him,  entered  the  plant  in  tliej.     ^.tf  fe. 

doubtedly  make   its  appearance  there.      Now  what  are  date  ot  a  very  light  vapour.      But  this  opinion  will  not  of  Grew, 

the  veffels  tlnough  which  the  fap  afcends  ?  bear   the    flighted    examination.       Malpighi    fuppofed  Malpighi, 

Jutinvef-       Grew  and  Malpighi,   the  fird  philofophers  who  exa-  tint  the  fap  was  made  to  afcend  by  the  coutradtion  and  ^"/^  <*« '* 


elt. 


mined  the  drudure  of  plants,   took  it  for  granted  that  dilation  of  the  air  contained  in   the  air  veflcls.      But 

the  woody  fibres  were  tubes,  and  that  the  fap  afcended  even  were  we  to  grant  that  the  trachcje  are  air  veflcls, 

through  them.     For  this  rtafon  they  gave  thefe  fibres  the  fap,  according  to  this  hypothefis,  could  only  afcend 

the  name  of  lymphatic  velTcls.     But  they  were  unable,  when  a  change  of  temperature  takes  place  ;   which  is 

even  when  alTided  by  the  bed  microfcopes,  to  dete£l  contrary  to  fad.     And  even  if  we  were  to  wave  every 

any  thing  in  thefe  fibres  which  had  the  appearance  of  objcAioa  of  that  kind,  the  hypothefis  would  not  ac- 

a  tube  ;  and  fucceeding  obfervers  have  been  equally  un-  count  for  the  circulation  of  the  fap,  unlefs  the  fap  vcf- 

fuccefsful.     The  conjedlure  therefore  of  Malpighi  and  f'els  be  provided  with  valves.     Now  the  experiments  of 

Grew,  about  the  nature  and  ufe  of  thefe  fibres,  remains  Hales  and  Duhamel  fliew  that  no  valves  can  poflTibly 

totally  unfupported  by  any  proof.    Duhamel  has  even  eiill  in  them.     For  brancbeg  imbibe  moifture  nearly- 

eijually 


Hire. 
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Vegeta.  equally  by  either  end  ;  nnJ  confeqiiciitly  the  fap  moves 
■  *'°"'  with  equal  facility  both  upwards  and  downwards,  which 
It  could  not  do  were  there  valves  in  the  veflels.  Be- 
fides,  it  is  known,  from  many  experiments,  that  we 
may  convert  the  roots  of  a  tree  into  the  branches,  and 
the  branches  into  the  roots,  by  covering-  the  branches 
with  earth,  and  expofnifj  the  root,s  to  the  air.  Now 
this  would  be  inipofTible  if  the  fap  vefTels  were  provided 
with  valves.  The  fame  remarks  overturn  the  hypothefis 
of  Mr  de  la  Hire,  which  is  merely  that  of  M^lpio■hi, 
expreffed  with  greater  precifion,  and  with  a  greater  pa- 
rade of  mechanical  knowledge.  Like  Borelli,  he  pla- 
ced the  afctnding  power  of  the  fap  in  the  parenchyma. 
But  his  very  experiments,  had  he  attended  to  them 
xvith  care,  would  have  been  fufficient  to  (hew  the  im- 
pcrfeclion  of  his  theory. 

The  greater  number  of  philofophers  (for  it  is  need- 
lefs  to  mention  thofe  who,  like  Perrault,  had  recourfe 
to  fermentation,  nor  thofe  who  introduced  the  weight 
of  the  atmolphere)  have  afcribed  the  motion  of  the  fap 
i'^^  to  capillaiy  aitraflion. 
Afcrihed  to  There  exifts  a  certain  attraftlon  between  many  folid 
attraflion  ^"^'"^^  ^"^  liquids  ;  in  confequence  of  which,  if  thefe 
folid  bodies  be  formed  into  fmall  tubes,  the  liquid  en- 
ters them,  and  rifes  in  them  to  a  certain  height.  But 
this  IS  perceptible  only  when  the  diameter  of  the  tube 
is  very  fmall.  Hence  the  attraiftion  has  been  denomi- 
nated  capillary.  We  know  that  there  is  fuch  an  at- 
traftion  between  vegetable  fibres  and  watery  liquids. 
For  fuch  liquids  will  afcend  through  dead  vegetable 
matter.  It  is  highly  probable,  therefore,  that  the  food 
of  plants  enters  the  roots,  in  confequence  of  the  capil- 
lary attraftion  which  fubfifts  between  the  fap  vefTels 
and  the  liquid  imbibed.  This  fpecies  of  attraftion,  then, 
will  account  perfeftly  well  for'the  entrance  of  moilUire 
into  the  mouths  of  the  fap  veflels.  But  will  it  account 
alfo,  as  fome  have  fuppofed,  for  the  afcent  of  the  fap, 
and  for  the  great  force  with  which  it  afcends? 

The  nature  and  laws  of  capillary  artraftion  have 
been  very  much  overlooked  by  philofophers.  But  we 
know  enough  concerning  it  to  enable  us  to  decide 
the  prefent  quellion.  It  confiils  in  a  certain  attrac- 
tion between  the  particles  of  the  liquid  and  of  the 
tube.  It  ha^been  demonftrated,  that  it  does  not  ex- 
tend, or  at  leafl  that  it  produces  no  fenfible  effedt,  at 
greater  diftances  than  Tsscth  part  of  an  inch.  It  has 
been  demonftrated,  that  the  water  afcends,  not  by 
the  capillary  attratlion  of  the  whole  tube,  but  of  a 
flender  film  of  it  ;  and  Clairaut  has  (hewn  that  this  film 
is  fituated  at  the  lowermoft  extremity  of  the  tube  (g). 
This  film  attrafts  the  liquid  with  a  certain  force  ;  and 
if  this  force  be  greater  than  the  cohefion  between  the 
particles  of  the  liquid,  part  enters  the  tube,  and  con- 
tinues to  enter,  till  the  quantity  above  the  attraAing 
film  of  the  tube  juft  equals,  by  its  weight,  the  excefs 
of  the  capillary  attraftlon  between  the  tube  and  the  li- 
quid, above  the  cohefion  of  the  liquid.  The  quantity 
of  water  therefore  in  the  tube  is  pretty  nearly  the  mea- 
Ture  of  this  excefs  ;  for  the  attrafting  film  is  probably 
very  minute. 
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This  opi- 
nion exa- 
ntiaed ; 


It  has  been  demonftrated,  that  the  heights  to  which  Veget*. 
liquids  rife  in  capillary  tubes,  are  inverfely  as  the  dia-  ''°°- 
meter  of  the  tube.  Confequently  the  fmaller  the  dia- 
meter of  the  tube,  the  greater  is  the  height  to  which 
the  liquid  will  rife.  But  the  particles  of  water  are  not 
infinitely  fmall ;  therefore  whenever  the  diameter  of  the 
tube  is  diminifhed  beyond  a  certain  fize,  water  cannot 
afcend  in  it,  becaufe  its  particles  are  now  larger  than 
the  bore  of  the  tube.  Confequently  the  rife  of  water 
in  capillary  tubes  mud  have  a  limit  :  if  they  exceed  a 
certain  length,  how  fmall  foever  their  bore  may  be,  wa- 
ter will  either  not  rile  to  the  top  of  them,  or  it  will  not 
enter  them  at  all.  We  have  no  method  of  afcertalning 
the  precife  height  to  which  water  would  rife  in  a  ca- 
pillary tube,  whofe  bore  is  juft  large  enough  to  admit  a 
finglc  particle  of  water.  Therefore  we  do  not  know 
the  limit  of  the  height  to  which  water  may  be  raifed 
by  capillary  attraction.  But  whenever  the  bore  is  di- 
minifhed beyond  a  certain  fize,  the  quantity  of  water 
which  rifes  in  it  is  too  fmall  to  be  fenfible.  We  can 
eafily  afcertain  the  height  which  water  cannot  exceed 
in  capillary  tubes  before  this  happens  ;  and  if  any  per- 
fon  calculate,  he  will  (ind  that  this  height  is  not  nearly 
equal  to  the  length  of  the  fap  veffels  of  many  plants. 
But  befides  all  this,  we  fee  in  many  plants  very  long 
fap  veffels,  of  a  diameter  too  large  for  a  liquid  to  rife 
in  them  a  iingle  foot  by  capillary  attraction,  and  yet  the 
fap  rifes  in  them  to  very  great  heights. 

If  any  perlon  fays  that  the  fap  veffels  of  plants  gra- 
dually dimini(h  in  diameter  as  they  afcend  ;  and  that, 
in  confequence  of  this  contrivance,  they  aft  preci(ely 
as  an  indefinite  number  of  capillary  tubes,  one  ftanding 
upon  another,  the  interior  ferving  as  a  relervoir  for 
the  fuperior :  we  anfwer,  that  the  fap  may  afcend  by 
that  means  to  a  confiderable  height  ;  but  certainly  not 
in  any  greater  quantity  than  if  the  whole  fap  velfel  had 
been  precifely  of  the  bore  of  its  upper  extremity.  For 
the  quantity  of  fap  raifed  muft  depend  upon  the  bore 
of  the  upper  extremity,  becaufe  it  muft  all  pafs  through 
that  extremity.  The  quantity  of  fap,  too,  on  that 
fuppofition,  muft  diminiih  the  farther  we  go  from  the 
root,  becaufe  the  bore  of  the  lap  velTels  is  conftantly 
diminifliing  ;  the  afcending  force  muft  alfo  diminifli,  be- 
caufe it  is,  in  all  cafes,  proportional  to  the  quantity  of 
water  raifed.  Now  neither  of  thefe,  as  Dr  Hales  has 
demonftrated,  is  true. 

But  farther,  if  the  fap  moved  only  in  the  veffels  of  Anr/rtfu-, 
plants  by  capillary  attraction,  it  would  be  fo  far  fromted. 
flowing  out  at  the  extremity  of  a  branch,  with  a  force 
fufficient  to  overcome  the  preffure  of  a  column  of  water 
43  feet  high,  that  it  could  not  flow  out  at  all.  It 
would  be  impoffible  in  that  cafe  for  any  fuch  thing  as 
the  bleeding  of  trees  ever  to  happen. 

If  we  take  a  capillary  tube,  of  fuch  a  bore  that  a 
liquid  will  rife  in  it  fix  inches,  and  after  the  liquid  has 
rifen  to  its  greateft  height,  break  it  (hort  three  inches 
from  the  bottom,  none  of  the  liquid  in  the  under  half 
flows  over.  The  tube,  thus  fliortened,  continues  in- 
deed full,  but  not  a  fingle  particle  of  liquid  ever  cfcapes 
from  it.     Aud  how  is  it  poffible  for  it  to  efcape  ?    The 

film. 
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(o)  The  aftlon  of  all  the  other  films,  of  which  the  tube  is  compofed,  on  the  water,  as  far  as  it  is  meafured  by 
its  eftVtt,  is  nothing  at  all.  For  every  particle  of  water  in  the  tube  (except  thofe  attracted  by  the  undennoft 
film)  if  attracted  upwards  and  downwards  by  the  fame  number  of  films;  it  is  therefore^precifely  in  the  fame  ftate 
M  if  it  were  not  attrafted  at  all. 


n/.i. 
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.•e^.ta-    film,  at  tlie  ul>/>fr  extrfmity  of  tlie  tube,  mull  ceitainly 
'•""^       havL-  as  ftrorig-  an  attradioii  for  llic  liquid  as  the  film 
■"^  at  the  hwir  extremity.    As  part  of  the  liquid  is  within 

its  attradtiiiR  diilance,  and  as  there  is  no  part  of  the 
tube  above  to  counterbalance  this  attradtion,  it  mull  of 
ncccdlty  attraift  the  liquid  nearell  it,  and  with  a  force 
fufficient  to  coiiiUcvbahuice  the  attraftion  of  the  uiider- 
inofl  film,  how  great  foever  we  may  fuppofe  it.  Of 
courfe  no  liquid  can  be  forced  up,  and  coiifequently 
none  can  flow  out  of  the  tube.  Since  then  the  fap 
flotvs  out  at  the  upper  extremity  of  the  fap  vellVls  of 
i)laiits,  we  are  abfclutely  certain  that  it  dues  not  afcend 
in  them  merely  by  its  capillary  attradlion,  but  that 
there  is  fomi  other  caute. 

It  is  inipiiffilile  therefore    to  account  for  the  motion 
of  the   fap   in   plants  by   any    mechanical    or  chemical 
principles  whatever;  aud  he  who  aicribes  it  to  thcfe  pi  in. 
ciples  has  not  formed  to  himfclf  any  clear  or  accurate 
conception  of  the  iubjefl.      We  know  indeed  that  heat 
is  an  agent ;   for  Dr  Walker  found  that   the  afcent  of 
the  fap  is  much  promoted  by  heat,  and  that  after  it  had 
begun  to  flow  from  feveral  incilions,   cold  made  it  give 
over  flowing  from  the  higher  orifices  while  it  continued 
to  flow  at   the  lovver*.     But  this  cannot   be  owing  to 
the  dilating  power  of  heat  ;  for  unlefs  the  fap  velTcls  of 
plants   were  furnilhed  with  valves   (and    they  have  no 
valves),  dilatation  would  rather  retard  than  promote  the 
afcent  of  the  fap.     Confequently  the  eft'cdt  of  heat  can 
give  us  no  affil^ance   in  explaining  the  alcent  of  the  fap 
tjS        upon  mechanical  and  chemical  principles, 
eveflels      We   mull   therefore   afcribe  it  to  fome  other  caufe  : 
ft  coo.    (jje  vefTels  themfelves  muft  certainly  aft.     Many  philo- 
fbphers  have  feen  the  neceffity  of  this,  and  have  accord- 
ingly afcribed  the  afcent  of  the  fap  to  trntability.     But 
the  firft  perfon  who  gave  a  precife  view  of  the  manner 
in  which  the  veffels  probably  aft  was  SaufTure.     He 
fuppofes  that  the  fap  enters  the  open  mouths  of  the 
vefTels,  at  the  extremity  of  the  roots;  that  thefe  mouths 
then  contrafl,  gfid  by  that  contraftion  propel  the  fap 
upwards ;  tlvat   this  contraftion  gradually  follows  the 
fap,  pufliing  it  up  from  the  extremity  of  the  root  to  the 
fummit  of  the  plant.     In  the  mean  time  the  mouths 
are  receiving  new  fap,  which  in  the  fame  manner   is 
ncye.      puflicd  upwards  f.     Whether  we  fuppofe  the  contrac- 
III.  P/'^f.  lion  to  take  place  precifely   in  this  manner  or  not,  we 
''•  P-      can  fcarcely  deny  that  it  muft  take  place  ;  but  by  what 
'  means  it  is  impoflible  to  fay.     The  agents  cannot  pre- 

cifely refemble  the  mufcles  of  animals  ;  becaufe  the 
whole  tube,  however  cut  or  maimed,  ftill  retains  its 
contrafling  power,  and  becaufe  the  contraftion  is  per- 
formed with  equal  readinels  in  every  direAion.  It  is 
evident,  however,  that  they  mufl.  be  the  fame  in  kind. 
Perhaps  the  particular  ilrufture  of  the  velfels  may  lit 
them  for  their  office.  Does  ring  after  ring  contradl  its 
diameter?  The  contracfing  agents,  whatever  they  are, 
ieem  to  be  excited  to  aiil  by  fome  ftimulus  communi- 
cated to  them  by  the  fap.  This  capacity  of  being  ex- 
cited to  aftion  is  known  in  phyliology  by  the  name  of 
itrilabUhy;  and  there  are  not  wanting  proofs  that  plants 
are  pofleffed  of  it.  It  is  well  known  that  different 
parts  of  plants  move  when  certain  fubftances  acl  upon 
them.  Thus  the  flowers  of  many  plants  open  at  fun- 
rile,  and  clofe  again  at  night.  Linnaeus  has  given  us  a 
lift  of  thefe  plants.  Des  Fontaines  has  fliewn  that  the 
ftamina  and  aiithera=  of  many  plants  exhibit  diftinft  mo- 
SuppL.  Vol.  II.  Part  II. 


BSTANCILS.  -     561 

tionsj.     Dr  Smith  has  ohferved,  tliat  the  ftainlna  of    \'<-gctd. 
the  barberries  are  tiirown  into  motions  when  touched  §.       ''°"" 
Roth  has  afcertaiiied  that  the  leaves  of  the  drofera  Ion- rTP'~~~' 
gitolia  and  rotundifulia  have  the  fame  property.     Mry^^.TyS;. 
Coulon,    too,   who  has  adopted  the  opinion  tliat  the5/'i'V. 
motion  of  the  fap  in  plants  is  produced  by  the  contrac- ^'■""l/' 
tioii  of  veflels,    has  even  made  a  number  of  experiments  ' 

in  order  to  fliew  this  contraction.  I'jiit  the  fact  is,  that 
every  one. has  it  in  his  power  to  make  a  decilive  expe- 
riment; Simply  cutting  a  plant,  the  euphorbia  ptplis 
for  iiiilancc,  in  two  pl.^ces,  lo  as  to  leparate  a  portion 
of  the  ftcm  from  the  reft,  is  a  complete  demonttration 
that  the  veflels  aftually  do  contrail.  For  whoever  ^ 
makes  the  experiment,  will  find  that  tlie  milky  juice  of 
tliat  plant  flows  out  at  both  ends  fo  completely,  that  if 
afterwards  we  cut  the  portion  of  the  ftem  in  the  middle, 
no  juice  whatever  appears.  Now  it  is  impofl"ible  that 
thefe  phenomena  could  take  place  without  a  contrac- 
tion of  the  veflTels  ;  for  the  vefTels  in  that  part  of  the 
flem  which  has  been  detached  cannot  have  been  more  ■ 
than  full ;  and  their  diameter  is  fo  fmall,  that  if  it  were 
to  continue  unaltered,  the  capillary  attraction  would  be 
more  than  fuffitient  to  retain  their  contents,  and  confe- 
quently not  a  drop  could  flow  out.  Since,  therefore, 
the  whole  liquid  efcapes,  it  muft  be  driven  out  forcibly, 
and  confequently  the  vefTels  muft  eontraft. 

It  feems  pretty  plain,  too,  that  the  vefTels  are  excited  („  'inle. 
to  eontraft  by  various  ftfmuli  ;  the  experiments  of  Cou-quence  of 
Ion  afld  Saun"ure  render  this  probable,  and  an   obferva- '''"'"''• 
tion  of  Dr  Smith  Barton  makes  it  pretty  certain.     He 
found  that   plants  growing  in   water  vegetated    with 
much  greater  vigour,   provided   a  little  camphor  was 
thrown  into  the  water  *.  «  ^„„  jg 

18.  Belides  the  fap  which  afcends  upwards  towards  Cii'm.  xxiii. 
the  leaves,  they  contain  alfo  another  fluid,  known  by*-!- 

the  name  oifuccus  proprlus,  or  pscu/iar  juice.    This  juice  P(.cu''lUr 
diff'crs  very  confiderably  in   dlfFerent  plants.      It  feemsjuice  form- 
to  be  the  fap  altered  by  fome  procefs  or  other,  and  fit-  ed  from  the 
ted  for  the  various  purpofes  of  vegetation.     That  it '^P> 
flows   from  the  leaves  of  the  plant  towards  the  roots, 
appears  from  this  circumftance,  that  when  we  make  an 
incifion  into  a  plant,   into  what  ever  pofition  we  put  it,, 
much  more  of  the  fuccus  proprius  flows  from  that  fide 
of  the  wound  which   is  next   the  leaves   and  branches, 
than  from  the  other  fide:  and  this  happens  even  though 
the  leaves  and  branches  be  held  undermoft  -f.     When  a  l  J5f/.', 
ligature  is  tied  about  a  plant,  a  fvvelling  appears  above,  ■^J"'^*.- 
but  not  below  the  ligature.  ^""-  "■ 

The  veflels  containing  the  peculiar  juice  are  found '^''*' 
in_  all  the  parts  of  the  plant.  Hedwig,  who  has  cxa- 
mmed  the  veflTels  of  plants  with  very  great  care,  fecms 
to  conlider  them  as  of  the  fame  flrufture  with  the  tra- 
chex.  The  peculiar  juice  h  eafily  known  by  its  colour 
and  its  confiftence.  In  fome  plants  it  is  green,  in  fome 
red,  in  many  milky.  It  cannot  be  doubted  that  its  mo- 
tion in  the  veflTels  is  performed  in  the  fame  way  as  that 
of  the  fap.  j^^ 

19,  It  appears,  then,  that  the  fap   afcends   to  the  In  the 
leaves,  that  there  it  undergoes  certain  alterations,  and'^"^*' 
is  converted   into  the  peculiar  juices;  which,   like  the 
blood  in  animals,  are  afterwards  employed   in  forming 

the  various  fubftances  found  in  plants.  Now  the  changes 
which  the  fap  undergoes  in  the  leaves,  provided  we  can 
trace  them,  muft  throw  a  gre«t  deal  of  light  upon  the 
nature  of  vegetation. 

4  B  No 


1^1 
Part  of  the 
fap  pcr- 
J'pires  thro' 
the  leave?. 
*  P/jU. 
*Tranf. 

No.  JJ3. 
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II  /«/.  27. 
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No  fooner  has  the  fap  arrived  at  the  leaves,  than  a     experiment  into  a  bottle  of  water,  while  the  other  end,    Vegeii- 
great  part  of  it   is   thrown  off  by  evaporation.     The     containing  all  its  leaves,  was  thruft  into   a  very  large      '''"'• 
quantity  thus  perfpired  bears  a  very  great  proportion  to     glafs  globe.     The  apparatus  was  then   expofed  to  the'"*"*'""^ 
the  moifture  inibibtd.   Mr  Woodv<ard  found  that  a  fprig      funfhine.    The  quantity  imbibed  was  known  cxaftly  by 
of  mint  in  77  days  imbibed  2558  grains  of  water,  and     the  water  which   difappcarcd   from  the  bottle,   and  the 

quantity  tranfpircd  was  judged  of  by  the  liquid  which 
condenftd  and  triclded  down  the  fides  of  the  glafs  globe. 
The  following  table  exhibits  the  refult  of  his  experi- 
ments : 


yet  its  weight  was  only  incrcafed  15  grains  *  :  there 
fore  it  nuill  have  given  out  2543  grains.  Another 
branch,  which  weighed  127  grains,  increafed  in  weight 
12S,  and  it  had  imbibed  14190  grains.  Anotiier  fprig, 
w-eighing  76  grains,  growing  in  water  mixed  with  earth, 
increafed  in  weight  I  68  grains,  and  had  imbibed  10731 
grains  of  water.  Thefe  experiments  demonilrate  the 
great  quantity  of  matter  which  is  conftantly  leaving  the 
plant.  Dr  Hales  found  that  a  cabbage  tranfmitted 
daily  a  quantity  of  moifture  equal  to  about  half  its 
weight  ;  and  that  a  fun-flower,  three  feet  high,  tranf- 
mitted in  a  day  i  lb.  14  oz.  avoirdupois  f.  He  (hewed, 
that  the  quantity  of  tranfpiration  in  the  fame  plant  was 
proportional  to  the  furface  of  the  leaves,  and  that  when 
the  leaves  were  taken  off,  the  tranfpiration  nearly  cea- 
fed  \..  By  thefe  obfervations,  he  demonftrated  that  the 
leaves  are  the  organs  of  tranfpiration.  He  found,  too, 
that  the  tranfpiration  was  nearly  confined  to  the  day, 
very  little  taking  place  during  the  night  ^  ;  that  it  was 
much  promoted  by  heat,  and  (lopped  by  rain  andfrolt||. 
And  Millar  f,  Guettard  *,  and  Senebier,  have  (hewn 
that  the  tranfpiration  is  alfo  very  much  promoted  by 
funfhine. 

The  quantity  of  moifture  imbibed  by  plants  depends 
very   much  upon   what  they  tranfpire.      The  reafon  is 


Plants. 

Peach 

Ditto      . 

Ditto 

Mint 

Ditto 

Rafp       . 

Ditto 

Peach 

Apricot 

In  fome  of  his  experiments  no  liquid  at  all  was  coni 
denfcd.  Hence  it  is  evident  that  the  quantity  of  mat- 
ter tranfpired  cannot  be  deduced  from  thefe  experi- 
ments. The  mouth  of  the  glafs  globe  does  not  fcem 
to  have  been  accurately  clofed  ;  the  air  within  it  com- 
municated with  the  external  air:  confequently  the  quan- 
tity condenfed  muft  have  depended  entirely  upon  the 
flate  of  the  external  air,  the  heat,  &c. 

The  firft  great  change,  then,  which  takes  place  upon 


Imbibed. 

Pcrfptred. 

Time. 

100  gr.      . 

•     35  gr- 

210 

•     92 

220     . 

120 

200 

.    90    , 

.     2  days, 

575     • 

120     . 

.     10 

725       . 

.     560 

.     2 

1233     . 

•      7^5    • 

2 

710 

•     295       . 

.       I 

210     . 

180    . 
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the  fap  after  it  arrives  at  the  leaves,  is  the  evaporation 
evident :   when  the  veffels  are  once   filled  with  fap,  if    of  a  great  part  of  it :  confequently  what  remains  mult 
rone  be  carried  off,  no  more  can  enter  ;  and,  of  courfe,     be  very  different  in  its  proportions  from  the  fap.     The     ' 
the  quantity  which  enters  muft  depend  upon  the  quan-     leaves  fecm  to  have  particular  organs  adapted  for  throw- 
tity  emitted.  ing  off  part  of  the  fap   by  tranfpiration.     For  the  ex- 

In  order  to  difcover  the  nature  of  the  tranfpired  mat-     periments  of  Guettard*,   Duhamel  f ,  and  Bonnet  J,  •  Afe-a. 
ter.  Hales  placed  plants  in  large   glafs  veffels,  and  by     fhew  that  it  is  performed  chiefly  by  the  upper  furfaces  ?■""•  '7^^ 
that  means  collefted  a  quantity  of  it  f .     He  found  that     of  leaves,  and  may  be  nearly  flopped  altogether  by  var-^  ^a^'O^ 
er  in  every  particular,  excepting     nifliing  the  upper  furface.  i.  liS.     ' 

The  leaves  of  plants  become  gradually  lefs  and  lefsf  TraiteJu 
fit  for  this  tranfpiration  ;  for  Senebier  found,  that  when -'^'"'^'", 
all  other   things  are  equal,  the  tranfpiration  is  much'-^"'* 
greater  in  May  than   in  September  *.     Hence  the  rea-^},„  ,f,e 
fon  that  the  leaves  are  renewed  annually.     Their  organs  leaves  fall    ' 


it  refcmbled  pure  water 
only  that  it  fometimes  had  the  odour  of  the  plant.  He 
remarked,  too,  as  Guettard  and  Du  Hamel  did  after 
him,  that  when  kept  for  fome  time  it  putrefied,  or  at 
leaft  acquired  a  ftinking  fmell.  Senebier  fubjedled  a 
quantity  of  this  liquid  to  a  chemical  analyfis 


He  colledlcd  13030  grains  of  it  from  a  vine  during     become  gradually  unfit   for  performing  their  funftions,"*!^ 


and   therefore  it  is  necelfary  to  renew  them.     Thofe''^"^    '" 
trees  which   retain  their  leaves   during  the  winter  were^j^'^ 
found   by  Hales  and  fucceeding  phyfiologifts  to  tranf- 
pire lefs  than  others.     It  is  now  well  known  that  thefe 
trees  alfo  renew  their  leaves. 

20.  Leaves  have  alfo  the  property  of  abforbing  car- 
bonic acid  gas  from  the  atmofphere.  ^  g 

We  are  indebted  for  this  very  fingular  difcovery  to  Leaves  »!>• 


the  months  of  May  and  June.  After  filtration  he  gra^ 
dually  evaporated  the  whole  to  drynefs.  There  re- 
mained behind  two  grains  of  refiduum.  Thefe  two 
grains  confifted  of  nearly  i  grain  of  carbonat  of  lime, 
-r  J  grain  of  fulphat  of  lime,  i  grain  of  matter  foluble 
in  water,  and  having  the  appearance  of  gum,  and  i  grain 
of  matter  which  was  foluble  in  alcohol,  and  apparently 
rcfiiious.  He  analyzed  6c  768  grains  of  the  fame  liquid, 
collefted  from  the  vine  during  the  months  of  July  and     the  experiments  of  Dr  Prieftley,  though  he  himfelf  did  forbear- 
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not  difcover  the  truth,   and  though  he  even  refufed  to'"'"''^"' 
acknowledge  it  when  it  was  pointed  out  by  others.     It*" 
has  been  long  known,  that  when   a  candle  has  been  al- 
lowed  to  burn  out   in  any  quantity  of  air,  no  candle 
can   afterwards  be  made   to  burn   in  it.     In  the  year 
177  r  Dr  Prieftley  made  a  fprig  of  inint  vegetate  for  ten 
the  liquid  tranfpired  bore  to  the  quantity  of  moifture     days  in  contaft  with  a  quantity  of  fuch  air  ;  after  which 
imbibed  by  the  plant.      But  it  is  eafy  to  fee  that  fuch     he  found  that  a  candle  would  burn  in  it  perfedly  well  f  •^.''''  ^"'< 
experiments  are  liable  to  too  great  uncertainties  to  be     This  experiment  he  repeated  frequently,  and  found  that'"- *i'* 
depended  on.     His  method  was   as  follows  :    He  plun-     it  was  always  attended  with  the  fame  refult.     Accord- 
ged  the  thick  end  of  the  branch  on  which  he  made  the     ing  to  the  opinion  at  that  time  univerfally  received,  that 

the 


Auguft.  On  evaporation  he  obtained  2-f  grains  of  re 
fiduum,  compofed  of  \  grain  of  carbonat  of  lime,  \ 
grain  of  fulphat  of  lime,  ■{■  grain  of  mucilage,  and  ^ 
grain  of  refin.  The  liquid  tranfpired  by  the  ajler  nova 
Ang/ia  afforded  precifcly  the  fame  ingredients  J. 

Senebier  attempted  to  afcertain  the  proportion  which 


34I. 


ihap.  II.  Vegetable  S  U 

Vegeti-    the  burning  of  candles  rendered  air  impure  by  coinmu- 
'''"'•       nicatiiig  phlogifton   to  it,   he   conchidcd   from  it,  that 
~  '         plants,  while  they  vegetate,  abi'orb  phlogifton. 

Carbonic  acid  gas  was  at  that  time  fuppofed  to  con- 
tain phlogifton.  It  was  natural,  therefore,  to  fuppofe 
that  it  would  afford  nourifliment  to  plants,  fiiice  they 
had  the  property  of  abforbing  phlogifton  from  the  at- 
mofpbere.  Dr  Percival  had  publiflied  a  fet  of  experi- 
ments ;  by  which  he  endeavoured  to  fliew  that  this  was 
a^ually  the  cafe. 

Thefe  experiments  induced  Dr  Prieftley,  in  1776, 
to  confider  the  fubjeft  with  more  attention.  But  as,  in 
all  the  experiments  which  he  made,  the  plants  confined 
in  carbonic  acid  gas  very  foon  died,  he  concluded 
that  carbonic  acid  gas  was  not  a  food,  but  a  poifon  to 
On  Air,  plants*.  Mr  Henry  of  Manchefttr  was  led,  in  1784, 
100.  probably  by  the  contrariety  of  thefe  refults,  to  examine 

the  fubjeft.  His  experiments,  which  were  publiflied 
in  the  Manchefter  Tranfatlioiis  f ,  pevfeftly  coincided 
with  thofe  of  Dr  Percival.  For  he  found,  that  carbo- 
nic acid  gas,  fo  far  from  killing  plants,  conftantly  pro- 
moted their  growth  and  vigour.  Meanwhile  Mr  Seae- 
bier  was  occupied  at  Geneva  with  the  fame  fubjeft  ; 
and  he  publiflied  the  refult  of  his  refearches  in  his  Me- 
moires  Pbyfico-chymique  about  the  year  178  \  His  ex- 
periments fliewed,  in  the  cleareft  manner,  that  carbonic 
acid  gas  is  ufed  by  plants  as  food.  The  fame  thing 
was  fupported  by  Ingenhoufz  in  his  fecond  volume. 
The  experiments  of  Sauflure  the  Son,  publiflied  in 
I  797,  have  at  laft  put  the  fubjedl  beyond  the  reach  of 
difpute.  From  a  careful  comparifon  of  the  experiments 
of  thefe  philofophers,  it  will  not  be  difficult  for  us  to 
difcover  the  various  phenomena,  and  to  reconcile  all  the 
feeming  contradldlions  which  occur  in  them.  The  fails 
are  as  follows  : 

Mr  Sauflure  has  fliewn,  that  plants  will  not  vegetate 
when  totally  deprived  of  carbonic  acid  gas.  They  ve- 
getate indeed  well  enough  in  air  which  has  been  pre- 
vioufly  deprived  of  carbonic  acid  gas  ;  but  when  a 
quantity  of  lime  was  put  into  the  glafs  vefTel  which  con- 
tained them,  they  no  longer  continued  to  grow,  and 
the  leaves  in  a  few  days  fell  off  J;.  The  air,  when  exa- 
mined,  was  found  to  contain  no  carbonic  acid  gas.  The 
reafon  of  this  phenomenon  is,  that  plants  (as  we  fliall  fee 
afterwards)  have  the  power  of  forming  and  giving  out 
carbonic  acid  in  certain  circumftances  ;  and  this  quan- 
tity is  fufficient  to  continue  their  vegetation  for  a  cer- 
tain time.  But  if  this  new  formed  gas  be  alfo  with- 
drawn, by  quicklime,  for  inftance,  which  abforbs  it  the 
inftant  it  appears,  the  leaves  droop,  and  refufe  to  per- 
form their  funflions.  Carbonic  acid  gas,  then,  applied 
i^-j  to  the  leaves  of  plants,  is  cJfenUal  to  vegetation. 
Deconipore  Dr  Prieftley,  to  whom  we  are  indebted  for  many  of 
It,  and  e-  the  moil  important  fafts  relative  to  vegetation,  obfer- 
ved,  in  the  year  1778,  that  plants,  in  certain  circum- 
ftances, emitted  oxygen  gas  ||  ;  and  Ingenhoufz  very 
foon  after  difcovered  that  this  gas  is  emitted  by  the 
hwues  of  plants,  and  only  when  they  are  expofed  to  the 
bright  light  of  day.  His  method  was  to  plunge  the 
leaves  of  different  plants  into  vefflls  full  of  water,  and 
then  expofe  them  to  the  fun,  as  Bonnet,  who  had  ob- 
ferved  the  fame  phenomenon,  though  he  had  given  a 
wrong  explanation  of  it,  had  done  before  him.  Bub- 
bles of  oxygen  gas  very  foon  detached  themfelves  from 
the  leaves,  and  were  colleiled  in  an  inverted  glafs  vef- 
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fel  *.     He  obferved,  too,  that  it  was  not  a  matter  of    Vcgeta- 
indlffercnce  what  kind  of  water  was  ufed.      If  the  wa-       """• 
ter,   for   inftance,  had  been  previoufly  boiled,  little  or  Tr    ^.;,  ./■_ 
no  oxygen  gas  elcapea  trora  the  leaves  ;   river  water  ar-j,,  rrgci. 
forded  but   little  gas;  but   pump  water  was   the  nioft  i.  ij-^c. 
produdlive  of  all  f .  |  ii,iii  S3. 

Senebier  proved,  that  if  the  water  be  previoufly  de- 
prived of  all  its  air  by  boiling,  the  leaves  do  not  emit  a 
particle  of  air  ;  that  thofe  kinds  of  water  which  yield 
nioft  air,  contain  in  them  the  greateft  quantity  of  car- 
bonic acid  gas  ;  that  leaves  do  not  yield  any  oxygen 
when  plunged  in  water  totally  deftitule  of  carbonic  acid 
gas  ;  that  they  emit  it  abundantly  when  the  water,  ren- 
dered unprodudlive  by  boiling,  is  impregnated  with  car- 
bonic acid  gas ;  that  the  quantity  of  oxygen  emitted, 
and  even  its  purity,  is  proportional  to  the  quantity  of 
carbonic  acid  gas  which  the  water  contains  ;  that  water 
impregnated  with  carbonic  acid  gas  gradually  lofes  the 
property  of  affording  oxygen  gas  with  leaves  ;  and  that 
whenever  this  happens,  all  the  carbonic  acid  gas  has  dif- 
appeared  ;  and  on  adding  more  carbonic  acid  gas  the 
property  is  renewed  ^.  Thefe  experiments  prove,  in  a  f  Ens.  Mt- 
moft  fatisfaftory  manner,  that  the  oxygen  gas  which '^"''- ^''^Z 
the  leaves  of  plants  emit  depends  upon  the  prefence  of  •^"' ' 
carbonic  acid  gas;  that  the  leaves  abforb  carbonic  acid 
gas,  decompofe  it,  give  out  the  oxygen,  and  retain  the 
carbon.  ,^j 

We  now  fee   why  plants  will  not  vegetate  without  But  during 
carbonic  acid  gas.     They  abforb  it  and  decompofe  it  \^^  ''^V  ""' 
but  this  procefs  goes  on  only  when  the  plants  are  ex-  ^' 
pofed  to   the  light   of  day.      Therefore  we  may  con- 
clude, that  the  abforption  and  decompofition  of  carbo- 
nic  acid  gas  is  confined  to  the  day,  and  that  light  is  aa 
eflfential  agent  in  the  decompofition.      Pro'iably  it  is  by 
its  agency,  or  by  its  entering  into  combination  with  the 
oxygen,  that  this  fubftance  is  enabled  to  afl'ume  the  ga- 
feous  form,  and  to  feparate  from  the  carbon. 

If  we  reafon  from  analogy,  we  fliall  conclude,  that 
during  this  procefs  a  quantity  of  caloric  is  neceflary  ; 
and  that  therefore  no  increafe  of  temperature  takes 
place,  but  rather  the  contrary.  This  may  be  one  rea- 
fon why  the   operation   takes   place   only   during  the 

day-  ^ 

It  is  extremely  probable  that  plants  by  this  procefs  ,„  ,]^;,  ,^ 
acquire   the  grealelt  jiart  of  the    carbonaceous  matter plam,  may 
which  they  contain  ;   for  if  we  compare  the  quantity  ofac4iiire 
carbon   contiined  in    plants    vegetating    in   the    dark,'""'^'* '^*'''' 
where   this   procefs  cannot  go  on,   with   the   quantity   °°' 
which  thole  plants  contain  which  vegetate   in  the  ufual 
manner,  we  Ihall  perceive  a  very  confpicuous  difference. 
Chaptal  found  that  a  byflus,   which  was  vegetating  j.^ 
the  dark,  contained  only  -^-^  of  its  weight  of  carbona- 
ceous matter  ;  but  the  fame  plant,  after  beijig  made  to 
vegetate  in  the  light  for  30  days,  contained  ^^tli  of  its 
weight  of  carbonaceous  matter*,      Haffcnfratz  afcer- ,  w-. 
tained,  that  plants  growing  in  the  dark  contain  much />ar.  i^'sO. 
more  water,  and  much  lefs  carbon  and  hydrogen,  than 
plants   growing  in  tiie  light.      Senebier   analyfcd  both 
with   the   fame    refult.       Plants  growing  in   the  dark 
yielded  lefs  hydrogen  gas  and  oil  :  their  refinous  matter 
was  to  that  of  plants  growing  in   the  light  as  2  to  c,c, 
and  their  moiilure  as  13  to  6;  they  contain  even  one-half 
lefs  of  fixed  matters. 

It  is  evident,  ho^erer,  that  this  abforption  and  de- 
compofition of  carbonic  acid  gas  docs  not  depend  upon 
4  B  2  the 
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tlie  liglit  alone.  The  nature  of  the  fap  has  alfo  it's  in- 
,  fltienoe  ;  for  Haffcnfratz'  found,  that  the  quantity  of 
carbon  did  not  increafc  when  plants  vegetated  in  pure 
water.  Here  the  lap  feems  to  have  vvanttd  that  part 
which  combines  wiili  and  retains  tlie  carbon ;  and 
which  therefore  is  by  far  tlie  moll  important  part  of 
the  food  of  plants.  Upon  the  difcovery  and  mode  of 
applying  this  fubllance,  whatever  it  is,  t)ie  improve- 
ments in  agriculture  mull  in  a  great  mealure  depend. 

If  we  conlider  the  difference  in  the  proportion  of 
carbonaceous  matter  in  plants  vegetating  in  the  dark 
and  in  the  ufual  manner,  we  can  fcarcely  avoid  conclu- 
ding that  the  quantity  of  carbonic  acid  gas  abi'orbed  by 
plants  is  confiderp.ble.  To  form  an  ellimate  of  it,  would 
require  a  fet  of  experiments  performed  in  a  very  diffe- 
rent manner  from  any  hitherto  made.  The  ftems  and 
branches  of  plants  vegetating  in  a  rich  foil  lliould  be 
confined  within  a  large  glafs  globe,  the'infide  of  which 
ought  to  have  no  communication  with  the  external  air. 
A  very  fmall  ftreani  of  carbonic  acid  gas  (hould  be 
made  occafinnally  to  fliiw  into  this  globe,  fo  as  to  fup- 
ply  the  quantity  that  may  appear  neceffary  ;  and  there 
fhould  be  a  contrivance  to  carry  off  and  examine  the  air 
within  the  globe  when  it  increafes  beyond  a  certain 
quantity.  Experiments  conduced  in  this  manner  would 
probably  throw  a  great  deal  of  light  upon  this  part  of 
vegetation,  and  enable  us  to  calculate  the  quantity  of 
carbonic  acid  decompofed,  and  the  quantity  of  oxygen 
emitted  by  plants  ;  to  compare  thefe  with  the  walte  of 
oxygen  by  the  reipiration  of  animals  and  ccmbiillion, 
and  to  fee  whether  or  not  they  balance  each  other. 

Senebier  has  afcertained,  that  the  decompofition  of 
the  carbonic  acid  takes  place  in  the  parenchyma.  He 
found,  that  the  epidermis  of  a  leaf  would,  when  fepara- 
ted,  give  out  no  air,  neither  would  the  nerves  in  the 
fame  circumllances  j  but  upon  trying  the  parenchyma, 
thus  feparated  from  its  epidermis  and  part  of  its  nerves, 
it  continued  to  give  out  oxygen  as  before  f .  He  re- 
marked alfo,  that  every  thing  elfe  being  equal,  the 
quantity  of  oxygen  emitted,  and  confequently  of  car- 
bonic acid  decompofed,  is  proportional  to  the  thicknefs 
of  the  leaf;  and  this  thicknels  depends  upon  the  (Quan- 
tity of  parenchyma. 

That  the  decompofition  is  performed  by  peculiar  or- 
gans, is  evident  from  an  experiment  of  Ingenhoufz. 
L.caves  cut  into  fmall  pieces  continued  to  give  out  oxy- 
gen as  before  ;  but  leaves  pounded  in  a  mortar  loft  the 
property  entire!)".  In  the  fii  ft  Hate,  the  peculiar  ftruc- 
ture  rerralned  ;  in  the  other,  it  was  deftroyed.  Certain 
experiments  of  Count  Rumford,  indeed,  are  totally  in- 
Compatible  with  this  conclufion  ;  and  they  will  natu- 
rally occur  to  the  reader  as  an  unfurmountable  objec- 
tion. He  found,  that  dried  leaves,  black  poplar,  fibres 
of  raw  Clk,  and  even  glafs,  when  plunged  into  water, 
gave  out  oxygen  gas  by  the  light  of  the  fun.  But 
when  Senebier  repeated  thefe  experiments,  not  one 
of  them  would  fucceed  :t  ;  and  we  have  attempted 
them  with  the  fame  bad  fuccefs.  The  Count  muft 
have  been  milled  by  fomething  which  he  has  not  men- 
tioned. 

Thus  we  have  feen,  that  when  the  fap  arrives  at  the 
leaves,  great^  part  Is  thrown  off  by  evaporation,  and 
that  the  nature  i^l  the  remainder  is  confiderably  altered 
by  the  addition  of  a  quantity  of  carbon  :  but  thefe  are 
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This  was  ren- ,    '■''    . 
Leaves  ab« 


by  no  means  all  the  alterations  produced  upon  the  fap    Vegeta. 
ill  the  leaves.  tion. 


2  I.  Plants  will  not  vegetate  unlefs  atmofpheric  air  or 
oxygen  gas  have  accefs  to  their  leaves       ~ 
dered  probable  by  thofc  philofophers  who,  about  theforb  oiy- 
end  of  the  17th  century,   turned  their  attention  parti-gen, 
cularly  towards  the  phvlic.d  properties  (jf  the  air  :   But 
Mr   Ingenhoulz   was   perhaps  the   firlt  of  the  modern 
chemiits  who  put   it  beyond  doubt.      He    found  that 
carbonic  acid  gas,  azot,  and  hydrogen  gas,  deftroyed 
plants  altogether,   unlefs  they  were   mixed  with  atmo- 
ipheric  air  or  oxygen  gas.      He  found  alfo,  that  plants 
grew  very  well  in  oxygen  gas  and  in  atmofpheric  air  *.  * Tugrrbnuf-f 
Thefe  experiments  are  fufficient  to  Ihew,  that  oxygen'  •  I^IO™- 
gas   is  neceffary  to  vegetation.     The  leaves  of  plants 
Icem  to  abforb  it ;  and  moft  probably  this  aLRirpiion 
takes  place  only  in  the  night.     We  know,  at  leaft,  that 
in   germination   light  is  injurious  to  the  abforption  of 
oxygen  gas  ;  and  therefore  it  Is  probable  that  this  h  the 
cafe  alfo  in  vegetation.  j^j 

2i.  The  leaves  of  plants  not  oiily  abforb  carbonic -^nd  water, 
acid  gas  and  oxygen  gas,  but  water  alfo.  This  had 
been  lufpedled  in  all  ages  :  the  great  effeft  which  dew, 
flight  Ihowers,  and  even  wetting  the  leaves  of  plants, 
have  in  recruiting  their  Itrength,  and  making  thim  ve- 
getate with  vigour,  are  fo  many  proofs  that  the  leaves 
imbibe  moillurc  from  the  atmofphere.  Hales  rendered 
this  (1111  more  probable,  by  obferving,  that  plants  in- 
creafe  confiderably  in  weight  when  the  atmofphere  is 
moift  ;  and  Mr  Bonnet  put  the  matter  bevoinl  doubt 
in  his  Refcanbes  concerning  the  Ufe  of  the  Leaves.  He 
(hewed,  that  leaves  continue  to  live  for  weeks  when  one 
of  their  furfaces  is  applied  to  water  ;  and  that  they  not 
only  vegetate  themfelves,  but  even  imbibe  enough  of 
water  to  lupport  the  vegetation  of  a  whole  braIlch^  and 
the  leaves  belonging  to  it.  '  He  difpovered  alio,  that 
the  two  furfaces  of  leaves  differ  very  confiderably  in 
their  power  of  imbibing  moillure  ;  that  in  trees'  and 
fhrubs,  the  under  furface  poffeffes  almoll  the  whole  of 
the  property,  while  the  contrary  holds  in  many  of  the 
other  plants  ;  the  kidney  bean  for  inllance. 

Thefe  fafrls  prove,  not  only  that  the  leaves  of  plants 
have  the  power  of  abforbing  moifture,  but  alfo  that  the 
abforption  is  performed  by  very  difl'erent  ofgaiis  from 
thole  which  emit  moifture  ;  for  thefe' organs  lie  on  dif- 
ferent fides  of  the  leaf.  If  we  confider  that  it  Is  only 
during  the  night  that  the  leaves  of  plants  are  moiftened 
with  dew,  we  can  fcarcely  avoid  concluding,  that,  ex- 
cept in  particular  cafes,  it  is  during  the  night  that 
plants  imbibe  almoft  all  the  moifture  which  they  do 
imbibe.  153 

23.  During  the  night  the  leaves  of  plants  emit  car-A"d«mit 
bonic  acid  gas.      This  faft  was  firft  demonftrated  by ^^[^""^'^"^ 
Mr  Ingenhoufz  ■)-,  and  it  has  been  fince  confirmed  by 
every  philofopher  who  has  attended  to  the  fubjcft.         f    "   .'•f'* 

Thus  we  have  feen  that  the  leaves  of  plarrts  perform   .  and'iu 
very  different  operations  at  different  times.    During  thepafEm, 
day  they  are  giving  out   moifture,  abforbing  carbonic 
acid  gas,  and  emitting  oxygen  gas  ;   during  the  night, 
on  the  contrary,  they  are  abforbing  moifture,  giving  out 
carbonic  acid  gas,  and  abforbing  oxygen  gas. 

The  emiffion  of  the  carbonic  acid  gas  feems  to  be 
the  confequence  of  the  decompofition  of  water  ;  either 
of  the  water  which  is  already  contained  in  the  fap,  or 
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^repcta-    of  that  \Thich  the  leaves  imbibe  during  the  night  ;  but 
tion.      whicli  of  the  two,  it  is  itnpaflible  to  determine,  nor  is  it 
—  »   "    ■  of  much  confeqiience.     Wc  may  conclude  tii.U  thi*  is 
the  cafe,  bccnme  it  takes  place  liuring  the  germination 
-      of  the  feed,  where  all  the  circumllantcs  feem  to  be  pcr- 
fedlv  analogous.     The  water  is  decompi.led,   its  oxy- 
gen  i.^  combined  with  part  of  tlie  carbon  which   had 
been  abforbed  during  the  day,  and  the  hydrogen  enters 
into   new   conibinatioDs  in  the   fap.      It   appears,   alio, 
that  this  deconipofitlon  of  water  depends  in  a   good 
iTieafure  upon  the  quantity  of  oxygen  gas  abforbed  ;  tor 
Dr  Ingenhoufz  found,  that  when  plants  are  confined 
in  oxygen  gas,  they  emit  more  carbonic  acid  gas  than 
Tagiiih:i/z,y)f]\f.)t  they  are  confined  in  common  air  f. 

To  defcribe   in  what   manner  thefe    dccompolitions 
take  place,  is  impofTible  ;  bccaule  we  neither  know  pre- 
cifely  tl'.e  fiibllances  into  which  the  fap  has  been  con- 
verted by  the  operations  performed  during  the  day,  nor 
the  new  fubllances   formed   by  the  operations   of  the 
night.     We  only  fee  the  elenieiitary  fubllances  v/hich 
are   added    and   i'libt railed;    vilHch   is  far   from  being 
fufficient  to  give  us  prccife  notions  concerning  the  che- 
mical changes  and  the  affinities  by  which  tiieie  changes 
are  produced.     We  have  reaf  jn,  however,  to  conclude, 
that  during  the  day  the  carbon  of  the  fap  is  incrcafed, 
and  tlsat  during   the  night  the  hydrogen  and  oxygen 
are  r.icreafed  ;   but  the  precife   new  fubllances  lormed 
are  unknown  to  us.     Nor  let  any  one  iuppole  tiuit  the 
incre.'.fe  of  the  hydrogen,  aiid  of  the  oxygen  of  the  fap, 
is  the  fame  thing  as  the  addition  of  a  quantity  of  water. 
Far  from  it.    The  fubllances  into  which  the  lap  is  con- 
verted have  been  enumerated  in  the  lall  chapter  ;  al- 
rr.oii  all  of  them  confill  chiefly  of  carbon,  hydrogen, 
and  ox)-gen,  and  yet  none  of  them  has  the  fniallefl  re- 
fimblance  to  water.      In  water,  oxygen  and   hydrogen 
are  already  combined  together  in  a  certain  pioportion  ; 
arid  this  com'blnatlon  naitl  be  broken   before  thefe  ele- 
mentary bod'Vs  can   enter  into  thofe  triple  compounds 
with  carbon,  of  which   a  great  part  ckt  the  vegetable 
products  conii'l.     We  have  not  the  fmailcil  conception 
of  the  manner  in  which  theie  triple  conibinntionj  are 
formed,  and  as  little  of  the  manner  in  which  the  bo- 
dies which  compcfe  vegetable   fubllances  are  combined 
together.  The  combination  may,  for  any  thing  we  know 
to  the  contrary,  be  very  complicated,  though  it  conlilU 
only  of  three  ingredients;  and  analogy  leads  us  to  fup- 
pofe,  that  it  actually  is  very  complicated  :  for  in  chemi- 
ftry  it  may  be  conlidercd  as  a  truth,  to  which  at  prefent 
few  or  no  exceptions  are  known,  that  bodies  are  decom- 
pofed  with  a  facility  inverfely  as  the  fimplicity  of  their 
compofition  ;  that  is  to  fay,   that  thofe  bodies  which 
confrft  of  the  fewell  ingredients  are  mod  difhciiltly  de- 
cnmpoicd,  and  that  thofe  which  are  formed  of  many  in- 
gredients are  decompofed  with  the  greatcll  facility. 

Neither  let  any  one  Iuppole,  that  the  ablorption  of 
carbonic  acid  gas,  during  the  day,  is  balanced  by  the 
quantity  emitted  during  the  night,  and  that  therefore 
there  is  no  increafe  ot  carbon  :  for  Ingenhoufz  has 
/hewn,  that  the  quantity  of  oxygen  gas  emitted  during 
the  day  is  much  greater  than  the  carbonic  acid  gas  e- 
Tnitted  during  the  night  ;  and  that  in  favourable  tircum- 
ftances,  the  quantity  of  oxygen  gas  in  the  air  furround- 
ing  plants  is  very  much  increafed,  and  the  carbonic 
acid  gas  diminifhed  ;  fo  much  fo,  that  both  Dr  Piieft- 
ley  and  Dr  Ingenhoufz  found,  that  air  which  had  been 
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fpoiled  by  a  lighted  candle,  or  by  animals,  was  render- 
ed as  good  as  ever  by  plants.  Now  we  know,  that 
combnilion  and  refpiration  diminiih  the  oxygen  gas,  ''"" 
and  add  carbonic  acid  gas  to  air;  therefore  vegetation, 
which  rtllores  the  purity  of  air  altered -by  thefe  pro- 
celfes,  muil  increafe  the  oxygen,  and  din.lnilh  the  car- 
bonic acid  gas  of  that  air;  conlequently  the  tpiantity 
of  carbonic  acid  giis  abforbed  by  plants  during  the  day- 
is  greater  than  the  quantity  emilttd  by  them  during 
the  night,  and  of  courfe  the  carbon  of  the  fap  is  in- 
creafed in  the  leaves. 

It  is  true,  that  when  plants  are  made  to  vegetate  for 
a  number  of  days  in  a  given  quantity  of  air,  it.s  ingre- 
dients are  not  iound  to  be  altered.  Thus  Haflenfratz 
afeertained,  that  the  air  in  which  young  chefnuts  vege- 
tated ior  a  number  of  days  together,  was  not  altered  in 
its  properties,  whether  the  chefnuts  were  vegetating  in 
water  or  in  earth*.  And  Saufl'ure  the  Yoimger  pro- •  y?„„.  oV 
ved,  that  pcafe  growing  for  ten  days  in  water  did  not  W/w.  xiii 
alter  the  furrounding  air  f .      But  this  is  precifcly  what   ^'• 
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For  if  plants  only  emit  oxygen  gas,   by  abforbing  and 
decompoling  carbonic  acid  gas,  it  is  evident,  that  unlefs 
carbonic  acid  gas  be  prefent,  they  can  emit  no  oxygen 
gas  ;  and  whenever  they  have  decompofed  all  the  car- 
bonic  acid  gas  contained  in  a  given  quantity  of  air,  we 
have  no  longer  any  reafon  to  look  for  their  emitting 
any  more  oxygen  gas ;  and  if  the  quantity  of  carbonic 
acid  gas  emitted  during  the  night  be  fmaller  than  that 
abiorbed  during  the  day,  it  is  evident,  that  during  the 
day   the  plant   wili   conllantly  decompofe  all  the  acid 
which  had  been  formed  during  the  night.     By  thefe 
proccfi'es,   the  mutual  changes  of  day  and  night  com- 
peniatc    each    other  ;     and    they    arc   prevented    from 
inure  than  compenfating  each  other  by  the  forced  ftate 
of   the   plant.      It   is  probable,    tliat   when    only   part 
of  a  plant  is  made  to  vegetate  in  this  forced  ilate,  fome 
(aibonaied  Jap  (if  we  may  be  allowed  the  exprefiion)  is 
iupplied  by  the  reil  of  the  plaj.t  ;  and  that  therefore 
the   quantity  of  carbonic  acid  gas  emitted  during  the 
night   may  bear  a  nearer  proportion  to  that  emitud  in 
a  itate  of  nature,  than  that  of  the  abfoqnion  of  fixed 
air  can    poffibly  do.     And  probably,    even   when  the 
whole  plant  is  thus  confined,  the  nightly  proccls  goes 
on   for  a  certain  time  at  the  expence  of  the  carbon  al- 
ready in  the  fap;  for  Hali'cnfratz  found,  that  in  thefe 
cales  the  quantity  of  carbon  in  the  plant,  after  it  had 
vegetated  tor  fome  time  in  the  dark,  was  lefs  than  it  had 
been   v;hen   it  began  to  vegetate*.     This  is  the  rea-*-^*-* 
fon  that  pL.hts   growing  in  the  dark,   when  confined,  ^'^o'"''"'*' 
abforb  all  the  oxygen  gas,  and  emit  an  equal  quantity 
of  carbonic  acid  gas:   and  whenever  this  has  happened, 
they  die;   becaule   then  neither  the  daily   nor   nightly 
procefles  can  go  on. 

24.  Ceitain  changes  are  alio  produced  on  the  fap  in 
the  leaves  by  the  adion  of  light;  and  thefe  changes 
feem  to  be  in  lome  meafure  independent,  or  at  leaft 
diflerent  from  the  ablorption  and  deconijiofition  of  car- 
bonic acid  gas,  in  whicli  light,  as  we  hjve  feen,  acts  an 
important  part.  1,- 

The  green  colour  of  plants  is  owing  entirely  to  their  Green  co- 
vegetating  in  the  light;   for  whe.n  they  vegetate  in  the''"''^°f 
dark  they  are  white  ;  and  when  expofed  to  the  I'ght,  j ''^","j  F^"' 
they  acquire  a  green  colour  in  a  very  fliort  time,  iniighi, 

what' 
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Vtgeta  wluitfoever  fituation  they  are  placed,  even  though  plun- 
gcd  in  water,  provided  always  that  oxygen  be  prcient ; 
for  Mr  Gougii  has  fliewn,  that  light  without  oxygen 
lias  not  the  power  of  producing  the  green  colour  *. 
In  what  manner  this  change  is  operated,  cannot,  in  the 
prelent  limited  Hale  of  our  knowledge,  be  afcertained. 
We  know  too  little  about  the  properties  of  light  to  be 
able  even  to  conjecture  with  any  plaalibility.  We  know 
indeed,  that  part  of  the  light  is  abforbed  by  green 
plants  ;  but  this  will  not  account  for  the  phenomenon. 
When  dilated,  it  amounts  to  no  more  than  this,  that 
plants  which  have  grown  in  the  dark  refleft  all  the  rays 
of  light  ;  while  thole  which  vegetate  in  the  light  re- 
flctt  the  green  and  abforb  the  others.  The  very  men. 
tiun  of  this  phenomenon  is  enough  to  fhew  us,  that  we 
have  not  advanced  tar  enough  to  be  able  to  explain  it. 

Etiolated  (  e  )  plants  want  toniething,  or  poflefs  fome- 
thing  peculiar  ;  and  it  is  on  this  fomething  that  the  phe- 
nomenon depends.  But  what  is  this  fomething?  Tlie 
fudden  appearance  of  the  green  colour  is  rather  againll 
the  iuppofition,  that  it  is  owing  to  any  fpecific  change 
in  the  qualities  of  the  fap. 

Senebier  has  oblerved,  that  v.'hen  plants  are  made  to 
vegetate  in  the  daik,  their  etiolation  is  much  diraini(hed 
by  mixing  a  little  hydrogen  gas  with  the  air   that    fur- 
•  £nc.  ilfe- rounds    them*.     Ingenhoufz   had  already    remarked, 
'7/    ,  that   when  a  little  hydrogen   gas  is  added  to  the  air  in 

.  .  ,'  which  plants  vegetate,  even  in  the  light,  it  renders  their 
Ciii^.xii,  verdure  deeper  f  :  and  he  feems  to  think  alfo,  that  he 
.j7.  has  proved  by  experiments,  that  plants  abforb  hydrogen 

?  UiJ.  61.  gas  in  thefe  eircumftances  J.  Mr  Humbolt  has  obferved 
that  the  poa  annua  and  comprelTn,  plantago  lanceolata, 
trifolium  arvenfe,  cheiranthus  cheiri,  lichen  verticillatus, 
and  fevcral  other  plants  which  grow  in  the  galleries  of 
mines,  retain  their  green  colour  even  in  the  dark,  and 
that  in  thele  cafes  the  air  around  them  contains  a  quan- 
tity of  hydrogen  gas.  Thele  fads  are  fufficient  to 
fliew  that  there  is  fome  connection  between  the  green 
colour  of  plants  and  the  aClion  of  hydrogen  gas  on 
them;  but  what  that  connedion  is,  it  is  impoffible  at 
prefent  to  fay. 

25.  By  thefe  different  changes  which  go  on  in  the 
leaves,  the  nature  of  the  fap  is  altogether  changed.  It 
is  row  converted  into  what  is  called  the  peculiar  juice, 
and  is  fit  for  being  affimilated  to  the  different  parts  of 
the  plant,  and  for  being  employed  in  the  formation  of 
thofe  fecretions  which  are  neceffary  for  the  purpofes  of 
the  vegetable  economy. 

The  leaves,  therefore,  may  be  confidered  as  the  di- 
gefting  organs  of  plants,  and  as  equivalent  in  fome  mea- 
fure  to  the  iloniach  and  lungs  of  animals.  The  leaves 
confequently  are  not  mere  ornaments  ;  they  are  the  moft 
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important  parts  of  the  plant.  Accordingly  we  find,  Vcgeta. 
that  whenever  we  ftrip  a  plant  of  its  leaves,  we  ftrip  it  ''on. 
entirely  of  its  vegetating  powers  till  new  leaves  are '~~V~~^ 
formed.  It  is  weU  known,  that  when  the  leaves  of 
phmts  are  dcflroyed  by  in  lefts  they  vegetate  no  longer, 
and  that  their  fruit  never  make  any  farther  progrefs  io 
ripening,  but  decays  and  dries  up.  Even  in  germina- 
tion no  progrefs  is  made  in  the  growth  of  the  ftem  till 
the  feed  leaves  appear.  As  much  food  indeed  is  laid  up 
in  .the  cotyledons  as  advances  the  plant  to  a  certain 
(late,  the  root  is  prepared,  and  made  ready  to  perform 
its  funftions ;  but  the  fap  which  it  imbibes  mufl  be 
firft  carried  to  the  feed  leaves,  and  digefted  there,  be- 
fore it  be  proper  for  forming  the  plumula  into  a  Hem. 
Accordingly  it  the  feed  leaves  are  cut  off,  the  plant  re- 
fufes  to  vegetate.  j.. 

It  will  be  very   natural  to  afl<.   If  this  be  true,  how  How  ttiey 
come  the  leaves  themfelves  to  be  produced  ?  Even  if  no  ^'e  ptodu- 
anfwer  could  be  given  to  this  queflion,  it  could  not  over-"*^" 
turn  a  Imgle  fad  which  has   been  formerly  mentioned, 
nor  affcd  a   fingle  conclufion  as  far  as  it  has  been  fair- 
ly  deduced  from  thefe  fads.     We  know  that  the  leaves 
exift  long  before  they  appear  ;  they  have  been  traced 
even  five  years  back.     They  are  completely  formed  in 
the  bud,  and  fairly  rolled  up  for  evolution,  many  months 
before  that  fpring  in   which  they  expand.     We  know, 
too,  that  if  we  take  a  bud,  and  plant  it  properly,  it 
vegetates,  forms  to  itfelf  a  root,  and  becomes  a  com- 
plete plant.   It  will  not  be  faid,  furely,  that  in  this  cafe 
the  bud  imbibes  nourifliment  from  the    earth ;  for  it 
has  to  form  a  root  before  it  can  obtain  nourilhinent  m 
that  manner ;  and  this  root  cannot   be  formed  without 
nourifhment.      Is  not  this  a  demonftration  that  the  bud 
contains,  already  laid  up  in  itfelf,  a  futEcient  quantity 
of  nourifliment,  not  only  to  develope  its   own   organs, 
but  alio  to  form  new  ones.     This  we  conllder  as  a  fuf- 
ficient anfwer  to  the  objcdion.  During  the  fummcr,  the 
plant  lays  up  a  fufficient  quantity  of  nourifhment  in  each 
bud,  and  this  nourifliment  is  afterwards  employed  in  de- 
veloping the  leaves.     This  is  the  reafon  that  the  leaves 
make  their  appearance,  and  that  they  grow  during  the 
winter,  when  the  plant  is  deprived  of  its  organs  of  di- 
geftion. 

Hence  we  fee  why  the  branch  of  a  vine,  if  it  be  in- 
troduced into  a  hothoufe  during  the  winter,  puts  forth 
leaves  and  vegetates  with  vigour,  while  every  other  part 
of  the  plant  gives  no  figns  of  life.  Hence  alfo  the  rea- 
fon that  the  inoculation  of  plants  fucceeds  (f). 

If  a  tree  be  deprived  of  its  leaves,  new  Icavts  make 
their  appearance,  becaufe  they  are  already  prepared  for 
that  pu.pofe  :  but  what  would  be  the  coniequeiice  if  a 
tree  were  deprived  of  its  leaves  and  of  all  its  buds  for 
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(e)  Plants  of  a  white  colour,  from  vegetating  in  the  dark,  are  called  etiolated,  from  a  French  word  which 
fignifies  ajlar,  as  if  they  grew  hyjlar  light, 

(f)  Hence  alfo  the  caufe  of  another  well  known  phenomenon.  The  fap  flows  out  of  trees  very  readily  in  fpring 
before  the  leaves  appear,  but  after  that  the  bleeding  ceafes  altogether.  It  is  evident  that  there  can  be  icarccly  any 
circulation  of  fap  before  the  leaves  appear  ;  for  as  there  is  no  outlet,  when  the  veffels  are  once  full,  they  can  ad- 
mit no  more.  It  appears,  however,  from  the  bleeding,  that  the  roots  are  capable  of  imbibing,  and  the  veffels 
of  circulating  the  fap  with  vigour.  Accordingly,  whenever  there  is  an  outlet,  they  perform  their  funClions  as 
ufual,  and  the  tree  bleeds  ;  that  is,  they  fend  up  a  quantity  of  fap  to  be  digefted  as  ufual :  but  as  there  are  no 
digclling  organs,  it  flows  out,  and  the  tree  receives  no  injury,  becaufe  the  fap  that  flows  out  would  not  have  been 
imbibed  at  all,  had  it  not  been  for  the  artificial  opening.  But  when  the  digeflive  organs  appear,  the  tree  will 
Jiot  bleed  J  becaufe  thefe  organs  require  all  the  fap,  and  it  is  conllantly  flowing  to  them. 


:hap.  IT. 

Vcgcta-  five  years  back  .'  That  plants  do  not  vegetate  without 
fion.  leaves,  is  evident  from  an  experiment  of  Duliamel.  He 
—  »  itript  the  bark  off  a  tree  in  ringlets  fo  as  to  leave  five 
or  fix  rings  of  it  at  fome  diftance  from  eacii  other,  with 
no  bark  in  the  intervals.  Some  ot  thefe  rings  had  buds 
and  leaves  ;  thefe  increafed  cunliderably  in  lize  ;  but  one 
rinj  which  had  none  of  tliefe  remained  for  years  unal- 
tercd. 

26.  The  peculiar  juice  thus  formed  in  the  leaves  is 
carried  bv  velFtls  intended  for  that  ule  to  all  the  parts 
liar  juices.  ^^  j^^^  plant,  in  order  to  be  employed  for  the  purpoles 
of  vegetation  ; — to  increafe  the  wood,  the  bark,  the 
roots  ;  to  prepare  the  feeds,  lay  up  nourifliment  for  the 
buds,  and  to  repair  the  decayed  parts  ot  the  fyllcm,  or 
form  new  ones. 

If  we  had  any  method  of  obtaining  this  peculiar  juice 
in  a  ftate  of  purity,  the  analyfis  of  it  would  throw  a 
great  deal  of  liglit  upon  vegetation  ;  but  this  is  fcarce 
pofTible,  as  we  cannot  extraft  it  without  dividing  at  the 
fame  time  the  vcHcls  which  contain  the  fap.  In  many 
cafes,  however,  the  pecuhar  juice  may  be  known  by  its 
colour  ;  and  then  its  analyfis  may  be  performed  with  an 
approach  towards  accuracy.  The  experiments  made  on 
fuch  juices  have  proved,  as  might  have  been  expeded, 
that  they  differ  very  confiderably  from  each  other,  and 
that  every  plant  has  a  juice  peculiar  to  itfclf.  Hence 
it  follows,  that  the  proceffes  which  go  on  in  the  leaves 
of  plants  muft  differ  at  lead  in  degree,  and  that  we 
iiave  no  right  to  transfer  the  conclufions  deduced  from 
experiments  on  one  fpecies  of  plants  tothofe  of  another 
fpecles.  It  is  even  probable,  that  the  proceffes  in  diffe- 
rent plants  are  not  the  fame  in  kind  ;  for  it  is  not  rea- 
fonable  to  fuppofe,  that  the  phenomena  of  vegetation 
in  an  agaric  or  a  boletus  are  precifely  the  fame  as  thofe 
which  take  place  in  trees  and  in  larger  vegetables,  on 
■which  alone  experiments  have  hitherto  been  made. 

To  attempt  any  general  account  of  the  ingredients 
of  the  peculiar  juice  of  plants,  is  at  prefent  impoffible. 
We  may  conclude,  however,  from  the  experiments  of 
Chaptal,  that  it  contains  the  -vegetable  Jibre  of  wood, 
either  jeady  formed,  or  very  nearly  fo  ;  jull  as  the  blood 
in  animals  contains  a  iubllance  which  bears  a  ftrong  re- 
femhlance  to  the  mufcular  fibres. 

When  oxy-muriatic  acid  was  poured  into  the  pecu- 
liar juice  of  the  euphorbia,  which  in  all  the  fpecies  of 
that  lingular  genus  is  of  a  milky  colour  and  confiilency, 
a  very  copious  white  precipitate  fell  down.  This  pow- 
der, when  wafhed  and  dried,  had  the  appearance  of  fine 
ftarch,  and  was  not  altered  by  keeping.  It  was  neither 
affedted  by  water  nor  alkalies.  Alcohol,  affilled  by 
heat,  diffolved  two  thirds  of  it  ;  which  were  again  pre- 
cipitated by  water,  and  had  all  the  properties  of  relin. 
The  remaining  third  part  poffeffed  the  properties  of  the 
•woody  Jibre.  Mr  Chaptal  tried  the  fame  experiment  on 
the  juices  of  a  great  number  of  other  jilants,  and  he 
conltantly  found  tliat  oxy-muriatic  acid  precipitated 
from  them  luoody Jibre.  The  feeds  of  plants  exhibited 
exaAly  the  fame  phenomenon  ;  and  a  greater  quantity 
of  woody  fibre  was  obtained  from  them  than  from  an 
equal  portion  of  the  juices  of  plants  *.  Thefe  experi- 
ments are  fufficient  to  fhew,  that  the  proper  juices  of 
plants  contain  their  rourifhmcnt  ready  prepared,  nearly 
in  the  ftate  in  which  it  exilts  in  the  feed  for  the  ufe  of 
the  young  emjjryo. 
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The  peculiar  juices  of  plants,  then,  contain  noore  car-    Vcgeta- 
bon,  hydrogen,   and  oxygen   and   lefs   water,  and  pro-       """^ 
bably  hme  alfo,  than  the  fap.     They  are  conveyed  to  '       "~~^ 
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every  part  of  the  plant  ;  and  all  the  fubftanccs  which,  uu' 
we  find  in  plants,  and  even  the  organs  themftlves,  by  '* 
which  they  perform  their  funcli.ms,  ate  formed  from 
them.  But  the  thiekelt  veil  covers  the  whole  of  thefe 
proceffes;  and  fo  far  have  philofophers  hitherto  been 
from  removing  this  veil,  that  they  have  not  even  been 
able  to  approach  it.  All  thefe  operations,  indeed,  are 
evidently  chemical  decompofitions  and  combinations; 
but  we  neither  know  what  thefe  decompofitions  and 
combinations  are,  nor  the  inftruments  in  which  they 
take  place,  nor  the  agents  by  which  they  are  regu- 
lated. 

27.  Such,  .is  far  as  we  are  acquainted  with  them,  „,     "'° 
are  the  changes  produced  by  vegetation.     But  plantsfj'"'^,! 
do  not   continue  to  vegetate  for  ever  ;  fooner  or  later  die. 
they  decay,  and    wither,   and   rot,   and  are  totally  de- 
compofed.     This  change  indeed  does  not  happen  to  all 
plants  at  the  end  of  the  fame  time.    Some  live  only  for 
a  iuigle  feafon,  or  even  for  a  fliorter  period  ;  others  live 
two  feafons,  others  three,  others  a   hundred  or  more  ; 
and  there  are  iome  plants  which   continue  to  veget.Uc 
for  a  thoufand  years.   But  foouer  or  later  they  all  cea'e 
to  live  ;  and  then  thofe  very  chemical  and  mechanical 
powers  which  had  promoted  vegetation  combine  to  de- 
ilroy  the  remains  of  the   plant.     Now,  What  is  the 
caufe  of  this  change?  Why  do  plants  die  ? 

This  queftion  tan  only  be  anfwered  by  examining 
with  fome  care  what  it  is  which  conftitutes  the  fife  of 
plants;  for  it  is  evident,  that  if  we  can  difcovcr  what 
that  is  which  conftitutes  the  hfe  of  a  plant,  it  cannot 
be  difficult  to  difcover  what  conftitutes  its  death. 

Now  the  phenomena  of  vegetable  life  are  in  general       "51 
vegetation.     As  long  as   a  plant  continues  to  vegetate  P'^""""'-  • 
we  fay   that  it  lives  ;  when   it   ceafcs  to  vegetate,  wel'lviiTf' 
ude  that  it  is  dead. 

The  life  of  vegetables,  however,  is  not  fo  intimately 
conneded  with  the  phenomena  of  vegetation  that  they 
cannot  be  feparated.  Many  feeds  may  be  kept  for 
years  v.-ithout  giving  any  fymptom  of  vegetation  ;  yet 
if  they  vegetate  when  put  into  the  earth,  we  fay  that 
they  poffefs  life  :  and  if  we  would  fpeak  accurately,  we 
muft  fay  alfo,  that  they  poffeffed  liie  even  before  they 
were  put  into  the  earth  ;  for  it  would  be  abfurd  to 
iuppofe  that  the  feed  oltinned  \\k  merely  by  being  put 
into  the  earth.  In  like  manner,  many  plants  d'^xay, 
and  give  no  fymptoms  of  vegetation  during  winter  ;  yet 
if  they  vegetate  when  the  mild  temperature  of  fpring 
affeifs  them,  we  confider  them  as  having  lived  all  win- 
ter. The  life  of  plants,  then,  and  the  phenomena  of 
vegetation,  are  not  precifely  the  fame  thing  ;  for  the 
one  may  be  feparated  from  the  other,  and  we  can  even 
fuppofe  the  one  to  exift  without  the  other.  Nay,  what 
is  more,  we  can,  in  many  cafes,  decide,  wiihont  hefita- 
tron,  that  a  vegetable  is  not  dead,  even  when  no  ve^e- 
tation  appears  ;  and  the  proof  which  we  have  for  Its 
life  is,  that  it  remains  unaltered;  for  we  know  that  when 
a  vegetable  is  dead,  it  foon  changes  its  appearance,  and 
falls  into  decay. 

Thus  it  appears  that  the  life  of  a  vegetable  confifts 
in  two  things,  i.  Jn  remaining  unaltered,  when  cir- 
cumftauces  are  unfavourable  to  vegetation  ;  2  In  ex- 

hibitin.? 
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Vcgeti-    hibiting  the  phenomena  of  vegetation  wlien  circumRan- 
"°°'      ces  are  favourable.     When  neitli.'r  oF  theft  two  things 
)iappei)s,  v,c  fay  that  a  vegetable  is  dead. 

The  pl'.eiiomcna  of  vegetation  have  been  enumerated 
above.     They  confilt  in    the  formation  or  expanfion  of 


Part: 


The  cm/Je  of  thefe  phenomena,  v/liatever  it  may  be, 
the  caufe  alfo  of  "jegci^hle  life. 

All  the  fubftances  which  have  been  enumerated  in  the 
firft  part  of  the  article  Chemistrv,  Suppl.  together  with 
their  compounds  and  component  parts,  poiTels  certain 
qualities  in  common  :  in  confequence  of  which,  a  term 
has  been  invented  which  includes  them  all.   This  term  is 


and  which  confcqucntly  is  not  matter.     We  fliall  there-    Vjjreta. 
fore,  till  a  better  name  be  cholcn,  denominate  it  the       ''""• 
vegelall-je pr'ttuiple  (g)^  ^~-v~~ 

The  nature  of  the  -ufgetallve  princlph  can  only  be  de- Nature  (,f 
(iiiced  from  the  phenomena  of  vegetation.      It  evidectlvt!"- vege- 
the  organs  of  the  plant,  in  the  taking  in  of  nouriihi.ient,     follows  a  fixed  plan,  and  its  actions  are  diredted  to  pro'-'^''=  Pf'o 
in  carrying  it  to  the  leaves,  in  digelling  it,  in  diftrlbu-     mote  the  good  oF  the  jilant.     It  has  a  power  over  mat-"''''' 
ting  it  through  the  plant,  in  augmenting  the  bulk  cf  the     ttr,  and  is  cap:tble  of  dirtc'ling  its  attractions  and  rtpul- 
plant,  in  repairing  decayed  parts,   in   forming  new  or-     (Tons,  in  fuch  a  manner  as  to  render  them  the  inftru- 
gans  when  they  are  ntceflary,  in  producing  feeds  capa-      ments  of  the  formation,  and  improvement,  and  prefer- 
ble  of  being  converted  into  plants  iimihr  to  the  parent,     vation  of  the  plant.      It  is   capable  alio  of  generating 

fubftances  endowed  wiiFi  poweis  limilar  to  itfelf.  The 
plan  according  to  which  it  adls,  difplays  the  moft  con- 
iummaie  wifdom  and  forefigh:,  and  a  knowledge  of  th? 
properties  of  matter  inunitely  bevond  what  man  can 
boafl.  .  .     .       i6S 

Metaphyficians  have   thought    proper   to   divide   allWi.fJief 
fubftances  i:  to  two  clalTes,  matter  and  mind.     If  we  fol-""''  ■'"■cd 
matter.     Now  thefe  common  qualities  may  all  ultimate-     low  this  divifion,  the  vegetative  principle,  as  it  is  notT'    ,"^°f' 
ly    be  refolved  into   certain  attraSions  and  repulfions     material,  niuft  undoubtedly  be  ranked  under  mlitd.    But  '"' 
which  thefe  fubftances  exert.      Thefe  qualities  may  be     if  conjcioufnefs  and  inlelligetice  be  confidered  as  efTr. ntial 
faid,  without  any  impropriety,  to  be  effcntial  to  matter  ;     to  mind,  which  is  the  cafe  according  to  their  definition, 
becaufe  every  body  to  which  we  give  the  name  of  mat-     we  cannot   give   the   vegetative  principle   the  name  of 
ter  pofleffes  them;  and  if  any  body  were  to  be  deprived     mind,  becaufe   it  has  not  been  proved   that  it  pulTefies 
of  thefe  qualities,  it  could  no  longer  be  included  under     confcioufnefs  and  intelligence.      It  afls  indeed  accord- 
the    denomination  matter.     In   fhort,  the  word   matter     ing  to  a  fixed  plan,  which  difplays  the  higheil  degree 
comprehends  under  it  certain  qualities  :  every  fubllance     of  intelligence  :   but  this  plan   may  belong,  not  to  the 
which   poffefTes  thefe  qualities   is  called  matter ;  and  no     vegetative  principle  itlclf,  but  to  the  Being  who  form- 
other   fubllance  except  thefe  can   receive  the  name  of     ed  that  principle.     We  can  conceive  it  to  have  been  en- 
matter  without  altering  the  meaning  of  the  word.  dowed  by  the  Author  of  Nature  with  peculiar  powers, 

The  attraftioiis  and  repulfions  of  matter  have  been  which  it  mull  always  exert  according  to  certain  fixed 
sibletn  the  examined  with  care  ;  and  the  changes  which  they  pro-  laws  ;  and  the  phenomena  of  vegetation  may  be  the  re- 
'  °  duce  have  been  afcertained  with  confiderable  accuracy,  fult  of  this  mode  of  acting.  This,  as  far  as  we  can  fee. 
They  have  even  been  reduced  to  general  principles  un-  is  not  impofiible.  It  mull  be  fhewn  to  be  impoffible 
der  the  name  oi  mechanical  and  chemical  laavs.  When-  by  every  perfon  who  widies  to  prove  that  plants  poffefs 
ever  any  change  is  obferved,  if  that  change  be  a  cale  of  confciouincfs  and  intelligence  ;  for  the  proofs  of  this 
a  mechanical  or  chemical  law,  we  fay  th;.'-  the  agent  is  confcioufnefs  can  only  be  deduced  from  the  defigu 
?»fl/^fr;  but  if  the  change  cannot  be  reduced 'inder  thefe  which  the  aflions  of  plants  manifeft.  Thofe  philolo- 
laws,  or  if  it  be  incompatible  with  thefe  laws,  we  nnift  phers  who  have  afcribed  confcioufnefs  and  intelligence 
fay,  unlefs  we  would  pervert  the  meaning  of  words  aJto-  to  plants,  have  founded  their  belief  principally  on  cer- 
gether,  that  the  agent  is  not  matter.  tain  adtions  which  plants  perform  on  the  application  of 

Now  it  cannot  be  difputed  that  feveral  of  the  pheno-  ftimuli.  But  thefe  aftions  prove  nothing  more  than 
mena  of  life  in  vegetables  are  incompatible  with  the  what  cannot  be  denied,  that  there  ex;fls  a  vegetative 
laws  of  mechanics  and  chemiflry.  The  motion  of  the  principle,  which  is  not  material,  and  which  has  certain 
iap,  for  inftance,  mull  be  produced  by  the  eontradlion  properties  in  common  4i.ith  the  living  prmciples  of  ani- 
of  the  veffels  ;  and  the  contradtion  of  vcfiels,  on  the  ap-  mals  ;  btit  whether  or  not  this  vegetative  principle  pof- 
plication  of  ftimuli,  is  incompatible  with  the  laws  of  feftes  confcioufnefs  and  intelligence,  is  a  very  different 
chemiftry,  becaufe  no  decompofition  takes  place  $  and  queftion,  and  muft  be  decided  by  very  different  proofs, 
of  mechanics,  becaufe  a  much  greater  force  is  genera-  We  do  not  fay  that  the  heart  of  an  animal  is  confcious, 
ted  than  the  generating  body  itfelf  poiTefled.  The  evo-  becaufe  it  continues  to  beat  on  the  application  of  pro- 
lution  of  the  organs  of  vegetables,  the  repaiation  of  de-  per  ftimidi  for  fome  time  after  it  has  been  feparatcd 
cayed  organs,  the  formation  of  new  ones  to  fuppiy  tbe     from  the  reft  of  the  body.  ,, 

place  of  the  eld,  the  produftion  of  feeds  capable  of  The  death  of  plants,  if  we  can  judge  from  the  phe-D^jti,  of 
producing  new  plants,  the  conltant  fimilarity  of  indivi-  nomena,  is  owing,  not  to  the  vegetative  principle  lea- plants, 
duals  of  the  fame  fpecics — thtfe,  and  many  other  well  ving  them,  but  to  the  organs  becoming  at  laft  altoge- 
known  phenomena,  cannot  be  reduced  under  mcchani-  ther  unfit  for  performing  their  funftions,  and  incapable 
cal  and  chemical  laws.  The  caufe  of  life,  then,  in  of  being  repaired  by  any  of  the  powers  which  that  prin- 
plants,  is  3  futjlance  ((or  we  can  form  no  conception  Ctplc  puflcfles.  The  changes  which  vegetable  fubftan- 
an  immate  of  an  agent  which  is  not  a  fubftance)  which  does  not  ces  undergo  after  death  come  now  to  be  examined, 
alcaiife.    ad  according  to  the  laws  of  mechanics  and  ci.>?mrfh-y,     They  Hiall  form  the  fubjeft  of  the  enfiiing  chapter. 

Chap. 
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(g)  Phyfiologlfts  have  ufually  given  it  the  name  of  living pirinciple.     We  would  have  adopted  that  name,  if  it 
had  not  been  too  general  for  our  purpofe. 


l67 
Vejretjble 
decompoli. 
tiont, 


Chap.  III.  Vegetable  SU 

Bread.  ChaP.   HI.       Of   THE  DECOMPOSITION  OF 

*~""v '  Vegetable  Substances. 

Not  only  entire  plants  undergo  decompofition  after 
death,  but  certain  vegetable  fubftanccs  alio,  wlieuever 
.  •  they  are  mixed  together,  and  placed   in  proper  eirciim- 

ftances,  mutually  decompofe  each  other,  and  new  com- 
pound  lubitanccs  are  produced.  Thele  mutual  decom- 
politioiis,  indeed,  are  naturally  to  be  expedled  :  tor  as 
all  vegetable  fubftances  are  compofed  of  feveral  ingre- 
dients, differing  in  the  ilrength  of  their  affinity  for 
each  other,  it  is  to-be  fiippofed  that,- when  two  fuch 
fublUncc3  are  mixed  togetlier,  the  divellenl  affinities 
will,  iu  many  cafes,  prove  llronger  than  the  quielcent  ; 
and  therefore  decompofition,  and  the  formation  of  new 
compounds,  mult  take  place :  jiiil  as  happens  when 
the  acetite  of  lead  and  fulpUat  of  potafs  are  mixed  to- 
gether. 

Thefe  mutual  decorapofitions  of  vegetable  fubftances 
are  by  no  means  io  eafdy  traced,  or  fo  readily  explain- 
ed, as  the  mutual  deconipofitions  of  neutral  falls ;  part- 
ly on  account  of  the  number  of  lubllances,  whofe  affi- 
nities for  e^ch  other  are  brought  into  action,  and  part- 
ly becaufe  we  are  ignorant  of  the  manner  in  wliich  the 
ingredients  of  vegetable  fubftances  are  mutually  com- 
bined. 

Chemifts  have  agreed  to  give  thefe  mutual  decompo- 
fitions  which  take  place  in  vegetable  fubftances  the  name 
oi fermeiitiition ;  a  word  firft  introduced  into  chemiftry 
by  Van  Helmont  *  ;  and  the  new  fubftances  produced 
they  have  called  the  produSs  of  fermentation.  All  the 
phenomena  of  fermentation  lay  for  many  years  conceal- 
ed in  the  completeft  darknefs,  and  no  chemift  was  bold 
enough  to  hazard  even  au  attempt  to  explain  them. 
They  were  employed,  however,  and  without  hefitatioii 
too,  in  the  explanation  of  other  phenomena  ;  as  if  gi- 
ving to  oue  procefs,  the  name  of  another  of  which  we 
are  equally  ignorant,  could,  in  reality,  add  any  thing 
to  our  knowledge.  The  darknefs  which  enveloped 
thefe  phenomena  has  lately  begun  to  difperfe  ;  but  they 
are  ftlU  furrounded  with  a  very  thick  mill;  and  we  mull 
be  much  better  acquainted  with  the  compofition  of  ve- 
getable fubftanccs,  and  the  mutual  affinities  of  their  in- 
gredients, than  we  are  at  prefent,  before  we  can  explain 
them  iu  a  fatisfaclory  manner. 

The  vegetable  fermentations  or  decompofitions  may 
be  arranged  under  five  heads ;  namely,  that  which  pro- 
duces bread,  that  which  produces  'uiine,  that  which  pro- 
duces beer,  that  which  produces  acetous  acid  or  vinegar, 
and  the  putrefaSive  fermentation,  or  that  which  produ- 
ces the  fpontaneous  decompofition  of  decayed  vege- 
tables. Tbcfe  fliall  be  the  fubject  of  the  five  following 
feftions.  In  order  to  avoid  long  titles,  we  fhall  give  to 
the  firft  three  fedtions  the  name  of  the  new  fubftances 
produced  by  the  fermentation. 

Sect.  I.     Of  Brejid. 

Simple  as  Uie  manufafture  of  bread  may  appear  to 
us  who  have  been  always  accuftomed  to  confider  it  as  a 
common  procefs,  its,  difcovcry  was  probably  the  work 
of  ages,  and  the  refult  ot  the  united  efforts  of  men, 
whofe  fagaeity,  had  they  lived  in  a  more  fortunate  pe- 

avppL.  VoL.lI.  Partll. 
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riod  of  fociety,  would  have  rendered  them  the-rivals  of    Bri,-!.!. 
Ariftotle  or  of  Newton.  • 

The  method  of  making  bread   fimilar  to  ours  was 
known  in  the  Eaft  at  a  very  early  period  ;  but  neither 
till-  precifc  time  of  the  difcovery,  nor  tie  name  of  the 
perfon  who  publillied  it  to  the  world,  ha.s  been  prefsr- 
ved.     We   are  certain  that  the  Jews  were  acquainted 
with  it  in  the  time  of  Mofcs  ;  for  in  Exojus  *  we  find  *■'  Cli.  lii. 
a  prohibition  to  ufe  leavened  broad  during  the  celeLra- v.  ij. 
tion  of  the  paffover.      It  does  not  appear,  however,  to 
have  been  known  to  Abraham  ;  for  we  hear  in  his  hif- 
tory  of  cakes  frequently,  but  nothing  of  leaven.     E- 
gypt,  both  from  the  nature  of  the  foil  and  the  early  pe- 
riod at  which  it  was  civilized,  bids  faircft  f'.vthc  difco- 
very   of  making   bread.     It  can  fcarccly    be  doubted 
that  the  Jews  learned  the  art  from  the  Egyptians.  Tlie 
Greeks  alTure  us  that  they  were  taught  the  art  of  ma- 
king bread  by  the  god  Pan.     We  learn   from   Homer 
that  it  was  known  during  tiie  Trojan  war  f .     The  Ro-  f  •'''•"')  i*- 
mans  were  ignorant  of  the  method  of  making  bread  till^'  ' 
the  year  j8o,  after  the  building  of  Rome,  or  200  years 
before  the  commencement  of  the  Chriftian  era  |.    Since  {  W/".  I.  !?• 
that  period  the  art  has  never  been  unknown  in  the  foutU"-''!''  "• 
of  Europe  ;  but  it  made  its  way  to  the  north  very  flow- 
ly,  and  even  at  prefent  iu  many  northern  countries  fer- 
mented bread  is  but  very  feldoni  ufed.  ,.j 

The  only  fubftance  well  adapted  for  making  bread,  Sublknces 
we  mean  loaf  bread,  is  wheat  flour,  which  is  compofed  wliich 
of  four  ingredients;  namely,  gluten,  ftarch,  albumen,""^ 
and  a  fweet  mucous  matter,  which  pofteftes  nearly  the 
properties  of  fugar,  and  which  is  probably  a  mixture  of 
fugar  and  mucilage.  It  is  to  the  gluten  that  wheat 
flour  owes  its  fuperiority  to  every  other  as  the  bafis  of 
bread.  Indeed  there  are  only  two  other  fubftances  at 
prefent  known  of  which  good  loaf  bread  can  be  made  ; 
thefe  are  rye  and  potatoes.  The  rye  loaf  is  by  no  means 
fo  well  raifed  as  the  wheat  loaf;  and  potatoes  will  not 
make  bread  at  all  without  particular  management.  Po- 
tatoes, previoufly  boiled  and  reduced  to  a  very  fine  tough 
pafte  by  a  rolling  pin,  mull  be  mixed  with  an  equal  weight 
of  potatoe  ftarch.  This  mixture,  baked  in  the  ufual 
way,  makes  a  very  white,  well  raifed,  pleafant  bread. 
We  are  indebted  for  the  procefs  to  Mr  Permentier. 
Barley-meal  perhap::  might  be  fubftituted  for  ftarch.  j.j 

The  baking  of  bread"  con fifts  in  mixing  wheat  flour  Baking  of 
with  water,  and  forming  it  into  a  pafte.  The  average  bread, 
proportion  of  thefe  is  two  parts  of  water  to  three  of 
flour.  But  this  proportion  varies  conllderably,  accord- 
ing to  the  age  and  the  quality  of  the  flour.  In  general, 
the  older  and  the  better  the  flour  is,  the  greater  is  the 
quantity  of  water  required.  If  the  pafte,  after  being 
thus  formed,  be  allowed  to  remain  for  fome  time,  its 
ingredients  gradually  adt  upon  each  other,  and  the  pafte 
acquires  new  properties.  It  gets  a  difagreeable  four 
talle,  and  a  quantity  of  gas  (probably  carbonic  acid  gas) 
is  evolved.  In  (hort,  the  pafte  ferments  (h).  Thefe 
changes  do  not  take  place  without  water  ;  that  liquid, 
therefore,  is  a  neceflary  agent.  PofGbly  it  is  decompo- 
fed  by  the  adlion  of  the  ftarch  upon  it ;  for  when  ftarch 
is  diluted  with  water,  it  gradually  becomes  four.  The 
gluten,  too,  is  altered,  cither  by  the  adlion  of  the  wa- 
ter on  it,  or  of  the  ftarch  ;  for  if  we  examine  the  pafte 
4  C  after 


(h)  It  was  from  this  progefs  tli»t  Vaui  HelmoDt  traasferred  the  ^/iordfermentalion  into  chemiftry. 
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after  it   has  undergone  fermentation,  the  gluten  is  no  After  the  bread  has  fermented,  and  is  properly  raifed,     Bread. 

longer  to  be  found.      If  palte,  after  ftanding  for  a  fuffi-     it  is  put  into  the  oven  previoufly  heated,   and  allowed  ' >r— ' 

cient  time  to  ferment,  be  baked   in  ihe  ufual  way,   it      to  remain  till  it  be  baked.     The  mean  heat  of  an  oven,  ,,   '''■' 
forms  a  loaf  full  of  eyes  like  our  bread,  but  of  3  tafte     as  afcertained  by  Mr  Tilltt,  is  448"=  *.      The  bakers  do,,vtn/  ^ 
fo  four  and  unpleaf^int  that   it  cai^not  be  eaten.      If  a     not  ufe  a  thermometer ;  but  they  judge  that  the  oven  fs*£ni:.M«<i. 
fmall  quantity  of  this  old  paile,  or  leavcn  as  it  is  called,      arrived  at  the  proper  heat  when   flour  thrown  on   the^"''-»7S. 
be  mixed   with  new  made   pafte,  the  whole  begins  to     floor  of  it  becomes  black  very  foon  without  taking  fire, 
"ferment  in  a   ihort  time  ;  a  ijuaniity  of  gas  is  evolved  ;     We  fee,   from  Tillct's  experiment,  that  this  happens  at 
but  the  glutinous  part  of  the  flour  renders  the  pafle  fo     the  heat  of  448'\  j,_ 

tough,  tlidt  the  gas  cannot  tfcape  ;  it  therefore  caufes  When  the  bread  is  taken  out  of  the  oven,  it  is  found  Lofs  of 

the  palle  to  fwell  in  every  direftion  :   and  if  it  be  now     to  be  lighter  than  when  put  in  ;  as  might  naturally  have  "•^'g'^' 
baked  into  loaves,  the  immente  number  of  air  bubbles     been  expected,  from  the  evaporation  of  moiflure,  which       "'"''" 
iniprifoned  in  every  part  venders  the  bread  quite  full  of     muft  have  taken  place  at  that  temperature.     Mr  TiUct, 
eyes,  and  very  light.      If  tiie  precife  quantity  of  leaven     and    the  other  commiffioners  who  were  appointed    to 
ruccfTary  to  produce  the  fermentation,  and  no  more,  has     examine  this  fnbjeft  in  confequence  of  a  petition  from 
been  ufed,  the  bread  is  iufTicientiy  light,  and  has  no     the  bakers  of  Paris,  found  that  a  loaf,   which  weighed 

before  it  was  put  into  tlie  oven  4.(125  lbs.  after  being 
taken  out  baked,  weighed,  at  an  average,  only  3.8)  ^Ibs. 
or  0.812  lb.  lefs  than  the  pafte.  Confequently  100 
parts  of  pafte,  lofe,  at  an  average,  17.34  parts,  or  fome- 
what  more  than  -fth  by  baking*.      They  found,   \\ow-*  Il>id.%']i,\ 


unplealant  tafte  ;  but  if  too  much  leaven  be  employed, 
the  bread  has  a  bad  tafte  ;  if  too  little,  the  fermen- 
tation docs  not  come  on,  and  the  bread  is  too  com- 
pact and  heavy.  To  make  good  bread  with  leaven, 
therefore,   is  very  difiicult. 


The  ancient  Gauls  had  another  method  of  ferment-  ever,  that  this  lofs  of  weight  was  by  no  means  unifornr, 

ing  bread.     They  formed  their  pafte  in  the  ufual  way;  even  with  refpeft  to  thofe  loaves  which  were  in  the 
and  inflead  of  leaven,  mixed  with  it  a  little  of  the  barm  '  oven  at  the  fame  time,  of  the  fame  form,  and  in  the 

which  coUefts    on  the    furface  of    fermenting   beer  *.  fame  place,  and  which  were  pi}t  in  and  taken  out  at  the 

This  mixture  produced  as  complete  and  as  Ipecdy  a  fer-  fame  inftant.     The    greatcft  difference  in  thefe  circum- 

mentalion  as  leaven  ;  and  it  had  the  great  advantage  of  fiances  amounted  to  .2889,  or  7. 5  parts  in  the  hundred, 

not  being  apt  to  fpoil  the  tafte  of  the  bread.     About  which   is  about  Tith  of  the  whole.      This  difference  is 

the  end  of  the  17th  century,  the  b;Jiers  in  Paris  began  very  confiderable,  and  it  is  not  eafy  to  fay  to  what  it  is 

to  introduce   this    praftice  into  their   proceflVs.     The  owing.      It  is  evident,  that  if  the  pafte  has  not  all  the 

praftice  was  diicovered,  and  exclaimed  againfl  ;  the  fa-  fame  degree  of  moifture,  and  if  the  barm  be  not  accu- 

culty  of  medicine,   in  16S8,  declared   it   prejudicial  to  rately  mixed  through  the  whole,  if  the  fermentation  of 

health  ;  and  it  was  not  till  after  a  long  time  that  the  the  whole  be  not   precifcly  the  fame,  that  thefe  diffe- 


bakers  fucceeded  in  convincing  the  public  that  bread 
baked  with  larm  is  fuperior  to  bread  baked  with  lea- 
ven. In  this  country  the  bread  has  for  thefe  many 
years  been  fermented  with  barm. 


rences  muft  take  place.  Now  it  is  nc^Jlefs  to  obfervc 
how  difficult  it  is  to  perform  all  this  completely.  Tlie 
French  commiflioners  found,  as  might  indeed  have  been 
expefted,    that,  other  things  being  eqftal,   the  lofs  of 


Mem.  ii. 


What  is  this  iurm  which  produces  thefe  effefts  ?  The  weight  fuflained  is  proportional  to  the  extent  of  fur- 
quellion  is  curious  and  important  ;  but  we  are  not  able  face  of  the  loaf,  and  to  the  length  of  time  that  it  re- 
to  r^nfwer  it  completely.  Mr  Heniy  of  Mancheiler  has  mains  in  the  oven;  that  is  to  fay,  the  fmaller  the  ex- 
concluded,  from  a  number  of  very  interefting  cxperi-  tent  of  the  external  furface,  or,  which  is  the  fame  thing, 
mcnts,  that  the  only  ufeful  part  of  barm  is  carbonic  acid  the  nearer  the  loaf  approaches  to  a  globular  figure,  the 
gas,  and  that  this  gas  therefore  is  the  real  fermenter  of  fmaller  is  the  lofs  of  weight  which  it  fnftains;  and  the 
p:,ftt:  -j-.  longer  it  continues  in  the  oven,  the  greater  is  the  lofs  of 

Tnat  the  barm  of  beer,   in  its  ufual  flate,  contains  weight  which  it   fuftains.      Thus  a  loaf  which  weighed 

carbonic  acid  gas,  cannot  be  doubted;  and  that  carbo-  exacfly  4  lbs.  when   newly  taken   out  of  the  oven,  be- 

nic  acid  gas  aCts  as  a  ferment,  the  experiments  of  Mr  ing  replaced  as  foon  as  weighed,   loft,   in  ten  minutes. 


Henry  prove  decilively.      But  that  the  only  active  part  .I2j  lb.  of  its  weight,  and  in  ten  minutes  more  it  again 

cf  barm  is  carbonic  acid  gas,  and  nothing  but  carbonic  loft  .0625  Ib.f.  f  f/ij.p. 

gas,  IS  extremely  doubtful,  or  rather  we  are  certain  that  Loaves  are  heavieft  when  juft  taken  out  of  the  oven  ;i70- 

it  is  not  true.     It  has  been  cuflomary  with    the  ba-  they  gradually  lofe  part  of  their  weight,  at  leaft  if  not 

kers  of  Paris  to  bring  their  barm  from  Flanders  and  Pi-  kept  in  a  damp    place,    or  wrapt    round   with    a  wet 

cardy   in  a  ftate  of   drynels.      When   fkimmed  off  the  cloth  (k).     Ttuis  Mr  Tillet  found  that  a  loaf  of  4  lbs. 

beer,   it  is  put  into  facks,  and  the  moiihire  allowed  to  after  being  kept  for  a  week,  wanted  .3125,   or  nearly 

drop  out;   then  thefe  facks  are  fubjeded  to  a  ftrong  V-jth  of  its  original  vv-cight  J.  t  JiiJ. 

'pretTure,  and  when  the  barm  is  dry  it  is  made  up  into  When  bread  is  newly  taken  out  of  the  oven,  it  has  a        ''',>, 

+  £«  ..t/i*. balls f.      Now,   in  this  ftate,  it  is  not  to  be  fuppofcd  peculiar,  and  rather  pleafant   fmell,  which  it  lofes  by„fi,read. 

an.  1,  ii)5F.  iliat  bu"  blcs  of  carbonic  acid   can  remain  entangled  in  keeping;  as  it  does  alio  the  peculiar  talfe  by  which 

the  barm  ;  they  mufl  have  been  fqueezed  out   by  the  new   bread  is  diilinguifhed.      This  ihews  us,  that  the 

prefs,  and  by  the  fubfequent  formation  of  the  barm  in-  bread    undergoes    chemical    changes  ;    but  what  thefe 

to  balls:  yet  this  barm,  when  moiilened  with  water,  changes  arc,  or  what  the  peculiar  lubftance  is  to  which 

ferments  the  bread  as  well  as  new  barm.  the  odour  of  bread  is  owing,  is  not  known. 

•  Bread 


(k)  This  is  an  excellent  method  of  preferving  bread  frelh,  and  free  from  mould,  for  a  long  time. 


Chap.  III.  Vegetable  S  U 

Wine.  Bread  difTers  very  completely  from  the  flour  of  which 

I— \— — '  i"t  is  made,  for  none  of  the  ingredients  of  tlie  flour  can 
now  he  difcovcred  »n  it.  The  only  chcnnd  who  h.i8 
attempted  an  annlyfis  of  bread  is  Mr  Geoffroy.  He 
found  that  lOO  parts  of  bread  contained  the  following 
ingredients  : 
2+735  water. 

32.030  gelatinous  matter,  extra£^ed  by  boiling  water. 
39.843  refiduaui  infoluLle  iu  water. 

96.6:8 
3.392  lofs. 


Fruits  af. 

fording 

Wiiie 


'7S 
Undergo 
the  vinous 
feinicnta- 
tiun; 


5  Tabron't, 
jinn,  tfr 
Chim.  xxxi. 
301. 

J79 
Fo-  which 
water, 

Jj  StM,  i. 


But  this  aiialyfis,  which  was  publiflied  In  the  Memoirs 
of  the  French  Academy  for  the  year  1732,  was  made  at 
a  time  when  the  infant  tlate  of  the  fcience  of  chemillry 
did  not  admit  of  any  thing  like  accuracy. 

Sect.  II.    Of  IV ins. 

There  is  a  conliderable  number  of  ripe  fruits  from 
which  a  Iweet  liquor  may  be  cxpreffed,  having  at  the 
fame  time  a  certain  degree  of  acidity.  Oi  luch  iruits 
we  have  in  this  country  the  apple,  the  cherry,  the 
goofeberry,  the  currant,  &:c.  but  by  far  the  moll  va- 
luable 4)f  thcie  fruits  is  the  gi'Lipe,  which  grows  luxu. 
riantly  in  the  fouthern  parts  of  Europe.  From  grapes, 
fully  ripe,  may  be  exprefled  a  liquid  of  a  fwett  talle, 
to  which  the  name  of  mujl  has  been  given.  This  li- 
quid is  compofed  almoft  entirely  of  hv,e  ingredients  ; 
namely,  -water,  Jugar,  jelly,  mucilage,  and  tarlarous  acid 
partly  faturated  with  potais.  The  quantity  of  fugar 
which  grapes  fully  ripe  contain  is  very  conhderab'e  ;  it 
may  be  obtained  in  cryltals  by  evaporating  mull  to  the 
confdlente  of  lyrup,  leparating  the  tartar  which  preci- 
pitates during  the  evaporation,  and  then  fetting  the 
mull  afide  for  fome  months.  The  cryllals  of  fugar  are 
gradually  formed. 

When  mull  is  put  into  the  temperature  of  about  70°, 
the  different  ingredients  begin  to  aiSl  upon  each  other, 
and  what  is  called  vinous  fermentation  commences.  The 
phenomena  of  this  fermentation  are  an  intelline  motion 
in  the  liquid,  its  becoming  thick  and  muddy,  a  tem- 
perature equal  to  72.^'^,  and  an  evolution  ot  carbonic 
acid  gas.  In  a  few  days  the  fermentation  ceafes,  the 
thick  part  fubfides  to  the  bottom,  the  liquid  becomes 
clear,  it  has  loH  much  of  its  faccharine  talle,  and  affu- 
med  a  new  one,  its  fpecific  gravity  is  diaiinifhed  ;  and 
in  (hoit,  it  has  become  the  liquid  well  known  under  the 
name  ot   <wine. 

Now  what  is  the  caufe  of  this  fermentation  ;  what  are 
the  lubftances  which  mutually  decompule  each  other; 
and  what  is  the  nature  ot  the  new  fubilancc  formed  ? 

Thefe  changes  are  produced  altogether  by  the  mu- 
tual aftion  of  the  fubllances  contained  in  mull ;  for 
they  take  place  equally  well,  and  wine  is  formed  equally 
well  in  clofe  vefTels  as  m  the  open  air  ^. 

If  the  mujl  be  evaporated  to  the  confdlency  of  a 
tliick  fyrup,  or  to  a  rob,  as  the  elder  chemills  termed 
it,  the  fermentation  will  not  commence,  Hiough  the  pro- 
per temperature,  and  every  thing  tlfe  neeclTary  to  pro- 
duce termcntation,  be  prelent  ||.  But  if  this  lyrup  be 
again  diluted  with  water,  and  placed  in  favourable  cir- 
cujnftances,  it  will  ferment.    Therefore  the  prefence  of 
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•water  is  abfolutely  neceffary  for  the  cxiftetice  of  vinous     Wine, 
fermentation.  o- 

If  the  juice  of  thofe  fruits  which  contain  but  little ^^g^,^ 
fugar,  as  currants,  be  put  into  a  favourable  fitnation, 
fermentation  indeed  takes  place,  but  fo  llowly,  that  the 
produft  is  not  -ivine,  but  vinegar  :  but  if  a  fufficient 
quantity  of  fugar  be  added  to  thefe  very  juices,  wine  is 
readily  produced.  No  lubllance  whatever  can  be  made 
to  uiidergo  vinous  fermentation,  and  to  produce  wine, 
uiilefs  fugar  be  prefent.  Sugar  therefore  is  abfolutely 
neceflary  for  the  exillencc  of  vinous  fermentation  ;  and 
we  are  certain  that  it  is  decompofed  during  the  procels, 
for  no  fugar  can  be  obtained  from  properly  fermented 
wine.  i5' 

All  thofe  juices  of  fruits  which   undergo  the  vinous  ^"  *'» 
fermentation,   either  with  or  without  the  addition  of 
fugar,  contain  an  acid.    .  We  have  leen  already  in  the 
iirll  chapter  that  the  vegetable  acids  are  obtained  chief- 
ly from  fruits.     The  apple,  for  inllance,  contains  ma- 
lic acid  ;  the  lemon,  citric  acid  ;  the  grape,  tartarous 
acid.      The  Marquis  de   Bullion  has  afcertained,   that 
mujl  will  not  ferment  If  all  the  tartarous  acid  which  It 
contains  be  feparated  from  it*.   We  may  conclude  from        ""'' ' 
this,  that  the  prefence  of  a  vegetable  acid  is  abfolutely 
neceffary  for  the  commenccnicut  of  the  vinous  fermenta- 
tion.    This  renders  it  probable  that  the  effentlal  part 
of  barm  is  a   vegetable  acid,  or  fomething  equivalent  ; 
for  if  fugar  be  dilTolved  in  four  times  Its  weight  of  water, 
mixed  viith  the  yeall  of  beer,  and  placed  in  a  proper 
temperature,  it  undergoes  the  vinous  fermentation  \.      '    "^fTf"' 
AH  the  juices  of  fruits  which  undergo  the  vinouSAnJ  jellf 
fermentation  contain  a  quantity  of  jelly,  or  mucilage,  ara  necef- 
or  of  both.      Thefe  two  fubllances  relemble  each  otherf^ry. 
in  fo  many  particulars,  and  it  Is  fo  dli^icclt  to  feparate 
them,  that  we  fhall  fuppofe  they  have  the  fame  effedl 
in  the  mixture.      The  prefence  of  thefe  fubllances  rerj- 
ders  it  probable   that  they   alio  are  neceffary  for  the 
vinous  fermentation.    Perhaps  they  aft  chiefly  by  their 
tendency  to  become  acid. 

Thus  we  fee,  that  for  the  produftibn  of  wine  a  car- 
tain  temperature,  a  certain  portion  of  water,  fugar,  a  ve- 
getable acid,  and,  In  all  probability,  jelly  alfo,  is  necef- 
fary.  Mr  Lavolfier  found  that  fugar  would  not  fer- 
ment unlefs  diffolved  in  at  leafl  four  times  its  weight  of 
water.  This  feems  to  indicate  that  the  particles  of 
fugar  mufl  be  removed  to  a  certain  dlllancc  from  each 
other  before  the  other  ingredients  can  decompofe  them. 
The  evolution  and  leparatlon  of  carbonic  acid  gas  in 
fuch  quantity,  fhews  us  that  the  proportion  of  the  car- 
bon and  the  oxygen  of  the  fugar  Is  diminillied.  It  is 
not  certain  that  the  mucilage  ot  the  wine  Is  decompofed 
fo  completely  as  the  fugar  ;  for  it  has  been  oblerved, 
that  when  the  mull  abounds  in  mucilage,  the  wine  is 
apt  to  become  four.  iZi 

When  wine  is  dillllled  by  means  of  a  low  heat,  there^^""""?"* 
comes  over  a  quantity  of  alcohol,  and  the  remainder  i3,^;^„ 
a  folutlon  of  acetous  acid.  From  this  fact,  it  has  been 
concluded  that  wine  is  compofed  of  acetous  acid  and 
alcohol.  But  that  the  diflillation  occalions  a  chemical 
change  in  the  ingredients  of  wine  is  evident  from  this, 
that  If  we  again  mix  the  alcoliol  and  acetous  acid,  we 
do  not  reproduce  the  wine. 

Fourcroy  has  attempted  to  fhew  that  alcohol  exifted 

ready  formed  ;  but  his  proofs  are  not  conclulive.     Fab- 

A  C  2  ront 


Vegetable 

roni  lias  fiiewn,  that  alcohol  cannot  be  obtained  from 
new  made  wine  by  any  other  method  than  dilWlation. 
AVhen  wine  is  fatured  with  very  dry  carbonat  of  potafs, 
no  alcohol  makes  its  appearance  on  the  furface  of  the 
mixture,  yet  3  very  fmall  cjuantity  of  alcohol,  artificially 
mixed  with  wine,  may  be  deteded  by  this  method.  It 
15  certain,  however,  that  alcohol  cxilts  ready  formtd  in 
old  wine. 


Sect.  III.     Of  Bebr. 


1S4 

Method  of 

making 

malt. 


*  Colliery 
Manch. 
Jlfem.  V. 
195. 
Wort, 


The  method  of  making  beer  was  known  in  the  mod 
remote  ages  ;  we  are  ignorant  to  whom  the  world  is  in- 
debted for  the  difcovcry  of  it.  Beer  ii  ufually  made 
from  iarley. 

The  barley  is  lleeped  in  water  for  about  fixty  hours, 
in  order  to  faturate  it  with  that  liquid.  It  ought  then 
to  be  removed  as  fpeedily  as  poffible,  otherwife  the  wa- 
ter diffolves,  and  carries  off  the  moft  valuable  part  of 
the  grain.  This  barley  is  then  to  be  laid  in  a  heaji  for 
twenty-four  hours  ;  heat  is  evolved,  oxygen  gas  abforb- 
ed,  carbonic  acid  gas  emitted,  and  germination  com- 
mences with  the  (hooting  forth  of  the  radicle.  It  is 
then  fpread  upon  a  cool  floor,  dried  flowly,  and  is  after- 
wards known  by  the  name  of  malt  *. 

Malt,  previoiifly  ground  to  a  courfe  powder,  is  to  be 
infufed  in  a  fufficient  quantity  of  pure  water,  of  the 
temperature  of  160^  for  an  hour.  The  infufion  is  then 
to  be  drawn  off,  and  more  water  may  be  added,  at  a 
higher  temperature,^till  all  the  foluble-part  of  the  malt 
is  extrafted.     This  infufion    is  known  by  the  name  «f 


SUBSTANCES.  Part  I. 

During  the  fermentation,  a  quantity  of  carbonic  acid    Acetous 
gas  is   conftanlly  difengaged,   not  in   a   ftate  of  purity,  f'fmema- 
but    containing,  combined  with    it,   a  portion  of  the  p  '"*?' 
wort  ;  and  if   this  gas  be  made  to  pafs  through   water,       tion. 
it  will  dtpofite  v/ort,  which  may  be  fermented  in  the  '  ■    >    ^ 
ufual  manner  *.  *  Cdlitr 

When  beer  is  diftilled,   alcohol   is  obtained,  and  the '^^'"''*. 
refiduum  is  an  acid  liquor  f.      The  theory  of  beer  is  fof''^' 
obvioully  the  fame  with  that  of  wine  that  it  requires  no  jvrimTn' 
additional  explanation. 
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Sect.  IV.     Of  the  Acktovs  pERMEyTAtion. 
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If  wine  or  beer  be   kept  at  a  temperature  between Subiiancej 
70°  and  go",  it  gradually  lofes  its  properties,  and  is  con-''^'>'cli  u«- 

verted  into  acetous  add.  ^"^"  '''^ 

D,  .       ,  ^-  r  ■  acetous icr- 

unng  this  change,  a  quantity  of   oxygen  gas  iSmentation. 

abforbed,   and  the  whole  of  the   fpirltuous   j)art  of  the 

wine  or  beer  difappears.     Confequently  its  ingredients 

naturally  decompoftd  each  other. 

Neither  pure  alcohol,  nor  alcohol  diluted  with  water, 

are  capable  of  undergoing  this  change,   neither  do  they 

abforb   any  oxygen.      This   abforption,   then,  is  made         ' 

by  the  mucilaginous  matter  which  always  exiits  in  thefe 


liquids.  No  acetous  acid  is  ever  produced,  unlefs  fome 
acid  be  prefent  in  the  liquid.  We  may  conclude,  then, 
that  the  mucilage  acquires  the  properties  of  an  acid 
before  it  begins  to  aft  upon  the  fpirituous  part  of  the 
beer  or  the  wine. 

As  the  acetous  acid  has  been  already  treated  of  in 
•wort.  It  has  a  fweet  tafte,  and  contains  a  quantity  of  the  article  Chemistry,  Suppl.  it  is  unneceffary  to  dwell 
faccharine,  and  doubtlefs  alfo  of  gelatinous  matter.  any  longer  011  this  fubjeft  here. 

When  •wort  is   placed   in   the  temperature  of  about 
60s  fermentation  gradually  takes  place   in    it,   and  the  Sect.  V.     Of  Putrffacjioh. 

very  fame  phenomena  appear  which  diftinguilh  the  pro-  iS8' 

tluftion  of  wine.     The  fermentation  of  wort,  then,  is  All  vegetable  fubftances,  both  complete  plants  andNitureof 

nothing  but   a  particular  cafe  of  the  vinous  fermenta-     their  component  parts  feparatcly,   when  left  entirely  to l'.""''^^'"^' 
tion.     But  wort  does  not  ferment  fo  well,  nor  fo  foon,     themfclves,  are  gradually   decompofcd   and   dellroyed, 
nor  does  it  produce  nearly  fo  great  a  tjuantity  of  good     provided  moifture  be  prefent,  and   the  temperature  be 


fermented  liquor,  as  when  yeafl  is  added  to  it.  Thi 
reafon  of  which  is,  probably,  that  the  fermentation  does 
not  commence  till  an  ai^id  is  generated  in  the  wort,  and 
before  that  happens  part  of  the  iaccharine  contents  are 
decompofcd  ;  whereas  the  yeaft  adds  an  acid,  or,  at  lead, 
fomething  equivalent  to  it,  at  once. 

Wort  ferments  in  clofe  veffels,  as  Mr  Collier  afcer- 
tained  by  experiment,  equally  well  as  in  the  open  air. 
Therefore  the  decompofnion  is  produced  entirely  by 
the  fubftances  contained  in  the  wort,  without  the  addi- 
tion of  any  thing  from  the  air.  The  quantity  of  beer 
produced  in  clofe  veffels  is  much  greater  than  when  the 


not  much  under  45°,  nor  too  high  to  evaporate  fud- 
denly  all  the  moifture,  This  decompofnion  has  obtained 
the  name  oi putrefuBion. 

It  proceeds  with  moft  rapidity  in  the  open  air  ;  but 
the  contaft  of  air  is  not  abiolutely  neceffarv.  Water 
is,  in  all  cafes,  efiential  to  the  procefs,  and  therefore  is 
moft;  probably  decompofcd. 

Putrefaflion  is  conftantly  attended  with  a  fetid 
odour,  owing  to  the  emillion  of  certain  gafeous  matters, 
which  differ  according  to  the  putrefying  fubftance. 
Some  vegetable  fubftances,  as  gluten,  and  cruciform 
plants,  emit  ammonia;  others,  as  onions,   feem  to  emit 


procefs   takes  place  in  the  open  air.     The   reafon  of     phofphorated  hydrogen  gas.     Carbonic  acid  gas,  and 


which  Is,  that  In  the  open  air  the  beer  gradually  eva- 
porates during  the  fermentation.  Thus  Mr  Collier 
found  that  1 1  quarts,  ^i  oz.  fermented  in  open  veffels, 
loft,  in  12  days,  40  oz.  ;  whereas  an  equal  weight,  fer- 
mented in  clofe  veffels,  loft  only  8  oz.  in  the  fame  time. 
Yet  the  quality  of  the  beer  was  the  fame  in  each  ;  for 
equal  quantities  of  both,  when  diftilled,  yielded  precifely 
the  fame  portion  of  alcohol  f. 


hydrogen  gas,  impregnated  with  unknown  vegetable 
matters,  are  almoft  conftantly  emitted  in  abundance. 
When  the  whole  procefs  is  finifhed,  fcarcely  any  thing 
remains  but  the  earths,  the  falts,  and  the  metals,  which 
formed  a  conftituent  part  of  the  vegetable.  Eut  our 
chemical  knowledge  of  vegetable  compounds  Is  by  far 
too  limited  to  enable  us  to  follow  this  very  complicated 
procefs  with  any  chance  of  fuccefj. 
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Part  II.  Of  Animal  S.UBSTANGtS. 


gre.^^ent^ 
anim 
fibrina, 


■Menfi  TT  rHEN  we  compare  animalj  and  vegetables  to- 
im..  s,  VV  getlier,  each  in  their  moft  perfcft  ftatc,  nothing 
can  be  eaficr  than  to  diltinguilh  them.  The  plant  is 
I  jSo  confined  to  a  particular  foot,  and  exhibits  no  rharks  of 
laflesof  confcioiifnefs  or  intelh'gence  ;  the  animal,  on  the  con- 
|iimalsanJ(rary,  can  remove  at  pleafure  from  one  place  to  another, 
i:getab.c«.  j^  pofTcflcd  of  conrcioiiinefs,  and  a  high  degree  of  in- 
I  telligence.     But  on  approaching  the  contiguous  extre- 

mities of  the  anitnal  and  vegetable  kingdom,  thefe  ftri- 
I  l^ing  differences  gradually  difappear,  tlie  objedls  acquire 

'  a  greater  degree  of  refemblance,   and   at  lall  approach 

icach  oth.cr  fo  nearly,  that  it  is  fcarccly  pofllble  to  de- 
cide whefher  fome  of  thofe  fituatcd  on  the  very  boundary 
belonij  to  the  animal  or  veQ;etable  kinjrdom. 
ifflcijtiv  To  draw  a  lint  of  diftindion,  then,  between  animals 
ftiugiiiili-  and  vegetables,  would  be  a  very  difficult  tafli  ;  but  it  is 
''■  'not  nccelTary  for  us,  in  this  place  at  leaft,  to  attempt  it  ; 

for  almoft  the  only  animals  whofe  bodies  have  been 
hitherto  examined  with  any  degree  of  chemical  accu- 
racy, belong  to  the  inoft  perfeft  claffes,  and  confequent- 
ly  are  in  no  danger  of  being  confounded  with  plants. 
Indeed  the  greater  number  of  fads  which  we  have  to 
relate,  apply  only  to  the  human  body,  and  to  thofe  of 
a  few  domellic  animals.  The  talk  of  analyfing  all  ani- 
mal bodies  is  immenfe,  and  mufc  be  the  work  of  ages  of 
indefatigable  induftry. 
ivifion  of  ^^^^  ^'^^1  divide  this  Part  of  the  article  into  four 
.is  Part,  chapteis.  In  the  firft  chapter,  we  fliall  give  an  account 
of  the  different  ingredients  hitherto  found  in  animals, 
fuch  of  them  at  leal!  as  have  been  examined  with  any 
degree  of  accuracy  :  in  the  fecond,  we  ihall  treat  of  the 
different  members  of  which  animal  bodies  are  compo- 
fed  ;  which  mull  confift  each  of  vaiious  combinations  of 
the  ingredients  dcfcribed  in  the  firll  chapter  :  in  the 
third,  we  fhall  treat  cf  thofe  animal  funflions  which 
may  be  elucidated  by  chemiftry  :  and,  in  the  fourth,  of 
the  changes  which  animal  bodies  undergo  after  death. 


be  allowed  to  remain  at  reft  for  fome  time,  a  thick  red  Albumen, 
clot  gradually  forms  in  it,  and  fubfidcs.      Separate  this  " 

clot  fiom  the   reft  of  the  blood,  wafh   it  repeatedly  in  Fibrina 
water  till  it  ceafes  to  give   out   any  colour  or  tafte  tohow  ob- 
the  liquid  ;    the    fvibftance    which    remains  after  this'^°"^- 
procefs    is    denominated  fihnr.a.      It    has    been    long 
known  to  phyficians  under  the  name  of  ihi:  Jibrous  part 
of  the  bloody  but  has  not  till  lately  been  accurately  de- 
f';iibed.  15,3 

Fibrina  Is  of  a  white  colour,  has  no  tafle,  and  is  in- Its proper4 
foluble  in  water  and  in  alcohol.     It  is  foft  and  duftile,""^ 
has  a  confiderable  degree  of  clallicity,  and  relcmbles  very 
much  the  gluten  of  vegetables. 

Pure  fixed  alkalies  do  not  adl  upon  it,  unlefs  they  be 
very  much  concentrated,  and  then  they  decompofe  it. 
All  the  acids  combine  with  it  readily,  and  difTolve  it. 
Water  and  alkalies  feparate  it  again  ;  but  it  has  loft  en- 
tirely its  former  properties.  With  muriatic  acid  it  forms 
a  green  coloured  jelly. 

When  nitric  acid  is  poured  upon  fibrina,  azotic  gas 
is   difengaged,     as    Be'thollet    firft  difcovered.       The 
quantity  of  this  gas  is  greater  than  can  be  obtained  from 
the  fame    quantity  of  other  animal  fubftances  by  the 
fame  procefs  *.     After  tlu'>,  pruflic  acid  and  carbonic  *  Fcurcrey, 
acid  gas  are   exhaled.     By  the  affiftance  of  heat  the  fj. '*""•«'« 
brlna  is  diffblved  ;  much  nitrous  gas  is  difengaged  ;   the         ' '"*'' 
liquid,  when  concentrated,  yields  oxalic  and  mahc  acids; 
and  white  ffakes  are  depofited,  confifting  of  an  oily  fub- 
ftaiice,  and  of  phofpat  of  lime  -j-.  j,  ^^urcrey. 

When  fibrina  is  diililled,  it  yields  a  very  large  quan- 
tity of  ammonia  J.  \Ti>urcrty% 

Thefe  properties  are  fufScient  to  fliew  us  that  thi9^'?-''f 
fubftance  is  compoled  of  azot,   hydrogen,  and  carbon  ;     '     '    "* 
but  neither  the  precife  proportion  of  thefe  ingredients, 
nor   the  manner  of  their  combination,  are   at  prefent 
known. 


Sect.  II.     Of  Albumen. 
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Chap.  I.     Of   the  Ingredients  of  Animals.        The  eggs  of  fowls  contain   two   very  different  fub--^'*"™^" 


The  fubftances  which  have  been  hitherto  detefted 
in  the  animal  kingdom,  and  of  which  the  different  parts 
of  animals,  as  far  as  thefe  parts  have  been  analyfed,  are 
found  to  be  compofed,  may  be  arranged  under  the  fol- 
lowing heads  : 

1.  Fibrina,  8.  Sulphur, 

2.  Albumen,  9.  Oils, 

3.  Gelatine,  10.  Acids, 

4.  Mucilage,  i  i.  Alkalies, 

5.  Bafis  of  bile,  iz.  Earths, 

6.  Urea,  13.  Metals. 

7.  Sugar, 

Thefe  ftiall  form  the  fubjeftof  the  following  feftions : 

Sect.  1.     Of  Fibkina. 
If  a  quantity  of  blood,  newly  drawn  from  an  animab 


contained 
in  Egge. 


ftances  :  a  yellow  oily-like  matter,  called  the  yolh  ;  and 
a  colourlefs  gloffy  vifcid  liquid,  ■'iftlngulfhcd  by  the" 
name  of  inhlie.  This  laft  is  the  fubftance  which  che. 
mifts  have  agreed  to  denominate  aUnnnin  (l).  The 
white  of  an  egg,  however,  is  not  pure  albuinen  It 
contains,  mixed  with  it,  fo:.:^  carbonjft  of  foda,  and 
fome  fulphur;  but  the  quantity  of  thefe  fubftances  is 
fo  fmall  that  they  do  not  .jiuch  influence  its  properties. 
We  ftiall  therefore  confider  it  i.s  albiw.en. 

On  the  application  of  a  heat  of  165°  J  it  coagulafes,^  ^"'''"' 
as  is  well  known,    into  a  white  folid  mafs ;  the  confift-c^jgulated 
ency  of  which,  when  othe?  things  are  equal,  depends, by  hear, 
in  fome  meafure,  on   the   time  during  which    the  heat 
was  applied.     The   coagulated  irnfs   \\: ■  precifely  the 
fame  weight  that  it  had  while  flu:  j. 

The  tafte  of  coagulated  albumen   is   quite  different 
from  that  of  liquid  albumen  :  its  appearance,   too,  and 

its 


(l)  Til";  is  merely  the  Latin  terra  for  the  white  of  an  egg. 
phyfiologifts. 


It  was  firft;  introduced  into  chemiftry  by  thi 
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Al!>umcn.  Its  properties,  arc  entirely  changed  ;  for  it  is  no  longer  caloric  is  the  fubftance  which  is  added.     Fourcroy,  on  Albumen. 
»          folul  le,  as  before,  cither  in  hot  or  in  cold  water.  the  contrary,  aflirms  that  it  is  oxygen.  v     ^ 
p,     *'             The  coagulation  of  albumen  takes  place  even  though          Scheelc  inpported  his  opinion   with  that  ■wonderful 
na  of  this     air  be    completely   excluded;   and    even    when    air    is  ingenuity    which    (hone    fo    eminently   in  every  thing 
coagula-      prefent  there  is  no  abtorption  of  it,  nor  does  albumen  which  he  did.      He  mixed  togetiier  one  part  of  white 
tion.            ;„  coagulating  change  its  volume  *.     Acids  have  the  of  egg  and  four  parts  of  water,  added  a  little  pure  al- 
a""j   ""'property  of  coagulating  albumen,  as  Scheele  afcertaln-  kali,  and  then  dropt   in   as   much   muriatic  acid  as  was 
Chimi.x\t.    ed  f.     Alcohol    alfo   produces,    in  fome  meafure,  the  fufficient  to  faturatc  the  alkali.      The  albumen  coagu- 
98.               fame  effect.    Heat,  then,  acids  and  alcohol,  are  the  agents  lated  ;  but  when  he  repeated  the  experiment,  and  uled 
■f  Schdi,  ii  yvblch  may  be  employed  to  coagulate  albumen.  carbonat  of  alkali  inftead  of  pure  alkali,  no  coagula- 
■5                     It  is  remarkable,  that  if  albumen  be  diluted  with  a  tion  enfued.      In   the  firft  cafe,  fays  he,   there  was  a 
fufRcient  quantity  of  water,  it  can  no  longer  be  coagu-  double  decompofition:  the  muriatic  acid  feparated  from 
lated  by  any  of  thofe  agents.     Scheele  mixed  the  white  a  quantity  of  caloric  with  wiiich  it  was  combined,   and 
ot  an  egg  with  ten  times  its  weight  of  vi'ater,  and  then,  united  with  the  alkali  :   while,  at  the  fame  inftant,  the 
though  he  eveji  l/oiUd  the  liquid,  no  coagulum  appear-  caloric  of  the  acid  united  with  the  albumen,  and  caufed 
ed.     Acids  indeed,  and  alcohol,  even  then  coagulated  it  to  coagulate.     The  fame  combination  could  not  take 
it;  but  they  alfo  lofe  their  power,  if  the  albumen  be  di-  place  when  the  alkaline  carbonat  was  ufed,  be«aufe  tVe 
luted  with  a  much  greater  quantity  of  water,  as   has  carbonic  acid  gas  carried  off  the  caloric,  for  which  it 
been  afcertained  by  many  experiments.   Now  we  know,  has  a  ftrong  affinity*.                                                              ^  ^,   . 
that  when  water  is  poured  into  albumen,  not  only  a  me-          This  explanation  is  plaufible  ;  but  it  is  contrary  to ;;.  53. 
chanical  mixture  takes  place,  but  a  chemical  combina-  every  other  known  fa£l  in  chemiftry,  to  fuppofe  that 
tion  ;  for   the   albumen  is  equally  diftributed   through  caloric  can  combine  with  a  fubftance  without  occafion- 
every   part  of  the  liquid.     Confequently  its  integrant  ing  any  alteration  in   its  bulk,  and  cannot  therefore  be 
particles  muft  be  farther  feparated  from  each  other,  and  admitted  without  the  moft  rigid  proof, 
their  diftance  muft  increafe  with  the  quantity  of  water         Fourcroy  obfervcs,  in   fupport  of  his  opinion,  that 
with  which  they  are  diluted.      We  fee,  therefore,  that  the  white  of  an  egg  is  not  at  tirit  capable  of  forming  a 
albumen  ceafes  to  coagulate  whenever  its  particles  are  hard  coagulum,  and  that  it  only  acquires  that  property 
feparated  from  each  other  beyond  a  certain  diftance.  by  expofure  to  the  atmofphere.     It  is  well  known  that 
I                     That  no   other  change  is   produced,   appears   evident  the  white  of  a  new  laid  egg  is  milky  after  boiling  ;  and 
from  this  circumftance,  that  whenever  the  watery  folu-  that  if  the  (hell  be  covered  over  with  greafe,  to  exclude 
tion  of  albumen  is  fufficiently  concentrated  by  evapora-  the  external  air,  it  continues  long  in  that  ftate  ;  where- 
tion,  coagulation  takes  place,  upon  the  application  of  as  the  white  of  an  old  egg,  which  has  not  been  prefer- 
the  proper  agents,  precifely  as  formerly.  ved  in  that  manner,  forms  a  very  hard  tough  coagu- 
It  does  nut  appear  that  the  diftance, of  the  particles  lum.      Thefe  fadts  are   undoubted  ;  and  they  render  it 
of  albumen  is  changed  by  coagulation  ;  for  coagulated  exceedingly  probable,   that  albumen   acquires  the  pro- 
albumen  occupies  precifely  the  fame  fenfible  ipace  as  li-  perty  of  forming  a  hard  coagulum  only  by  abforbing 
*i7arraifcr<.  quid  albumen*.  oxygen  :   but  they  by  no  means  prove  that  coagulation 
197           Thus  two  things  feem  certain  refpefting  the  coagu-  itfelf  is  owing  to  fuch  an  abforption.     And  fince  coa- 
lation  of  albumen  :    1.  That  its  particles  muft  not  be  be-  gulation  takes  place  without  the  prefence  of  air,  and 
yond  a  certain   diftance  ;   2.  That  the  coagulation  does  llnce  no  air,  even  when   it  is  prefent,  is  abforbed,   this 
not  produce  any  fenfible  change  in  their  diftance.      To  opinion  cannot  be  maintained  without  inconfiftency. 
■what,  then,  is  the  coagulation  of  albumen  owing  ?  We          2.  The  only   fubftance    which   can   be  fuppofed    to 
can  conceive  no  change  to  take  place  from  a  ftate  of  li-  leave  albumen  during  coagulation,  hnce  it  does  not  lofe 
fluidity  to  that  of  folidity,  without  fome  change  in  the  weight,  is  caloric.     We  know  that  in  moft  cafes  where 
figure  of  the  particles  of  the  body  which  has  undergone  a  fluid  is  converted   into  a  folid,  caloric  is  attually  dif- 
that  change  :  for  if  the  figure  and  the  diftance  of  the  engaged.    It  is  extremely  probable,  then,  that  the  fame 
particles  of  bodies  continue  the  fame,  it  is  impoffible  to  difengagement  takes  place  here.     But  the  opinion  has 
conceive  any  change  at  all  to  take  place.      Since,  then,  not  been  confirmed  by  any  proof.      Fourcroy  indeed 
the  diftance  of  the  particles  of  albumen  does  not,  as  far  fays,  that  in  an  experiment  made  by  him,  the  thermo- 
at  leaft  as  we  can  perceive,  change,  we   muft  conclude  meter  rofe  a  great  number  of  degrees.    But  as  no  other 
that  the  figure  of  the  particles  actually   does  change,  perfon  has  ever  been  able  to  obferve  any  fuch  thing,  it 
Now  fuch  a  change  may  take  place  three  ways  ;    i.  The  cannot  be  doubted  that  this  philofopher  has  been  milled 
figure  may  be  changed  by  the  addition  of  fome  new  by  fome  circumftance  or  other  to  which  he  did  not  at- 
molecules  to  each  of  the  molecules  of  the  body.      2.  tendf .      It  is  ufual,  in  many  cafes,   for  bodies  to  lofei  xicmfin'i 
Some  molecules  may  be  abftraded  from  every  integrant  bulk  when  they  give  out  caloric  ;  but  that  there  are  ex-  Fcurcroy, 
particle  of  the  body.      3.   Or  the  molecules,  of  which  ceptions  to  this  rule,  is  well  known.                                    iii. »?»• 
the  integrant  particles  are   compolcd,   may  enter   in-         3.   Even  if  the  fecond  opinion  were  true,  it  is  fcarce- 
to   new    combinations,   and    form    new   integrant  par-  ly    polTible  to  conceive  the  coagulation  of  albumen  to 
tides,  whofe   form   is  different   from    that  of  the   old  take  place  without  fome  change  in  its  integrant  parti- 
integrant  particles.     Some  one  or  other  of  thefe  three  cles.     We  can  fee  how  all  the  fubftances  which  coagu- 
things  muft   take  place  during  the  coagulation  of  al-    late  albumen  might  produce  fuch  a  change  ;  and  the 
bumen.  infolubility  of  coagulated  albumen  in  water,  and  its  other 
I.   Scheele  and  Fourcroy  have  afcribed  the  coagula-     diff^erent  properties,  render  it  more  than  probable  that 
tion  of  albumen  to  the  firft  of  thefe  caufes,   namely,  to     fome  fuch  change  adlually  takes  place.     But  what  that 
the  addition  of  a  new  fubftance.  According  to  Scheele,    change  is,  cannot  even  be  conjedured. 
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I,  Animal    S  U 

The  coagulation  of  albumen  is  intimately  connefted 
with  one  of  the  moll  important  problems  in  chemifti  y, 
namely,  the  caui'e  of  fluidity  and  folidity.  But  this 
problem  can  only  be  refolved,  with  any  profpcft  of  t'uc- 
cefs,  by  a  geometrieal  invcftigation  of  the  phenomena 
of  heat. 

Coagulated  albumen  is  diffolved  by  the  mineral  acids, 
greatly  diluted  with  water;  and  if  a  concentrated  acid 
be  added  to  the  folution,  the  albumen  is  again  precipi- 
tated *.  Alkalies,  however,  do  not  precipitate  it  from 
its  folution   in   acids  f .      But   if  a   folution   of  tan    be 

■  poured  into  the  acid  lolution  of  albumen,  a  very  copi- 
ous precipitate  appears  \. 

If  the  folution  of  tan  be  poured  into  an  .Tfiueous  fo- 
lution of  uncoagulated  albumen,  it  forms  with  it  a  very 
copious  precipitate,  which  is  inioluble  in  water.  This 
precipitate  is  a  combination  of  tan  and  albumen.  This 
property  which  albumen  has  of  precipitating  with  tan, 
was  difcuvered  by  .Seguin  ^  :  it  furnifhes  us  with  a  me- 
thod of  detecting  the  prefcnce  of  albumen  in  any  liquid 
in  which  we  fufpecl  it. 

Pure  alkalies  and  lime  water  alfo  dilFolve  albumen; 
at  the  fame  time  ammonia  is  difengaged,  owing  to 
the  decompofition  of  part  of  the  albumen.  Acids  pre- 
cipitate the  albumen  from  alkalies,  but  its  properties 
are  changed  *. 

Nitric  acid,  when  allifted  by  heat,  difengages  azotic 
.gas  from  albumen  \  ;  but  the  quantity  is  not  fo  great 
as  may  be  obtained  from  fibrina  \.  The  albumen  is 
gradually  diffolved,  nitrous  gas  is  emitted,  oxalic  and 
malic  acids  are  formed,  and  a  thick  oily  inatter  inakes 
its  appearance  on  the  (urface^.  When  dilliUed,  it  fur- 
niflies  the  fame  products  as  iibrina,  only  the  quantity  of 
ammonia  is  not  fo  great  [|. 

Hence  it  follows,  that  albumen  is  compofed  of  azot, 
hydrogen,  and  carbon,  as  well  as  fibrma  ;  but  the  pro- 
portion of  azot  is  not  fo  great  in  the  firil  fubftance  as 

■  in  the  fccond. 

Sect  III.     Of  Gslatwe. 

If  a  piece  of  the  frefh  fl<in  of  an  animal,  an  ox  for 
inftancc,  after  the  hair  and  every  impurity  is  caiefully 
feparated,  be  wafhed  repeatedly  in  cold  water,  till  the 
licjuid  ceafcs  to  be  coloured,  or  to  abllraft  any  thing  ; 
if  the  ikin,  thus  purified,  be  put  into  a  quantity  of  pure 
water,  and  boikd  tor  fonie  time,  part  of  it  will  be  diffol- 
ved. Let  the  dccnftion  be  flowly  evaporated  till  it  is 
reduced  to  a  fmall  quantity,  and  then  put  aiide  to  cool. 
When  cold,  it  will  be  found  to  have  aflumed  a  folid 
form,  and  to  relemble  precilcly  that  tremulous  iubttance 
well  known  to  every  body  under  the  name  oi  jelly. 
This  is  the  fubllance  called  in  chtTniftry  gelatine.  If 
the  evaporation  be  ftill  farther  continued,  by  expofing 
the  gelly  to  dry  air,  it  becomes  hard,  femitranfpajent, 
breaks  with  a  glaify  fratturc,  and  is  in  (hort  the  fub- 
ftance fo  much  employed  m  different  arts  under  the 
name  of  glue.  Gelatine,  then,  is  precifely  the  fame 
with  glue  ;  only  that  it  mull  be  fuppofed  always  free 
from  thofe  impurities  with  which  glue  is  fo  often  con- 
taminated. 

Gelatine  is  tranfparent  and  colourlefs  ;  when  thrown 
into  water,  it  very  foon  fwells,  and  affumes  a  gelatinous 
form,  and  gradually  diffolves  completely.  By  evapora- 
ting the  water,  it  may  be  obtained  again  unaltered-in 
tiic  form  of  jelly. 


BSTANCES. 


575 


When  an  infufion  of  tan  is  dropt  into  a  folution  Animal 
of  gelatine  In  water,  there  is  Inftanlly  formed  a  copious  '  '"'^'"L''^-_ 
white  precipitate,  which  has  all  the  projjerties  of  lea- 
ther. This  precipitate  is  compofed  of  tan  and  gela- 
tine. Thefe  two  fnbllances,  therefore,  when  combined, 
form  leather.  Albumen  and  gelatine  are  the  only  ani- 
mal Inbllances  known  which  have  the  property  of  com- 
buung  with  tan,  and  forming  with  it  an  Infoliible  com- 
pound. They  may  be  always  talily  detecled,  therefore, 
by  means  of  tan  ;  and  ihcy  may  be  readily  diftinguiflied 
from  each  other,  as  albumen  alone  coagulates  by  heat, 
and  gelatine  alone  concretes  into  a  jelly. 

Gelatine  is  infoluble  in  alcohol,  and  is  even  precipi- 
tated from  water  by  It  ;  but  both  acids  and  alkalies  dif- 
folve  it.  Nitric  acid  difengages  from  it  a  fmall  quan- 
tity of  azotic  gas  ;  diffolves  it,  when  alllfled  by  heat, 
excepting  an  oily  matter,  which  appears  on  the  furfacc 
of  the  folution  ;  and  converts  it,  partly  into  oxalic  and 
malic  acids  *.  *  Sclrdr, 

When  dillllled,  there  comes  over  firll  water,  contain-. '?'''"''/*"''• 
ing  fome  animal  matter ;  the  gelatine  then  fwells,  be-!|-'|.^^^  ^^' 
comes  black,  emits  a  fetid  odour,  accompanied  with  acrid 
fumes  :  Some  empyreumatic  oil  then  comes  over,  and 
a  very  fmall  quantity  of  carbonat  of  ammonia:  its  coaly 
reilduum  remains  behind.  Thefe  phenomena  Ibew,  that 
gelatine  is  comppfed  of  carbon,  hydrogen,  and  azot  ; 
but  the  proportion  of  azot  is  evidently  much  fmaller 
than  in  either,  fibrina  or  albumen +.  f  ^"•"''^nyi 

Ar>n  de 
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Sect.  IV.     Of  Animal  Mvcuage. 

No  word  In  chemlllry  is  ufcd  with  lefs  accuracy  than 
mucilage.  It  ferves  as  a  com.mon  name  for  alm.oft  every 
animal  fubftance  wliich  cannot  be  referred  to  any  other 
clafs. 

None  of  the  fubftances  to  which  the  name  of  animal 
mucilage  has  been  given,  have  been  examined  with  care  ; 
of  courfe  it  is  unknown  whether  thefe  fubftances  be  the 
fame  or  different.  -o, 

Whether  an   animal  fubftance  ponefTts  the  following  Prr.ptrt let 
properties,  it  is  at  pvefent  denominated  an  animal  muci-!'' "'""" 
lage  by  chemilts.  ^^'^' 

1.  Soluble  in  wafer. 

2.  Infoluble  in  alcohol. 

3.  Neither  coagulable  by  heat,  nor  concreting  into  a: 
gelly  by  evajioratlon. 

4.  Not  precipitated  by  the  folut^Ion  of  tan. 

Moil  of  the  lubftances  called  mucilage  have  alfo  the 
property  of  abforbing  oxygen,  and  of  becoming  by  that 
means  infoluble  in  water.. 

The  mucilaginous  fubdances  fhall  be  pointed  out  in 
the  next  chapter.  In  the  prefent  ftate  of  our  know- 
ledge, any  account  of  tliem  here  would  merely  be  a  re- 
petition of  the  properties  juft  mentioned. 

Sect.  V.     Of  the  Basis  of  Bile. 

20J 
Into  32  parts  of  frefli  ox  bile  pour  one  part  of  con- Bsfis  of  bil« 
centrated  muriatic  acid.     After  the  mixture  has  ftood''*'*  "l"- 
for  fome  hours,   pafs  it  through  a  filter,  in  order  to  fe-'*'"*  » 
parate  a  white  coagulated  fubftance.    Pour  the  filtrated 
liquor,  which  has  a  fine  green  colour,  into  a  glafs  veffel, 
and  evaporate  it  by  a  moderate  heat.      When  it  has  ar- 
rived at  a  certain  degree  of  concentration,  a  green  co« 
loured  f^ibftance  precipitates.     Decant  off  the  char  li- 
quid, and  walh  the  precipitate  in  a  fmall  quantity  of 

pure 
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pure  water.     This  precipitate  is  the  biifis  of  bUe,  or  tlie 
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rejin  of  bile,  33  it  is  fometimes  called*. 

The  balls  of  bile  is  of  a  black  colour  ;  but  when 
fpread  out  upun  pnper  or  on  wood,  it  is  green  :  its  talle 
is  intenfcly  hitteif. 

When  heated  to  about  122°,  it  melts  ;  aod  if  the 
heat  be  IHil  farther  inereai'ed,  it  takes  fire,  and  burns 
with  rapidity.  It  is  foliible  in  water,  botli  cold  and 
hot,  and  Hill  more  foluble  in  alcohol  ;  but  water  preci- 
pitates it  from  that  liquidj. 

It  is  foluble  alfo  in  alkalies,  and  forms  with  them  a 
compound  which  has  been  compared  to  a  foap.  Acidas 
when  fufficiently  diluted,  precipitate  it  both  from  wa- 
ter and  alkalies  without  any  change  ;  but  if  they  be 
concentrated,  the  precipitate  is  redifTolvedJ. 

When  dillilled,  it  farnirties  fome  febac!c||. 

From  thefe  properties,  it  is  clear  that  the  bafis  of 
bile  has  a  eonfiderable  refemblance  to  oils  ;  but  it  dif- 
fers from  them  entirely  in  feveral  of  its  properties.  The 
addition  of  oxygen,  with  which  it  combines  readily,  al- 
ters it  fomewhat,  and  brings  it  Hill  nearer  to  the  clafs 
of  oils. 

In  this  alteied  llate,  the  balls  of  bile  may  be  obtain- 
ed by  the  following  procefs.  Pour  oxy-muriatic  acid 
cautioufly  into  bile  till  that  liquid  loies  its  green  colour  ; 
then  pals  it  through  a  filter  to  feparate  fome  albumen 
which  coagulates.  Pour  more  oxy-muriatic  acid  into 
the  filtered  liquid,  and  allow  the  mixture  to  repofe  for 
fome  time.  The  oxy-muriatic  acid  is  gradually  con- 
verted into  common  muriatic  acid  ;  and  in  the  mean 
time  the  bafis  of  bile  abforbs  oxygen,  and  acquires  new 
properties.  Pour  into  the  liquid,  after  it  has  remained 
a  fufficient  time,  a  little  common  muriatic  acid,  a  white 
precipitate  immediately  appears,  which  may  be  fepara- 
ted  from  the  fluid.  This  precipitate  is  the  bafis  of  bile 
cdrnbined  with  oxygen. 

It  has  the  colour  and  the  confidence  of  tallow,  but 
ftill  retains  its  bitter  tafte.  It  melts  at  the  temperature 
of  104°.  It  diflblves  readily  in  alcohol,  and  even  in 
water,  provided  It  be  affilled  by  heat.  Acids  precipi- 
tate it  from  thefe  folntiona^. 

Sect.  VI.     Of  Urea. 

Evaporate,  by  a  gentle  beat,  a  quantity  of  human 
urine  voided  fix  or  eight  hours  after  a  meal,  till  it  be 
reduced  to  the  confidence  of  a  thick  fyrup.  In  this 
ftate,  when  put  by  to  cool,  it  concretes  into  a  cryllalline 
mafs.  Pour,  at  different  times,  upon  this  mafs  four 
times  its' weight  of  alcohol,  and  apply  a  gentle  heat; 
a  great  part  of  the  mafs  will  be  diffolved,  and  there 
will  remain  only  a  number  of  faline  fubftances.  Pour 
the  alcohol  folution  into  a  retort,  and  dillil  by  the  heat 
of  a  fand  bath  till  the  liquid,  after  boiling  fome  time,  is 
reduced  to  the  confillence  of  a  thick  fyrup.  The  whole 
of  the  alcohol  is  now  feparated,  and  what  remains  in 
the  retort  cryftallizes  as  it  cools.  Thefe  cryllals  confift 
of  the  fubftance  known  by  the  name  of  urea* . 

This  fubftance  was  firft  defcribed  by  Rouelle  the 
Younger  in  1773,  under  the  name  of  xhe.  fapenaceoiis 
extralt  of  urim.  He  mentioned  feveral  of  its  pro. 
perties ;  but  very  little  was  knows  concerning  its  na- 
ture till  Fourcroy  and  Vauquelin  publifhed  their  ex- 
periments on  it  in  1 799.  Thefe  celebrated  che- 
mlfts  have  given  it  the  name  of  urea,  which  we  have 
■adopted. 


Urea,  obtained  in  this  manner,  has  the  form  of  cry.    Urea, 
ftalline  plates  croffing  each  other  in  different  direftions.  ^"'^'"T" 
Its  colour  is  yellowilh  white  ;  it  has  a  fetid  fmell,  '^^'"c-jfj 
what  refembling  that  of  garlic  or  arfenic  ;   its  tade  isties. 
ftrong  and  acvi(i,  refembling  that  of  ammoniacal  falls  ; 
it    is   very  vifcid  and  difficult  to  cut,  and  has  a  good 
deal  of  refemblance  to  thick  honey-j-.     When  expofedt  Fcurcny 
to  the  open  air,    it  very  fuon   attratis  moillure,  and  is""''  ^a"-  , 
converted  into   a  tliick  brown  liquid.      It  is  extremely  J"'''"r '**''■ 
foluble  in  water;  and  during  its  folution,  a  eonfiderable xs^ii, p.' 5, 
degree  of  cold  is  produced^.      Alcohol  diffolves  it  with}  liid.f, 
facility,  but  fcarcely  in  fo  large  a  proportion  as  water.  "S. 
The  alcohol  folution  yields  cryftais  much  more  readily 
on  evapoiation  than  the  folution  in  water. 

When  nitric  acid  is  dropt  into  a  concentrated  folution 
of  urea  in  water,  a  great  number  of  bright  pearl  colour, 
ed  cryllals  are  depofited,  compofed  of  urea  and  nitric 
acid.  No  other  acid  produces  this  finguiar  eircdt.  I'he 
concentrated  folution  of  urea  in  water  is  brown,  but  it 
becomes  yellow  when  diluted  with  a  large  quantity  of 
water.  The  infufion  of  nut-galls  gives  it  a  yellowifli 
brown  colour,  but  caufes  no  precipitate.  Neither  does 
the  infufion  of  tan  produce  any  precipitatejl.  || 

When  heat  is  applied  to  urea,  it  very  foon  melts, 
fw ells  up,  and  evaporates,  with  an  infupportably  fetid  "''^"'"P"' 
odour.  When  dillilled,  there  comes  over  fivil  benzoic"''"  ' 
acid,  then  carbonat  of  ammonia  in  cryftais,  fome  carbo- 
nated hydrogen  gas,  with  traces  of  pruflic  acid  and  oil ; 
and  there  remains  behind  a  large  refiduum,  compofed  of 
charcoal,  muriat  of  ammonia,  and  muriat  of  foda.  The 
diftillation  is  accompanied  with  an  almoft  infupportably 
fetid  aUiaceous  odour.  Two  hundred  and  eighty-eight 
parts  of  urea  yield  by  diftillation  200  parts  of  carbonat 
of  ammonia,  10  parts  of  carbonated  hydrogen  gas,  7 
parts  of  charcoal,  and  6S  parts  of  benzoic  acid,  muriat 
of  foda,  and  muriat  of  ammonia.  Thefe  three  laft  in- 
gredients Fourcroy  and  Vauquelin  coniider  as  foreign 
fubftances,  feparated  from  the  urine  by  the  alcohol  at 
the  fame  time  with  the  urea.  Hence  it  follows,  that 
100  parts  of  urea,  when  diftilled,  yield 

92.027  carbonat  of  ammonia, 
4.^08  carbonated  hydpogen  gas, 
3.125  charcoal. 


U!d. 
S07 


99.860 
Now  200  parts  of  carbonat  of  ammonia  are  compofed 
of  86   ammonia,  90   carbonic  acid  gas,  and  24  water. 
Hence  it  followa,  that  1 00  parts  of  urea  are  compofed 
of  39.5  oxygen, 

32.5  azot, 

14.7  carbon, 

13.3  hydrogen. 


But  it  can  fcarcely  be  doubted,  that  the  water  whick 
was  found  in  the  carbonat  of  ammonia  exifted  ready 
formed  in  the  urea  beft'-e  the  diftillation^.  *  ^;y. 

When  the  folution  of  urea  in  water  is  kept  in  a  boil- 
ing heat,  and  new  water  is  added  as  it  evaporates,  the 
urea  is  gradually  decompofed,  a  very  great  quantity  of 
carbonat  of  ammonia  is  difer.gaged,  and  at  the  fame 
time  ai  -tous  acid  is  formed,  and  fome  charcoal  precipi-*  ji,!d.f> 
tates*.  96. 

When  a  folution  of  urea  in  water  is  left  to  itfelf  for        208^ 
fome  tjioe,  it  is  gradually  decompofed.    A  froth  c"'-ourdccora. 
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Urea,     lefts  on  its  fiirface  ;  alv  bubWus  are  emitted  which  have 
"""Y~~  a   llrong  difagrecable  imell,  in  which  ammonia  and  ace- 
tous acid  arc  diilingulfliable.     The   liquid  contains  a 
quantity  of  acetous  acid.     The  decompoiltlon  is  much 
more  rapid  i.'"6  little  gelatine  he  added  to  the  fohition. 
In  that  cife  more  a:n-noni,t  is  difeiijraged,  and  the  pro- 
Jf."J'-''  portion  of  acetous  aciJ  is  not  lo  great'. 
'„l,ii^"Ann       When  the  i"oliitio!i  of  urea  is  mixed  wi'h  one-fourth 
■  Cb'im.       of  its  weight  of  diluted  fulphuric  acid,  no  cfFervelcence 
ixii. p.  96.  takes  place  ;  but,  on  the  application  of  heat,  a  quantity 

„.*°'r    of  oil  appears   ou   the    furface,   which  concretes   upon 
.ftion  of  ,.       '^' ,     ,•      •  I       1  •  1  •  1 

cooling  ;  the  hqiiid,  which  comes  over  into  the  n-cetver, 

contains  acetous  acid,  and  a  quantity  of  fiilphat  of 
ammonia  remaired  in  the  retort  dilTolved  in  the  undi-  ■ 
fulled  niafs.  By  repeated  diftiliations,  the  whole  of 
the  urea  is  converted  into  acetous  acid  and  ammoniaf. 
When  nitric  acid  is  poured  upon  cryftalli/.cd  urea,  a 
violent  efferveicence  takes  place,  the  mixture  frothes, 
afTumes  the  form  of  a  dark  red  liquid,  great  quantities 
of  nitrous  gas,  azotic  gas,  and  carbonic  acid  gas,  are 
difengaged.  Wlien  the  cfTervefcence  is  over,  there  re- 
mains only  a  concrete  white  matter,  with  fome  drops  of 
reddilb  liquid.  When  heat  is  applied  to  this  refiduum, 
it  detonates  like  nitrat  of  ammonia.  Into  a  folution  of 
urea,  formed  by  its  attrafting  moiilure  from  the  atmo- 
fphere,  an  equal  quantity  of  nitric  acid,  of  the  Ipecilic 
gravity  1.460,  diluted  with  twice  its  weight  of  water, 
■was  added  ;  a  gentle  efFervefcence  enfued  :  very  gentle 
heat  was  appUed,  which  fupported  the  efFervefcence  for 
two  days.  There  was  difengaged  the  firft  day  a  great 
quantity  of  azotic  gas  and  carbonic  acid  gas  ;  the  fc- 
cond  day,  carbonic  acid  gas,  and  at  laft  nitrous  gas.  At 
the  fame  time  with  the  nitrous  gas  an  odour  was  per- 
ceivable of  the  oxygenated  pruffic  acid  of  Berthollet. 
At  the  end  of  the  fecond  day,  the  matter  in  the  retort, 
which  was  become  thick,  took  fire,  and  burnt  with  a 
violent  explofion.  The  refiduum  contained  traces  of 
pruffic  acid  and  ammonia.  The  receiver  contained  a 
yellowifh  acid  liquor,  on  the  furface  of  which  fome 
drops  of  oil  fwamj. 

Muriatic  acid  diiTolves  urea,  but  does  not  alter  it. 
Oxy-muriatic  acid  gas  is  abforbed  very  rapidly  by  a 
diluted  folution  of  urea  ;  fmall  whitifli  flakes  appear, 
which  foon  become  brown,  and  adhere  to  the  fides  of 
the  veffel  like  a  concrete  oil.  After  a  confiderable  quan- 
tity of  oxy-muriatic  acid  had  been  abforbed,  the  folu- 
tion, left  to  itfelf,  continued  to  effervefce  exceeding 
flowly,  and  to  emit  carbonic  acid  and  azotic  gas-  Af- 
ter tliis  efFervefcence  was  over,  the  liquid  contained  mu- 
riat  and  oarbonat  of  ammonia, 
f  alkalies.  Urea  is  dlffolved  very  rapidly  by  a  folution  of  potafs 
or  foda  ;  and  at  the  fame  time  a  quantity  of  ammonia  is 
difengaged,  the  fame  fubftance  is  difengaged  when  urea 
is  treated  withbarytes,  lime,  or  even  magnefia.  Hence 
it  is  evident,  that  this  appearance  muft  be  afcribed  to  the 
muriat  of  ammonia,  with  which  it  is  conftantly  mixed. 
When  pure  folid  potafs  is  triturated  with  urea,  heat  is 
produced,  a  great  quantity  of  ammonia  is  difengaged. 
The  mixture  becomes  brown,  and  a  fubftance  is  depo- 
fited,  having  the  appearance  of  an  empyreumatic  oil. 
One  part  of  urea  and  two  of  potafs,  ditfolved  in  four 
times  its  weight  of  water,  when  diftilled  give  out  a 
great  quantity  of  ammoniacal  water  ;  the  refiduum  con- 
tained acetite  and  carbonat  of  potafs||. 

When  muriat  of  foda  is  diffolved  in  a  folution  of  urea 
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in  water,  it  is  obtained  by  evaporation,   nnt   in   cubic     i'jgir- 
cryllals,  its  ufual  form,   but    in    regular  odtohedrons.  "~^ 
Muriat  of  ammonia,  on  the  contrary,  which  crydallizes 
naturally  in  oftohedrons,   is   convtited   into  cubes,  by 
dilTolving  and  cryftallizing  it  in  the  lolution  of  urea. 

Such  are  the  properties  of  this  lingular  lubllance,  a« 
far  as  they  have  been  afcertained  by  the  experiments  of 
Fourcroy  and  Vauquelin.  It  dift'ers  from  all  animal 
fuIWlanoes  hitherto  examined,  in  the  great  pr(  po.tion  ot 
azot  which  enters  into  its  coi.  pofitl'ni,  a;d  in  the  faci- 
lity with  which  it  is  decoinpofed,  even  by  the  heat  ot 
boiling  water. 

Sic r.  VII.      Of  SucAit. 

SuG,\K  bas  been  already  defcribed  in  the  former  part. 
of  this  article  as  a  vegetable  l'ublt:ince  ;  nothing  there- 
fore is  necedary  here  but  to  point  out  the  different 
ftates  in  which  it  is  found  in  animals.  It  bus  never  in- 
deed been  found  in  animals  in  every  relpetl  limilar  to 
the  fugar  of  vegetables  ;  but  there  are  certain  animsl 
fubftances  which  have  fo  many  properties  in  common 
with  fugar,  that  they  can  fcarcely  be  arranged  under 
any  other  name.     Thefe  fubllances  are, 

1.  Sugar  of  milk, 

2.  Honey, 

3.  Sugar  of  diabetic  urine.  iir 

1.  The  method  of  obtaining  fugar  of  milk  has  been^"|'^''''^ 
already  detailed  in  the  article  Chemistry,  n^.  488.  to 
which  we  refer  the  reader.     For  an  account  of  its  pro- 
perties, we  are  indebted  to  the  obfcrvations  of  Mr  Lich> 
tenttein. 

When  pure,  it  has  a  white  colour,  a  fweetifli  tafte, 
and  no  fmell.  Its  cryitals  are  femitranfparent  regular 
parallelopipeds,  terminated  by  four-fided  pyramids.  Its 
fpecific  gravity,  at  the  temperature  of  550,  is  1.543. 
At  that  temperature,  it  is  foluble  in  feven  times  its 
weight  of  water  ;  but  is  perfeflly  infoluble- in  alcohol. 
When  burnt,  it  emits  the  odour  of  caromel,  and  exhi- 
bits precifely  the  appearance  of  burning  fugar.  When 
diftilled,  it  yields  the  fame  produfts  as  fugar,  only  the  ^  ^^^^  ^^ 
empyreumatic  oil  obtained  has  the  odour  of  benzoic;;.  ;o.  ' 
acid§.  ^j^ 

2.  Honey  Is  prepared  by  bees,  and  perhaps  •'ather  Honey, 
belongs  to  the  vegetable  than  the  animal  kingdom.      It 

bas  a  white  or  yellowifh  colour,  a  (oft  and  grained  con- 
fiftence,  a  faccharine  and  aromatic  fmell  ;  by  means  of 
alcohol,  and  even  by  water,  with  peculiar  management, 
a  true  fugar  is  obtained  ;  by  diftillation  it  aflords  an 
acid  phlegm  and  an  oil,  and  its  coal  is  liglit  and  fpongy 
like  that  of  the  mucilages  of  plants.  Nitric  acid  ex- 
trafts  the  oxalic  acid,  which  is  entirely  fimilar  to  that 
of  fugar  ;  it  is  very  foluble  in  water,  with  which  it 
forms  a  fyrup,  and  like  fugar  pafles  to  the  vinous  fer- 
mentation*. *  Founrcy, 

3.  The  urine  of  perfons  labouring  under  the  difeafe 
known  to  phyficians  by  the  name  of  diabeles,  yields, 
when  evaporated,  a  confiderable  quantity  of  matter, 
which  poffeffes  the  properties  of  fugar. 

Sect.  VIII.     Of  Oils. 

The  oily  fubftances  found  in  animals  may  be  arran- Fixed  oil* 
ged  under  three  heads :  I.  Fixed  oils  ;  2.  Fat ;  3.  Sper- 
maceti. 

I.  The  fixed  oils  are  obtained  chiefly  from  different 

kinds  of  fifti,  as  the  whale,  &c. ;  and   they  are  diftin- 
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guidieil  hy  the  name  of  the  animal  from  which  they  are 
obtained,  as  -whale  oil,  &c.  Tlieie  oils  ague  in  their 
properties  with  other  fixed  oils  ;  which  have  been  al- 
ready defcribed  in  the  article  Chemistry,  Part  II. 
Chap.  iii.  Suppl. 

2.  Fat,  or  rather  tallow,  is  a  well  known  aniinalfub- 
ftance,  much  employed  in  the  manufaciurc  ot  candles 
and  foap. 

It  has  a  white   colour,  often  with  a  fhade  of  yellow. 
When  frefh,  it  has  no  fmell,  and  but  little  tafle.    While 
cold,   it   is  hard  and  brittle  ;  but    when  expofed  to  the 
heat  of  92O,  it  melts,  and  affumes  the  appearance  of  oil. 
The  fat,  however,  which  Is  extratled  from  flelh  by  boil- 
ing, does  not  melt  till  it  reach  the  temperature  of  1  27°*. 
Tallow  and  fat,  in    other  rcfpefts,   have  the  properties 
of  fixed  oils.     They  feem  to  be  conipoi'ed  of  a  fixed  oil 
combined  with    febacic  acid.      When    ilrongiy  heated, 
with  contaft  of  air,  it   emits  a  fmoke  of  a  penetrating 
fmell,  which  excites  tears  and  coughing,  and  takes  fire 
when  fufHciently  heated  to  be  volatilized  :  the  charcoal 
Jt  affords  is  not  abundant.      If  fat  be  diflilled  on  a  wa- 
ter-bath, an  infipid  water,  of  a  flight  animal  fmell,  is  ob- 
tained,  which  is   ueither   acid  nor  alkaline,  but    which 
foon  acquires  a   putrid  fmell,  and  depofits   filaments  of 
a  mucilaginous  nature.    This  phenomenon,  which  takes 
place  with  the  water  obtained  by  dittillation  on  the  wa- 
ter bath  from   any  animal   fubilance,  proves,  that  this 
fluid  carries  up  with  it  a  mucilaginous  principle,  which 
is  the  caufe  of  its  alteration.      Fat,  diftilled  in  a  retort, 
affords  phlegm,  at  firft  aqueous,  and  afterwards  ilrong- 
iy acid  ;  an  oil,  partly  liquid,  and  partly  concrete  ;  and 
a  very  fmall  quantity  of  charcoal,  exceedingly  difficult 
to  incinerate,  in  which  Crell  found  a  fmall  quantity  of 
phofphat  of  lime.     Thefe   products  have   an   acid  and 
penetrating  fmell,  as  llrong  as  that  of  fulphurous  acid. 
The  acid  is  the  febacic. 

3.  Spermaceti,  is  an  oily,  concrete,  cryflalline,  femi- 
tranfparent  matter,  of  a  peculiar  fmell,  which  is  ta- 
ken out  of  the  cavity  of  the  cranium  of  the  cachalot; 
it  is  purified  by  liquefaftion,  and  the  feparation  of  an- 
other f^uid  and  inconcrefcible  oil,  with  which  it  is  mix- 
ed. This  i'ubftance  exhibits  very  fingular  chemical 
properties  ;  for  it  refcmbleo  fixed  oils  in  iome  refpeAs, 
and  volatile  oils  in  others. 

When  heated  to  the  temperature  of  iss'^f  it  melts; 
and  if  the  heat  be  increafed,  it  evaporates  without  much 
alteration.  When  repeatedly  dlllilled,  however.  It  lofes 
its  folid  form,  and  becomes  like  oil.  When  heated  in 
contaft  with  air,  it  takes  fire,  and  burns  uniformly  with- 
out any  difagreeable  odour  :  hence  its  ufe  in  making 
candles. 

By  long  expofare  in  hot  air  it  becomes  yellow  and 
»ancid.  Pure  alkali  combines  with  it, and  forms  a  foap. 
Nitric  and  muriatic  acids  do  not  affeCt  it,  but  fulphu- 
ne  acid  difToIves  it  and  alters  Its  colour. 

Sect.  IX.     0/  .Vcaj. 

The  acids  hitherto  difcovered  in  the  animal  kingdom 
a*e  the  nine  following. 
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1.  Sulphuric,  4.  Carbonic,  7.  Formic, 

2.  Muriatic,  5.  Benzoic,  S.  Bombyc, 

3.  Phofphoric,  6.  Sebacic,  9.  Uric. 
I'he  firft  eight  of  thefe  have  been  already  defcribed  in 
the  article  Chemistry,  Supp/.  it  is  unnecefTary  there- 
fore to  dcfcribe  them  here. 

Few  perfons  are  ignorant  that  concretions  fometimes  pJ'* 
form  in  the  human   urinary  bladder,    and  produce  thatof  uhs"' 
very    formidable  difeafe   known    by   the   names  of  the  acid. 
^oiie  and    the  grave/.     Thefe  concretions  are  often  ex- 
traded  by  a  furgical  operation  :   they  are  called  urinary 
ed/cu/i. 

The  nioft  common  of  thefe  calculi  is  of  a  brown  co- 
lour, and  very  foluble  in  pure  pntafs  or  foda  ley. 

If  into  an  alkaline  fulution  of  one  of  thet'e  calculi  a 
quantity  of  acetous  acid  be  poured,  a  copious  brown  co- 
loured precipitate  immediately  appears,  which  may  be 
feparated  and  edulcorated  in  a  (mall  quantity  of  water. 
This  lubftance  is  uric  aciti*.  •  Fourcm 

It  was  difcovered  by  Scheele  in  1776,  and  the  •^'"'- '''  . 
French  chemifls  afterwards  calletl  it  lithic  acid;  but  ^*!'""  ""• 
this  name,  in  confequence  chiefly  of  fome  remarks  of 
Dr  Pearfon  on  its  impropriety,  has  been  lately  given 
up,  and  that  of  uric  (l)  acid  fubftituted  in  its  place. 
We  have  adopted  the  new  name,  becaufe  we  think  it 
preferable  to  the  old  ;  which  indeed  conveyed  a  kind 
of  inconfiftency  to  thofe  who  attended  to  the  etymolo- 
gical meaning  of  the  word.  ^j. 

Uric  acid  poffeffes   the  following  properties  :   it  cry- Its  proper- 
llallizes  in  thin  plates ;  has  a  brown  colour,  and  fcarce-''"- 
ly  any  tafte.     Cold  water  fcarcely  diffolves  any  part  of 
it ;  but  it  is  foluble  in  360  parts  of  boiling  water.     The 
folution  reddens  vegetable  blues,  efpecially  the  tinfture 
of  turnfol.     A  great  part  of  the  acid  precipitates  again 
as  the  water  cools.      It  combines  readily  with  alkalies 
and  earths  ;  but  the  compound  is  decorapofed  by  every 
other   acid.      Sulphuric  acid,  when   concentrated,    de- 
compofes  it  entirely*.      Nitric  acid  diffolves  it  readily  :  *  SchicU,'u 
the  folution  is  of  a  pink  colour,  and  has   the  property  *°°' 
of  tinging  animal  fubllances,  the   ikin  for  inftance,  of 
the  fame   colour-]-       When   this   folution   is  boiled,  ai.  /ly^nj 
quantity  of  azotic  gas,  carbonic  acid  gas,  and  of  pruf- ^^r/i/i. 
lie  acid,  is  difcngaged  J.     Oxymuriatic   acid  converts  *  p„„„r5T, 
it  in  a  few  rclnutes  into  oxalic  acid^\.  Ann.  dc 

When  diililltd,  about  a  fourth  of  the  acid  paffes  over  Cbim.  xivH. 
a  little  altered,  and  is  found  in  the  receiver  cryflallizcd  *  '■ 
in  plates  ;  a  few  drops  of  thick   oil  make  their  appear- ^^;/,';£y, 
ance  ;   -Jth  of  the  acid  of  concrete  carbonat  of  ammo-xxxii.  184. 
nia,  fome   prulfiat   of  ammonia,  fome^v water,  and  car- 
bonic acid  ;  and  there   remains  in   the  retort  charcoal, 
amounting  to  about  -j'^th  of  the  weight  of  the  acid  di- 
flilled II .  It  fiurcriya 

Thel'e  fails  are  fufficlent  to  fhew  us,  that  uric  acid  is'^"'-  ='''• 
compofed  of  carbon,  azot,  hydrogen,  and  oxygen  ;  and  " 
that  the  proportion  of  the  two  laft  ingredients  is  much 
imaller  than  of  the  other  two. 

The  different  falts  which  uric  acid  forms  with  alka- 
line a. id  earthy  bafes  have  not  been  examined  with  at- 
tention ;  but  urat  of  polafs,  of  ioda,  and  of  lime,  have 
been  formed  both  by  Scheele  and  Fourcroy  ;  and  urat 

of 


(l)  From  urine  ;  becaufe  this  acid  is  always  found  in  bumaa  uriae. 


;hap.  ir.  Animal  SUB 

klka'.ici,    of  ammonh  «'•  not  unfrequjntly   found  cryrtallized  in 

.rths,  and  urinary  calculi. 

vlecils.         -pij^  ^i.jj,j.  ^f  j|)g  affinities  of  the  different  bafe3  for 

~  '  ""  uric  acids  is  entirely  unknown;  but  it  has  been  afcer- 
taincd,  that  its  affinity  for  thefe  bafes  is  much  weaker 
than  that  of  any  other  acid.  Its  falts  are  decompofcd 
even  by  pruific  and  carbonic  acid. 

Sect.  X.     Of  Alkalies,  Earths,  and  Metals. 

1  All  the  three  alkalies  have  been  found  in  the  ani- 
mal kingdonii  as  we  (liall  ilicw  in  the  next  chapter. 

2.  Tiie  only  earths  which  have  been  found  in  animals 
are,  i.  Lime, 

2.  Magnefia, 

3.  yilica. 
The  Sr(l  in  great  abundance,  almoft  in  every  large  ani- 
mal;  the  otlier  two  very  rarely,  and  only  as  it  were  by 
accident. 

3.  The  metals  hitherto  found  in  animals  are, 

1.  Iron, 

2.  Mangancfe. 
The  firft  extlls  in    all  the  larger  animals  in  fome  confi- 
derable  quantity  ;  the  iecond  has  fcarce  ever  been  found 
in  any  quantity  fo  great  as  to   admit  of  being   weigh, 
cd. 

Such  are  the  fubllances  hitherto  found  in  animals. 
The  fimple  bodies  of  which  all  of  them  confiil  are  the 
following  : 

Azot,  6.  Phofphorus,  1 1.  Magnefia, 

Carbon,  7.  Muriatic  acid,  i  2.  Silica, 

Hydrogen,      8.  Potafs,  13.  Iron, 

Oxygen,  9.  Soda,  14.  Manganefe. 

Lime,  10.  Sulphur, 

Of  thefe,  magnefia  and  lilica  may  in  a  great  meafure 
be  confidered  as  foreign  bodies;  for  they  are  only  found 
in  exceedingly  minute  quantities,  and  the  lail  not  un- 
lefs  in  cafes  of  difeale.  The  principal  elementary  ingre- 
dients are  the  firft  fix  :  animal  fobftances  may  be  con- 
fidered  as  in  a  great  meafure  compofed  of  them.  The 
firft  four  conftitute  almoft  entirely  the  foft  parts,  and 
the  other  two  form  the  bafis  of  the  hard  parts.  But 
we  will  be  able  to  judge  of  this  much  better,  after  we 
have  taken  a  view  of  the  various  parts  of  animals  as  they 
exift  ready  formed  in  the  body.  This  fhall  be  the  fub- 
jeft  of  the  next  chapter. 

Chap.  IL     Of  the  Parts  of  Animals. 

The  different  fubftances  which  compofe  the  bodies 
of  animals  have  been  defcribed  with  fufBcient  minute- 
nefs  in  the  article  Anaiomv,  Encycl.  to  which  we  beg 
leave  to  refer  the  reader.  Any  repetition  in  this  place 
would  be  improper.  Thefe  fubftances  are  the  follow- 
ing : 


aiS 

ifiances 
ind  in 
ouls. 


Bones  and  fhells, 

Mufcles, 

Tendons, 

Ligaments, 

Membranes, 


6.  Cartilages, 

7.  Skin, 

8.  Brain  and  nerves, 

9.  Horns  and  nails, 
10.  Hair  and  feathers. 


Befides  thefe  fubftances  which  conftitute  the  folid 
part  of  the  bodies  of  animals,  there  are  a  number  of 
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fluids,  the  moft  important  of  which  is  the  htooJ,  whicR     Bines, 
pervades  every  part  of  the  fyftem  in  all  the  larger  ani-  — — v"-"* 
nials :   The  reft  are   known   by   the  name  of  fccrciiuns, 
becaufe  they  are    formed  or  fecreted,  as   the  anatoniifU 
term  it,  from  the  blood.     The  principal  animal  fecre- 
tions  are  the  follovv'ing: 

1.  Milk,  6.  Mucus  of  the  nofe, 

2.  Saliva,  7.  Sinovia, 

3.  Pancreatic  juice,  8.  Semen, 

4.  Bile  and   biliary  cal-        9.  Liquor  of  the  amnios, 
culi,  10.  Urine  and  urinary  cal- 

y.  Tears,  culi. 

Thefe  fubftances  fliall  form  the  fubje£t  of  the  following 
fedions. 

StCT    L       Of  BoKFS. 

By  hones,  we  mean  thofe  hard,  fulid,  wtll  known 
fubftances,  to  vrhich  tjie  firmnefs,  fliape,  and  ilrtngth 
of  animal  bodies,  are  owing  ;  which,  in  the  larger  ani- 
mals, form,  as  it  were,  the  ground  work  uponwliich  all 
the  reft  is  built.  In  man,  in  quadrupeds,  and  many 
other  animals,  the  bones  are  fituated  below  the  otlu  r 
parts,  and  Icarcely  any  ot  them  are  expcjfed  to  view  ; 
but  (hcU-fifti  and  fnails  have  a  hard  covering  on 
the  outfide  of  their  bodies,  evidently  intended  for  de- 
fence. As  thefe  coverings,  though  known  by  the  name 
of  Jhe/ls,  are  undoubtedly  of  a  bony  nature,  we  fhall  in- 
clude them  alio  in  this  feftion.  For  the  very  fan'e  rea- 
fons,  it  would  be  improper  to  exclude  cgg-Jljells,  and 
thofe  coverings  of  certain  animals,  the  tortoiie  for  ia- 
ftance,  known  by  the  name  of  crujlt. 

It  had  been  long  known,  that  bones  may  be  rendered 
foft  and  cartilaginous  by  keeping  them  in  diluted  acid 
folutions,  and  that  fome  acids  even  dllfolve  them  alto- 
gether ;  that  when  expofed  to  a  violent  heat,  they  be- 
come  white,  opaque,  and  brittle;  and  Dr  Lev.is  had 
obferved,  that  a  ludden  and  violent  heat  rendtrfd  them 
hard,  femitranfparent,  and  fonorous.  But  their  com- 
ponent parts  remained  unknown  till  Schecle  mentioned, 
in  his  differtatlon  on  Fluor  Spar,  publiflied  in  the  Stock- 
holm Tranfadlions  for  1771,  that  the  earthy  part  of 
bones  is  pbofphat  of  lime  (m).  Since  that  time  confi- 
derable  additions  have  been  made  to  the  chemical  ana- 
lyfisof  thele  fubftances  by  Berniard,  Bouillon,  and  Rou- 
elle.  Mr  Hatchett  has  publifhed  a  very  valuable  paper 
on  the  iubjedt  in  the  Phllofojihical  Tranfaitions  for 
1799;  and  in  the  34th  volume  of  the  AtinaUs  de  Chi- 
vue,  Mr  Mcrat  Guillot  has  given  us  a  table  of  the  com- 
ponent parts  of  the  bones  of  a  confiderable  number  of 
animals. 

The  bony  parts  of  anJmals  may  be  divided  into  three 
clafles;  namely,  bones,  crufls-,  znd fhel/s. 

1.   Bones  have  a   couliderablc   degree  pf  fiardnefs  ;  [■,      '  •  , 
when  recent,  they  contain  a  quantity  of  marrow,  which  of  bonef. 
may  be  partly  feparated  from  them.     When  the  water 
in  which   bones  have  been  for  fome   time  boiled  is  eva- 
porated to  a  proper  confiftence,  it  aflumes  the  form  of 
agelly;  bones  therefore  contain  gelatine. 

If  a  piece  of  bone  be  kept  for  fome  time  in  diluted  xhcir  com. 
muriatic,  or  even  acetous  acid,  it  gradually  loles  a  con-ponent 
fiderable  part  of  its  weight,  becomes  foft,  and  acquires  P^"** 
4  D  2  a 


(m)  The  difcoverer  of  this  has   not  been  completely  afcertained  :   Scheele  does  uot  claim  it  in  that  paper  ; 
Bergman  gives  it  to  Gahn ;  but  Crell  affirms  that  it  was  made  by  Schesle. 
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a  certain  degree  of  tranfparenc)- :  and,  in  ftiort,  acquires 
all  the  properties  of  carlilage.  Bone  therefore  confifts 
of  cartilage,  camh'medi  w'th  foine  fihftancc  which  tliefe 
acids  are  capable  of  diffolving  and  carrying-  off. 

If  pure  ammonia  be  dropt  into  the  acid  which  has 
reduced  the  bone  to  this  (late,  atjuantity  of  white  pow- 
der  precipitates,  which  poiTeires  all  the  properties  of 
phtjfphaf  of  liins.  The  fubftancc,  then,  which  was  com- 
bined with  the  cartilage  '\s  phnfphjt  of  Ihne. 

Alter  the  phufphat  of  lime  has  precipitated,  the  ad- 
dition of  cavbonat  of  ammonia  occafions  a  farther  pre- 
cipitate, which   confifts   of  carbonat  of  lime  :   but  the 

*  -^"''/'"'  quantity  of  this  precipitate  is  inconfiderable*.      When 
'     ''^"'^'concentrated  acids  are  poured  on  bones,  whether  recent 

317.'  '  or  calcined,  an  elTervefcence  is  perceptible;  the  gas 
which  efcapes  renders  lime  water  turbid,  and  is  there- 
fore carlomc  acid.  Now  fince  bones  contain  carbonic 
acid,  and  jince  thev  contain  lime  alfo  uncombined  with 
any  acid  ftronger  than  carbonic — it  is  evident  that  they 
contain  a  little  carlnnat  of  lime.  Mr  Hatchett  found 
this  fubftance  in  all  the  bones  of  quadrupeds  and  of  fi(h 
which  he   examined  f. 

When  bones  are  calcined,  and  the  refiduum  is  diflbl- 
ved  in  nitric  acid,  nitrat  of  barytes  caufes  a  fmall  pre- 
cipitate, which  is  infoluble  in  muriatic  acid,  and  is 
therefore  fulphat  of  barytes  \.  Confeqiiently  bones  con- 
tain fulphuric  acid.  It  has  been  afcertained,  that  this 
acid  is  combined  with  lime.  The  proportion  oi  fulphat 
of  lime  in  bones  is  very  inconfiderable. 

Thus  we  have  feen,  that  bones  are  compofed  of  car- 
tilage, which  confifts  almoft  entirely  of  gelatine,  of 
phofphat  of  lime,  carbonat  of  lime,  and  fulphat  of 
lime.  The  following  table,  drawn  up  by  Mcrat-Guil- 
lot  II,  exhibits  a  comparative  view  of  the  relative  pro- 
portion of  thefe  ingredients  in  a  variety  of  bones.  The 
fulphat  of  lime,  which  occurs  only  in  a  very  fmall  quan- 
tity, has  been  confounded  with  phofphat  of  lime. 


t  Hid. 


\  Hi  J. 


Je 


I  A. 

Cbim 


One  hundred  parts  contain 

Gela- 
tine. 

16 

Fhnfp. 

of  lime 
67 

vJarb. 
of  lime 

'•5 

i.ofs. 

Human  bones   from   a 
burying  ground,         j 

'5-5 

Do.  dry,  but  not  from ' 
under  the  earth,         J 

23 

63 

2 

2 

Bone  of  ox,     .     .     . 

3 

93 

2 

2 

calf,    ,     .     . 

25 

54 

trace 

2t 

horfe,     .      .     . 

9 

67.5 

1.25 

22.25 

(heep,     .     .     . 

16 

70 

0.5 

•3-5 

elk,     .     .      . 

1-5 

90 

I 

7-5 

hog,     .     .     . 

17 

52 

I 

30 

hare,      .      .     . 

9 

85 

I 

5 

pullet,      .      . 

6 

72 

T-5 

20.5 

pike,     .     .     . 

12 

64 

I 

23 

carp,     .     ,     . 

6 

45 

0.5 

48.5 

Horfe  tooth,     .     .     . 

12 

85.5 

0.25 

2.2s 

Ivory,     

24 

64       0.1 

II. 15 

Hart  (horn 

27 

57-5    I 

14.5 

The  enamel  of  the  teeth  is  compofed  of  the  fame 
•  Haichett,  earthy  ingredients  as  other  bones  ;  but  is  totally  deili- 
Pbil  TranJ.  tutc  of  Cartilage  *. 

1799>P-  2.  The  cruftaceous  coverings  of  animal?,  as  of  echi- 

3'^  ni,  crabs,  lobfters,  prawns,  and  cray  fifh,  and  alfo  the 

Component 'J'ells  of  eggs,  are  compofed  of  the  fame  ingredients  as 

parts  of 
auftsi 
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bones ;  but  in  them  the  proportion  of  carbonat  of  lime     Bones. 

far  exceeds  that  of  phofphat*.  ^— 

Thus  100  parts  of  lobfter  cruft  contain  t,'^"!*'"' 

60  carbonat  or  lune,  1799,  p. 

14  phofphat,  3X1,  and 

26  cartilage,  3*4' 

100  f  '  t  Mtrau 

One  hundred  parts  of  craw(i(h  cruft  contain  OnUUt^Ann 

60  carbonat  of  lime,  ''''  ^!"'"- 

\z  pholpriat  or  li.ne, 
28  cartilage. 

loot- 
One  hundred  parts  of  hens  egg-(hel's  contain 
89.6  carbonat  of  lime, 
5.7  phofphat  of  lime, 
4.7  animal  matter. 


t  Ihid. 


I  ^  0.0  II .  _  \}  r.:uju,l!M,^ 

Mr  Hatchett  found  traces  of  phofphat  of  lime  alfo  in  'i'J-  xiix6, 
the  (hells  of  fnails. 

3.  The  (hells  of  fea  animals  may  be  divided  into  twop  *" 
clalTes:  The  lirft  has  the  appearance  of  porcelain  ;   their  pjrts'of 
furface  is  enamelled,  and  their  texture  is  often  (lightly  (hells, 
fibrous.     Mr    Hatchett   has  given  them  the  name  of 
porcellaneous  (liells.     The  fecond  kind  of  (hell  is  known 
by  the  name  of  mother  of  pearl.     It   is  covered  with  a 
ftrong  epidermis,  and  below  it  lies  the  (helly  matter  in 
layers*.     The  (hell  of  the  frelh  water  mufcle,  mother  «  j/„;^^, 
of  pearl,  heliotis  iris,  and  turbo  olearius,  are  in  (lances  o{  Mm.  Far, 
thefe  (hells.  i;66,p.«.' 

Porcellaneous    (hells    are  compofed    of  carbonat  of  ^^      "' 
lime  cemented  together  by  a  very  fmall  quantity  of  ani-'  ' 
mal  matterf.  |  Hatddt, 

Mother    of   pearl  (hells  are  compofed  of    alternate /Wrf. 
layers  of  carbonat    of    lime  and  a  thin    membranace- 
ous or  cartilaginous  fubftance.     This  cartilage  (fill  re- 
tains the  figure   of  the  fhell,  after  all   the  carbonat   of 
lime  has  been  feparated  by  acids  {.  j  j^^^j    .5 

Mother  of  pearl  contains  66  carbonat  of  lime, 
34  cartilage. 

J°0|l  .      \\M.rjl. 

Coral,  which  is  a  bony  fubftance  formed  by  certain  Gu///i>/, /iii 
fea  infecls,  has  a  nearer  relation  to  mother  of  pearl  Ihclls 
in  its  ftrufture  than  to  any  other  bony  fubftance,  as  the 
following  table  5[  will  (hew. 


White  coral.     Red  coral 
Carbonat  of  lime,  50  53.5 

Animal  matter,  50  46.5 


Articulated  L  ... ,  ...j 
coraline.      G'"««'.'*'* 
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Sect.  II.     Of  the  Muscles  of  Animals. 

The  mufcular  parts  of  animals  are  known  in  common 
language  by  the  name  oi  JleJIi.  They  conftitute  a  con- 
fidcrable  proportion  of  the  food  of  man. 

Mufcular  fle(h  is  compofed  of  a  great  number  of 
fibres  or  threads,  commonly  of  a  reddifti  or  whitifti  co- 
lour ;  but  its  appearance  is  too  well  known  to  require 
any  defcription.  Hitherto  it  has  not  been  fubjeded 
to  any  accurate  chemical  analyfis.  Mr  Thouvenel,  m- 
deed,  has  publifhed  a  very  valuable  differtation  on  the 

fubjedt } 


58i 

Skin. 


very    iiicoiifulcrablc    nrnluum.     Thus   253    grams    ot 
hog's  bladder  left  only  o.oz  grain  of  rcliduum  f . 

Sect.  IV.     Of  the  Skin. 

The  fliin   is   that  ftrong  thick  covering  which  en- 
velopes the  whole  external  fiufacc  of  animals.  It  isgom- 


t  nil. 

P'  Hi' 
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lufcles  nf  fubjeft  ;  but  his  analyfis  was  made  before  the  method     only  that  they  are  comjjofed,  in  a  great  meafure,  of  ^^- 
ft.i)imals.   ^f  examining  animal  fubllances  was  fo  well  underftood     latiiie  ;   for  it  is  partly   from   them   that  ^liie  is   made  ; 
-    »         as  it  is  at  prefent.      It  is  to  him,  however,  that  we  are     which  does  not  dlfFer  from  gelatine,  except  in  not  be- 
iiidihted  for  almofl  all  the  fads  known  concerning  the      ing  perfeftly  pure. 

compofilion  of  nuifclc.  M''  Hritchett  iius  afcer'alncd   that   they  contain  no 

It  is  fcarcely  poffible  to  fcparate  the  mufcle  from  all  phofphat  of  lime  as  a  conllituent  pan,  and  fcarcely  any 
the  other  fubllances  with  wliiih  it  is  mixed.  A  quan-  falinc  ingredients  ;  for  when  calcmtd  they  leave  but  a 
tity  of  fat  often  adheres  to  it  clofcly  ;  blood  perva3es 
the  whole  of  it  ;  and  every  fibre  is  enveloped  in  a  par- 
ticular thin  membranous  matter,  which  anatomills  di- 
Itinguifli  by  the  name  o{  lelhiliir  fiihjiunce.  The  analyfiS 
of  the  mufcle,  then,  cannot  be  fuppofed  to  exhibit  an 
accurate    view    of  the    compoliiion    of  pure   mufcular 

fibres,  but  only  of  mufcular  fibre  not  perfedly  feparated     pofed  chiefly  of  two  parts  :  a  thin  white  elaftic  layer  on 
113  from  other  fubftances.  the  outfide,   vvlu'ch  is  called  ecldtrniis  or  cuticle ;   and  a 

nalyfis  of  1.  When  a  mufcle  is  well  wafhed  in  cold  water,  fe-  much  thicker  liiyer,  compofed  of  a  great  many  fibres, 
ufclef.  veral  of  its  parts  are  dilFolved,  and  may  be  (.blained  by  cioftly  interwoven,  and  dilpofed  in  dilFerent  directions; 
the  ufual  thtmical  methods.  When  the  water  is  eva-  this  is  called  the  cutis,  or  true  Jhiii.  The  ephlermis  is 
poraled  flowly,  it  at  lall  coagulates,  and  the  coagulum     that  part  of  the  fliin  which  is  raifed  in  blillers.  j,^ 

may  be  ftparated  by  means  of  a  filter.      It  poflelies  the  I.  The  epidermis  is  eafily  feparated  from  the  cutis Epider- 

properties  of  albumen.  by  maceration  in  hot  water.      It  poiTefTes  a  very  great "I's- 

2   The  water  is  then  to  be  evaporated  gently  to  dry.     degree  of  elafticity.  ^^ 

nefs,  and  alcohol  poured  upon  the  dry  mafs:   part  of  it  It  is  totally  inioluble  in  water  and  in  alcohol.     Purejtj  proper- 

is  dilfolved  by  digcilion,  and  there  remains  a  faline  fub-     fixed  alkalies   diffolve   it  completely,  as  does  lime  like-ties, 
(lance,  which  has  not  been  examined;  but  which  Four-     wife,  though  flowly  :[:.     Sulphuric    and   muriatic  acids  j  ^ia/Ka/, 
croy  corjedturcs  to  be  &  phofphut.  do  not  diflblve  it,  at  leaft    they  have  no  fciifible  aftionf  Ann.dc 

3.  When   the    alcohol    is  evaporated  to  drynefs,  it     on  it  for  a  confiderable  time  ;  but  nitric  acid  foon  de- Ci'"- »)"'• 
leaves  a  peculiar  mucous  fubftance,   foluble  both  in  wa-     prives  it  of  its  elafticity,  caufes  it  to  fall  to  pieces,  and'^'" 
ter  and  alcohol;  and  when  its   watery  folution  is  very     probably  foon  decompofes  it  $.  i  Cmitjhant 

much  concentrated,  it  alfumes  an  acid  and  bitter  tafte.  It  is  well  known  that   the  living  epidermis  is  tinged  on  In/enjlllt 

It  fwells   upon   hot  coals,   and  melts,  emitting  an  acid     yellow  almoft  inftantancoufly  by  nitric  acid;   but  this^'V/""'""* 

effetl  does  not  take  place,  at  leall  fo  fpeedily,  when  the^'  •''" 
dead  cuticle  is  plunged  in  nitric  acid  altogether  ||.  ,,  ,,.. 

2.   When  a  portion  of  cutis  is  macerated   for    fome      u^ 
hours  in  water,  and  agitation  and  prelfure  is  employed Cutif. 
to  accelerate  the  effetl,   the  blood,  and  all  the  extrane- 
ous matter  wita  which  it  was  loaded,  are  itpnrateu  from 
it,   but  its  texture  remains  analtered.      On  evaporating 


and  penetrating  fmell.  It  attracts  moillure  from  the 
sir,  and  forms  a  faline  efflorefcence.  In  a  hot  atmo- 
fpheve  it  becomes  four  and  putrefies.  All  thefe  pro- 
perties render  it  probable  that  this  fubllance  of  Mr 
Tliouvenel  is  that  which  is  converted  into  zooiiic  acid 
during  the  roafting  of  meat. 

4.  The  mu(ck  is  now  to  be  boiled  in  water  for  fome 
time.     A  quantity  of  fat  appears  on  its  furfacc  in  the     the  water  employed,  a  fmall  quantity  of  gelatine  may- 
form  of  oil,  which  may  be  taken  off.  be  obtained.      No  fubfequtnt  maceration  in  cold  water 

5.  The  water,  when  evaporated  fnfiiciently,  affumes  has  any  farther  effeft  ;  the  weight  ot  the  cutis  is  not 
the  form  of  a  jelly  on  cooling,  and  therefore  contains  a  dlminiihed,  and  its  texture  is  not  altered  :  but  if  it  be 
portion  o( gelatine.   It  contains  alfo  a  little  of  the  fahne     boiled  in  a  fufficient  quantity  of  water,  it  may  be  cora- 


fubftance,  and  of  the  mucous  fubllance  mentioned  above. 
6.   The  refiduum  of  the  mufcle  is  now  wliite  and  in- 
fipid,  of  a  fibrous  llrufture,  and  infaluble  in  water,  and 
Las  all  the  properties  of  JHyiiia. 

Thus  it  appears  that  muicle  is  compofed  of 
Albumen, 
Mucous  matter, 
Gelatine, 
Fibrina, 
A  fah. 
The  French  chemills   have  difcovered,  that  when  3 


pletely  dilfolved,  and  the    whole  of  it,   by  evaporating 

the  water,  obtained  in  the  ftate  of  gelatine  *.  «  Segum, 

Seguin  informs  us  that  he  bus  afcertained,  by  a  great  KiclioljWt 
variety  of  experiments,  that  the  cutis  differs  from  ge-5''"""'''> '• 
latine  merely  in  containing  an  additional  quantity  ot  ''" 
oxygen.  Hot  water  (lie  fays)  expels  this  oxygen,  and  Con-,  pofed 
thus  converts  cutis  into  gelatine  f.  As  tiieie  cxperi-ol  ^'t latine. 
ments  have  not  been  publidied,  it  is  impoflibie  to  lormt  ■'*"'•  *77- 
iuiy  judgment  of  their  weight. 

It  is  the  lliin  or  cutis  of  animals  01  which  leather  isi,j3.ureo£ 
formed.      The  procefs  of  converting  Ikin  into  leather  istanning, 
called  tanning.     This  procefs,  though  praftifed  in   the 


Gatvi' 
170, 


piece  of  muicle  is  allowed  to  remain  a  fufficient  time  in 

diluted  fulphuric   acid,  it  is  converted  into  a  fubftance  earlieft  ages,  was  merely  cmpyiic,;!,  till  the  happy  inge- 

refembling  tallow:  weak  nitric  acid,  on  the  other  hand,  nuity  of  Mr  Seguin  led  him  lo  difcover  its  real  nature. 

Humhcit  converts  it  into  a  fubftance  refembling  luax  *.  After  the   epidermis  and  ail  the  impurities  of  the  fkin 

^"'"  rM-  ^1    c  J  11/  D  1-  hzvc   been    feparated,  and   its  pores  have  been   fo   far 

Sect.  III.     Of  the  Soft  and  IVuirs  P.irts  of  j        .      j    •.     r  u  •  1  1    • 

J  .  ■'  opened  as  to  admit  ot  bemg  cc  i-  j.ietely   penetrated,  it 

is  fteeped  in  nn  infufion  of  oak-b.ik,  which  confifts  of. 

TBofe    parts    of  animals  to  which  anatomifts  have  gallic  acid  and  tan.     '1  he  gallic  acid  (if  we  believe  Se- 

given   the  names  of  cartilage,  tendon,  ligament,  mem-  guin)  deprives  the  fliin  gradually    of  oxygen,  and  thus 

brarie,  differ  altogether  in  their  appearance  from   the  converts  it  into  gelatine,  and   the  tan  combines  with.. 

mufcles.     They  Lave  never  been  analyfed.     We  know  this  gelatine  the  inilant  it  i»  formed  \  and  this  procefs. 

goej 
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goes  on  fo  (lowly  that  the  texture  of  the  &<.m  is  not  al- 
tered. Leather,  therefore,  is  merely  a  combination  of 
gelatine  and  tan  \. 

Sect.  V.     Of  the  Brain  and  Nerfes. 

The  brain  anJ  nerves  are  the  inftruments  of  fenfa- 
tion,  and  even  of  motion  ;  for  an  animal  lofes  the  power 
of  moving  a  part  the  iiiftant  that  the  nerves  which  enter 
it  are  cnt. 

The  brain  and  nerves  have  a  ftrong  refemblance  to 
each  other ;  and  it  is  probable  that  they  agree  alio  in 
their  compofition.  But  hitherto  no  attempt  has  been 
made  to  analyfe  the  nerves.  The  only  chcmifts  who 
have  examined  the  nature  of  brain  are  Mr  Thouret  * 
and  Mr  Fourcroy  f . 

The  brain  confifts  of  two  fubftances,  which  differ 
from  each  other  fomewhat  in  colour,  but  which,  in 
other  refpefts,  feem  to  be  of  the  fame  nature.  The 
outermoft  matter,  having  fonie  fmall  refemblance  in  co- 
lour to  woodafhes,  has  huta  called  the  cinerit'wus  part  ; 
tha  innermoll  part  has  been  called  the  medullary  part. 

Brain  has  a  foft  feel,  not  unlike  that  of  foap  ;  its 
texture  appears  to  be  very  clofe  ;  its  fpccifie  gravity  is 
greater  than  that  of  water. 

When  brain  is  kept  in  clofe  veflels  fo  that  the  exter- 
nal air  is  excluded,  it  remains  for  a  long  time  unaltered. 
Fourcroy  filled  a  glafs  vcflel  almoft  completely  with 
pieces  of  brain,  and  attaclied  it  to  a  pneumatic  appa- 
ratus ;  a  few  bubbles  of  carbonic  acid  gas  appeared  at 
firft,  but  it  remained  above  a  year  without  undergoing 
any  farther  change  J. 

This  is  very  far  from  being  the  cafe  with  brain  ex- 
pofed  to  the  atmofphere.  In  a  few  days  (ri  the  tem- 
perature of  60°)  it  exhales  a  mod  deteltabie  odour,  be- 
comes acid,  affumes  a  green  colour,  and  very  foon  a 
great  quantity  of  ammonia  makes  its  appearance  in  it. 

Cold  water  does  not  diflblve  any  part  of  the  brain  ; 
but  by  trituration  in  a  mortar,  it  forms  with  water  a 
whitilh  coloured  emulfion,  which  appears  homogeneous, 
may  he  pafled  through  a  filter,  and  the  brain  does  not 
precipitate  by  red.  When  thi?  emulfion  is  heated  to 
145",  a  white  coagulum  is  formed.  The  addition  of  a 
great  quantity  of  water  alfo  caufes  a  coagulum  to  ap- 
pear, which  fwims  on  the  furface,  but  the  water  ftill 
retains  a  milky  colour.  When  fulphuric  acid  is  dropt 
into  the  watery  emulfion  of  brain,  white  flakes  feparate 
and  fwim  on  the  furface,  and  the  liquid  becomes  red. 
Nitric  acid  produces  the  fame  effefts,  only  the  liquid 
becomes  yellow.  Alcohol  alfo  feparates  a  white  coa- 
gulum from  the  emulfion,  after  it  has  been  mixed  with 
it  for  fome  hours.  When  nitric  acid  is  added  to  the 
emulfion  till  it  becomes  (lightly  acid,  a  coagulum  is 
alfo  feparated.  This  coagulum  is  of  a  white  colour;  it 
is  infoluble  in  water  and  in  alcohol.  Heat  foftens,  but 
does  not  melt  it.  When  dried,  it  becomes  tranfparent, 
and  breaks  with  a  glaffy  fra£lure.  It  has  therefore 
fome  refemblance  to  albumer.  \\. 

When  brain  is  triturated  in  a  mortar  with  diluted 
fulphuric  acid,  part  is  dilfolved,  the  reft  may  be  fepara- 
ted,  by  filtration,  in  the  form  of  a  coagulum.  The 
acid  liquor  is  colourlefs.  By  evaporation,  the  liquid 
becomes  black,  fulphurous  acid  is  exhaled,  and  ci7ftals 
appear ;  and  when  evaporated  to  drynefs,  a  black  mafs 
remains  behind.  When  this  mafs  is  diluted  with  water, 
a  quantity  of  charcoal  feparates,  and  the  water  remains 
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clear.  The  brain  is  completely  decompofed,  a  quan-  train  an 
tity  of  ammonia  combines  with  the  acid  and  forms  ful-  ^'^'M, 
phat  of  ammonia,  while  charcoal  is  precipitated.  The  ^'"'^ 
water,  by  evaporation  and  treatment  with  alcohol, 
yields  fidphats  of  ammonia  and  lime,  phofphuric  acid,  j,. 
and  phofphats  of  foda  and  anim.onia.  Brain  therefoieltsanaiyfi; 
contains  Phofphat  of  Inne, 

foda, 

ammonia. 

Traces  alfo  of  fulphat  of  lime  can  be  difcovered  in 
it.  The  quantity  of  thefe  falls  is  very  fmall  ;  altogether 
they  do  not  amount  to  rjoth  part  |).  ||  Aan.dt 

Diluted  nitric  acid,  when  triturated  with  brain,  like- ''*""•  "'• 
wife  difiLlves  a  patt,  and  coagulates  the  rt(l.  The  fo- 
lution  is  tranfpaient.  When  evaporated  till  the  acid 
becomes  concentrated,  carbonic  acid  gas  and  nitrous 
gas  are  difengaged  ;  an  effervefcence  takes  place,  white 
fumes  appear,  an  immenle  quantity  of  ammonia  is  dif- 
engaged, 3  bulky  charcoal  remains  mixed  with  a  con- 
fiderable  quantity  ot  oxalic  acid  -j-.  'j,  j^-j  „. 

When  brain  is  gradually  evaporated  to  drynefs  by 
the  heat  of  a  water  bath,  a  portion  of  tranfparent  li- 
quid feparates  at  firft  from  the  reft,  and  the  refiduum, 
when  nearly  dry,  acquires  a  brown  colour ;  its  weight 
amounts  to  about  one-fourth  of  the  frefh  brain.  It  may 
ftill  be  formed  into  an  emulfion  with  water,  but  very 
foon  feparates  again  fpontaneoully. 

When  alcohol  is  repeatedly  boiled  upon  this  dried 
refiduum  till  it  ceaies  to  have  any  more  aftion,  it  dif- 
folves  about  five-eighths  of  the  whole.  When  this  al- 
cohol cools,  it  depofits  a  yellowifii  white  fubftance, 
compofed  of  brilliant  plates.  When  kneaded  together 
by  the  fingers,  it  affumes  the  appearance  of  a  duftile 
parte  :  at  the  temperature  of  boiling  water  it  becomes 
foft,  and  when  the  heat  is  increafed  it  blackens,  exhales 
empyreumntic  and  ammoniacal  fumes,  and  leaves  bchiiid 
it  a  charry  matter -(-.  When  the  alcohol  is  evaporated,  j.  ^^;^  ,,, 
it  depofits  a  yellowifli  black  matter,  which  reddens 
paper  tinged  v.'ith  turnfol,  and  readily  diflufes  itielf 
through  water  f .  ^^_.j,^ 

Pure  concentrated  potafs  diffolves  brain,  difengaging 
a  great  quantity  of  ammonia. 

Thefe  fafts  are  fufficient  to  fticw  us,  that,  exclufive 
of  the  fmall  proportion  of  faline  ingredients,  brain  is 
compofed  of  a  peculiar  matter,  differing  in  many  par- 
ticulars from  all  other  animal  fubftances,  but  having  a 
coufiderable  refemblance  in  many  ot  its  properties  to 
albumen.  Brain  has  been  compared  to  a  foap  ;  but  it 
is  plain  that  the  refemblance  is  very  faint,  as  fcarccly 
any  oily  matter  could  be  extricated  from  brain  by  Four- 
croy, though  he  attempted  it  by  all  the  contrivances 
which  the  preient  ftale  of  chemiftry  fuggefted  ;  and  the 
alkaline  proportion  of  it  is  a  great  deal  too  fmall  to 
merit  any  attention. 

Sect.  VI.     Of  Nails,  Horns,  Hair,  Feathers. 

These  fubftances  have  not  hitherto  been  analyfed. 
We  know  only  that  they  have  a  great  refemblance  to 
each  other.  They  give  out  the  fame  finell,  and  exhi- 
bit the  fame  phenomena  when  burnt,  and  they  yield  the 
fame  produfls  when  diftilled. 

Pure  fixed  alkali  has  the  property  of  decompofing 
thefe  fubftances,  and  of  converting  them  into  ammonia 
and  oil.  The  ammonia  is  difengaged  in  great  abun- 
dance, and  the  oil  combines  with  the  alkali,  and  forms 
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BWl.      a  fpecies  of  foap.     When  muriatic  acid   is  pourt-d  into     mean   fptcific  gravity  h  about    1.24^  J.      If  we  waffi     B!o"d. 
—   V         the  folution  of  thefe  I'ubftances  in  pure  fcxla,  a  quantity      the  cruor  in  a  fnfllcient  quantity  of  water,  it  grathially  ^~^"v— J 
of  fulphurated  hyilrogcn  gas  is  difengaged,  and  a  black     lofes  its   red  colour,   and  allumes  the  appearance  of  i^J^/f"' 
fubllance,  doubtlefs  charcoal,  precipitates.      Hence  it     wliitirti,  fibrous,  elallic  niafs,  which  poffclies  all  the  pro- />*,/;„/„,, 
follows  that  thefc  fubllances  contain  in  their  compofi-     perties  oi  Jibrhin.      The   cruor   therefcnc  is   compofcdii.  41. 
J  tiun  a  quantity  of  fulphiir.      Accordingly,   if  a  bit   of     chiefly   of   fibrina.     The  water  in   which    it    has  been 

filvtr  is  put  into  the  folution,  it  inllantly  affumesa  black     waflied  affumes  a  red  colour,  but  continues  traiifparejit. 
colour  ij.  It  is  evident   from  this  that  it  coiitains,   diifolved  in  it, 

Thtle  fubllances  fcarcely  contain  any  earthy  ingre-  the  red  globules;  not,  however,  in  a  Hate  of  purity,  for 
dicnts.  One  hundreil  grains  of  ox  horn,  after  caleina-  it  is  inipoffible  to  fcp:iiate  tlie  ernor  completely  from 
tion,  left  only  0.04  grain  of  reliduum,  lialf  of  which  the  ferum  :  coufequently  the  water  mull  contain  both 
was  phofphat  of  lime  Seventy  eight  grains  of  chamois  ferum  and  red  glubulcs.  We  know,  however,  from 
horn  left  five  grains  (jf  refiduum  ||.  this,  that  the  red   globules  are  foluble  in  wate:".      The 

Vil.  Tranf.      Such  is  a  ve>y  imptrfed  aocoinit  of  the  folids  which     cruor  of  the  blood,   then,   is  compofcd  of  red  globules 
99 •  p.       compofe  animal  bodii-s.     We  proceed  next  to  the  fluid     and  fibrina'. 

*  which  (;irculates  through   living  bodies,   namely  load;  If  the  cruor  of  the  blood  be  expofed  to  a  gentle  heat, 

and  to  the  \-mio\m  fecretions  formed  from  the  biood,  it  becomes  gradually  dry  and  brittle.  If  this  dry  mafs 
either  in  order  to  anfwer  fome  important  purpofe  to  be  fubmitted  to  diilillatlon,  it  yields  water,  ammonia  a 
the  animal,  or  to  be  evacuated  as  uklefs,  that  the  blood  thick  empyreumatic  oil,  and  much  caibociat  of  ammo- 
thus  purified  may  be  more  proper  tor  anfwering  the  nia;  there  remains  a  fpongy  coal  of  a  brilliant  appear- 
cnds  for  which  it  is  deftined.  Many  of  thefe  fubftances  ance,  from  which  fulphuric  acid  extracts /bc/u  and  iron  ; 
have  been  examined  with  more  care  by  chemills  than  there  remains  behind  a  mixture  of  phofphat  of  lime  and 
the  animal  fohds.  '  charcoal  ||.  <i  f^urcroy, 

Sect.  VII.     Of  Blood.  V'Jhen  the  fibrina  is  diftilled,  it  yields  precifely  theni.  167. 

■'  '_  fameprodufts;   but  the  refiduum  contains  neither  iron 

Blood  Is  a  well  known  fluid,  which  circulates  in  the     nor  foda.      The  red  water,  on  the  coatrai-y,  which  had 
veins  and  arteries  of  the  more  perfeft  animals.     It  is  ot     been  employed  to  wafh  the  cruor,  contains  both  of  thefe 
a  red   colour,    has   a   confiderable  degree  of  conlilltn-     fubllances,  efpecially  iron  ;   which   may  be  obtained  in 
cy,  and  an  unftuous  feel,  as  if  it  contained  a  quantity     the  ftate  of  oxide  by  evaporating  this  water  to  dryneff 
offoap.     Its  tafte  is  flightly  faline,  and  it  has  a  peculiar    and  calcining   the  refiduum^.     Thefe  fafts  are  {wSi-l  Hid, 
fmcll.  cicnt  to  demonftrate  that  the  red  globules  contain  iron  • 

The  fpecific  gravity  of  human  blood  is,  at  a  medium,  confequently  the  opinion  that  their  colour  depends  upon 
1.0^27  *.  Mr  Fourcroy  found  the  fpecific  gravity  of  that  metal  is  at  leaft  poffiLle.  It  is  probably  owimr  to 
V'''Syt  bullock's  blood,  at  the  temperature  of  60*,  to  be  the  foda  which  it  contains,  that  the  prefence  of  Tron 
ln'n.dt  1.056  f.  The  blood  does  not  uniformly  retain  the  cannot  be  afcertained  in  the  folution  of  thefe  o-lobulcs 
a.  vii.  fame  confidence  in  the  fantie  animal,  and  its  confillence  by  the  ufual  ted.  The  prufiian  alkali  caufes  no  pre- 
'•  in  different   animals  is  very  various.     It  is  eafy  to  fee     cipltate  ;  the  infufion  of  nut  galls  gives  it  no  blue  or 

that  Its  fpecific  gravity  mud  be  equally  various.  purplilh  tinge*.  *  jv  iv 

«inpofed        When  the  blood  is  viewed  through  a  microfcope,  a         The  ferum  is  of  a  light  greenlfh  yellow  colour;  \\. PbA.r'ranf, 
•red  glo.  great  many  globules,  of  a  red  colour,  are  feen  floating     has  the  tafte,  fmell,  and  feel  of  the  Lkiod,  but  its  con- '797- 
li»,  in  it.    It  is  to  thefe  globules  that  the  red  colour  of  the     fillence  is  not   fo  great.      Its  mean  fpecific  gravity  is         iij. 

{  blood  is  owing.     They  were  firft  examined  with  atten-     about    j.o287f.      It    converts  fyrup    of   violets    to    a '^"'^  f^- 

tion  by  Leuwenhoeck.      Their  form,   their  proportion,     green,   and  therefore  contains  an  alkali.      On  examina-"^"""' 
and  the  changes  which  they  undergo  from  the  addition     tion, -it  is  found  that  it  owes  this  property  to  a  porlion'l  J""", 
of  various   fubftances,  have    been   examined    with    the     of  foda.     When  heated  to  the  temj)eratiire  of   iroo^    HalUri 
greateft  care;  but  hitherto  without  adding  much  to  our     the  ferum  coagulates,  as  Harvey  firil  difcoveredf.     liU'yJ'°'''Syt 
knowledge.    We  neither  know  the  ingredients  of  which     coagulates  alfo  when   boiling  water  Is  mixed  with  it-sr// 
the  red  globules  are  compofed,  nor  the  changes  to  which     but  if  ferum  be  mix-ed  with  fix  parts  of  cold  water    it  t  -D<-  o'ener. 
they  are  fubjefted,  nor  the  ufeful  purpofes  which  they     does  not  coagulate  by  heat  t.     When  thus  coapulated  ■'"«'•  P- 
ferve  ;  nor  has  any  accurate  method  been  difcovered  of    it  has  a  greyifli  white  colour,   and   is  not  unlike  the'''' 
feparating  them  from  the  reft  of  the  blood,  and  of  ob-     boiled  white  of  an  egg  S.     If  the  coagulum  be  cut  into  >,   "J"'''* 
taining  them  in  a  ftate  of  purity.  fmall  pieces,  a  muddy  fluid   may  be  fqueezed  from  it,  C.bim.sW. 

When  blood,  after  being  drawn  from  an  animal,  is  which  has  been  termed  ihe  firofly.  After  the  fepara- ^-J?- 
allowed  to  remain  for  fome  time  at  reft,  it  very  foon  tion  of  this  fluid,  if  the  refiduum  be  carefully  waflied^  ''*"'■  '^^'  ' 
coagulates  into  a  folid  mafs,  of  the  confiftence  of  in  boiling  water  and  examined,  it  will  be  found  to  pof- 
curdled  milk.  This  mafs  gradually  fcparates  into  two  fefs  all  the  proj>ertics  of  albumen.  The  ferum  there- 
parts  :  one  of  which  is  fluid,  and  is  called  y^rum  ;  the  fore,  contains  a  confiderable  proportion  of  albumen, 
other,  the  coagulum,  has  been  called  cruor,  becaufe  it  Hence  its  coagulation  by  heat,  and  the  other  phenomena 
alone  retains  the  red  colour  which  diftlngulfties  blood,     which  albumen  ufually  exhibits 

This   reparation   Is   very   fimilar  to  the   feparation   of         If  the  ferofity  be  gently  evaporated  till  it  becomes 
curdled  milk  into  curds  and  whey.     The  cruor  ufually     concentrated,  and  then  be  allowed  to  cool,  it  alfumes 
finks  to  the  bottom  of  the  velTel,  and,  of  courfe,  is  co-     the  form  of  a  jelly,  as  was  firft  obferved  by  De  Haen  ||.  ||  UU.  ts7- 
vered  by  the  ferum.  Confequently  it  contains  gelatine. 

The  cruor,  or  clot  as  it  is  fometimes  called,  is  of  a         If  ferum  be  mixed  with  twice  its  weight  of  water 
Kd  colour,  and  poffelTes  confiderable  confiftence.     Its    and,  after  coagulation  by  heat,  the  albumen  be  fepara- 
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Blood.     teJ  by  fillration,  and  tht  liquid  be  fluwly  evaporated     cd  a  purple   flam 
•  till  it  is  confidernbly  concentrated,  a  number  of  cryllals 

are  depolited  when  the  liquid   is  left  llanding  in  a  cool 
place.    Tiitfe  cryllals  conlill  of  niuriut  ot  foda  and  car- 
''/'""'■''J'' bonat  of  foda  f . 
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Thus  it  appears  tl;at  the  ferum  of  the  blood  contains 
albumen,  gelatine,  ioda,  ir.uriat  of  foda,  and  cavbonat  of 
foda,  befuics  a  portion  of  water. 

Gelatine  may  be  precipitated  front  the  ferofity  by 
the  three  mineral  acids.  Mr  Hunter  obferved,  that  Gou- 
lard's cxtraft,  or,  which  is  the  fame  thing,  acetite  of 
lead  diffolved  ill  acetous  acid,  produces  with  gelatine  a 
copious  precipitate  «|.  When  uitric  acid  is  diliolved  off 
ferum,  it  converts  it  partly  into  pruihc  acid  *.  Acids, 
alcohol,  and  tan,  precipitate  the  allmn.en  in  different 
ftates;  but  this,  after  what  has  been  faid  in  the  lafl  chap- 
ter, feftion  ii.  requires  no  farther  explanation. 

The  proportion  between  the  cruor  and  ferum  of  the 
blood  varies  much  in  difFerent  animals,  and  even  in  the 
fame  animal  In  different  circumftances.  The  mod  com- 
mon proportion  is  about  one  part  of  cruor  to  three 
parts  of  ferum  ;  but  in  many  cafes  the  cruor  exceeds 
and  falls  fhort  of  this  quantity  :  the  hmits  of  the  i-atios 
of  thefe  fubftances  to  each  other  appear,  from  a  compa- 
rifon  of  the  conclufious  of  moft  of  thofe  who  Wave  writ- 
ten accurately  on  the  fubjeft,  to  be  i  :  i  and  1:4;  but 
the  fird  cafe  muft  be  very  rare  indeed  *. 

When  new-drawn  blood  is  ftirred  brilldy  round  with 
a  ftick,  or  the  hand,  the  whole  of  the  fibrina  collefts 
together  upon  the  ftick,  and  in  this  manner  may  be  fe- 
parated  altogether  from  the  reft  of  the  ilood.  The 
red  globules,  in  this  cafe,  remain  behind  in  the  ferum. 
It  is  in  this  manner  that  the  blood  is  prepared  for  the 
different  purpofes  to  which  it  is  put  ;  as  clarifying  fu^ 
gar,  making  puddings,  &c.     After  the  fibrina  is  thus 
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on  its  furface,  and  emitted  a  thick  Blood. 
fmoke.  This  f  noke  affefted  the  eyes  and  noftrils.  and  '  ¥~~~ 
r.'ddened  blue  paper,  but  it  had  not  the  fmell  of  pruflic 
acid.  When  a  quanti'y  of  it  was  collefted  and  exa- 
mined, it  was  found  to  poflefs  the  properties  of  phof- 
phoric  acid.  Tiic  refiduum  amounted  to  181  gr  lins  ; 
it  had  a  deep  black  colour,  and  a  metallic  briliia^icy, 
and  its  partiiics  were  attracted  by  the  magnet.  It  con- 
tained no  iincvii.ibined  toda,  though  the  bl.jod  Itfclf,  be- 
fore combuRion,  c(.ntains  it  abundantly  ;  but  water  ex- 
traiited  trom  it  muiiat  of  foda,  part  of  the  reft  was  dif- 
folved by  muriiiiic  acid,  alid,  of  courfe,  was  lime  ;  there 
was  befini;s  a  little  filica,  which  had  evidently  been  fe- 
parated  from  the  crucible.  The  iron  had  been  reduced 
during  the  combuftion  ;]:.  j  Fourcnr 

Such  are  the  properties  of  blood,  as  far  as  they  have  ^^■'  .Jt 
been  hitherto  afcertaiucd  by  experiment.   We  have  feen  C*""-  '"■ 
that  it  contains  the  following  ingredients  :  '^    jr       i 

1.  Water,  5.  Iron,  Componeo 

2.  Fibrina,  6.  Soda,  parts  of 

3.  Albumen,  7.  Muriat  of  foda,  Wood. 
4,.  Gelatine,                         8.  Phofphat  of  lime. 

But  our  knowledge  of  this  lingular  fluid  is  by  no 
means  fo  complete  as  it  ought  to  be  ;  a  more  accurate 
analyfis  would  probably  difcover  the  prefence  of  other 
fubftances,  and  enable  us  to  account  for  many  of  the 
properties  of  blood  which  at  prefent  are  inexplicable. 

It  would  be  of  great  confequence  alio  to  compare 
together  t-he  blood  of  different  animals,  and  of  the  fame 
animal  at  different  ages,  and  to  afcertain  in  what  parti- 
culars they  differ  from  each  other.  This  would  pro- 
bably throw  light  on  lome  of  the  obfcureft  parts  of  the 
animal  economy.  Very  little  progrefs  has  hitherto  been 
made  in  thefe  refearchcs  :  if  we  except  the  labours  of 
Rouelle,   who   obtained   nearly   the    fame  ingredients. 


feparated,  the  blood  no  longer  coagulates  when  allowed     though  in  different  proportions,  from  the  blood  of  a 
to  remaiu  at  reft,  but  a  fpongy  flaky  matter  feparates     great  variety  of  animals,  the  experiments  of  Fourcroy 


on  the  blood  of  the  human  foetus  are  almoft  the  only 
ones  .  f  thc.t  kind  with  which  we  are  acquainted. 

He  found  that  it  differs  from  the  blood  of  the  adult  gj^^j  „£ 
in    three   things:    l/?.   Its  colouring  matter  is  darker,  the  foeWf 
and  ftems  to  be  more  abundant  ;    2d,   It  contains  no  fi- 
brina, but   probably  a  greater   proportion  of  gelatine 
than  blood  of  adults ;  yl,  It  contains  nophofphoric  acid^.  s  UIJ.  if 

The  examination  of  difeafed  blood,  too,  would  be  of     ■iv 


\  Fwrcroy,  from  it  and  fwims  on  the  furface  ■]-, 
jinn,  de ^         When  blood  is  dried  by  a  gentle  heat,  water  exhales 
Chim.  vii.     £.^^^  j^^  retaining  a  very  fmall  quantity  of  animal  matter 
in  folutlon,  and  onfequently  having  the  odour  of  blood. 
Blood  dried  in  this  manner  being  introduced  into  a  re- 
tort and  diftilled,  there  comes  over,  lirft  a  clear  watery 
liquor,  then  carbonic  acid  gas,  and  carbonat  of  ammo- 
nia, which  cryftalllzes  in  the  neck  of  the  retort  ;  after  ,         . 
thefe  products  there  comes  over  a  fluid  oil,  carbonated     great  confequence  ;  becaufe  the  difference  of  its  proper- f'''^"^'^^ 
hydro'i-en  gas,  and  an  oily  fubftance  of  the  confiftence     ties  from  the  blood   of  people  in  health  might  throw 
of  butter.     The  watery  liquor  pbfiefTes  the  property  of     much  light  on  the  nature  of  the  difeafe.     It  is  well 
precipitating   from   fulphat   of  iron   a    green  powder  ;     known,  that  when  a  perfon  labours  under  inflammation, 
jnurlatic  acid  diflblves  part  of  this  powder,  and  there     his  blood  is  not  futceptihle  of  coagulating  fo  foon  as 
remains  behind  a   little    pruflian   blue.     Confequently     heahhy  blood.  This  longer  t 'me  allows  the  red  globules 
this  watery  liquor  contains  both  an  alkali  and  pruflic 
%TliliSi-  acid  %. 

9216  grains  of  dried  blood  being  put  into  a  large 
crucible,  and  gradually  heated,  at  firft  became  nearly 
fluid,  and  fwelled  up  confiderably,  emitted  a  great  many 
fetid  fumes  of  a  yellowilh  colour,  and  at  l.ift  took  fire 
and  burned  with  a  white  flame,  evidently  owing  to  the 
prefence  of  oil.     After  the  flame  and  the  fumes  had 


to  fink  to  the  bottom,  and  che  coagulated  fibrina  ap- 
pears at  the  top,  of  its  natural  vyhitlfli  colour.  Hence 
the  appearance  of  the  luffy  coat,  as  It  is  called,  which 
charafterizes  blood  duiirg  inflammation. 

During  that  difeafe  which  is  known  by  the  name  of 
diabetes,  in  which  the  urine  is  excefGve  in  quantity,  and 
contains  fugar,  the  ferum  of  blood  often,  as  appears 
from  the  experiments  of  Dr  Dobfon  and  Dr  Rollo,  af- 


difappeared,  a  light  fmoke  was  emitted,  which  affefted  fumes  the  appearance  of  whey  ;  and,  like  It,  feems  to 
the  eyes  and  the  nofe,  which  had  the  odour  of  pruffic  contain  fugar,  or,  at  leaft,  it  has  loft  its  ufualt  fait  tafte. 
acid,  and  reddened  molft  papers  ftained  with  vegetable  Fourcroy  mentions  a  cafe  of  extreme  feeblenefs,  in 

blues.  At  the  end  of  fix  hours,  when  the  matter  had  whic  i  all  the  parts  of  the  body  were  in  an  unufual  re- 
ioft  five-fixths  of  its  fubftance,  it  melted  anew,  exhibit-     laxed  ftate.     In  that  patient  a  quantity  of  blood  oozed 
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out  from  the  eyc-l!d»,  which  tinged  linen  blue,  aa  if  it 
had  been  ftained  with  prufilaii  blue.  Here  pruffic  al- 
kali feems  to  have  been  formed  in  the  blood. 

Sect.  VIII.     Of  Milk. 

Milk  is  a  fluid  fecreted  by  the  female  of  all  thofo 
animals  denominated  mammalia,  and  intended  evidently 
for  the  nourifhment  of  her  offspring. 

The  milk  of  every  animal  has  certain  peculiarities 
which  ditlinguifh  it  from  every  otiier  milk.  But  the 
animal  whofe  milk  is  mod  made  ufe  of  by  man  as  an 
article  of  food,  and  with  which,  confequently,  we  are 
beft  acquainted,  is  the  coiv.  ChemilU,  therefore,  have 
made  choice  of  cow's  milk  for  their  experiments.  We 
(hall  at  firft  confine  ourfelves  to  the  properties  and  ana- 
lyfis  of  cow's  milk,  and  afterwards  point  out  in  what 
refpeft  the  milk  of  other  animals  differs  from  it,  as  far 
at  lead  as  thefe  differences  have  hitherto  been  afcer- 
tained. 

Milk  is  an  opaque  fluid,  of  a  white  colour,  a  flight 
peculiar  fmell,  and  a  pleafant  fweetifh  taite.  When 
newly  drawn  from  the  cow,  it  has  a  tatte  very  different 
from  that  which  it  acquires  after  it  has  been  kept  for 
fome  hours. 

It  is  liquid,  and  wets  all  thofe  fubftances  which  can 
be  moiftened  by  water  ;  but  its  confidence  is  greater 
than  that  of  water,  and  it  is  flightly  undluous.  Like 
water,  it  freezes  when  cooled  down  to  about  ^0° ;  but 
Parmentier  and  Deyeus,  to  whom  we  are  indebted  for 
by  far  the  completed  account  of  milk  hitherto  publirti- 
ed,  found  that  its  freezing  point  varies  confiderably  in 
the  milk  of  different  cows,  and  even  of  the  fame  cow 
at  different  times  *.  Milk  boils  alfo  when  fufficiently 
heated  ;  but  the  fame  variation  takes  place  in  the  boil- 
"ing  point  of  different  milks,  though  it  never  deviates 
very  far  from  the  boiling  point  of  water.  Milk  is  fpe- 
cifically  heavier  than  water,  and  lighter  than  blood  ;  but 
the  precile  degree  cannot  be  afcertained,  becaufe  almod 
every  particular  milk  has  a  fpecific  gravity  peculiar  to 
itfelf. 

When  milk  is  allowed  to  remain  for  fome  time  at 
reft,  there  coUefts  on  its  furface  a  thick  uiiftuous  yel- 
lowifh  coloured  fubftance,  known  by  the  name  o{ cream. 
The  cream  appears  fooner  in  milk  in  fummer  than  in 
winter,  evidently  owing  to  the  difference  of  tempera- 
ture. In  fummer,  about  four  days  of  repole  are  ne- 
ceffary  before  the  whole  of  the  cream  coliefts  on  the 
furface  of  the  liquid  ;  but  in  winter  it  requires  at  lead 
double  the  time  f . 

After  the  cream  is  feparated,  the  milk  which  re- 
mains is  much  thinner  than  before,  and  it  has  a  bluifh 
white  colour.  If  it  be  heated  to  the  temperature  of 
100",  and  a  little  rennet,  which  is  water  digefted  with 
the  inner  coat  of  a  calf's  ftomach,  and  preferved  with 
fait,  be  poured  into  it,  coagulation  cnfues  ;  and  if  the 
coagulum  be  broken,  the  milk  very  foon  feparates  into 
two  fubftances  :  a  folid  white  part,  known  by  the  name 
of  curd ;  and  a  fluid  part,  called  whey. 

Thus  we  fee  that  milk  may  be  eafily  feparated  into 
three  parts  ;  namely,  cream,  curd,  and  -whey. 

Cream  is  of  a  yellow  colour,  and  its  confidence  in- 
creafes  gradually  by  expofuie  to  the  atmofphere.  In 
three  or  four  days,  it  becomes  fo  thick  that  the  vefTel 
which  contains  it  may  be  inverted  without  rifl<ing  any 
lofs.  In  eight  or  ten  days  more  its  furface  is  covered 
SuhPL.  Vol.  II.  Part  II. 
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over  with  mucors  and  byfli,  and  it  has  no  longer  the 
flavour  of  cream,  but  of  very  fat  eheefe  *.     This  is  the  ^      ' '      ~ 
procet's  for  making  what  in  this  country  is  called  a  cream  ^-^^  ^^^^ 
eheefe.  Deyiux, 

Cream  poffefles  many  of  the  properties  of  an  oil.     \t^nn.d! 
is  fpccifically  lighter  than   water,   it   has  an   unttuous '■*""•  *"" 
feel,  dains   clothes  precilely  in  the  manner  of  oil  ;  and 
if  it  be  kept  fluid,  it  contrafts  at  Ull  a  tafte  which   is 
very  analogous  to  the  rancidity  of  oils  f .     When  kept  \  IhiJ.  37^. 
boih'ng  for  fome  lime,  a  little  oil  makes  its  appearance, 
and  floats  upon  its  furface  J.      Cream  is  neitlicr  foluble  (  /WA  374. 
in  alcohol  nor  oils  ^.     Tiiete  properties  are  futiicient  to  .  ^^-^ 
fliew  us  that  it  contains  a  quantity  of  oil  ;   but  this  oil 
is  combined  with  a  part  of  the  curd,   and   mixed  with 
fome  ferum.      Cream,  then,  is  compofed  of  a  peculiar 
oil,  curd,  and  ferum.       1  he  oil  may  be  eafily  obtained 
feparate  by  agitating  the  cream  for  a  confiderable  lime. 
This  procefs,  known  to  every  body,  is  called  churning. 
After  a  certain  time,  the  cream  feparates  into  two  por- 
tions: one  fluid,  and  refembling  creamed  milk ;  the  other 
folid,  and  called  butter.  24* 

Butter  is  of  a  yellow  colour,  ijofrefles  the  properties  9""",'^''^'' 
r  I         J       •  ri  1        L         -1      il    r      into  butter, 

01  an  oil,  and   mixes    readily    wit  11   other  oily   bodies. 

When  heated  to  the  temperature  of  96'',  it  melts,  and 
becomes  tranfparent  ;  if  it  be  kept  for  fome  time  melt- 
ed, fome  curd  and  water  or  whey  feparate  from  it,  and 
it  affumes  cxaftly  the  appearance  of  oil  ||.     But  this  N  Faurcrey, 
procefs  deprives  it  in   a  great  meafure  of  its  peculiar ■^"''•'■.. 

n  Cliim.  Vll. 

flavour.  ,„_ 

When  butter  is  kept  for  a  certain  time,  it  becomes 
rancid,  owing  in  a  good  meafure  to  the  prefence  of 
thefe  foreign  ingredients  ;  for  if  butter  be  well  wafhed, 
and  a  great  portion  of  thefe  matters  feparated,  it  does 
not  become  rancid  nearly  fo  loon  as  when  it  is  not  treat- 
ed in  this  manner.  It  was  formerly  luppofed  that  this 
rancidity  was  owing  to  the  developement  of  a  peculiar 
acid  :  but  Parmentier  and  Deyeux  have  Ihewii  that  no 
acid  is  prefent  in  rancid  butter  *.  When  butter  is  dif-*  H'vi-  375- 
tilled,  there  comes  over  water,  febacic  acid,  and  oil,  at 
fird  fluid,  but  afterwards  concrete.  The  carbonaceous 
reliduum  is  but  fmall.  241 

Butter  may  be  obtained  by   agitatinj^  cream   newly  And  how, 
taken  from  milk,  or  even  by  agitating  milk  newly  drawn 
from  the  cow.      Cut  it  is  ufiial   to  allow  cream  to  re- 
main for  fome  time  before  it  is  churned.     Now  cream, 
by  ftanding,  acquires  a  four  tade  ;   butter  therefore  is 
commonly  made  from  four  cream.   Frelh  cream  requires 
at  leaft  four  times  as  much  churning  before  it  yields  its 
butter   as  four  cream  docs  f  ;    conlequently  cream  ac-  f  ^ourenj, 
quires,  by  being  kept  for  tome  time,  new  properties,  in      " '  ^ 
confequence  of  which  it   is  more  eal'ily  converted  into 
butter.     W^hen  very  four  cream  is  churned,  every  one 
who  has  paid  the  fmalleft  attention  mull  have  perceived, 
that  the  butter-milk,  after  the  churning,   is  not  nearly 
fo  four  as  the  cream  had  been.     The  butter,  in  all  cafes, 
is   perfeAly   fweet  ;  confequently  the   acid   which  had 
been  evolved  has  in  a  great  meafure  difappeared  during 
the  procefs  of  churning.      It  has  been  afcertained,  that 
cream  may  be  churned,  and  butter  obtained,  though  the 
contaft  of  atmofpheric   air  be  excluded  J.     We  have  (  J"<,i,»»  y, 
no  doubt,  that  in   all  cafes  where  fuch  an  experiment  iafl«,  ij. 
fucceeded,  the   cream   on  which  it   was  made  had  pre- 
vioufly  become   four.      On  the  other  hand,   it  has  been  . 

afcertained,  that  when  cream  is  churned  in  contaS  with '^,j„  jj^_  ' 
air,  it  abforbs  a  confideiable  quantity   of  it  j  ;   and  itport/tr 
4  E  cannot  i7W' 
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Milk,     cannot  be  doubted,  that  t\\f  portion  abforbcd  is  oxy- 

"       "— '  gen. 

Thefe  fafts  are  fiifficient  to  afford  us  a  key  to  ex- 
plain what  takes  place  duriiifj  tlie  procefs  of  churning. 
There  is  a  peculiar  oil  in  milk,  which  has  fo  ftrong  au 
affinity  for  the  other  ingredients,  that  it  will  not  Sepa- 
rate from  them  fpontaneouHy  ;  but  it  has  an  affinity  for 
oxygen,  and  when  combined  with  it,  forms  the  concrete 
body  called  iu«f/-.  Agitation  produces  this  combination 
of  the  oil  with  oxygen  ;  either  by  caufing  it  to  abforb 
oxygen  from  the  air,  or,  if  that  be  impoffible,  by  fcpara- 
ting  it  from  the  acid  which  exifts  in  four  cream.  Hence 
the  abforption  of  air  during  churning  ;  hence  alfo  the 
increafe  of  temperature  of  the  cream,  which  Dr  Young 
found  to  amount  conftantjy  to  4°  ;  and  hence  the 
fweetntfs  of  the  butter-milk  compared  with  the  cream 
from  which  it  was  obtained. 

The  affinity  of  the  oil  of  cream  for  the  other  ingre- 
dients is  fuch,  that  it  never  feparates  completely  from 
them.  Not  only  is  curd  and  whey  always  found  in  the 
cream,  but  fome  of  this  oil  is  conftantly  found  in  cream- 
ed milk  and  even  in  whey  :  for  it  has  been  ■afcertained 
by  actual  experiment,  that  butter  may  be  obtained  by 
churning  whey  ;    27   Scotch  pints  of  whey  yield  at  an 

D  MIJ-Lo-  average  about  a  pound  of  butter||.  This  accounts  for 
Report,^  faft  well  known  to  thofe  who  fuperintend  dairies,  that 
a  good  deal  more  butter  may  be  obtained  from  the  fame 
quantity  of  milk,  provided  it  be  churned  as  drawn  from 
the  cow,  than  when  the  cream  alone  is  colledled  and 
churned. 

The  butter-milk,  as  Parmentier  and  Deyeux  afcer- 
tained by  experiment,  pofleffes  precifely  the  properties 
of  milk  deprived  of  creamy. 

Curd,  which  may  be  feparated  from  creamed  milk 
by  rennet,  has  all  the  properties  of  coagulated  albu- 
men. It  is  wliite  and  folid  ;  and  when  all  the  moillure 
is  fqueezed  out,  it  has  a  good  deal  of  brittleneis.  It 
is  infoluble  in  water  ;  but  pure  alkalies  and  lime  diflblve 
it  readily,  efpecially  when  aiTiftcd  by  heat  ;  and  when 
fixed  alkali  is  ufed,  a  great  quantity  of  ammonia  is  e- 
mitted  during  the  folution.  The  folution  of  curd  in 
foda  is  of  a  red  colour,  at  lead  if  heat  be  employed  ; 
owing  probably  to  the  feparation   of  charcoal  irom  the 

*  nid.         curd  by  the  aftion   of  the    alkali*.      Indeed,  when   a 

ftrong  heat  has   been  ufed,  charcoal  precipitates  as  the 
f  Fcurcray,  folution   coolsf .      The  matter   dilTolved  by   the   alkali 

•  '  •?•  I7S-  ii,ay  ijp  feparated  from  it  by  means  of  any  acid  ;  but  it 

has  loft  all  the  properties  of  curd.  It  is  of  a  black  co- 
lour, melts  like  tallow  by  the  application  of  heat,  leaves 
oily  fl:ains  on  paper,  and  never  acquires  the  confidence 

i  lilJ.  of  curdj.      Hence  it  appears  that  curd,  by  the  action 

of  a  fixed  alkali,  is  decompofed,  and  converted  into  two 
new  fubftances,   ammonia,  and  oil  or  rather  fat. 

Curd  Is  foluble  alfo  in  acids.  If,  over  curd  newly 
precipitated  from  milk,  and  not  dried,  there  be  poured 
eight  parts  of  water,  containing  as  much  of  any  of  the 
mineral  acids  as  gives  it  a  lenlibly  acid  taftc,  the  whole 

J  5fi«/^,  ii.  is  diffolved  after  a  little  boilingij-     Acetous  acid  and 

•53-  laftic  acid  do  not  diiTolve  curd   when  very   much    dilu- 

n  IliJ.         ted II .     But  thefe  acids,  when   concentrated,  diflblve  it 

1  Parm^n-  readily,  and  in  confuierable  quantity^y.  It  is  remark- 
able enough,  that  concentrated  vegetable  acids  diflblve 
curd  readily,  but  have  very  little  action  on  it  when  they 
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either  very   little  eff'ecl  on    it,  as  fulphiiric  acid*  ;  or     Milk. 

dccompofe  it,  as  nitric  acid.     By  means  of  this  lall  acid,  ' ■^ — ' 

as  BerthoJlet  difcovered,  a  quantity  of  azotic  gas   may  '.  ^'"^"•• 
be  obtained  from  curd.  ""•;^*"'' 

Curd,  as  is  well  knowii,  is  ufed  in  making  chetfe  ;  Of  chi-efe. 
and  the  cheefe  Is  the  better  the  more  it  contains  of 
cream,  or  of  that  oily  matter  which  conititutes  cream. 
It  is  well  known  to  chetfemakers,  that  the  goodnefs 
of  it  depends  in  a  great  meafurc  on  the  manner  of  fe- 
parating  the  whey  from  the  curd.  If  the  milk  be 
much  heated,  the  coagulum  broken  in  pieces,  and  the 
whey  forcibly  feparated,  as  is  the  practice  In  mauy 
parts  of  Scotland,  the  cheefe  is  fcarce  good  for  anv 
thing ;  but  the  whey  is  delicious,  efpecially  the  laft 
fqueezed  out  whey,  and  butter  may  be  obtained  from 
it  in  cotifiderable  quantity.  A  full  proof  that  nearly 
the  whole  creamy  part  of  the  milk  has  been  fepara- 
ted with  the  whey.  Whereas  if  the  milk  be  not  too 
much  heated  (about  lOO'M's  fufficient ),  If  the  coagulum 
be  allowed  to  remain  unbroken,  and  the  whey  be  fepa- 
rated by  very  flow  and  gentle  preflure,  the  cheefe  Is  ex- 
cellent ;  but  the  whey  is  almolt  tranfparent,  and  nearly 
colourlefs. 

Good  cheefe  melts  at  a  moderate  heat  ;  but  bad 
cheefe,  when  heated,  dries,  curls,  and  exhibits  all  the 
phenomena  of  burning  horn.  Hence  it  is  evident,  that 
all  the  properties  In  which  curd  dlff^ers  from  albumen 
are  owing  to  its  containing  combined  with  it  a  quantity 
of  the  pecidlar  oil  which  conititutes  the  diftlnguilhing 
charafteriftic  of  cream  ;  hence  its  flavour  and  fmell  ; 
and  hence  alfo  the  white  colour  of  milk.  174 

This  famenefs  of  curd  and  albumen  fhews  us,  that9°*8"'a- 
the  coagulation  of  milk  and  of  albumen  depend  upon  '"11  " 
the  fame  caufe.   Heat,  indeed,  does  not  coagulate  milk,  ■  ■ 

becaufe  the  albumen   in  it   is  diluted  with   too  large  a  ' 

quantity  of  water.  But  if  milk  be  boiled  in  contadt 
with  air,  a  pellicle  foon  forms  on  its  furface,  which  has 
the  properties  of  coagulated  albumen  :  If  this  pellicle  be 
removed,  another  fucceeds  ;  and  by  continuing  the  boll- 
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Deyeux^ 

Fourcroy       """^   ^^''7  niuch    diluted:   whereas  the  mineral  diflblve 
HU.f.fji.  it  when  much  diluted;  but  when  concentrated,  have 


ing,  the  whole  of  the  albumi'ious  or  curdy  matter  may 
be  feparated  from  milk*.  When  this  pellicle  Is  allow- 
ed to  remain.  It  falls  at  laft  to  the  bottom  of  the  vcfl'cl,^'',^'/'"''-'' " 
where,  being  expofed  to  a  greater  heat,  it  becomes 
brown,  and  communicates  to  milk  that  difagreeable 
tafte  which.  In  this  country,  is  called  aJingeJ  talle.  It 
happens  more  readily  when  milk  is  boiled  along  with 
rice,  flour,-  &c. 

If  to  boiling  milk  there  be  added  as  much  of  any  neu- 
tral fait  as  it  is  capable  of  difl'olvlng,  or  of  fugar,  or  of 
gum  arable,  the  milk  coagulates,  and  the  curd  feparatesf  .-[•  Sciule,&' 
Alcohol  alfo  coagulates  milkj  ;  as  do  all  acids,   rennet, 5:.  ' 

arid  the  iiifufion  of  the  flowers  of  artichoke,  and  of  the  t.  ^'"'.f'.T' 
thlftle||.      If  milk  be  diluted  with  ten  times  its  weight  '^g'''  ""'i 
of  water,   it  cannot  be  made  to  coagulate  at  all^.  j  juj, 

W^HEY,  after  being  filtered,  to  feparate  a  quantity  ofi  Sdtilf,iLi 
curd  which  ftiU  continues  to  float  through  It,  is  a  thinH- 
pellucid   fluid,  of  a  yellowifli  green  colour  and  p'eafant  p  ''^^fjjj  J 
fweetlfli  talle,  in  which  the  flavour  of  milk  may  be  di- of  whey, 
ftinguilhed.      It  always  contains  fome  curd  ;  but  nearly 
the  whole  may  be  feparated  by  keeping  the  whey  for 
fome  time  boiling  ;  a  thick  white  fcum  gathers  on  the 
furface,  which  in  Scotland  is  known  by  the  name  of 
^oat    luhey.       When  this  fcum,  which  confifts  of  the 
curdy  part,  is  carefully  feparated,  the  whey,  after  being 
allowed  to  remain  at  reft  for  forae  hours,  to  give  the 

remainder 
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Milk,  remainder  of  the  curd  time  to  precipitate,  is  decanted 
"~v~~^  off,  alnioft  as  colourlefs  as  water,  and  fcarcely  any  of 
the  peculiar  tafte  of  milk  can  be  diftingui(lied  in  it.  If 
it  be  now  (lowly  evaporated,  it  depolites  at  lafl  a  num- 
ber of  white  coloured  cryilals,  which  arefugar  of  milk. 
Towards  the  end  of  the  evaporation,  fome  cryilals  of 
muriat  of  potafs  and  of  muriat  of  lime  make  their  ap- 

Tarmen-   pjarance*.      According  to  Scheele,  it   contains  alfo  a 

tt/::;>:ii'ii'--p''ofp'"^tofiimct. 

1.  Auirr  the  iiilts  have  been  obtained  from  whey,  wliat 

Jttuelle.  remains  concretes  into  a  j.lly  on  coolingj.  Hence  it 
follows,  that  whey  alfo  contains  ^tiWnc  Whey,  then, 
is  coiT.pofed  of  water,  fugar  or  milk,  gelatine,  muriat 
of  potafs,  and  muriat  of  lime.  The  other  falts,  which 
are  fometimet  fojnd  in  it,  are  only  accidentally  pre- 
fcnt. 

If  whev  be  allowed  to  remain  for  fome  time,  it  be- 
comes four,  owing  to  the  formation  of  a  peculiar  acid 
known  by  the  name  of  /aSic  acid.  It  is  to  this  pifiperty 
of  whey  that  we  are  to  afcribe  the  acidity  wliich  milk 
contracts  ;  for  neither  curd  nor  cream,  periettly  freed 
from  ferum,  feem  fulceptible  of  acquiring  atiJ  proper- 
ties. Hence  the  reafon,  alfo,  that  milk,  after  it  be- 
comes four,  always  coagulates.  Boiled  milk  has  the 
property  of  continuing  longer  fweet  ;  but  it  is  fingular 
efiough,  that  it  runs  fooner  to  putrcfaftion  thaa  ordi- 
Tarmeti.   nary  milk*. 

tr.iijip.       The  acid  of  milk  differs  confiderably  from  the  ace- 
43  '  '  ' 
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tous  ■,  yet  vinegar  may  be  obtained  from  milk  by  a  very 
fimple  procefs.  If  to  fomewhat  more  than  8  lbs.  troy 
of  milk,  fix  fpoonfuls  of  alcohol  be  added,  and  the  mix- 
om  mili.  ture  well  corked  be  expofed  to  a  heat  fufficient  to  fup- 
port  fermentation  (provided  attention  be  paid  to  allow 
the  carbonic  acid  gas  to  efcape  from  time  to  time),  the 
whev,  in  about  a  month,  will  be  found  converted  into 
Sthcclt.'xi.  vinegarf. 

°-  Milk  is  almoft  the  only  animial  fubftance  which  may 

tilfc  iin  ^^  made  to  undergo  the  vinous  fermentation,  and  to  af- 
;rgiie>  fer- foi'd  a  liquor  rcfembling  wine  or  beer,  from  which  al- 
lentation.  cohol  may  be  feparated  by  diftillation.  This  fingular 
faft  feems  to  have  been  firll  difcovered  by  the  Tartars  ; 
they  obtain  all  their  fpirituous  liquors  from  mares  milk. 
It  has  been  afcertained,  that  milk  is  incapable  of  being 
convei'ted  into  wine  till  it  has  become  four  ;  after  this, 
nothing  is  neceffary  but  to  place  it  in  the  proper  tem- 
perature, the  fermentation  begins  of  its  own  accord, 
and  continues  till  the  formation  of  wine  be  completed^. 
Scheele  had  oblerved,  that  milk  was  capable  of  ferment- 
'■5'  ing,  and  that  a  great  quantity  of  carbonic  acid  gas  was 

Sci«/<,  ii. extricated  from  it  during  this  fermentation ||.      But  he 
''  did  not  fufpe<?l,  that  the  refult  of  this  fermentation  was 

the  formation  of  an  intoxicating  liquor  fimilar  to  wine. 
When  milk  is  diflilled  by  the  heat  of  a  water  bath, 
there  comts  over  water,  having  the  peculiar  odour  of 
milk  ;  which  putrifics,  and  confequently  contains,  be- 
fides  mere  water,  fome  of  the  other  conftituent  parts  of 
Bouquet,  milk.  After  fome  time,  the  milk  coagulates^!,  ^^  ^' 
ways  happens  when  hot  albumen  acquires  a  certain  de- 
gree of  cojicentration.  There  remains  behind  a  thick 
un<£luous  yellowifti  white  fubilance,  to  which  Hoffman 
gave  the  name  of  franchipann.  This  fubftance,  when 
the  fire  is  increafed,  yields  at  firft  a  tranfparent  liquid, 
which  becomes  gradually  more  coloured  ;  fome  very 
fluid  oil  comes  over,  then  ammonia,  an  acid,  and  at  laft 
a  very  thick  black  oil.     Towards  the  end  of  the  pro. 
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cefs  carbonated  hydrogen  gas  is  difengaged*.     There       Miik. 
remains  in  the  retort  a  coal  which  contains  carbonat  of  "^— v— ' 
potafs,  muriat    of  potafs,    and   phofphat   of  lime,  and,*'";",'"' 
lometimes  magnclia,   iron,  and  muriat  ut  loda-p.  ,(,5 

Thus  we  fee,  that  cow's  milk  is  compofed  of  the  fol-  i  Mem. 
lowing  ingredients.  Jiltd.  Pjr. 

1.  Water,  c.   Sugar  of  milk,  \''^^  P- 

2.  Uil,  6.   Munat  ot  lime,  j.g 

3.  AUnimen,  7.    Muriat  of  potafs,  Its  compo. 

4.  (ielatine,  8.   Suli)hur.  r>-nt  parti. 
The  milk  of  all  other  animals,  as  far  as  it  has  hither. 

to  been  examined,  confifts  nearly  of  the  fame  ingre- 
dients ;  but  there  is  a  very  great  difference  in  their  pro- 
portion, j^^ 

Woman's  milk  has  a  much  fwetter  tafte  than  cow's VVonian'i 
milk.      When  allowed  to  remain  at  reft   for  a  fufficient"^'"'' 
time,  a   cream  gathers  on   its   furface.     This  cream   is 
more   abundant   than  in  cow's  milk,   and   its  colour  is 
ufually  much  wliiter.   After  it  is  feparated,  the  milk  is 
exceedingly  thin,  and  has  the  appearance  rather  of  whey, 
with  a  bluifti  wliitc  colour,  than  of  creaUicd  milk.    Islone 
of  the  methods   by   which  cow's  milk  is  coagulated  fuc- 
ceed   in    producing  the  coagulation  of  won. an's   milk*.  * '^''"*> 
It  is  certain,  however,  that  it  contains  curd  ;   for  if  [t^."^'  '^''""f- 
be  boiled,  pellicles  form  on  its  furface,  which   have  all   " 
the   properties  of  curdf.      Its   not  coagulating,   there- ■. ''"''.T!'"'' 
fore,  muft  b'--  attributed  to  the  great  quantity  of  water'''jy'  '  '^' 
with  which  the  curd  is  diluted. 

Though  the  cream  be  churned  ever  fo  long,  no  but- 
ter can  be  obtained  frt  in  it  ;  but  if,  after  bring  aglta- 
ted  for  fome  hours,  it  be  allowed  to  remain  at  reft  for  a 
day  or  two,  it  fcparates  into  two  paits  ;  a  fluid  which 
occupies  the  inferior  part  of  the  vell'el,  pellucid,  and  co- 
lourlefs, like  water,  ar.d  a  thick  white  unftii^ius  fluid, 
which  Iwims  on  the  furface.  The  loweniioll  fluid  con- 
tains fugar  of  milk  and  fome  curd  ;  the  uppeimoft 
does  not  differ  from  cream  except  in  confiftence.  The 
oily  part  of  the  cream,  then,  cannot  be  feparated  by  agi- 
tation from  the  curdj.  This  cream  contains  a  greater'  It'id. 
portion  of  curd  than  the  cream  of  cow's  milk*:  «  mj^ 

When  this  milk,  after  the  curd  Is  feparated  from  it, 
is  (lowly  evaporated,  it  yields  cryftals  of  fogar  of  milk, 
and  of  muriat  of  foda.  The  quantity  01  fugar  is  rather 
greater  than  in  cow's  milk.  According  to  Haller,  the 
lugar  obtained  from  cow's  milk  is  to  that  obtained 
from  an  equal  quantity  of  woman's  milk  as  35  :  58,  and 
fometimes  3337  :  67,  and  in  all  the  intermediate  ratios. 
Thus  it  appears,  that  woman's  milk  differs  from  that 
of  cow's  in  three  particulars.  ,5^ 

1.  It  contains  a  ranch  fmaller  quantity  of  curd.  Its  pecu- 

2.  Its  oil  is  fo  intimately  combined  with  its  curd,''^'''''*- 
that  it  does  not  yield  butter. 

3.  It  contains  rather  more  fagar  of  milk. 
Parmentier  and  Deyeux  afcertained,   that   the  quan- 
tity of  curd  in  woman's  milk  increafes  in  priportion  to 

the  time   after   delivery ||.      Nearly  the  fame  thing  has  ;|  'biJ.^. 
been  obferved  with  refpcA  to  cow's  milk.  4";. 


Ass's  MILK  has  a  very  ftrong  reffinblance  to  hu- ,,^'' 
man  milk  :  it  has  nearly  the  fume  colour,  fmell,  and 
confiftence.  When  left  at  reft  for  a  fufScient  time,  a 
cream  forms  upon  its  furface,  but  by  no  means  in  fuch 
abundance  as  in  woman's  milk.  This  cream,  by  very 
long  agitation,  yields  abutter, i.hich  is  always  foft,v. hite, 
and  taftelefs ;  and,  what  is  fingular,  very  readily  mixes 
again  with  the  butter-milk ;  but  it  may  be  again  fepa- 
4  £  2  rated 
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rated  by  agitation,  while  the  vcfTcl,  which  contains  it,  is 
pkmged  in  cold  water.  Creamed  afs's  milk  is  thin,  and 
has  an  agreeable  fweetifh  tafle.  Alcohol  and  acids  le- 
parate  from  it  a  little  curd,  which  has  but  a  fmall  de- 
gree of  confiftence.  The  ferum  fields  fugar  of  milk 
and  niuriat  of  lime  *. 

Afs's  milk  therefore  differs  from  cow'emilk  in  three 
particulars. 

1.  Its  cream  is  lefs  abundant  and  more  infipid. 

2.  It  contains  lefs  curd. 

%.  It  contains  more  fugar  of  milk  :  the  proportion  is 
283  3s'=8o. 
Goat'sniilk.  Goat's  milk,  if  we  except  its  confiftence,  which  is 
greater,  does  not  differ  much  from  cow's  milk.  Like 
that  milk,  it  throws  up  abundance  of  cream,  from  which 
butter  is  erfily  obtained.  The  creamed  milk  coagu- 
lates jutt  as  cow's  milk,  and  yields  a  greater  quanity  of 
curd.  Its  whey  contains  fugar  of  milk,  muriat  of  lime, 
and  rriuriat  of  foda  f. 

Ewe's  milk  refembles  almoft  precifely  that  of  the 
cow.  Its  cream  is  rather  more  abundant,  and  yields  a 
^"'""butter  which  never  acquires  the  confiftence  of  butter 
from  cow's  milk.  Its  curd  has  a  fat  and  vifcid  appear- 
ance, and  is  not  without  difficulty  made  to  afiume  the 
confiftence  of  the  curd  of  cow's  milk.  It  makes  excel- 
lent cheefe  J. 

Mare's  milk  is  thinner  than  that  of  the  cow,  but 
fcarcely  fo  thin  as  human  milk.  Its  cream  cannot  be 
converted  into  butter  by  agitation.  The  creamed  milk 
coagulates  precifely  as  cow's  milk,  but  the  curd  is  not 
fo  abundant.  The  ferum  contains  fugar  of  milk,  ful- 
phat  of  lime,  and  niuriat  of  lime  1|. 

Sect.  IX.     Of  Saliva. 
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The  fluid  fecreted  in  the  mouth,  which  flows  in  con- 

fiderable  quantity  during   a    repaft,  is  known  by  the 

name  oi fulivn.     No  accurate  analyfis  has  hitherto  been 

made  of  it,   though  it  poffcfles  fome  very  fingular  pro- 

186        Parties.      .      . 

Properties        It  is  a  limpid  fluid  like  water,  but  much  more  vifcid  : 

of  faliva.      it  has  neither  fmell  nor  tafte. 

Its  fpecific  gravity,  according  to  Hamberger,  is 
*  Hnllir'i  1.0167  *.  When  agitated,  it  frotiies  like  all  other  ad- 
I'iy/.vi.  hefive  liquids  ;  indeed  it  is  ufually  mixed  with  air,  and 
5*"  has  the  appearance  of  froth. 

•f  Narcefjus.  It  neither  mixes  readily  with  water  nor  oil  "I"  ;  but 
HaiUifihid.  {jy  trituration  in  a  mortar,  it  may  be  mixed  fo  with  wa- 
\'^^',  ter  as  to  pafs  througli  a  filter  t.     It  has  a  ereat  affinitv 

hhtli.  p.  '"'■  Oi^yg'^";  ablorbs  it  readily  from  the  air,  and  gives  it 
Ji.  out  again  to  other   bodies  J.      Hence    the  reafon  why 

§  Feurcroy,  g^y  q,-  fjlver,  triturated  with  faliva  in  a  mortar,  is  oxy- 
■^f"'   '        dated,  as  Duteniier  has  obierved  ;   and  why  the  killintj 

Cbim.  .  .     ^      ...  .     ,         ,     .      .  ■      ° 

xxviii  162.  ^^  mercury  by  oils  is  much  tacihtateu    by   Ipitting  into 
\  Ibid.         the  mixture^.     Hence  alfo,  in  all  probability,  the  rea- 
fon that  faliva  is  a  ufeful  application  to  fores  of  the  ficin. 
Dogs,  and   fcveral   6thtr  animals,  have  conftantly   re- 
courfe  to  this  remedy,  and  with  mucii  advantage. 

Saliva  is  coagulated  by  oxy  muriat  of  mercury,  by 
m  ffaUirs  alcohol,  and  by  nitre*.  Therefore,  in  all  probability, 
Fhyf.  vi.  it  contains  albumen  and  gelatine,  or  fome  analogous 
S4.  fubftances. 

When  100  parts  of  faliva  are  diftilled,  there  came  over 
80  parts  of  water  nearly  pure,  then  a  little  carbonat  of 
ammonia,  fome  oil,  and  an  acid,  which  perhaps  is  the 
pruflic.     Ihe  refiduum  amounts  to  about  1.56  parts, 


and   is  compofed  of  muiiat  of  foda  and  phofphat  of     Bi'.c. 
lime  f .  ^■^-v— J 

The  tartar  of  the  teeth,  which  is  a  cruft  depofited-p,^,J  ^f 
from  faliva,  confifts,  as  Fourcroy  has  afcertained,  of  the  teeth, 
phofphat  of  lime.  aSS 

The  PANCREATIC   JUICE   has   never  been   examined P'^"''"'""^ 
with  much  attention  ;  but  it  does  not  appear,  from  thelj^^', 
experiments  that  have  been  made,  to  difi^er  much  from-Textor, 
faliva.       ,  AVi,  &c. 

as  quoted 
Sect.  X.      Of  Bile.  ,  by  Haller, 

Bile  is  a  liquid  of  a  yellowifh  green  colour,  an  unc-,  ; 
tuous  feel,  and  bitter  tafte,  is  fecreted  by  the  liver  ;  and 
in  moft  animals  confiderable  quantities  of  it  are  ufually 
found  coUefted  in  the  gall-bladder. 

Great  attention  has  been  paid  to  this  liquid  by  phy- 
ficlans  ;  becaufe  the  ancients  were  accuftomed  to  afcribe 
a  very  great  number  of  difeafes,  and  even  affeftions  of 
the  mind,  to  its  agency.  The  moft  accurate  chemical 
analyfis  of  it  which  has  hitherto  appeared,  is  that  of  Mr 
Cadet,  which  was  publiflied  in  the  Memoirs  of  the 
French  Academy  of  Sciences  for  the  year  1767.  Se- 
veral important  obfervations  had  been  previoufly  made 
on  it  by  Boyle,  Boerhaave,  Verheyen,  Ramfay,  and 
Baglivi  ;  and  fome  faiSs  have  fince  been  added  to  our 
chemical  knowledge  of  bile  by  Maclurg  and  Fourcroy. 
The  experiments  have  chiefly  been  confined  to  the  bile 
of  oxen,  known  in  this  country  by  the  name  of  gall; 
becaufe  it  is  moft  eaCly  procured  in  large  quantities. 

The  fpecific  gravity  of  bile  feems  to  vary,  like  that  properties 
of  all  other  animal  fluids.      According  to  Hartmann,  it  of  bile. 
is    1.027*.     When  ftrongly   agitated,  it   lathers  lIke*H<i/fcr'* 
foap  ;  and  for  this  reafon,  as   well  as  from   a    medical  ^**''  "• 
theory  concerning  its  ufe,  it   has  been   often  called  an 
animal  foap. 

It  mixes  readily  with  water  in  any  proportion,  and 
aflumes  a  yellow  colour  :  but  it  refufes  to  unite  with 
oil  when  the  two  fluids  are  agitated  together  ;  the  in- 
ftant  that  they  are  left  at  reft,  the  oil  feparates  and 
fwims  on  the  furface  f .  |  -Ramfa-), 

When  muriatic  acid  is  poured  upon  bile,  let  it  be  ever  The/aur. 
fo  frclh,  an  odour  of  fulphurated  hydrogen  gas  is  con- Med.  Edm. 
ftantly  exhaled  J.      When  on  100  parts  of  ox-bile  four'j^'*^^^' 
parts  of  ftrong  muriatic  acid  are  poured,  the  whole  in-.   ,0. 
ilantly  coagulates  ;  but  in  fome  hours  the   greater  part      %')o 
becomes  again  fluid;  and  when  pafled  through  the  filter 'ts  compo- 
it  leaves  0.26  of  a  white  matter,  which  has  all  the  P"""- t'r'Jrf 
perties   of  albumen  (J.     This    matter  was  detefted  ^y  ^fem.Par. 
Ramfay;  who  found  that  it   could  be  precipitated  from  1707.  p. 
bile  by  alcohol,  acetous  acid,  fulphat  of  potafs,  and  mu-340- 
riat  of  foda*.      Cadet  afcertained,  that   100  parts  ofty^V^^^. 
ox  bile  contain  about  0.52  of  albumen.     It  is  precipi- £,/,■,..  a. 
tated  in  a  ftate  of  purity   by  oxy   muriatic    acid,  pro- 460.  ! 

vided  that  acid  be  not  employed  in  excefs  f .  ^  Fcurertjt, 


The  muriatic  acid  folution,  after  the  feparation  of  ^ii'm.  viL  li 
the  albumen,  has  a  fine  grafs-green  colour.  When  con- ,j(,_  ^ 
centrated  by  fome  hours  evaporation  in  a  glafs  cucur- 
bit  on  hot  coals,  it  depofites  a  very  copious  precipi- 
tate, and  lofes  almoft  the  whole  of  its  green  colour.  By 
longer  evaporation,  a  new  precipitate,  fimilar  to  the 
firft,  appears,  and  the  remaining  liquid  aflumes  the 
colour  of  beer.  The  precipitate  poflefles  all  the  pro- 
perties of  the  r(fin  of  bile.  In  its  moift  ftate  it  amounts 
to  10.8  parts  J.  The  fame  fubftances  may  be  oh-\  CaJci,<i 
tained  from  bile  by  nitric  acid ;  but  the  leiiQ  in  that 

cafe 


sup. 


Ui 


iiJ,  p. 


laelurg, 
6. 


mfay, 
p.  462. 


191. 


iU. 


'aujueiin 


II.  Animal  SUB 

cafe  has  a  yellow  colour,  and  its  properties  are  fome- 
what  altered  *. 

If  100  parts  of  bile  be  gently  evaporated  to  drynefs 
by  a  very  moderate  heat,  the  dry  mafs  only  weighs  10 
parts,  and  has  a  browniih  black  colour.  When  expofcd 
to  a  ilrong  heat  in  a  crucible,  this  matter  fwells  up, 
takes  fire,  and  emits  very  thick  fumes.  'I'he  refiduuni 
amounts  to  1.09.  By  llxivation  with  water,  1.87 
of  cryftallized  foda  may  be  obtainedf  ;  confequently  100 
parts  of  bile  contain,  according  to  Mr  Kirwan's  table, 
0.403546  of  pure  foda.  But  it  is  evident  that,  by  this 
method,  part  of  the  foda  mull  have  been  evaporated  ; 
therefore  100  parts  of  bile  contain  more  than  0.403  546 
of  foda.  Befides  the  foda,  there  is  found  alfo  a  fmall 
portion  of  muriat  of  foda  J. 

Cadet  found  the  reliduum,  after  the  feparation  of  the 
falts,  of  a  black  colour  :  it  gave  fome  traces  of  iron. 
He  alfo  obtained  a  calcareous  fait  from  bile,  which  he 
confidered  as  a  fulphat  ;  but  it  is  more  than  probable 
that  it  was  phofphat  of  lime. 

Cadet  alfo  obtained  from  bile,  by  evaporating  the 
muriatic  acid  folution  after  the  feparation  of  the  refin, 
a  fait  which  cryllallized  in  trapeziums;  it  had  a  fweetifh 
tafle,  and  was  confidered  by  him  as  analogous  to  fugar 
of  milk  *. 

Thus  we  fee  that  bile  contains  the  following  ingre- 
dients : 

1.  Water,  5.  A  fweetifli  fait, 

2.  Refin,  6.  Muriat  of  foda, 

3.  Albumen,  7.  Phofphat  of  lime, 

4.  Soda,  8.  Iron. 

The  proportion  of  thefe  ingredients  has  by  no  means 
been  afcertained.  The  prefence  of  iron  has  been  de- 
nied in  bile,  becaufe  it  gives  no  blue  precipitate  with 
pruffic  alkali,  and  becaufe  tinfture  of  nut-galls  does  not 
give  it  a  black  colour -I".  But  thefe  reafons  are  infuffi- 
cient  to  overturn  the  experiment  of  Cadet,  who  aftually 
found  it  in  bile. 

When  tour  parts  of  vinegar  and  five  of  bile  arc  mix- 
ed together,  the  mixture  has  a  fweet  tafte,  and  does  not 
coagulate  milk.  The  laAic  acid  hasprecifely  the  fame 
effett  as  vinegar  J. 

When  bile  is  dillilled  in  a  water  bath,  it  affords  a 
tranfparent  watery  liquor,  which  contradts  a  pretty 
ftrong  odour,  not  unlike  that  of  muflc  or  amber,  efpe- 
cially  if  the  bile  has  been  kept  for  fome  days  before  it 
is  fubmittcd  to  dillillation  §.  The  reliduum  is  of  a 
deep  brownifii  green  ;  it  attrafts  moillure  from  the  air, 
and  diffblvcs  readily  in  water.  When  diiliUed  in  a  re- 
tort, it  aflords  a  watery  liquor  of  a  yellowifli  colour, 
and  impregnated  with  alkali,  oil,  carbonat  ot  ammonia, 
carbonic  acid,  and  hydrogen  gas.  The  coaly  reliduum 
is  eafily  incinerated  *.  Bile,  expoled  to  a  temperature 
between  65°  and  85°  foon  lofes  its  colour  and  vifcidity, 
acquires  a  naufcous  fmell,  and  depolites  whitilh  mucila- 
ginous flakes  After  the  putrefaction  has  made  confi- 
derable  progrefs,  its  fmell  becomes  fweet,  and  refembles 
amber  f.  If  bile  be  heated,  and  flightly  concentrated 
by  evaporation,  it  may  be  kept  for  many  months  with- 
out alteration  j:. 

Sect.  XI.     Of  Biliary  Calcvli. 

Hard  bodies  fometimes  form  in  the  gall  bladder,  or 
in  the  dud  through  which  the  bile  paffes  into  the  in- 
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teftinal  canal,  and  flop  up  the  paffage  altogether.  Thefe  Biliary  Cal- 
concretions  have  got  the  name  of  biliary   calculi  or  gall-       ^'J; 
Jlones.     As  they  are   formed  in  the  midil  of  bile,   and  ' 

as  the  fubllances  of  which  they  are  compofed  mull  be 
derived  from  the  bile,  it  is  proper  to  give  an  account  of 
them  here,  becaufe  their  properties  cannot  fail  to  throw 
fome  additional  light  on  the  nature  of  bile  itfelf.  j„j 

Biliary  calculi,  all  of  them  at  leall  which  have  been  Biliary  cal- 
hitherto  examined  witli  attention,  may  be  divided  intoculiof 
three  clafFes.  ''^^  '''"''«■ 

1.  The  firfl  kind  comprehends  thofe  which  have  a 
white  colour,  and  a  cryllallized,  fhining,  lamellated 
llruflure. 

2.  The  fecond  is  dark  coloured,  and  has  precifely 
the  appearance  of  infpifFated  bile.  Both  thefe  kinds  are 
conibullible. 

3.  The  third  kind  comprehends  thofe  gall-ftones 
which  do  not  flame,  but  gradually  wafte  away  at  a  red 
heat. 

We  fhall  take  a  view  of  each  of  thefe  kinds  of  bilia- 
ry calculi  in  their  order.  For  the  greater  part  of  the 
chemical  knowledge  which  has  been  hitherto  acquired 
of  them,  the  world  is  chiefly  indebted  to  Mr  Four- 
croy.  492 

I.  The  firfl  fpecies  of  biliary  calculi  was  pointed  out  P''"P'='''-" 
for  the  firft  time  by  Haller,  in  a  diflertation  publiihed"^  the  firfc 
in  1749.  Walther  afterwards  added  feveral  new  fatls; 
and  at  lafl  it  was  accurately  defcribed  by  Vicq  d'Azyr. 
It  is  almofl  always  of  an  oval  fhape,  fometimes  as  large 
as  a  pigeon's  egg,  but  commonly  about  the  fize  of  a 
fparrow's  ;  and  for  the  moil  part  only  one  calculus 
(when  of  this  fpecies)  is  found  in  the  gall  bladder  at  a 
time.  It  has  a  white  colour  ;  and  when  broken,  pre- 
fents  cryflalline  plates  or  flrias,  brilliant  and  white  like 
mica,  and  having  a  foft  greal'y  feel.  Sometimes  its  co. 
lour  is  yellow  or  greeniih  ;  and  it  lias  conllantly  a  nu- 
cleus of  iufpifiated  bile  f.  ^  F„ur,roy, 

Itsfpecific  gravity  is  lower  than  that  of  water:  Gren  Ann.de 
found    lie  fpecific  gravity  of  one  0.803  X-  Clum.m. 

When  expofed   to  a  heat   conlidcrably  greater  than  j*'.' 
that  of  boiling  water,  this  cryflallized   calculus  foftens  (^/j,-^  y. 
and  melts,  and  cryllallizes  again  when  the  temper;Uire  jS6. 
is  lowered  J.      It  is  altogether  infoluble  in  water  ;   but  §  Fmnroy, 
hot  alcohol  dilTolves  it  with  facility.     Alcoliol,   of  the  li"/.  li.  113. 
temperature  of  167",  diflblves  I'^y  of  its   weight  of  thjs 
fubllance  ;   but    alcohol,    at    the    temperature  of    6o'J, 
fcarcely  diffolves  any   of  it*.      As   the  alcohol  cools,  •/■!;</.  p. 
the  matter  is  dtpofited  in  brilliant   plates    refembling '^°- 
talc  or  boracic  acid  f .      It   is  foluble  in  oil  of  turpen- ^ 'f!'"' 
tine  J.      When    melted,   it  has  the  appearance  of  oil,  ,(j"^„ 
and  exhales  tlie  odour  of  melted  wax  :   when    fuddenly  ;i/,/.  v.  1S7. 
heated,  it  evaporates  altogether  in   a  thick  fmokc.      It 
is  foluble  in  pure  alkalies,   and  the  foluiion  has  all  tlie 
properties  of  a  foap.      Nitric  acid  alio  diflolves  it  ;  but 
it  is  precipitated  unaltered  by  water  J.  1  Fitrerty 

This  matter,  which   is  evidently  the  fame   with   the  li;,/.  in. 
cryllals  which  Cadet  obtained  from  bile,  and  which  lie '47- 
confidered  as  analogous  to  fugar   of  milk,  has  a  Ilrong 
rcfembhince  to  fpermaceti.     Like  that  fubfuince,  it   is 
of  an  oily  nature,  and  inflammable  ;  but  it  dilfers  from 
it  in  a  variety  of  particulars. 

Since  it  is  contained  in  bile,  it  is  not  difficult  to  fee 
how  it  may  cryftallize  in  the  gall-bladder  if  it  happens 
to  be  more  abundant  than  ufual ;  and  the  confequtnc* 
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muft  be  a  gall-llone  of  this  fpecies.  Fourcroy  found 
a  quantity  of  tlie  fame  fubftance  in  the  dried  human 
liver  *. 

2  The  fecond  fpecijs  of  bih'ary  calculus  is  of  a  round 
or  polygonal  fliaj);,  cf  a  grey  colour  extevioily,  and 
brown  wirliin.  It  is  fonriL-d  of  concentric  layers  ot  a 
matter  which  feenis  to  be  infpilTated  bile  ;  and  there  is 
lifually  a  nucleus  of  the  white  cryllalline  matter  at  the 
centre.  For  the  molt  part  there  are  many  of  this  fpe- 
cies  of  calculus  in  the  gall-bladder  together  :  indeed  it 
is  frequently  filled  with  them.  Their  fi/.e  is  ufually 
much  fmaller  than  that  of  the  laft  fpecics. 

This  is  the  moft  coirmou  kind  of  gall-Hone.  It  may 
be  coiifidered  as  a  mixture  of  infpilTated  bile,  and  of  the 
cryRalline  matter  which  forms  the  firll  fpecies  :  and  the 
appearance  of  calculi  of  this  kind  mull  vivy  conlider- 
ably,  according  to  the  proportion  of  thefe  ingredients. 

3.  Concerning  the  third  fpecies  of  gaU-ilone,  very 
little  is  known  with  accuracy.  Dr  Saunders  tells  us, 
that  lie  has  met  with  fome  gall  ftones  infoluble  both  in 
alcohol  and  oil  of  turpentine  ;  fome  which  do  not  flame, 
but  become  red,  and  confume  to  an  afh  like  a  char- 
coal f .  Haller  quotes  feveral  examples  of  limilar  cal- 
culi J. 

Gall-ftones  often  occur  in  the  inferior  animals,  parti- 
cularly in  cows  and  hogs;  but  the  biliary  concretions 
of  thefe  animals  have  not  hitherto  been  examined  with 
attention. 

Sect.  XII.    Of  Tears. 

That  peculiar  fluid  which  is  employed  in  lubrica- 
ting the  eye,  and  which  is  emitted  in  conllderable  quan- 
tities when  we  exprefs  grief  by  weeping,  is  known  by 
the  name  of /cfl;-j-.  Foran  accurate  analylis  of  this  fluid, 
chemiftry  is  indebted  to  Meffrs  pbureroy  and  Vauque- 
lin.  Before  their  diflertation,  which  was  publilhed  in 
1791,  appeared,  fcarcely  any  thing  was  known  about 
the  nature  of  tears. 

The  liq\iid  called  tears  is  tranfparent  and  cclourlefs 
like  water  ;  it  has  fcarcely  any  fmell,  but  its  talle  is  al- 
ways perceptibly  fait.  Its  fpecific  gravity  is  fom.ewhat 
grer.<er  than  that  of  diftillcd  water.  It  gives  to  paper, 
ftained  with  the  juice  of  the  petals  of  mallows  or  violet, 
a  permanently  green  colour,  and  therefore  contains  a 
fixed  alkali  *.  It  unites  with  water,  whether  cold  or 
hot,  in  all  proportions.  Alkalies  unite  with  it  readily, 
•and  render  it  more  fluid.  Tiie  mineral  acids  produce 
no  apparent  change  upon  it  f .  Expofed  to  the  air, 
this  liquid  gradually  evaporates,  and  becomes  thicker. 
When  nearly  reduced  to  a  ftate  of  drynefs,  a  number 
of  cubic  cryilals  form  in  the  midft  of  a  kind  of  muci- 
lage. Thefe  cryllals  poffcfs  the  properties  of  muriat  of 
foda  ;  only  they  tinge  vegetable  blues  green,  and  there- 
fore contain  an  exccfs  of  foda.  The  mucilaginous  mat- 
ter acquires  a  yellowifli  colour  as  it  dries  J. 

This  liquid  boils  like  water,  excepting  that  a  confi- 
derable  froth  collefts  on  its  furface.  If  it  be  kept  a 
fufficient  time  at  the  boiling  temperature,  -f'J'o  parts  of 
it  evaporate  in  water;  and  there  remain  about  .04  parts 
of  a  yellowifli  matter,  which  by  diitillation  in  a  ftrong 
heat  yield  water  and  a  httle  oil  :  the  refiduum  conlifts 
of  different  faline  matters  $. 

When  alcohol  is  poured  into  this  liquid,  a  mucilagi- 
nous matter  is  precipitated  in  the  form  of  large  white 
iakes.     The  alcohol  leaves  behind  it,  when  evaporated, 
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traces  of  muriat  of  foda  and  foda.  The  refiJuum  which  Tears, 
remains  behind,  when  iufpiflated  tears  are  burnt  in  the  ■''""'via. 
open  air,  exhibits  fome  traces  of  phofphat  of  liine  and  ~'7~^'~~' 
phofphat  of  foda  ||.  ^JTJJ!'. 

Thus  it  appears  that  tears  are  compofed  of  the  fol- ? 'f'/n,  you 
lowing  ingredients  :  ''-  ^hj-  h 

1.  Water,  4.  Soda,  ^^9- ^ 

2.  Mucilage,  5.  Phofphat  of  lime.         Cumpouef 

3.  Muriat  ol  foda,  6.  Phuipliat  of  foda.  parts. 
The  ialine   parts  amount  only  to  about  o.Oi    of  the 

whole,  or  probably  Viot  fo  much. 

The  mucilage  contained  in  the  tears  has  the  property 
of  abfbrbing  oxygen  gradually  from  the  atinofphere, 
and  of  becoming  thick  and  vifcid,  and  of  a  yellow  co- 
lour. It  is  then  infoluble  in  water,  and  remains  long 
fufpended  in  it  without  alteration.  When  a  fufiicient 
quantity  of  oxy-muriatic  acid  is  poured  into  tears,  a 
yellow  flaky  piecipitate  appears  abfolutely  limilar  to 
this  infjjiflated  mucilage.  The  oxy-muriatic  acid  lofes 
its  peculiar  odour ;  hence  it  is  evident  that  it  has  given 
out  oxygen  to  the  mucilage.  The  property  which  this 
mucilage  has  of  abforbing  oxygen,  and  of  acquiring 
new  qualities,  explains  the  changes  which  take  place  in 
tears  which  arc  expofed  for  a  long  time  to  the  adtion 
ot  the  atmofphere,  as  is  the  cafe  in  thofe  perfons  who 
labour  under  a  fiilula  lachrymalis  *.  ^  „. , 

The  MUCUS  of  the  nofe  has  alfo   been   examined  by  257. 
Fourcroy  and  Vauquelin.      They  found  it  compofed  of     197 
precifely  the  fame  ingredients  with  the  tears.     As  this '^'"'^""'' 
fluid  is  more  expofed  to  the  adlion  of  the  air  than  the       ° 
tears,  in  mofl:  cafes  its  mucilage  has  undergone  lefs  or 
more  of  that   change  which  is  the  confequence  of  the 
abforption  of  oxygen.      Hence  the  reafon  of  the  great- 
er  vifcidity  and  confiflence  of  the  mucus  of  the  nofe  ; 
hence  alfo  the  great  confiflence  which  it  acquires  du- 
ring colds,  where  the  action  of  the  atmofphere  is  aflull- 
ed  by  the  incrcaled  .idion:  of  the  parts  f . 

SiCT.   XIII.       OfSlNOrlA. 

Within  the  capfular  ligament  of  the  different  joints 
of  the  body,  there  is  contained  a  peculiar  liquid,  in- 
tended evidently  to  lubricate  the  paits,  and  fo  facilitate 
their  motion.  This  liquid  is  known  among  anatoroilts 
by  the  name  ofJJnoiia. 

Whether  it  be  the  lame  in  different  animals,  or  even 
in  all  the  different  joints  of  the  fame  animal,  has  not 
beea  determined  ;  as  no  accurate  anal)  f-s  of  the  linovia 
ot  dilfeient  animals  has  been  attempted.  The  only 
aaalyfis  of  finovia  which  has  hitherto  appeared  is  that 
by  Mr  Margueron,  which  was  publifiicd  in  the  I4tli 
volume  of  the  j!tinalcs  ik  Chinue.  He  made  ule  of  fi- 
novia obtained  from  the  joints  of  the  lower  extremities 
of  oxen.  j^g 

The  finovia  of  the  ox,  when  it  has   juft  flowed  from si„ovi»( 
the  joint,  is  a  vifcid  femitranlparent  fluid,  of  a  greeniflithe  ox, 
white  colour,  and  a   fmell    not  unlike  trog  fpawn.     It 
very  loon  acquires  the  confiflence  of  jelly  ;  and  this  hap- 
pens equally  w^hether  it  be  kept  in  a  cold  or  a  hot  tem- 
perature, whether  it  be  expofed  to  the  air  or  excluded 
from  it.      This  confiflence  does  not  continue  long  ;  the 
finovia  foon  recovers  again  its  fluidity,  and  at  the  fame  •  ^"t 
time  depofites  a  thready-like  matter  *.  ',""'/?"" 

binovia  mixes  readily  with  water,  and  imparts  to  that  j^j^^  ,j^ 
liquid  a  great  deal  of  vifcidity.  The  mixture  frothes  199 
when  agitated  ;  becomes  milky  when  boiled,  and  depo- Its  prop 

fites"'*- 
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fites  fome  p'jlliclea  on  the  fides  of  the  diih  ;  but  its  vil-     by  the  name  of  Jlmeii.     The  human   ftmen  alorte  haa_   SenKn.  ^ 
cidity  is  not  diminilhedf.  hitherto  be«n   fuhjcdcd  to  chemical  analylis.      Nothing" 


iij.  p. 


When  alcohol  is  poured  into  finovia,  a  white  fub 
„. (lance  precipitates,  which  has  all  the  properties  of  al- 
bumen. One  hurnired  parts  of  finoviu  contain  4.^2  of 
albumen.  Tiie  liquid  ilill  continues  as  vifcid  as  ever  ; 
but  if  acetous  acid  be  poured  into  it,  the  viicidity  dil- 
appears  altog'ether,  the  liquid  beronics  tranfpareiit,  and 
depofites  a  quantity  of  matter  in  white  threads,  which 
polTeires  the  following'  properties: 

J.    It  has  the  colour,  fmell,  talle,  and  elafticity  of  ve-     numerous  white 
getable  gluten. 

2.  It  is  loluble  in  concentrated  acids  and  pure  al- 
kalies. 

3.  It  is  folnble  in  cold  water,  the  folution  frothes  ; 
acids  and  alcohol  precipitate  tlie  fibrous  matter  in 
flakes.  One  hundred  parts  of  finovia  contain  1 1.86  of 
this  matter  J:. 

When  the  liquid,  after  thefe  fubllances  have  been  fe- 
paratcd  from  it,  is  concenUated  by  evaporation,  it  de 


is  known  concerning  the  feminal  fluid  oi  other  animals. 
Vauquclin  publilhed  an  analylis  of  the  human  femen  in 

'"9'-  ....  .  301 

bemeu,  when   newly  ejeiSled,   is  cviJently  a  nuxture  Properties 
of  two  different  fubllances:   the  one,   fluid  and  milky, °ff'^'"sii 
which  is  fuppofed  to  be  feereted  by  the  protlate  gland  ; 
the  other,  which   is  confiiiered  as  the  true   fecretion  of 
the  tetles,   is  a  thick  mucilaginous  fnbllance,   in  which 

Ihining  filaments  may  be  difcovered  *  "' 


An, 
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It  has  a  (light  difagreeable  (id>iur,  an  acrid  hritating^''^^^ 
tafte,  and  its  fpecilic  gravity  is  greater  than  that  of64. 
water.  When  rnbbed  in  a  mortar  it  becomes  frothy, 
and  of  the  coiiliflence  of  pomatum,  in  confcquence  of 
its  enveloping  a  great  number  of  air  bubbles.  It  con- 
verts paper  llained  with  the  blofloms  ot  mallows  or 
violets  to  a  green  colour,  and  confequently  contains  an 
alkahf-  +K'V.» 

As  the  liquid  cools,  the  mucilaginous  part  becomes  ^' 


pofites  cryftals  «f  acetite  of  foja.      Sinovia,  therefore,     tranfparent,    and    acquires   greater  confiftency  ;    but.in 


contains  foJa.     Margueron  found  that  100  parts  of  fi- 
novia contained  about  a.71  of  U'da. 

When  ftrong  fulphuric,  muriatic,  nitric,  acetic,  or 
fulphurous  acid  is  poured  into  finovia,  a  number  of 
white  flakes  precipitate  at  firft,  but  they  are  foon  re- 
difl'olved,  and  the  viicidity  of  the  liquid  continues.  When 
thefe  acids  are  diluted  with  five  times  their  weight  of 


id.  p. 


af)out  twenty  minutes  after  its  cmiffioo,  the  whole  be- 
comes ptrfedly  liquid.  This  liquefaclion  is  not  owing 
to  the  abforption  of  moiilure  from  the  air,  for  it  lofes 
inftead  of  acquiring  weight  during  its  expofure  to  the 
atmofphcre  ;  nor  is  it  owing  to  the  adllon  of  the  air, 
for  it  takes  place  equally  in  ciofe  vefTels  .f.  t  I^iJ.  p. 

Semen  is  infoluble  in  water  before  this  fpontaneous" 
water,  they  diminiih  the  tranfparency  of  finovia,  but     liquefaction,   but   afterwards   it   difiolves  readily  in    it. 
not  its  vifcidity  ;  but  when  they  are  fo  much  diluted     When  alcohol  or  oxy-muriatic  acid  is  poured   into  this 
that  their  acid  talle  is  juft  perceptible,  they  precipitate     folution,  a  number  of  white  flakes  are  precipitated  ^.§  .^''''-P- 
the  peculiar  thready  matter,  and  the  vifcidity  of  the  fi-     Concentrated   alkalies   facilitate   its    combination   vvith'°' 
novia  dil'appears  (J.  water.      Acids  readily  difTolve  the  femen,  and  the  folu- 

When  finovia  is  expofed  to  a  dry  atmofphere  it  gra-     tion  is  not  decompofed  by  alkalies  ;  neither  indeed  is  the 
dually   evaporates,   and   a   fcaly   reliduum    remains,  in     alkaline  folution  decompofed  by  acids  ||.  ||  7iiV.  p. 

which  cubic  cryftals,  and  a  white  faline  efllorefcence.         Lime  difengages  no  ammonia  from  frefii  femen;  hut?'* 
are  apparent.      The  cubic  cryllals  are  muriat  of  foda.     after  that  fluid  has  remained  for  fome  time  in  a  moid 
One  hundred  parts  of  finovia  contain  about  1.75  of  this     and  warm  atmofphere,  lime  feparates  a  great  quantity 
fait.     The  faline  efllorefcence  is  carbonat  of  foda||.  from  it.     Confequeutly  ammonia  is  formed  during  the 

Sinovia  foon  putrefies  in  a  moid  atmo(phere,  and  du-     expofure  of  femen  to  air  ^.  1  ^l"^- 

ring  the  putrefatlion  ammonia  is  exhaled.     Wiien  fino-         When   oxy-muriatic  acid    is   poured   into    femen,    a      301 
via  is  diiliUed  in  a  retort  there  comes  over,  firll  water,     number  of  white  flakes  precipitate,  and  the  acid  lofes  It^compo- 
which  foon  putrefies;  then  water  containing  ammonia;     its  peculiar  odour.     Thefe  flakes  are  infoluble  in  water,  "^'^  P^'''^' 
then  empyreumatic  oil  and  carbonat  of  ammonia.   From    and  even  in  acids.     If  the  tiuautity  of  acid  be  fufficient, 
the  refiduum  muriat  and  carbonat  of  foda  may  be  ex-     the  femeii  acquires  a  yellow  colour.      Thus  it  appears 
trailed  by  lixiviation.      The  coal  contains  fome  phof-     that  femen  contains  a  mucilaginous  fubllance,  analogous 
id.  uS.  phst  of  lime  ^.  to  that  of  the  tears,  which  coagulates  by  abforbing  oxy- 

From  the  analyfis  of  Mr  Margueron  it  appears  that     gen.     Mr  Vanquelin  obtained  from  100  parts  of  femen 
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finovia  is  compofed  of  the  following  ingredients  : 
J  1.86  fibrous  matter, 
4.52   albumen, 
1.75   muriat  of  foda, 
.71    foda, 

.70  phofphat  of  lime  (n), 
?0.57  water. 


fix  parts  of  this  mucilage. 

When  femen  is  expoled  to  the  air  about  the  tempe- 
rature of  60",  it  becomes  gradually  covered  with  a 
tranfparent  pellicle,  and  in  three  or  four  days  depofites 
fmall  tranfparent  cryftals,  often  croffing  each  other  in 
fuch  a  manner  as  to  repreient  the  fpokes  of  a  wheel. 
Thefe  cryftals,  when  viewed  through  a  microfcope,  ap- 
pear to  be  four-fided  prifms,  terminated  by  very  long 
four-fided  pyramids.  They  may  be  feparated  by  di- 
luting the  liquid  with  water,  and  decanting  it  off.  They 
have  all  the  properties  of  phofphat  of  lime  *.  If,  after  «  UIJ.  p. 
The  peculiar  liquid  feereted  in  the  teftes  of  males,  the  appearance  of  thefe  cryftals,  the  femen  be  ftill  al- 07  ^°<1  73' 
and  deftined  for  the  impregnation  of  females,  is  known     lowed  to  remain  expofed  to  the  atmofphere,  the  pellicle 

on 

(n)  Mr  Hatchett  found  only  0.208  of  phofphat  of  lime  in  the  finovia  which  he  examined.     He  found,  how- 
ever, traces  of  fome  other  phofphat ;  probably  phofphat  of  foda.     Phil,  Trcmf.  1 799,  p.  246. 
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Semen,     on   it3   fui'ace   gradually  thickens,    and  a   number  of 
Liqiior  of  y^\^\^^   round   bodies   appear   on    diiTerent   parts    of  it. 
ni  s.  '    Thcfe  bodies  alio  are  phofphat  of  lime,  prevented  from 
I— V— _  cryftallizing  regularly  by  the  too  rapid  abllraftion  of 
nioiflurc.      Mr  Vauqiiolin  found  that    lOO  parts  of  fe- 
t  Vau-         "1^"  contain  three  parts  of  phofpliat  of  limef.      If  at 
jueHn.Ann.  this  period  of  the  evaporation   the  air  becomes  moift, 
lie  Chim.^.    other  cryftals  appear  in  the  femen,  which  have  the  pro- 
pertits  of  carbonat  of  foda.      The  evaporation  does  not 
go  on   to  complete  exficcation,  unlefs  at  the  tempera- 
ture of  77°,   and  when  the  air  is  very  dry.     When  all 
the  moiftiire  is  evaporated,  the  femen  has  loft  O.g  of  its 
weight,  the  refiduum  is  ferai-tranfparent  like  horn,  and 
brittle  J. 

When  femen  is  kept  in  very  moift  air,  at  the  tem- 
perature of  about  7^°,  it  acquires  a  yellow  colour,  like 
that  of  the  yolk  of  an  egg  :  its  tafte  becomes  acid,  it 
exhales  the  odour  of  putrid  fifti,  and  its  furface  is  co- 
vered with  abundance  of  the  bytTus  feptica  §. 

When  dried  femen  is  expofed  to  heat  in  a  crucible, 
it  melts,  acquires  a  brown  colour,  and  exhales  a  yellow 
fume,  having  the  odour  of  burnt  horn.  When  the  heat 
is  raifed,  the  matter  fwells,  becomes  black,  and  gives 
out  a  ftrong  odour  of  ammonia.  When  the  odour  of 
ammonia  difappears,  if  the  matter  be  lixiviated  with 
water,  an  alkaline  folution  may  be  obtained,  which,  by 
evaporation,  yields  cryftals  of  carbonat  of  foda.  Mr 
Vauquelin  found  that  loo  parts  of  femen  contain  one 
part  of  foda  f .  If  the  refidnum  be  incinerated,  there 
will  remain  only  a  quantity  of  white  afhes,  confifting  of 
phofphat  of  lime. 

Thus  it  appears  that  femen  is  compofed  of  the  fol- 
lowing ingredients : 

50  water, 
6  mucilage, 
3  phofphat  of  lime, 
I   foda. 


Sect.  XV.     Liquor  of  the  Amnios. 

The  fcetus  in  the  uterus  is  enveloped  in   a  peculiar 
membranous  covering,  to  which  anatomifts  have  given 
the  name  of  amnios.     Within  this  amnios  there  is  a  li- 
quid, diftinguiftied  by  the  name  of  the  liquor  of  the  am- 
nios, which  furrounds  the  foetus  on  every  part.      This 
liquid,  as  might  have  been  expefted,   is  very  different 
in  different  animals,  at  leaft  the  liquor  amnii  in  women 
and  in  cows,  which  alone  have  hitherto  been  analyfed, 
have  not  the  fmalleft  refemblance  to  each  other.   Thefe 
two  liquids  have  been  lately  analyfed  by  Vauquelin  and 
Buniva,  and  the  refult  of  their  analyfis  has  been  publifh- 
ed  in  the  33d  volume  of  the  Annales  de  Chimie. 
l-iquor  of         '•   The  liquor  of  the  amnios  of  women  is  a  fluid  of  a 
the  human  (lightly  milky  colour,  a  weak  but  pleafant  odour,  and 
amnios.        3  faltiih  tafte.     The  white  colour  is  owing  to  a  curdy 
matter  fufpended  in  it,  for  it  may  be  obtained  quite 
*  Ant  de     tranfparent  by  filtration  *. 

Chim.'xJ^m.      Its  fpecific  gravity  is  1.005.     It  gives  a   green  co- 
a7o.  lour  to  the  tlnfture  of  violets,  and  yet  it  reddens  very 

decidedly  the  tinAure  of  turnfol.  Thefe  two  proper- 
tics  would  indicate  at  once  the  prefence  of  an  acid  and 
of  an  alkali.  It  frothes  coniiderably  when  agitated. 
On  the  application  of  heat  it  becomes  opaque,  and  has 
then  a  great  refemblance  to  milk  diluted  with  a  large 
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quantity  of  water.     At  the  fame  time  it  exhales  the  Uiinor . 
odour  of  boiled  jvhite  of  egg  *.  the  Am 

Acids  render  it   more  tranfparent.      Alkalies  preci-  ,     """' 
pitate  an  animal  matter  in  fmall  flakes.      Alcohol  like-  •  Am. ,/, 
wife  produces  a    flaky   precipitate,   which,   when   col-CWw.xu 
lefted   and   dried,   becomes  tranfparent,  and  very  like*?'- 
glue.     The   infufiou   of  nut-galls  produces  a  very  co- 
pious brown  coloured  precipitate.     Nitrat  of  filver  oc- 
cafions  a  white  precipitate,  which  is  infoluble  in  nitric 
acid,  and  confequently  is  muriat  of  fdver  f.  \  Ih'ti, 

When  flowly  evaporated  it  becomes  fliglitly  milky, 
a  tranfparent  pellicle  forms  on  its  furface,  and  it  leaves 
a  reliduum  which  does  not  exceed  0.012  of  the  whole. 
By  lixiviating  this  refiduum,  and  evaporating  the  ley, 
cryftals  of  muriat  and  carbonat  of  foda  may  be  obtain- 
ed. The  remainder,  when  incinerated,  exhales  a  fetid 
and  ammoniacal  odour,  refembling  that  of  burning  horn  ; 
the  aflies  confifl  of  a  fmall  quantity  of  carbonat  of  foda, 
and  of  phofphat  and  carbonat  of  lime  %.  .  ^^. . 

Thus  we  fee  that  the  liquor  of  the  human  amnios  is2;j. 
compofed  of  about 

98.8  water, 

f  albumen, 
1.2  <  muriat  of  foda,  foda, 
(.phofphat  of  lime,  lime, 

loo.o  _  30^ 

While  the  foetus  is  in  the  uterus,  a  curdy-like  matter  Curdy  ir 
is  depofited  on  the  furface  of  its  fliin,  and  in  particular t^r  depo, 
parts  of  its  body.     This  matter  is  often  found  collected  J:     '"' 
in   confiderable  quantities.     It  is   evidently   depofited 
from  the  liquor  of  the  amnios ;  and  confequently  the 
knowledge  of  its  peculiar  nature  muft  throw  confider- 
able light  upon  the  properties  and  ufe  of  that  liquor. 
For  an  analyfis  of  this  fubftance  we  are  alfo  indebted  to 
Vauquelin  and  Buniva. 

Its  colour  is  white  and  brilliant ;  it  has  a  foft  feel, 
and  very  much  refembles  newly  prepared  foap.  It  is 
infoluble  in  water,  alcohol,  and  oils.  Pure  alkalies  dif- 
folve  part  of  it,  and  form  with  it  a  kind  of  foap.  On 
burning  coals  it  decrepitates  like  a  fait,  becomes  dry 
and  black,  exhales  vapours  which  have  the  odour  of 
empyreumatic  oil,  and  leaves  a  refiduum,  which  is  very 
difficultly  reduced  to  afhes.  When  heated  in  a  platinum 
crucible  it  decrepitates,  lets  an  oil  exfude,  curls  up  like 
horn,  and  leaves  a  refiduum  confifling  chiefly  of  car-  ij 

bonat  of  lime  J.  ^  Uii.y>\ 

Thefe  properties  fhew  that  this  matter  is  different*'*' 
from  every  one  of  the  component  parts  of  the  liquor  of 
the  amnios,  and  that  it  has  a  great  refemblance  to  the 
fat.  It  is  probable,  as  Vauquelin  and  Buniva  have 
conjeftured,  that  it  is  formed  from  the  albumen  of  that 
liquid,  which  has  undergone  fome  unknown  changes. 
It  has  been  long  known,  that  the  parts  of  a  foetus 
which  has  lain  for  fome  time  after  it  iias  been  deprived 
of  life  in  the  uterus,  are  foraetimes  converted  into  a 
kind  of  fatty  matter.  It  is  evident  that  this  fubilance, 
after  it  is  depofited  upon  the  fkin  of  the  foetus,  muft 
preferve  it  in  a  great  meafure  from  being  adled  upon  1 

by  the  liquor  of  the  amnios.  30,' 

2.  The  liquor  of  the  amnios  of  the  cow  has  a  vifci- Liquor 
dity  fimilar  to  mucilage  of  gum  arabic,  a  brownilh  ■'f'l'/.hrc, 
colour,  an  acid  and  bitter  tafte,   and  a  peculiar  odour, 
not  unlike  that  of  fome  vegetable  extraits.    Its  fpecific 
gravity  is  1.028.     It  reddens  the  tindure  of  turnfol, 

and 
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H»oT  of  and    therefore    contains    an    aoi'd.     Miin'at   of  barytes 

e  Am-  Qayfes  a  very  abundant  precipitate,  whicli  renders  it  pro- 
bable  that  it  contains  fulphuric  acid.    Alcohol  feparates 

tun.  de     from  it  a  great  quantity  of  a  reddifh  coloured  matter  *. 

m  xxsiii.  When  tin's  liquid  is  evaporated,  a  thick  frothy  fcum 
gathers  on  the  furfacc,  which  is  eafily  fepaiated,  and  in 
whi^h  fomc*  white  aeid  tailed  cryflals  may  be  dilcover- 
ed.  By  continuing  the  evaporation,  the  matter  be- 
comes thick,  and  vilcid,  and  has  very  much  the  look  of 
honev.  AL-ohol  boiled  upon  this  thick  matter,  and 
filtered  off.  depolites  upon  cooling  brilliant  needle  form- 
ed cryflds  nearly  an  inch  in  length.  Thefe  cryftals 
mav  be  obtained  in  abundance  by  evaporating  the  li- 
quor of  the  amnios  to  a  fourth  part  of  its  bulk,  and 
then  allowing  it  to  cool.  The  cryftals  foon  make  their 
appearance.  They  may  be  feparated  and  purilied  by 
wafhing  them  in  a  fmall  quantity  of  cold  water.  Thefe 
cryftals  have  the  properties  of  an  acid  ^. 

If  after  the  feparation  of  this  acid  the  liquor  of  the 
amnios  be  evaporated  to  the  confiftencc  of  a  fyrup,  large 
tranfparent  cryftals  appear  in  it,  which  have  all  the  pro- 
perties of  fulphat  of  foda.  The  liquid  of  the  amnios 
of  cows  contains  a  confiderable  quantity  of  this  fait. 

Thus  it  appears  that  the  liquor  of  the  amnios  of 
cows  contains  the  following  ingredients  : 

1.  Water, 

2.  A  peculiar  animal  matter, 

3.  A  peculiar  acid, 

4.  Sulphat  of  foda". 
The  animal  matter  poftefl'es  the  following  properties : 

animal  Jj  has  a  reddifh  brown  colour,  and  a  peculiar  tafte  ;  it 
"'  is  very  foluble  in  water,  but  infoluble  in  alcohol,  which 
has  the  property  of  feparating  it  from  water.  When 
expofcd  to  a  ftrong  heat  it  fwells,  exhales  firtt  the  odour 
of  burning  gum,  then  of  empyreumatic  oil  and  of  am- 
monia, and  at  laft  the  peculiar  odour  of  pruflic  acid 
■becomes  very  confpicuous.  It  differs  from  gelatine  in 
the  vifcidity  which  it  communicates  to  water,  in  not 
forming  a  jelly  vfhen  concentrated,  and  in  not  being 
precipitated  by  tan.  It  niuft  be  therefore  ranked  among 
the  very  undefined  and  inaccurate  clafs  of  animal  muci- 
lages. 

When  burnt,  it  leaves  a  very  large  coal,  which  is 
readily  incinerated,  and  leaves  a  little  white  afhes,  eom- 
pofed  of  phofphat  of  uiagnefia,  and  a  very  fmall  pro- 
portion of  phofphat  of  lime  ||. 

The  acid  fubllance  is  of  a  white  and  brilliant  colour; 
its  tafte  has  a  very  (light  degree  of  fournefs  ;  it  reddens 
the  tindfure  of  turnfol  ;  it  is  fcarcely  foluble  in  cold 
water,  but  very  readily  in  hot  water,  from  which  it  fe- 
parates in  long  needles  as  the  folution  cools.  It  Is  fo- 
luble alfo  in  alcohol,  efpecially  when  aflilled  by  heat. 
It  combines  readily  with  pure  alkalies,  and  forms  a  lub- 
ftance  which  is  very  foluble  in  water.  The  other  acids 
decompoie  this  compound  ;  and  the  acid  of  the  liquor 
of  the  amnios  is  precipitated  in  a  white  cryftalline  pow- 
der. This  acid  does  not  decompofe  the  alkaline  car- 
bonats  at  the  temperature  of  the  atmofphere,  but  it 
does  fo  when  affifted  by  heat.  It  does  not  alter  folu- 
tions  of  filver,  lead,  or  mercury,  in  nitric  acid.  When 
expofed  to  a  ftrong  heat,  it  frothes  and  exhales  an  odour 
of  ammonia  and  of  prufhc  acid.  The  properties  are 
fufHcient  to  (hew  that  it  is  different  from  every  other 
,  acid.  Vauquelin  and  Boniva  have  given  it  the  name  of 
amniotic  acid.     It  approaches  neareft  to  the  faccholadtic 
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and  the  uric  acids  ;  but  the  fachlai^llc  acid  does  not  fur-     tTrinc. 

ni(h   ammonia  by   diftillation   like  the  amniotic.      The  ""^  ■""  ' 

uric  acid  is  not  fo  foluble  in  hot  water  as  the  amniotic, 

it  does  not  cryftalli/.e  in  white  brilliant  needles,  and  it  is 

infoluble  in  boiling  alcohol  ;   in   both  which  refpefts  it 

differs  completely  from  amniotic  acid  *.  »  Ann.Jr 

SlCT.   XVI.        Of    ijRlUf..  p    ^jj. 

No  animal  fubllance  has  attrafted  more  attention  fjr'ne°' 
than  urine,  both  on  account  of  its  fuppofcd  connec- 
tion with  various  diicafcs,  and  on  account  of  the  very 
lingular  prodiiiits  which  have  been  obtained  from  it. 
Mr  Bjyle,  and  the  other  chemifts  who  were  his  con- 
temporaries, were  induced  to  attend  particularly  to  this 
liquid,  by  the  difcovery  of  a  method  of  obtaining 
phofphorus  from  it.  Doerhaave,  Haller,  Haupt,  Mar- 
graf.  Pott,  Rouelle,  Prouft,  and  Klaproth,  fuccefiively 
improved  the  method  of  obtniuiiig  the  phufphoiic  falts 
from  urine,  or  added  fomethiiig  to  our  kaowlcdge  of 
the  component  parts  of  thefe  falts.  Sclu-clc  added 
greatly  to  our  knowledge  of  urine  by  detedting  Icveral 
new  fiibftances  in  it  which  had  not  been  fulpedtcd. 
Cruickftiank  has  given  us  a  very  valuable  paper  on  urine 
in  the  fccond  edition  of  Rollu's  J)itil>eics  ;  and  Fourcroy 
and  Vauquelin  have  lately  puMifhed  the  moll  complete 
analyfis  of  it  which  has  hitherto  appeared. 

Frefh  urine  is  a  liquid  of  a  peculiar  aromatic  odour, 
an  orange  colour,'  of  greater  or  lels  intenlity,  and  an 
acrid  faline  tafte. 

Its  fpecific  gravity  varies  from  1.005  to  1.033  *•        *  Crmci- 

1.  It  reddens  paper  ftaincd  with  turnfol  and   withy^ini-,  W/t 
the  juice  of  radillies,  and  therefore  contains  an  acid.        Mng.W. 

2.  If  a  folution   of  ammonia  be   poured   into  frtlh*'*'^' 
urine,  a  white  powder  precipitates,  which  has  the  pro- Contains 
perties  of  phofphat  of  lime.      The  prelence  of  this  tub-  phofphat  of 
(lance    in   urine   was   firll    difcovered  by  Schrtle  -f-.      If "'^f> 
lime  water  be  poured  into  urine,   phofphat  of  lime  pfe-     „'''"'' 
cipitates  in   greater  abundance  than   when  ammonia  is 

ufed;  confequently  the  acid  which  urine  contains  is  the 
phofphoric.  Thus  we  fee  that  the  phofphat  of  lime  is 
kept  diftblved  in  urine  by  an  excefs  of  acid.  This  alfo 
was  firft  difcovered  by  Scheele  f  This  fubllance  is 
moft  abundant  in  the  urine  of  the  fick.  Berthollet  has 
obferved  that  the  urine  of  gouty  people  is  lefs  acid 
than  that  of  people  in  perfedt  health.  The  average 
quantity  of  phofphat  of  lime  in  healthy  urine  is,  as 
Cruicklhank  has  afcertained,  about  -^^-^  of  the  weight 
of  the  mine  ^.  §  W//. 

3.  If  the  phofphat  of  lime  precipitated  from  urine  be      •?'"' 
examined,  a  little  magntfia  will  be  found  nn'xed  with  it.       '  ,jj 
Fourcroy  and  Vauquelin  have  afcertained   that  this  isphofphat 
owing  to  a  little  phofphat  of  magnefia  which  urine  con- of  mag- 
tains,  and   which   is  deeompofed  by  the  alkali  or  lime"^""' 
employed  to  precipitate  the  phofpat  of  lime  *[,  t  -^"".i/e 

4.  When  fre(h  urine  cools,   it  often   lets  fall  a  brick  '•'*""•  !">"• 
coloured  precipitate,  which  Scheele  firft  afcertained  to""" 
be  cryftals  of  uric  acid.     All  urine  contains  this  acid,  Uric  acid, 
even  when  no  fenfible  precipitate  appears  when  it  cools. 
For  if  a  fufficient  quantity  of  clear  and  frefli  urine  be 
evaporated  to  -ttt  of  'ts  weight,  a  fubtle  powder  pre- 
cipitates to  the  bottom,  and  attaches  itfelf  in  part  very 
firmly   to  the  veflTel.     This   part  may  be  dilfolvcd   in 
pure  alkali,  and  precipitated  again  by  acetous  acid.    It 
exhibits  all  the  properties  of  uric  acid  •.      The  quan-  •  Sclteh 
tity  of  uric  acid  in   urine  is  very  various.     During  in-i.  207. 
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termiuciit  fevers  It  is  dcpontej  very  copiouOy,  and  has 
been  long  known  to  phyliciiins  under  tlie  name  of /«- 
lerilious  fti/imetit.  Tin's  fcdiment  always  makes  its  ap- 
pearance at  tilt  crifis  of  fevers.  In  gouty  people,  the 
ian:ie  fediment  appears  in  equal  abundance  towards  the 
end  of  a  paroxyfm  of  the  dllcafe  (p).  And  if  this  fe- 
diment fuddcnly  difappears  after  it  has  begun  to  be  dc- 
pofitcd,  a  freth  attack,  may  be  cxpedled*. 

5,  If  fre(h  urine  be  evaporated  to  the  confiRence  of 
a  fyriip,  and  muriatic  acid  be  then  poured  into  it,  a 
precipitate  appears  which  poireiTcs  the  properties  of 
benzoic  acid.  Schcclc  firft  difeovered  the  prefcnce  of 
benzoic  acid  in  urine.  He  evaporated  it  to  drynefs, 
feparated  the  faline  part,  and  applied  heat  to  the  rtfi- 
duum.  The  benzoic  acid  was  fublimed,  and  found 
cryllallized  in  the  receiver.  The  method  which  we 
have  given  is  much  eafier  ;  it  was  firft  propofed  by 
Fourcroy  and  Vauquelinf.  By  it  very  confideraUe 
quantities  of  benzoic  acid  may  be  obtained  from  the 
urine  of  horfes  and  cows,  where  it  is  much  more  abun- 
dant than  in  human  urine.  In  human  urine  it  varies 
from  ToVo  '°  Tr^5^  of  tlie  whole  J. 

6.  When  an  infufion  of  tan  is  dropt  Into  urine,  a 
white  precipitate  appears,  having  the  properties  of  the 
combination  of  tan  and  albumen,  or  gelatine.  Urine, 
therefore,  contains  albumen  and  gelatine.  Thefe  fub- 
llances  had  been  fufpe£led  to  be  in  urine,  but  their  pre- 
fence  was  full  demonftrated  by  Seguin,  who  difeovered 
the  above  method  of  detefting  them.  Their  quantity  in 
healthy  urine  Is  very  fmall.  Cruikfhank  found  that 
theprecipitate  afforded  by  tan  in  healthy  urine  amouut- 

■.ed  to  T^gth  part  of  the  weight  of  the  urinej.  It  is 
to  thefe  fubftances  that  the  appearance  of  the  cloud,  as 
it  is  called,  or  the  mucilaginous  matter,  which  is  fome- 
times  depofited  as  the  urine  cools,  is  owing.  It  is  pro- 
bable that  healthy  urine  contains  only  gelatine  and  not 
albumen,  though  the  quantity  is  too  fmall  to  admit  of 
accurate  examination  ;  but  in  many  difeafes  the  quan- 
tity of  thefe  matters  is  very  much  increafed.  The 
urine  of  dropfical  people  often  contains  fo  much  albu- 
men, that  it  coagulates  n>it  only  on  the  addition  of 
acids,  but  even  on  the  application  of  heatj.  In  all 
cafes  of  impaired  digeftion,  the  albuminous  and  gela- 
tinous part  of  urine  is  much  increafed.  This  forms  one 
of  the  moll  confpicuous  and  important  dilliiiftions  be- 
tween the  urine  of  thofe  who  enjoy  good  and  bad 
healthy. 

7.  If  urine  be  evaporated  by  a  flow  fire  to  the  con- 
fiftence  of  a  thick  fyrup,  it  affumes  a  deep  brown  co- 
lour, and  exhales  a  fetid  ammoniacal  odour.  When 
allowed  to  cool,  it  concretes  into  a  mafs  of  cryftals, 
compofed  of  all  the  component  parts  of  urine.  If  four 
times  Its  weight  of  alcohol  be  poured  upon  this  mafs, 
at  intervals,  and  a  flight  heat  be  applied,  the  greateft 
part  of  it  is  diffolved.  The  alcohol,  which  has  acqui- 
red a  brown  colour,  is  to  be  decanted  off,  and  diftilled 
in  a  crucible  in  a  fand  heat,  till  the  mixture  has  boiled 
for'fome  time,  and  acquired  the  confiilence  of  a  fyrup. 
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By  this  time  the  whole  of  the  alcohol  has  paffed  off,     Urine, 
and  the  matter,  on  cooling,  cryflaOIzes  in  quadrangular  '   •    ^    —■ 
plates  which   interfeiS  each  other.     This   fubftance  is 
urea,  which   compofes  -}-|    of  the   urine,  provided  the  " 
watery  part  be  excluded.     To  this  fubftance  the  tafttt, 
fmell,  and  colour  of  urine  are  owing.      It  is  a  fubftance 
M'liich  charaftcrizes  urine,  and  conftitutes  it  what  it  is, 
and  to  which  the  greater  part  of  the  very  Angular  phe- 
nonicna  of  urine  are  to  be  afcril)ed. 

The  coteur  of  urine  depends  upon  the  urea  ;  the 
greater  the  quantity,  the  deeper  is  the  colour.  It  may 
be  detected  by  evaporating  urine  to  the  confiftence  of 
a  fyrup,  and  pouring  into  it  concentrated  nitric  acid. 
Immedii.tely  a  great  number  of  white  fhining  cr\  ftals 
appear  in  the  form  of  plates,  very  much  rcfembling 
cryftallizcd  boracic  acid.  Thefe  cryftals  are  urea  com- 
bincd  with  nitric  acid. 

The  quantity  of  urea  varies  exceedingly  In  different 
urines.  In  the  urine  voided  foon  after  a  meal,  very 
little  of  it  Is  to  be  found,  and  fcarcely  any  at  all  in  that 
which  hyfterical  patients  void  during  a  paroxyfm.  ,15     ; 

8.  If  urine  be  flowly  evaporated  to  the  conflftence  ofMuriatol! 
a  fyrup,  a  number  of  crylbils  make  their  appearance  In""^^! 

it.  Two  of  thefe  are  remarkable  by  their  form  :  one 
of  them  confifts  of  fmall  te^lar  odlahedrons  ;  which, 
when  examined,  are  found  to  pofiefs  the  properties  of 
muriat  of  foda.  Urine,  therefore,  contains  muriat  of 
loda.  It  is  well  known  that  muriat  of  loda  cryftallizes 
In  cubes  ;  the  fingular  modification  of  Its  form  in  urine 
is  owing  to  the  action  of  urea.  It  has  been  long  known 
that  urine  faturated  with  muriat  of  foda  depofites  that 
fait  In  regular  oftahedrons.  ^,^ 

9.  Another  of  the  falts  which  appear  during  the  eva-  Muriat  of 
poratlon  of  urine  has  the  form  of  regular  cubes.  This^"'""""'' 
fait  has  the  properties  of  muriat  of  ammonia.     Now  tlie 

ufual  form  of  the  cryftals  of  muriat  of  ammonia  Is  the 
oftahedron.  The  change  of  its  form  In  urine  Is  produ- 
ced alfo  by  urea.  ,,3 

10.  The  faline  refiduum  which  regains  after  the  fe-Pliofphati 
paration  of  urea  from  cryftallizcd  urine  by  means  of  al  amnionia 
cohol,  has  been  long  known  under  the  names  of  fufible'"^   "    " 
fait   of  urine   and  niicrocofmic  fait.     Various  methods 

of  obtaining  it  have  been  given  by  chemills  from  Boer- 
haave,  who  firft  publilhed  a  procefs,  to  Rouelle  and 
Chaulncs,  who  gave  the  method  juft  mentioned.  If  this 
faline  mafs  be  dilfolverl  in  a  fuflicient  quantity  of  hot 
water,  and  allowed  to  cryftallize  fpontaneoufly  in  a  clofe 
veffcl,  two  fets  of  cryftals  are  gradually  depofited.  The 
lowermoft  fet  has  the  figure  of  flat  rhomboidal  prifms  ;, 
the  uppermoft,  on  the  contrary,  has  the  form  of  reftan- 
giilar  tables,  ^fhefe  two  may  be  cafily  feparated  by 
expofing  them  for  fome  time  to  a  dry  atmofphere.    The  j 

reftangular  tables  efflorefce  and  fall  to  powder,  but  the 
rhomboidal  prifms  remain  unaltered. 

When  thefe  falts  are  examined,  they  are  found  to 

have   the    properties  of   phofphats.     The    rhomboidal 

prifms  confift  of  phofphat  of  ammonia  united  to  a  little 

phofphat  of  foda  ;  the  reftangular  tables,  on  the  con- 

trary, 


(p)  The  concretions  which  fometimes  make  their  appearance  In  gouty  joints  have  been  found  to  confift  chief- 
ly of  uric  acid.  This  fingular  coincidence  deferves  the  attention  of  phyfiologlfls  :  it  cannot  fail,  fooiier  or  later, 
to  throw  light,  not  only  upon  gout,  but  upon  fome  of  the  animal  fundions. 


'hap.  U. 

Uiine.     trary,   are  phofpliat  of  foJ-i  united  to  :i  fmall  qiinntily 
""V"—  of  phofpliat  of  ammonia.      Urine,  then,  contains  phof- 

phat  of  foda  and  phofphat  of  ammonia. 

Thns  we  have  found  tiiat  mine  contains  the  twelve 

Following  fubllances  : 

1.  Writer, 

2.  Phofphoric  acid, 

3.  Phofpliat  of  lime, 

4.  Pliofpiiat  of  inngncfia, 

5.  Uric  acid, 

6.  Benzoic  acid. 
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ill  the  liquid.    PntrellcJ  urine,  iheretore,  contains  cliief-    Urinary 
ly  the  foihiwinif  I'ubllances,  molt  of  which  arc  the  pro-   '-'•'"•''''"''• , 


7.  Gelatine  and  albumen, 

8.  Urea, 

9.  Muriat  of  foda, 

10.  Muriat  of  ammonia, 
1 J .  Phofphat  of  foda, 
12.  Phofphat  of  anuiioni.i. 


Thcfc  arc  the  only  fuliftances  which  are  conltantly 


.^19 

.nietinies 

her  lilts,  found   in   htaltliy   urine*;  but  it   contains  alfo  occa- 
hmrcrvy   f,o„ally  other  fubllances.      Very  often  muriat  of  potaf? 

,■  ""j      mav    be  dillinffuilhed  amouDf  the  crvilals   which   form 


Chi//i. 
xi.  6<j 


i/.i,  M.7. 
Ijg.  ii. 

n- 
310 

atrefac- 
)»  ol  u- 

ac. 


during  its  evaporation.  The  prcfcnce  of  this  l.ilt  u.ay 
always  be  detcftcd  by  dn  pping  cautioufly  fome  tarta- 
rous  acid  into  urine.  If  it  contains  muriat  of  potals 
there  will  precipitate  a  little  tartar,  which  may  ealily 
be  recogniltd  by  its  properties  *. 

Urine  fomctinu'S  alfo  contains  fulphat  of  foda,  and 
even  fulphat  of  lime.  The  prcfence  of  thele  falts  may 
be  afcertaincd  by  pouring  into  urine  a  folution  of  mu- 
riat of  biirytes,  a  copious  white  precipitate  appears,  con- 
filling  of  the  barytes  combined  with  phofphoric  acid, 
and  with  fulphuric  acid,  if  any  be  prtfent.  This  pre-, 
cipitate  mull  be  treated  with  a  fufiicient  quantity  of 
muriatic  acid.  The  pholphat  of  barytes  is  diffolved, 
Fcntcroy  hut  the  fulphat  of  barytes  remains  unaltered  f . 
on.  uSf  No  fubllance  putrefies  (ooner,  or  exhales  a  more  de- 

>'"»'  vii-     tellable   odour   during   its   fpontaneous  decompofition, 
5'  than  urine  ;  but  there  is  a  very  great  difference  in  this 

refpeft  in  different  urines.  In  lome,  putrefadlion  takes 
place  almoll  inflantaneoufly  as  foon  as  it  is  voided  ;  in 
others,  fcarcely  any  change  appears  for  a  number  of 
days.  Fourcroy  and  Vauquelin  have  afcertained  that 
this  difference  depends  on  the  quantity  of  gelatine  and 
albumen  which  urine  contains.  When  there  is  very  little 
of  thefe  fubllances  prelent,  urine  remains  long  unchan- 
ged ;  on  the  contrary,  the  greater  the  quantity  of  gela- 
tine or  albumen,  the  fooner  does  putrefatlion  commence. 
The  putrefadlion  of  urine,  therefore,  is,  in  fome  degree, 
the  tcfl  of  the  health  of  the  perfon  who  has  voided  it  ; 
for  a  fuperabundancc  of  gelatine  in  urine  always  indi- 
cates fome  defcft  in  the  power  of  digellion  *. 

The  rapid  putrefaftion  of  urine,  then,  is  owing  to 
the  -aiftiou  of  gelatiiic  on  urea.  We  have  feen  already 
the  facih'ty  with  which  that  lingular  fubllance  is  de- 
cumpofed,  and  that  the  new  produdls  into  which  it  is 
changed  are,  ammonia,  carbonic  acid,  and  acetous  acid. 
Accordingly,  the  putrefa(?tion  of  urine  is  announced  by 
an  ammoniacal  fmell.  Mucilaginous  flakes  are  depofi- 
ttd,  confilllng  of  part  of  the  gelatinous  matter.  The 
phofphoric  acid  is  faturated  with  ammonia,  and  the 
phofphat  of  lime,  in  confequence,  is  precipitated.  Am- 
monia combines  with  the  phofphat  of  magnelia,  forms 
with  it  a  triple  fait,  which  cryllallizes  upon  the  fides 
of  the  veffel  in  the  form  of  white  cryllals,  compofed  of 
fix-iided  prifms,  terminated  by  fix-hded  pyramids.  The 
uric  and  benzoic  acids  are  faturated  with  ammonia  ;  the 
acetous  acid,  and  the  carbonic  acid,  which  are  the  pro- 
dudls of  the  decompofition  of  the  urea,  are  alio  fatu- 
rated with  ammonia,  and  notwithllanding  the  quantity 
which  exhales,  the  produdlion  of  ttiis  fubllance  is  fo 
abundant,  that  there  is  a  quantity  of  unfaturatcd  alkali 
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dufls  of  putrclatlion  : 

Ammonia, 

Carbonat  of  ammonia, 

Phofpliat  of  ammonia, 

Pholphat  of  magnelia  and  ammonia, 

Urat  of  ammoni;, 

Acctite  of  ammonia, 

Benzoat  of  ammonia, 

Muriat  of  foda, 

Muriat  of  ammonia  ; 
Bcfides  tlie  precipitated  gelatine  and  phofphat  of  lime  *  «  j„„.  j. 

The  dlllillation  of  urine  produces  ahnolt  the  fame  CZ''"i- xxxi. 
changes;  for  the  heat  of  boiling  water  is  fufiicient  to?^* 
decompote  urea,  and  to  convert  it  into  ammonia,  car- 
bonic and  acetous  acids.  Accordingly,  when  urine  is 
dlllilled,  there  comes  over  water,  containing  ammonia 
d:ffolved  in  it,  2nd  carbonat  of  ammonia  in  cryllals. 
The  acids  contained  in  urine  are  faturated  with  ammo- 
nia,  and   the  gelatine   and   phofphat  cf  lime   precipi- 

Such  are  the  properties  of  the  human  urine.  The 
urine  of  other  animals  has  nor  hitherto  been  examined 
w  iih  equal  care  ;  but  it  is  certain  that  it  difters  very 
conliderably  from  that  of  men.  The  urine  of  cows  and 
horfes,  and  of  all  ruminating  animals,  for  inllance,  con- 
tains carbonat  of  lime,  without  any  mixture  of  phofphat 
of  lime  J.  It  contains  alio  a  much  greater  proportion  (  r»ja,//,, 
of  benzoic  acid  than  that  of  man.  ihid.  xxix. 

Sect.  XVII.     Of.  the  Urin^rt  Calculus. 

It  is  well  known  that  concretions  not  unfrequently 
form  in  the  bladder,  or  the  other  urinary  organs,  and 
occalion  one  of  the  moll  difmal  difeafes  to  which  the 
human  fpecies  is  liable.  ,^^ 

Thefe  concretions  were  diftingutfhed  by  the  name  of  Un'n.iry 
cahuli,  from  a  fuppofition  that  they  are  of  a  llony  na-<:»I'"h 
ture.      They  have  long  attradled   the  attention  of  phy- 
iicians.     Chemlflry  had   no  fooner  made   its  way  into 
medicine  than  it  began    to  exercife  its  ingenuity  upon 
the   urinary  calculus  ;  and  various   theories  were  given 
of  their  nature  and  origin.      According  to   Paracellus, 
who  gave  them  the  ridiculous  name  of  cluelech,   urinary 
calculi  were  intermediate  between  tartar  and  Hone,  and 
compofed  of  an  animal  rtfin.     Van  Helmont  pronoun- 
ced them  anomalous  coagulations,  the  offspring  of  the 
falts  of  urine,  and  of  a  volatile  earthy   fpirit,  produced 
at  once,  and  dellitute  of  any  vifcid   matter^,      Boyle  5  p,  £,7/^;. 
extrafted  from  them,   by  dlllillation,  oil,  and  a  great «/?,  c.  3. 
quantity   of    volatile    fait.      Boerliaave    fuppofed   them' 
compounds   of  oil  and  volatile  falts.      Hales   extratled 
from  them  a  prodigious  quantity  of  air.     He  gave  them 
the  name  of  aiilmat'tartar,   polntad  out  feveral  circum- 
flances  in  vj'hich  they  refemble  common  tartar,  and  made 
many   experiments  to   find  a   folvent   of  them  *.     Dr  *  Vtgtt. 
Whytt  and  Altlon  pointed  out  alkalies  as  folvents  of ■"'"'•  "»• 
calculi.      It  was  an  attempt  to  difcovcr  a  more  perfeft'^'* 
folvent  that  induced   Dr  Black  to   make   thofe  experi- 
ments which  terminated  in  the  difcovery  of  the  nature: 
of  the  alkaline  carbonats. 

Such  was  the  llate  of  the  chemical  analyfis  of  cal-  .  -^'p  . 
cuius,  when,  in   1776,  Scheele  publilhed  a  differtationby'aJieelii. 
on  the  fubjecl  in  the  Slockholm  Ti;:ij'af!ions  \  which  was 
fucceeded   by  fome   remarks  of  Mr  Bergman.     Thefe 
4  F  2  illullrious 
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niufln'oiis  chcmi'fts  completely  removed  the  uncertainty 
whicli  liad  hitherto  hung  over  the  luhjcCt,  and  aitci- 
t.iiiied  the  nature  t>f  tile  calculi  which  they  examined. 
Since  tlwit  time  cunhdcrahlc  additional  li^lit  has  been 
tiirovvn  upon  the  nature  <ii  tlitie  concretii)iis  by  the  la- 
bours ot  Aiillin,  Pcarfon,  and,  above  all,  ot  I'cmrcroy 
and  Vauquelin,  who  have  lately  analylcd  above  300 
calculi,  and  afcertained  the  prelcnce  ot  ieveral  new  lub- 
■llantes  which  had  not  been  lulptcted.  The  fubllanccs 
hitherto  dilcovered  in  urinary  calculi  arc  the  following: 

1.  Uric  acid, 

2.  Urat  of   ainmonia, 

3.  Photphat  ot  lime  (q_), 

4.  Phofphat  of  magnefia-and-ammonia, 

5.  Oxaliit  ot  lime, 

6.  iSilica, 

7.  An  animal  matter. 
J.  The  greater  number  of  calculi  confill  of  uric  acid. 

All  thole  analyfed  by  Schecle  were  compoled  of  it  en- 
tirely.  Of  ^00  calculi  analyfed  by  Dr  Pearion,  fcarce- 
Jy  one  was  found  which  did  not  contain  a  contiderable 
quantity  of  it,  and  the  greater  number  maniteftly  were 
formed  chieJly  of  it.  Fourcroy  and  Vauquelin  found 
it  alfo  in  the  greater  number  of  the  3CO  calculi  which 
they  amlyfed. 

i'he  prcfence  of  this  acid  inay  eafily  be  afcertained 
by  the  following  properties  :  A  folution  of  potafs  or 
fo_da  diifolvcs  it  readily,  and  it  is  precipitated  by  the 
weakeft  acids.  The  precipitate  is  foluble  in  nitric  acid, 
the  fulution  is  of  a  pink  colour,  and  tinges  the  tliin 
red*. 

2.  Urat  of  ammonia  is  eafily  detefted  by  its  rapid  fo- 
lubility  in  fixed  alkaline  leys,  and  the  odour  of  ammo- 
nia which  is  perceived  during  the  folution.  It  is  not 
fo  often  prefent  in  urinary  calculi  as  the  laft  mentioned 
fubttance.  No  calculus  has  hitherto  been  found  com- 
pofed  of  it  alone,  except  the  very  fmall  polygonal  cal- 
culi, feveral  of  which  lometimes  exilt  in  the  bladder 
together. 

It  is  mod  ufually  in  thin  layers,  alternating  with 
fome  other  fubilance,  very  eafily  reduced  to  powder, 
and  of  the  colour  ot  ground  coflee  f. 

3.  Phofphat  of  lime  is  white,  without  luflrc,  fiery, 
friable,  itains  the  hands,  paper  and  cloth.  It  has  very 
much  the  appearance  of  chalk,  breaks  under  the  forceps, 
is  infipid,  and  infoluble  in  water.  It  is  foluble  in  ni- 
tric, muriatic,  and  acetous  acids,  and  is  again  precipi- 
tated by  ammonia,  fixed  alkalies,  and  ox:ihc  acid. 

It  is  never  alone  in  calculi.  It  is  intimately  mixed 
with  a  gelatinous  matter,  which  remains  under  the  form 
of  a  membrane  when  the  earthy  part  is  diffolved  by  ve- 
ry diluted  acids  J. 

4.  Phofphat  of  magnefia-and-ammonia  occurs  in  white 
femitranfpareat,  lameller  layers  ;  fometimes  it  is  cry- 
tlallixcd  on  the  furface  of  the  calculi  in  prifms,  or  what 
arc  called  Jog-tooth  cryftals.  It  has  a  weak  fweetith 
tafle,  it  is  foniewhat  ioluble  in  water,  and  very  loluble 
ifl  acids,  though  greatly  diluted.  Fixed  alkalies  de- 
compofe  it. 

It  never  forms  entire  calculi.  Sometimes  it  is  mix- 
ed with  phofphat  of  lime,  and  fometimes  layers  of  it 
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cover  uric  acid  or  oxalat  of  lime.     It  is  mixed  with  the    Urinary 
fame  gelatinous  matter  as  phofphat  of  lime  |.  Calculus. 

5.  Oxalat  of  lime  is  found  in  certain  calculi,   which,  '       ''~~ 
from  the  inequality  of  their  fnrface,  have  got  the  name  ^„„  j/""*' 
of  mor'iform  or  mull/erry-Jhaptd  calculi.    It  is  never  alone,  cLim.  snii 
but  combined  with  a  peculiar  animal  matter,  and  form- -'9. 
ing  with  it  a  very  hard  calculus,  of  a  grey  colour,  dilli-      318 
cult  to  faw  afunder,   admitting  a   polilh   like  ivory,  ex-'^'^latof 
haling,  when  fawed,  an  odour  like  that  of  femen.      In-"^' 
foluble  and  indecompoflble  by  alkalies  ;   foluble  in  very- 
diluted  nitric  acid,  but  ilowly,  and  ••.  ilh  difficulty.      It 
may  be  decompoled  by  the  carbonats  of  potafs  and  fo- 
da.     When  burnt,   it  leaves  behind  a  quantity  of  pure 
lime,    which   may    be  eafily  recognilcd  by   its  proper- 
ties   . 

6.  Silica  has  only  been  found  in  two  inflances  by 
Fourcroy  and  Vauquelin,  though  they  analyfed  3000-  ^*' 
calculi.  No  other  chemill  has  obferved  it.  It  muil 
therefore  be  confidered  as  a  very  uncommon  ingredient 
of  thefe  concretions.  In  the  two  inflances  in  which  it 
occurred,  it  was  mixed  with  uric  acid  and  the  two  phof- 
phats  above  mentioned  f ,  \ IHJ  m 

7.  yln'ima!  matter  appears  to  compofe  the  cement 
which  binds  the  different  particles  of  the  calculus  toge-^^iimal 
ther,  and  in  all  probability  it  is  the  caufe  which  influ-matteri. 
ences  its  formation.  It  is  different  in  different  calculi. 
Sometimes  it  has  the  appearance  of  gelatine  or  albumen, 
at  other  times  it  rctemhles  urea.  It  deferves  a  more 
accurate  inveiligation  |.  *  lnj. 

No  general  defcription  of  the  different  calculi  has  hi- 
therto appeared  ;  but  Fourcroy  and  Vauquelin  are  at 
prefent  occupied  with  that  fu!>jeft.  They  propofe  to 
claffify  them  according  to  their  compofition  ;  to  point 
out  their  different  fpecies  and  varieties  ;  to  give  a  me- 
thod of  detcding  them  by  their  appearance;  to  analyfe 
the  animal  matter  by  which  they  are  cemented  ;  and  to 
apply  all  the  prefent  chemical  knowledge  of  the  fubjeft 
in  the  inveiligation  of  the  caufe,  the  fymptoms,  and  the 
cure,  of  that  dreadful  difeafe  which  the  urinary  calculi 
produce.  As  their  labour  is  already  very  far  advanced, 
it  would  be  unnecetfary  for  us  to  attempt  any  claflifica- 
tion  of  calculi.  Indeed  every  attempt  of  that  kind,  by 
any  perfon  who  has  not  had  an  opportunity  of  analy- 
Cng  a  very  great  number  of  calculi,  mull  be  fo  exceed- 
ingly imperfect  as  fcarcely  to  be  of  any  uie. 

We  fliall  fatisfy  ourfelves  with  the  following  remarks, 
deduced  almoll  entirely  from  the  obfervatious  which 
thefe  celebrated  chemills  have  already  publifhed.  . 

Many   calculi  con  fifl  entirely,  or  almoll  entirely,  of  Method  of 
uric  acid.      The  animal  matter,  which  ferves   as  a   ce-difTolving 
ment  to  thefe  calculi,  appears  to   be   urea.     Calculi  of '^^ '""'''■ 
this  kind  may  be  diffolved  by  injefting  into  the  bladder 
folutions  of  pure  potafs  or  ioda,  fo  much  diluted  as  not 
to  act  upon  the  bladder   itfelf.     The  gritty  fubilance, 
which  many  perfons  threatened  with  the  flone  difcharge 
along  with  their  urine,  which  has   been   called  grave/, 
conlllls  almoll  conflantly  of  uric  acid.      It  may  there- 
fore ferve  as  an  indication  that  the  fubfequent  flone,  if 
any  fuch  form,  is  piobably  compoled  of  uric  acid. 

The  two  phofphats,  mixed  together,  fometimes  com- 
pofe calculi.     Thefe  calculi  are  very  brittle,  and  gene- 
rally" 


(q_)  Brugnatclli  found  alfo  phofphat  of  lime,  with  excefs  of  acid,  in  calculi.     See  j4nn,  de  C/jim.  xxxii.  1-83. 
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ini  y    rally  break  in  pieces  Hurinfj  t'lC  extraftloii.      Such  cal- 
cul.«.  ^„|;  „,ay  !,(.  (iifTolvcd  by  injecting  into  tlic  bladder  mii- 
'^         riatic  acid,   fo  much  diluted  as  icarcely    to    have  any 
taftc  of  acid. 

The  phofphat?  never  form  the  ni.ick-us  t)f  a  calculus. 
They  have  never  been  found  covered  witli  a  liiyer  of 
uric  acid,   but  they  often  cover  that  acid.      Hence  it 
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have  not  been  examined  with  tlie  fame  care.      Some  of     I'  nary 
them,  however,  have  been  fiit/ie<fted  to  an  accurate  ana-   ^aUulm.^ 
IjTis.    No  uric  acid  has  ever  been  found  in  any  of  them. 
Fourcroy  found  a  calculus  extrafled  from   the    kidney  Calciili  of 
of  a  horfe  compofed  c  f  three  parts  of  cavbonat  of  lime,  infcrinr 
and  one  part  of  phofphat  of  lime  *.    Dr  Pearfon  exami-^"'"'^''- 
ncd  a  urinary  calculus  of  a  horfe  ;   it  was  compofed    "(ci,l^"x^i. 


Id  feem  that  the  exiftence  of  any  extraneoup  matter     phofphat  of  lime  and  jihofphat  of  ammonia.    Brugnatcl- 


"in  the  bladder  difpofes  ihcfe  phof]>hats  to  cryllalli/e 
When  extraneous  bodies  are  accidentally  introduced  in- 
to the  bladiler,  and  allowed  to  lodge  there,  they  are 
conftantly  covered  with  a  coat  of  phofphat  of  ammonia 
and  ma^rnefia,  or  of  the  two  pliofphats  mixed. 

As  the  phofphat  of  ammonia  and  niagfiefia  is  not  an 
ingredient  of  frefli  \uine,  but  formed  during  its  putre- 
faction, when  it  exiils  in  calculi,  it  would  feem  to  in- 
dicate a  commencement  of  p\itrefa<ftion  during  the  time 
that  the  urine  lodges  in  the  bladder.  But  putrefaction 
does  not  take  place  fpeedily  in  urine,  unkfs  w'here  there 
is  an  excefs  of  albumen  and  gelatine  ;  coiifequently  we 
have  reafon  to  fuppofe,  that  thefe  fubdances  are  mor- 
bidly  abundant  in    the  urine  of  ihofe  patients  who  are 


VS- 


II  found  a  calculus  extracted  from  the  bladder  of  a  fow, 
which  was  exceedingly  hard,  compofed  of  pure  carbo- 
nat  of  lime,  incloliug  a  foft  nucleus  of  a  tcctid  and  uri- 
nous odour  f.  Bartholdi  examined  another  calculus  of*  ^'!'''  . 
a  pig,  the  fpecihc  gravity  ot  which  was  1.9300.  It 
conlilUd  of  phofphat  of  lime];.  Dr  Pearfon  found  at  IHimi. 
calculus  taken  from  the  bladder  of  a  dog  compofed  of 
phofphat  of  lime,  phofphat  of  ammonia,  and  an  animal 
inatter.  He  found  the  urinary  cslculus  of  a  rabbit,  of 
the  fpecific  gravity  2,  compofed  of  carbonat  of  lime 
and  fome  animal  matter  |j.  \\ PHI.  Mag. 

The  conipofition   of  tlie  diiVerent  animal  concretions''- •3+' 
hitherto  examined  may  be  fetn  in  the  following  table, 
f  t.  Carbonat  of  lime  and  phofphat  of  lime  '' 


*  Fourcroy, 
affliiSed  vM'th  calculi  confiding  of  the  phofphats  :  hence     Horfe.   \  2.  Phofph.  of  lime  and  phofph.  of  anmionia  f  .  p^,r^„ 
ajfo  we  may  conclude,  that  tlieir  digellion  is  imperfed.  [j.  Carbon,  of  lime  and  animal  matter  f. 

It  will  no  doubt  be  objefled,   that  dropfical  people  are        „     ^      J  i.  Carbon  of  lime  and  an  animal  nucleus  J.     \3rugnaldl!, 
not  peculiarly  fubjeft  to  calculi;   but  their  urine  is  on-  '      (  2.  Phofphat  of  lime  ^.  \Bartbtldi, 

ly  morbidly  albuminous  when  the  difeafe  is  beginning     Dog.      Phofphat  of  lime,  and  ol  ammonia,  and  animal 


to  difappear,  and  then  there  feems  to  be  a  deficiency  of 
urea  ;  at  leaft  their  urine  has  not  been  obferved  to  pu- 
trefy with  uncommon  rapidity.  Befides,  there  feems 
to  be  fome  animal  matter  prefent,  which  ferves  as  a  ce- 
ment to  the  phofphat  in  all  cafes  where  calculi  form. 
Urat  of  ammonia  is  only   found  alone  in  the    very 


matter  f. 
Rabbit.     Carbonat  of  lime  and  animal  matter  f.  t  Viarfon, 

We  have  now  g-iven  an  account  of  all  thofe  fecretions 
which  have  been  attentively  examined  by  chemilb.  The 
remainder  have  been   hitherto  neglected  ;  partly  owing 


fmall  polygouous  calcuii  which  exirt,   feveral  together,     to  the  difficulty  of  procuring  them,  and   partly  on  ac 


count  of  the  multiplicity  of  other  objects  which  occu- 
pied the  attention  of  chemical  philofophers  (r).  It  re- 
mains for  us  now  to  exrinlne  by  whit  proceffcs  thefe 
different  fecretions  are  formed,  how  tlie  conilaiit  wafte 
of  living  bodies  ig  repaired,  and  how  the  organs  them- 
felves  are  nourilbed  and  preferved.  This  (hall  form  the 
fubjefl  of  the  following  chapter. 

Chap.  III.  Of  the  Functions  of  Animals. 
The   intenti.in  of  the  two  la!l  chapters  was  to  exhi- 


in  the  bladder.  In  other  cafes  it  is  mixed  with  uric 
acid,  It  fometimes  alternates  with  uric  acid  or  with 
the  phofphats.  It  is  diifolved  by  the  fame  fubftance 
that  afts  as  a  folvent  of  uric  acid. 

Oxalat  of  lime  often  forms  the  nucleus  of  calculi 
compofed  of  layers  of  uric  acid  or  of  the  phofphats.  It 
forms  thofe  irregular  calculi  which  are  called  moriform. 
Thefe  calculi  are  the  hardeft  and  the  moft  difficult  of 
folution.  A  very  much  diluted  nitric  acid  diffolves 
them  but  very  flowly.  As  oxalic  acid  does  not  exift 
in  urine,  fome  morbid  change  muft  take  place  in   the 

urine  when  fuch  calculi  are  depofited.  13rugnatclli's  bit  a  view  of  the  different  fubftances  which  enter  into 
difcovery  of  the  inflantancous  converfion  of  uric  acid  the  compofition  of  animals,  aa  far  as  the  prefent  limited 
into  oxalic  acid  by  oxy-muriatic  acid,  which  has  been  ftate  of  our  knowledge  puts  It  in  our  power.  But  were 
confirmed  by  the  experiments  of  Fourcroy  and  Vauque-  our  enquiries  concerning  animals  confined  to  the  mere 
lin,  throws  confiderable  light  upon  the  formation  of  ingredients  of  which  their  bodies  are  compofed,  even 
oxalic  acid  in  urine,  by  (hewing  us  that  uric  acid  is  fuppofing  the  analyfis  as  complete  as  pofTible,  our  know- 
probably  the  bafis  of  it ;  but  in  what  manner  the  change  ledge  of  the  nature  and  properties  of  animals  would  be 
is  aftually  produced,  it  is  not  fo  eafy  to  fay.  imperfed  indeed. 

The  calculi  found  in  the  bladder  of  other  animals         How   are  thefe  fubftances  arranged  I  How  are  they 

produced  I 

(r)  The  chief  of  thefe  fecretions  are  the  following  : 

1.  Cerumen,  or  ear-wax,  is  at  firft  nearly  liquid,  and  of  a  whitifti  colour.  It  gradually  acquires  confiftence. 
Its  tafte  is  very  bitter.  Said  to  be  infoluble  in  alcohol;  but  foluble  in  hot  water.  Does  not  become  rancid  by 
keeping. 

2.  The  humours  of  the  eye. 

3.  The  milky  liquor,  fecreted  by  the  thyroid  gland. 

4.  Mucus  of  the  lungs,  inteftinal  canal,  &c. 

5.  Smegma  of  the  areola  of  the  breafts,  glans  penis,  vagina,  fubcutaneous  glands,  &c, 

6.  Marrow.  ' 
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produced  ?    What  purpofes  <3o  they  fcive  ?_Wliat  are 
^■tH<:  diltingiiifhliig  properties  of  animalti,  and  the  laws 
by  which  they  are  regulated  ? 

Animals  refemble  vegetables  in  the  compleXnefs  of 
their  llrurture.  Like  them,  tliey  are  machines  nicely 
adapted  for  particular  purpofes,  conditutuig  one  whole, 
and  continually  performing  an  infinite  number  of  the 
moft  delicate  proceifes.  But  neither  an  account  of  tji'^' 
ftruftnre  of  animals,  nor  of  the  properties  which  diftin- 
guifli  them  from  other  beings,  will  be  expefted  here. 
Thefe  have  been  already  treated  of  fuffieiently  in  the 
articles  Anatomy  and  Physiology  ( F.ncyd.},  to 
which  we  beg  leave  to  refer  the  reader.  AVe  mean  on- 
ly, in  the  prefent  chapter,  to  take  a  view  of  thole  pro- 
cefl'es  which  are  concerned  in  the  proJucl'ion  of  animal 
fubftances,  which  alone  properly  belong  to  chemillry. 
The  other  funttions  are  regnlated  by  laws  of  a  very 
different  nature,  which  have  no  refemblance  or  analogy 
to  the  laws  of  chemillry  or  mechanics. 

I.  Every  body  knows  that  animals  require  food,  and 
that  they  die  fooner  or  later  if  food  be  withheld  from 
them.  There  is  indeed  a  very  great  difference  in  dille- 
rent  animals,  with  regard  to  the  quantity  of  food  which 
they  reqiu're,  and  the  time  which  they  can  pafs  without 
it.  In  general,  this  dilierence  depends  upon  the  ad:i- 
vity  of  the  animal.  Thofe  which  are  moft  aftive  re- 
quire moft,  and  thofe  which  move  leaft  require  leaft 
food. 

The  caufe  of  this  is  alfo  well  known  j  th«  bodies  of 
animals  do  not  remain  ftatiouary,  they  are  conftantly 
wafting  ;  and  the  wafte  is  generally  proportional  to  the 
aftivity  of  the  animal.  It  is  evident,  then,  that  the 
body  muft  receive,  from  time  to  time,  new  fupplies,  in 
place  of  what  has  been  carried  oft'.  Hence  the  ufe  of 
food,  which  anfwcrs  this  purpofe. 

2.  We  are  much  better  acquainted  with  the  food  of 
animals  than  of  vegetables.  It  confifts  of  almoft  all  the 
animal  and  vegetable  fubftances  which  have  been  treat- 
ed of  in  the  former  part  of  this  article  ;  for  there  are 
but  very  few  of  them  which  fome  animal  or  other  does 
not  ufe  as  food.  Man  ufes  as  food  chiefly  the  mufcles 
of  animals,  the  feeds  of  certain  graffes,  and  a  variety  of 
vegetable  fruits.  Almoft  all  the  inferior  animals  have 
particular  fubftances  ou  which  they  feed  cxclufively. 
■Some  of  them  feed  on  animals,  others  on  vegetables. 
Man  has  a  greater  range  ;  he  can  feed  on  a  very  great 
number  of  fubftances.  To  enumerate  thefe  fubftances 
would  be  ufelefs;  aS  wt  are  not  able  to  point  out  with 
accuracy  what  it  is  which  renders  one  fubllance  more 
liourifliing  than  another. 

Many  fubftances  do  not  ferve  as  nouriftiment  at  all  ; 
and  not  a  few,  inftead  of  nourifliing,  deftroy  life.  Thefe 
laft  are  called /o/Z&ffj-.  Some  poifons  aft  chemically,  by 
decompofmg  the  animal  body.  The  aftion  of  others  is 
not  fo  well  underftood. 

3-  The  food  is  introduced  into  the  body  by  the 
mouth,  and  almoft  all  animals  reduce  it  to  a  kind  of 
pulpy  confillcnce.  In  man  and  many  other  animals  this 
is  done  in  the  mouth  by  means  of  teeth,  and  the  faliva 
with  which  it  is  there  mixed;  but  many  other  animals 
o-rind  their  food  in  a  different  manner.  See  Physiolo- 
gy, (Encycl.J  After  the  food  has  been  thus  ground,  it 
is  introduced  into  the  ftomach,  where  it  is  fubjefted  to 
new  changes.  The  ftomach  is  a  ftrong  foft  bag,  of 
different  forms  in  different  animals  :  in  man  it  has  fome 
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rcfemhiance  to  tin'  hag  of  ;i  I'f^-p'l'f.   In  this  orgran  the  FumJlic 
food  is  converted  into  a  folt  pap,   which  has  no  refem-  ' 
blancc  to  the  food  when  firll  introduced.   This  pap  has 
been  called  chyme. 

4.  Since  chyme  pofftffes  new  propertic,  it  is  evident 
that  the  food  has  undergone  fome  changes  in  the  fto- 
mach, and  that  the  ingredients  of  which  it  was  com- 
pofcd  have  entered  into  new  combinations.  Now,  iii 
what  manner  have  thefe  changes  been  produced  ? 

At  firft  they  were  afcribed  to  the  mechanical  aftion 
of  the  fto.mach.  The  food,  it  was  laid,  wasftlll  farther 
triturated  in  that  organ;  and  being  long  agitated  back- 
wards and  forwards  in  it,  was  at  laft  reduced  to  a  pulp. 
But  this  opinion,  upon  examination,  was  found  not  to 
be  true.  The  experiments  of  Stevens,  Reumur,  and 
Spallanzani,  demonftrated,  that  the  formation  of  chyme 
is  not  owing  to  trituration  ;  for  on  inclofing  diffe- 
rent kinds  of  food  in  metallic  tubes  and  balls  full  of 
holes,  in  fuch  a  manner  as  to  Icreeu  them  from  the  me- 
chanical aftion  of  the  ftomach,  th"y  found,  that  thefe 
fubftances,  after  having  remained  a  fufficient  time  in 
the  ftomach,  were  converted  into  chyme,  juft  as  if  they 
had  not  been  Inclofed  in  fuch  tubes.  Indeed,  the  opi- 
nion was  untenable,  even  independent  of  thefe  decifive 
experiments,  the  moment  it  was  perceived  that  chyme 
differed  entirely  from  the  food  which  had  been  taken  ; 
that  is  to  fay,  that  if  the  fame  food  were  triturated  me- 
chanically out  of  the  body,  and  reduced  to  pap  of  pre- 
ciicly  the  fame  conliftence  with  chyme,  it  would  not 
poffels  the  fame  properties  with  chyme  ;  for  whenever 
this  faft  was  known,  it  could  not  but  be  evident  that 
the  food  had  undergone  changes  in  its  compofition. 

The  change  of  food  into  chyme,  therefore,  was  afcri- 
bed by  many  to  fermentation.  This  opinion  is  indeed 
very  ancient,  and  it  has  had  many  zealous  fupporters 
among  the  moderns.  When  the  v:o\'A  fermentation  was 
applied  to  the  change  produced  on  the  food  in  the  fto- 
mach, the  nature  of  the  procefs  called  fermentation 
was  altogether  unknown.  The  appearances,  indeed, 
which  take  place  during  that  procefs,  had  been  defcri- 
bed,  and  the  progrefs  and  the  refult  of  it  were  known. 
Chemifts  had  even  divided  fermentations  Into  different 
claffes  ;  but  no  attempt  had  been  made  to  explain  the 
caufe  of  fermentation,  or  to  trace  the_  changes  which 
take  place  during  its  continuance.  All  that  could  be 
meant,  then,  by  faying  that  the  converhon  of  food  into 
chyme  in  the  ftomach  was  owing  to  fermentation,  was 
merely,  that  the  unknown  caufe  which  afted  during 
the  converfion  of  vegetable  fubftances  into  wine  or  acid, 
or  during  their  putrefaftion,  afted  alfo  during  the  con- 
verfion of  the  food  Into  chyme,  and  that  the  refult  In 
both  cafes  was  preclfely  the  fame.  Accordingly,  the 
advocates  tor  this  opinion  attempted  to  prove,  that  air 
was  conftantly  generated  in  the  ftomach,  and  that  an 
acid  was  conftantly  produced  :  for  It  was  the  vinous 
and  acetous  fermentations  which  were  afligned  by  the 
greater  number  of  phyfiologlfts  as  the  caufe  of  the  for- 
mation of  chyme.  Some  indeed  attempted  to  prove, 
that  it  was  produced  by  the  putrefaftlve  fermentation  ; 
but  their  number  was  inconfiderable,  compared  with 
thofe  who  adopted  the  other  opinion. 

Our  ideas  refpefting  fermentation  are  now  fomewhat 
more  preclfe.  It  ijgnifies  a  flow  dccompofition,  which 
takes  place  when  certain  animal  or  vegetable  fubftances 
are  mixed  together  at  a  given  temperature  ;  and  the 

confequent 
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nfliois  comcquent    production  of   particular  compounds.     If 
nimal!.  ,},erefore  the  converfion  of'the  food  into  chyim.-  be  ovv- 
in'  to  fermentation,  it  Is  evident  that  it  is  totally  inde- 


pendent of  the  llomach  any  farther  than  as  it  fiipplies 
temperature;  and  that  the  food  would  be  converted  in- 
to chyme  exaftly  in  the  fame  manner,  if  it  were  redu- 
ced to  the  fame  confdlence,  and  placed  in  the  fame  tem- 
perature out  of  the  body.  But  this  is  by  no  means  the 
cafe  ;  fubllances  are  reduced  to  the  ilatc  of  chyme  in  a 
fhort  time  in  the  flomach,  which  would  remain  unalter- 
ed for  weeks  in  the  fame  temperature  out  of  the  body. 
This  is  the  cafe  with  bones  ;  which  the  experiments  of 
Stevens  and  Spallaiizani  have  (hewn  to  be  foou  digefted 
in  the  fton\acli  of  the  dog.  Further,  if  the  converfion  of 
food  into  cliyme  were  owing  to  fermentation,  it  ought  to 
go  on  equally  well  in  the  llomach  and  csfophagus.  Now, 
it  was  obferved  long  ago  by  Ray  and  Boyle,  that  when 
voracious  fidi  had  fwallowed  animals  too  large  to  be 
contained  in  the  ftjmach,  that  part  only  v/hich  was  in 
the  llomach  was  converted  into  chyme,  while  what  was 
in  the  oefophagus  remained  entire  ;  and  this  has  been 
fully  confirined  by  fuhfequtnt  obfervations. 

Still  farther,  if  the  converfion  were  owing  to  fermen- 
tation, it  ought  always  to  take  place  equally  well,  pro- 
vided the  temperature  be  the  fame,  whether  tlie  fto- 
mach  be  in  a  healthy  (late  or  not.  But  it  is  well  known, 
that  this  is  not  the  cafe.  The  formation  of  chyme  de- 
pends very  much  on  the  ftate  of  the  ilomach.  When 
that  organ  is  difeafed,  digeRion  is  conllantly  ill  perform- 
ed. In  thefc  cafes,  indeed,  fermentation  fometimes  ap- 
pears, and  produces  flatulence,  acid  eruAations,  &c. 
which  are  the  well-known  fymptoms  of  indegeilion. 
Thefe  fafts  have  been  long  known  ;  they  are  totally 
incompatible  with  the  fuppofjtion,  that  the  formation 
of  chyme  is  owing  to  fermentation.  Accordingly  th.it 
opinion  has  been  for  fome  time  abandoned,  by  all  thoie 
at  lead;  who  have  taken  the  trouble  to  examine  the  fub- 
jeft. 
"  ,         The  formation  of  chvme,  then,  is  owing  to  the  fto- 

C  3C-  f  '  '  o  _ 

•f  the  mich  ;  and  it  has  been  concluded,  from  the  experiments 
c        of  Stevens,    Reannuir,    Spallanzani,    S'-opoli,  Brugna- 
telli,  Carimini,  ix'c.  that  its  formation  is  brought  about 
by  the  atlion  of  a  particular  liquid  fecreted  by  the  flo- 
mach, and  for  that  realon  called  ga/lric  juice. 

That  it  is  owing  to  the  aftion  of  a  liquid,  is  evi- 
dent ;  bccaufe  if  pieces  of  food  be  inclofcd  in  clofe 
lubes,  they  pafs  through  the  ftomach  without  any  far- 
ther alteration  than  would  have  taken  place  at  the 
fame  temperature  out  of  the  body  :  but  if  the  tubes  be 
perforated  with  fmall  holes,  the  food  is  converted  into 
chyme. 

This  liquid  does  not  aft  indifcriminately  upon  all 
fubftances  :  For  if  grains  of  crn  be  put  into  a  perfora- 
ted tube,  and  a  granivorous  bird  be  made  to  fwallow  it, 
the  corn  will  remain  the  ufual  time  in  the  llomach  with- 
out alteration  ;  whereas  if  the  huflc  of  the  grain  be  pre- 
vioufly  taken  off,  the  whole  of  it  will  be  conv  rtcd  into 
chyme.  It  is  well  known,  too,  that  many  fubftances 
pals  unaltered  through  the  inteftines  of  animals,  and 
confequently  are  not  acted  upon  by  the  gadric  juice. 
This  is  the  cafe  frequently  with  grains  of  oats  when 
they  have  been  fwallowed  by  horfes  entire  with  their 
huflis  on.  This  is  the  cafe  alfo  with  the  feeds  of  ap-" 
pies,  &c.  when  fwallowed  entire  by  man  ;  yet  thefe  ve- 
ry fubftances,  if  they  have  been  prevloufly  ground  fuf- 
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ficieutly  by  the  teeth,  are  digefted.  It  appears,  tlicrc-  Punilion  • 
fore,  that  it  is  chiefly  the  hulk  or  outfide  of  thefc  fub-"^^"'""'^; 
ilances  which  refifts  tiie  ailion  of  the  gaftric  juice.    Wc  ' 

fee  a!f),   that  trituration  greatly  facilitates  the  conver- 
fion of  food  into  chyme.  338 

The  gaftric  juice  is  not  the  fame  in  all  animals  ;  for  Nature  of 
many  animals  cannot  digcft  tlie  food  on  which  others?^"" 
live.  The  conhim  maculutum  (iiemlock),  for  inftance, 
is  a  poifon  to  man  inftead  of  food,  yet  the  goat  often 
feeds  upon  it.  Many  animals,  as  ftieep,  live  wholly  up- 
on vegetables;  and  If  they  are  made  to  feed  on  animals, 
tiieir  ftomachs  will  not  digeil  them  :  others,  again,  as 
the  eagle,  feed  wholly  on  animal  fubftances,  and  cannot 
digcft  vegetables. 

The  gaftric  juice  does  not  continue  always  of  the 
fame  nature,  even  in  the  fame  animal  :  it  changes  gra- 
dually, according  to  circumftances.  Graminivorous  ani- 
mals may  be  brought  to  live  on  animal  food  ;  and  after 
they  have  been  acullomed  to  this  for  fome  time,  their 
ftomachs  become  incapable  of  digefting  vegetables.  Oh 
the  other  hand,  thofe  anamals  vvliich  naturally  digeft 
nothing  but  animal  food  may  be  brought  to  digeft  ve- 
getables. 

What  is  the  nature  of  the  gaftric  juice,  which  pof- 
feftes  thefe  fmgular  properties?  It  is  evidently  different 
in  different  animals  ;  but  it  is  a  very  difficult  tallv,  if 
not  an  impuffible  one,  to  obtain  it  in  a  ftate  of  purity. 
Various  attempts  have  indeed  been  made  by  very  inge- 
nious philofbphers  to  procure  it  ;  but  their  analyfis  of 
it  is  fufficlent  to  fhew  us,  that  they  have  never  obtain- 
ed it  in  a  ftate  of  purity. 

The  methods  which  liave  been  ufed  to  procure  gaf- 
tric juice  a.-e,^r/?,  to  kill  the  animal  whofe  gaftric  juice 
is  to  be  examined  after  it  has  fafted  for  fome  time.  By 
this  method,  Spallanzani  collefted  37  fpoonfuls  from 
the  two  frrft  ftomachs  of  a  flieep.  It  was  of  a  green 
colour,  undoubtedly  owing  to  the  grafs  which  the  ani- 
mal had  eaten.  He  found  alfo  half  a  fpoonful  in  the 
ftomach  of  fome  young  crows  which  he  killed  before 
they  had  left  their  neft. 

Small  tubes  of  metal,  pierced  with  holes,  and  con- 
taining a  dry  fponge,  have  been  fwallowed  by  animals  ; 
and  when  vomited  up,  the  liquid  imbibed  by  the  fponge 
Is  fquezzed  out.  By  this  metiiod,  Spallanzani  coUeft- 
ed  481  grains  of  gaftric  juice  from  the  ftomachs  of  five 
crows. 

A  third  method  confifts  Iji  exciting  vomiting  in  the 
morning,  when  the  ftomach  Is  without  food.  Spallan- 
zani tried  this  method  twice  upon  himfelf,  and  colleit- 
ed  one  of  the  times  l  oz.  32  gr.  of  liquid;  but  the 
pain  was  fo  great,  that  he  did  not  think  proper  to  try 
the  experiment  a  third  time.  Mr  Goffe,  however,  who 
could  excite  vomiting  whenever  he  thought  proper  by 
fwallowing  air,  has  employed  that  method  to  colleCl 
gaftric  juice. 

Spallanzani  has  obferved,  that  eagles  throw  up  every 
morning  a  quantity  of  liquid,  which  he  confidcrs  as  gal- 
tn'c  juice  ;  and  he  has  availed  himfelf  of  this  to  colledl 
it  in  confiderable  quantities. 

It  is  almoft  unneceffary  to  remark  how  imperfeft 
thefe  different  methods  are,  and  how  far  every  conclu- 
fion  drawn  from  the  examination  of  fuch  juices  muft  de- 
viate from  the  truth.  It  is  impoffible  that  the  gaftric 
juice,  obtained  by  any  one  of  thefe  proceffes,  can  be 
pure  J   becaufe  in  the  ftomach  it  muft  be  conftantly^ 
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mixed  with  large  quantities  of  fah'va,  mucus,  bile,  food, 
Jcc.  tt  may  be  queiHoned,  indeed,  whether  any  gallric 
juice  at  all  can  be  obtained  by  thefe  methods  :  for  as 
the  intention  of  the  gaftric  juice  is  to  convert  the  food 
into  chyme,  in  all  probability  it  is  only  fecreted,  or  at 
leaft  thrown  into  the  llomach  when  food  is  prefent. 

We  need  not  be  furprifeJ,  then,  at  the  contradiftory 
accounts  concerning  its  nature,  afiven  us  by  thofe  philo- 
fophers  who  have  attempted  to  examine  it  ;  as  thcle  re- 
late not  fo  much  to  the  gullric  juice,  as  to  the  different 
fubllances  found  in  the  itomach.  The  idea  that  the 
gaftric  juice  can  be  obtained  by  vomiting,  or  that  it  is 
thrown  up  fpontaneoufly  by  fome  animals,  is,  to  fay  the 
leall  ol  it,  very  tar  from  being  probable. 

According  to  Brugnatelli,  the  gailric  juice  of  carni- 
vorous animals,  as  hawks,  kites,  &c.  has  an  acid  and  re- 
liiious  odour,  is  very  bitter,  and  not  at  all  watery  ;  and 
is  conipofed  of  an  uncombined  acid,  a  rchn,  an  animal 
fubftance,  and  a  fniall  quantity  of  niuriat  of  foda*. 
The  gaftric  juice  of  herbivorous  animals,  on  the  con- 
trary, as  goats,  ftieep.  Sec.  is  very  watery,  a  little  mud- 
dy, has  a  bitter  hiltifli  tatte,  and  contains  ammonia,  an 
animal  extraft,  and  a  pretty  large  quantity  of  muriat  of 
fodaj-.  Mr  Carminati  found  the  fame  ingredients;  but 
he  fuppofes  that  the  ammonia  had  been  formed  by  the 
putrefatlion  of  a  part  of  their  food,  and  that  in  I'eality 
the  gaftric  juice  of  thefe  animals  is  of  \n  acid  nature  J. 

The  accounts  which  have  been  given  of  the  gaftric 
JBice  of  man  are  fo  various,  that  it  is  not  worth  while 
to  tranfcribe  them.  Sometimes  it  has  been  found  of 
an  acid  nature,  at  other  times  not.  The  experiments 
of  Spallanzani  are  fufRcient  to  fliew,  that  this  acidity  is 
not  owing  to  the  gaftric  juice,  but  to  the  food.  He 
never  found  any  acidity  in  the  gaftric  juice  of  birds  of 
prey,  nor  of  ferpents,  Augs,  and  filhes.  Crows  gave  an 
acidulous  gaftric  juice  only  when  fed  on  grain  ;  and  he 
found  that  the  fame  obfcrvation  holds  with  refpedl  to 
dogs,  herbiferous  animals,  and  domeftic  fowls.  Carni- 
vorous birds  threw  up  pieces  of  (hells  and  coral  without 
alteration  ;  but  thefe  fubftances  were  fenfibly  diminifti- 
ed  in  the  llomachs  of  hens,  even  when  incloled  in  per- 
forated tubes.  Spallanzani  himfelf  fwallowed  calcare. 
ous  fubftances  enclofed  in  tubes  ;  and  when  he  fed  on 
vegetables  and  fruits,  they  were  fometimes  altered  and 
a  little  diminiflied  in  weight,  juft  as  if  they  had  been 
put  into  weak  vinegar  ;  but  when  he  ufed  only  animal 
food,  they  came  out  untouched.  According  to  this 
philofopher,  whofc  experiments  have  been  by  far  the 
moft  numerous,  the  gaftric  juice  is  naturally  neither 
acid  nor  alkaline.  When  poured  on  the  carbonat  of 
potafs,  it  caufes  no  effervefcence. 

Such  are  the  refults  of  the  experiments  on  the  juices 
taken  from  the  ftomach  of  animals.  No  conclufion  can 
be  drawn  from  them  refpcfting  the  nature  of  the  gaf- 
tric juice.  But  from  the  experiments  which  have  been 
made  on  the  digeftion  of  the  ftomach,  efpecially  by 
Spallanzani,  the  following  fafts  are  eftablilhcd. 

The  gaftric  juice  attacks  the  furface  of  bodies,  unites 
to  the  particles  of  them  which  it  carries  oft^,  and  cannot 
be  feparated  from  them  by  filtration.  It  operates  with 
more  energy  and  rapidity  the  more  the  food  is  divided, 
and  its  aftion  is  increafed  by  a  warm  temperature.  The 
food  is  not  merely  reduced  to  very  minute  parts ;  its 
tafte  and  fmell  are  quite  changed  ;  its  fenfible  proper- 
ties are  deftroyed,  and  it  acquires  new  and  very  diffe- 
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rent  ones.     This  juice  does  not  aft  as  a  ferment  i  fo  lundi„i 
far  from  it,  that  it  is  a  powerful  antifeptic,  and  even  re."'  '^"'nw 
ftores  flefti  already  putrefied.      There  is  not  the  fmallell     '  ''.  ~ 
appearance  of  iuch  a  procefs  ;   indeed,   when   the  juice 
is  renewed  frequently,  as  in  the  ftomach,  fubilances  dif. 
folve  in  it  with  a  rapidity  which  excludes  all  idea  of  fer- 
mentation.     Only  a  few  air  bubbles  make  thu'r  efcapc, 
which  adhere  to  the  al!nient.fry  matter,  and  buoy  it  up 
to  the  top,   and  which  are  probably   extricated   by  the 
heat  of  the  folution. 

AVith  refpcd  to  the  fubftances  contained  in  the  fto- 
mach, only  two  fads  have  been  perfectly  afcertained  ; 
The  firft  is,  that  the  juice  contained  in  the  ftomach  of 
oxen,  calves,  iheep,  invariably  contains  uncombined 
phofphoric  acid,  as  Macquart  and  Vnuquelin  have  de- 
nionttrated  :  The  lecond,  that  the  juice  contained  in 
the  ftomach,  and  even  the  inner  coat  of  the  ftomach  it- 
felf,  has  the  property  of  coagulating  milk  and  the  ie- 
rum  of  blood.  l)r  Young  found  that  feven  grains  of 
the  inner  coat  of  a  call's  ftomach,  infufed  in  water,  gave 
a  liquid  which  coagulated  more  than  ico  ounces  of 
milk  ;  that  is  to  fay,  more  than  6857  times  its  own 
weight  ;  and  yet,  in  all  probability,  its  weight  was  nut 
much  diminilhed. 

What  the  fubftance  is  which  pofteffes  this  coagula- 
ting property,  has  not  yet  been  afcertained  ;  but  it  is 
evidently  not  very  foluble  in  water  ;  for  the  iniide  of  a 
calf's  ftomach,  after  beir^g  fteeped  in  water  for  fix  hours, 
and  then  well  waftied  with  water,  ftill  furnifties  a  liquor 
on  infufion  which  coagulates  milk  *  :  And  Dr  Young  «  j-^«r, 
found,  that  a  piece  of  the  inner  coat  of  the  ftomach, 
after  being  previoufly  waftied  with  water,  and  then  with 
a  diluted  folution  of  carbonat  of  potafs,  ftill  affxirded  a 
liquid  which  coagulated  milk  and  ferum 

It  is  evident,  from  thefe  fafts,  that  this  coagulating 
fubilance,  whatever  it  is,  afts  very  powerfully  ;  and  that 
it  is  Icarcely  poliible  to  leparate  it  completely  from  the 
ftomach.  But  we  know  at  prefent  too  little  of  the  na- 
ture of  coagulation  to  be  able  to  draw  any  inference 
from  thefe  faCfs.  An  almoft  imperceptible  quantity  of 
fome  fubftances  feems  to  be  fufficlent  to  coagulate  milk. 
For  Mr  Vaillant  mentions  in  his  Travels  in  Africa,  that 
a  porcelain  dilh  which  he  procured,  and  which  had  Iain 
for  fome  years  at  the  bottom  of  the  fea,  polfefted,  lu 
confequence,  the  property  of  coagulating  milk  when 
put  into  it  ;  yet  it  communicated  no  tafte  to  the  milk, 
and  did  not  dift'er  in  appearance  from  other  cups. 

It  is  probable  that  the  faliva  is  of  fervice  in  the  con- 
verfion  of  food  into  chyme  as  well  as  the  gaftric  juice. 
It  evidently  ferves  fo  dilute  the  food';  and  probably  it 
may  be  ierviccable  alfo,  by  communicating  oxygen. 

5.  The  chyme,  thus  formed,  pafl'cs  from  the  ft(»mach(^],yn,j 
into  the  inleftines,  where  it  is  lubjetted  to  new  changes,  ■:onveri 
and  at  laft  converted  into  two  very  different  fubftances,'"""'' 
chyle  and  excrementitious  matter.  "" 

6.  The  chyle  is  a  white  coloured  liquid,  very  much 
refembling  milk.  It  Is  exceedingly  difficult  to  culledl 
it  in  any  confiderable  quantity,  and  for  that  reafon  it 
has  never  been  accurately  analyfed.  We  know  only  in 
general  that  it  refembles  milk  ;  containing,  like  it,  an 
albuminous  part  capable  of  being  coagulated,  a  ferum, 

and  globules  which  have  a  refemblance  to  cr^am  f .     Ittfow  JJ 
contains  alfo  different  falts ;  and,  according  to  fome,  a    ''^ 
fubftance  fcarcely  differing  from  the  fugar  of  milk.     It 
is  probable  alfo  that  it  contains  iron  ;  but  if  fo,  it  muft 
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111(51.01 1  be  in  the  ftate  of  a  white  oside  ;  for  an   infufion  of  nut 

\nimaU.  g^u,  j^^j  „Qt  ajt^r  the  cclour  of  chyle  J. 

■^'  6.  Concerning  t'le  proccfs  by  which  chyle  is  formed 

from  chyme,  fcarcely  any  thing  is  known.      It  docs  not 

appear  that  the  ciiynic  is  precifely  the  fame  in  all  ani- 
mals ;  for  thofe  which  are  herbivorous  have  a  greater 

length  of  intcrtiuo  thai!   thofe  which  are  carnivorous. 

It  is  certain  that  the  tormation  of  the  chyle  is  brought 

about   by  a  chemical  change,  although  we  cannot  fay 

precifely  what    that  change  is,  or  what   the  agents  are 

by  which  it  Is  produced.      But  that  the  change  is  che- 
mical, Ibi  evident,  becaufe  the  ciiyle  is  entirely  different, 

both  in  its  properties  and  appearance,   from  the  chyme. 

The  chyme,  bv  t!ie  aCiion  of  the  inteftines,  is  feparatcd 

into  two  parts,  chyle  and  excrement  :   the  firft  of  which 

is  abforbed  by  a  number  of  fmall  velTels  called  taSrals  ; 

the  fecond  is  pulhed  along  the   inteiUnal  canal,   and  at 

laft  thrown  oiu  of  the  b.i(iy  altogether. 

After  the  chyme  has   been  converted   into  chyle  and 

excrement,  ahhough  thofe  two  fubftances  remain  mixed 

together,   it  does  not  appear  that  they  are  able  to  de- 

compofe  each  other  ;   for  perfons  have  been  known  fel- 

dom  or  never   to  emit   any  e.\crementitious  matter  pir 

anurn  for  years.      In  tliefe,   not  only  the  chyle,   but  the 

excrementitious  niatter  alfo,  was  abforbed  by  the  lac- 
teals  ;  and  the  excrement  was  afterwards  thrown  out  of 

the  body  by  other  outlets,  particularly  by  the  <]<iu  :   in 

confequence   of  which,   thofe   perfons   have   conftantly 

that  particular  odour  about  them  which  diftinguifhes  ex- 
crement.    Now  in  thefe  perfons,  it  is  evident  that  the 

chyle  and  excrement,  though  mixed  together,  and  even 

ablorbed  together,  did  not  aft  on  each  other  ;    becaufe 

thefe  perfons  have  been   known  to  enjoy  good  health 

for  years,  which  could  not  have  been  the  cafe  had  the 

chyle  been  deftroyed. 

y.   It  has  been  fuppoftd  by  feme  that  the  decompo- 

fition  of  the  chyme,  and  the  formatiou  of  chyle,  is  pro- 
duced by  the  agency  of  the   bile,  which  is  poured  out 

abundantly,  and  mixed   with  the  chyme,  foon  after  its 

entrance  into  the  inteitines.      If  this  theory  were  true, 

no  chyle  could  be  formed  whenever  any  accident   pre- 
vented the  bile  from  pafling  into  the   inteftinal  canal  ; 

but  this  is  obvloufly  not  true  ;  for  frequent  inftauces  have 
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which  was  not  converted  into  chyle,  entirely  altered  rundmns 
however  from  its  original  ftate,  partly  by  the  decompo-'  A-"'"»l» 
fitlon  which  it  underwent  in  the  ftoraach  and  intcRineLi,  * 
and  partly  by  its  combination  with  bile.  Accordingly 
we  find  in  it  many  fubftances  which  did  not  ex  ill  at  all 
in  the  food.  Thus  in  the  dung  of  cows  and  horfes 
there  is  found  a  very  conliderable  qtiaiitity  of  benzoic 
acid.  The  excrements  of  animals  have  not  yet  been 
futijefted  to  an  accurate  anaiylis,  though  fuch  an  ana- 
1)  fis  would  throw  n.uch  light  upon  the  nature  of  di- 
geftion.  For  if  we  knew  accuiattly  the  fubftances  whicli 
were  taken  into  the  body  as  food,  and  all  the  new  fub- 
ftances uhich  were  fornied  by  digeftion  ;  that  is  to  i'ay, 
the  component  parts  ot  chyle  and  of  excrement,  and  the 
variation  which  different  kinds  of  food  produce  in  the 
excrement,  it  would  be  a  very  confiderablc  ftep  toward* 
afcertaining  precHely  the  changes  produced  on  food  by 
digeftion,  or,  which  is  the  fame  thing,  t<nvards  afcer- 
taining cxaftly  the  phenomena  of  digeftion.  The  only 
analyfis  which  has  hitherto  been  made  on  human  ex- 
crement is  that  of  Homberg  ;  and  as  it  conillVd  mere- 
ly in  fubjefling  it  to  diftillation,  it  is  ueedlefs  to  give 
an  account  of  it.  Of  late,  as  Mr  Fourcroy  Informs  us, 
the  fubjeft  has  been  refumcd  in  France,  and  we  may 
foon  expeft  fome  very  curious  and  important  additions 
to  our  knowledge.  ,  .^ 

Mr  Vauquelin  has  already   publifhed   an  analyfis  of  Excrements 
the  fixed  parts  of  the  excrements  of  fowls,  and  a  com-°ff°*'5' 
parifon  of  them  with  the  fixed  parts  of  the  food  ;   from 
which  fome  very  curious  confequences  may  be  deduced. 

He  found  that  a  hen  devoured  in  ten  days  1 1  u  i  .843 
grains  troy  of  oats.     Thefe  contained 

136.509  gr.  of  phofphat  of  lime, 
219.548  filica, 


occurred  of  perfons  labouring  under  jaundice  from  the  ed  to 
bile  dufts  being  ftopped,  cither  by  gali-ftones  or  fome 
other  caufe,  fo  completely,  that  no  bile  could  pafs  into 
the  inteftines;  yet  tiiefe  perfons  have  lived  for  a  confi- 
derablc time  in  that  ftate.  Confequently  digeftion,  and 
therefore  the  foimation  of  chyle,  mtift  be  poflTible,  inde- 
pendent of  bile. 

The  principal  ufe  of  the  bile  feems  to  be  to  feparate 
the  excrement  from  the  chyle,  after  both  have  been 
formed,  and  to  produce  the  evacuation  of  the  excre- 
ment out  of  the  body.  It  is  probable  that  thefe  fub- 
ftances would  remain  mixed  together,  and  that  they 
would  perhaps  even  be  partly  abforbed  together,  were 
it  not  for  the  bile,  which  feems  to  combine  with  the 
excrement,  and  by  this  combination  to  facilitate  its  fe- 
paration  from  the  chyle,  and  thus  to  prevent  its  ahforp- 
tion.  It  alfo  ftimulates  the  inteftinal  canal,  and  caufes 
it  to  evacuate  its  contents  fooner  than  it  otherwife  fil 
would  do  ;  for  when  there  is  a  deficiency  of  bile,  the 
body  is  conft.antly  coftive. 

8.    The  excrement,   then,   which   is    evacuated  per 
anum,  confifts  of  all  that  part  of  the  food  and  chytnc 

Soppfc.  Vol.  II.  Part  II. 


.  35^057- 
Dui  iiig  thefe  ten  days  flie  layed  four  eggs  ;  the  (hells 
of  which  contained  9S.776  gr.  phofphat  of  lime,  and 
453.417  gr.  carbonat  of  lim<(.  The  excrements  emit- 
ted during  thefe  ten  days  contained  175.529  gr.  phof- 
phat of  L'me,  58.494  gr.  of  carbonat  of  lime,  and 
1 85.266  gr.  of  filica.  Confequently  the  fixed  part» 
thrown  out  of  the  fyftem  during  thefe  ten  days  amount- 


Gmu.s, 
274.305  phofphat  of  lime, 
511.911  carbonat  of  lime, 
1  85.266  filica, 


Given  out  971.4S2 
Taken  in     356.057 

6.5.425 

Confequently  the  quantity  of  fixed  matter  given  out 
of  the  fyftem  in  ten  days  exceeded  the  quantity  takcrt 
in  by  615.425  grains. 

The  filica  taken  in  amounted  to  219.548  gr. 

That  given  out  was  only  185.266  gr. 


Remains  34.282 

Confequently  there    difappeared   34.282    grains   of 
ca. 

The  phofphat  of  lime  taken  in  was  136.509  gr. 
That  given  out  was  274.305  gr. 
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137.796 

Confequently 
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funflions  Confequently  there  mud  have  been  formed,  by  di- 
getlion  in  this  fowl,  no  Icfs  than  137.796  grains  of 
pholphat  of  lime,  belides  51  1.9 11  grains  of  carbonat. 
Conlequentlv  lime  (and  perhaps  alio  phofphonis)  Is  not 
a  fimple  iubllance,  but  a  compound,  and  formed  of  in- 
gredients which  exit!  in  oat- feed,  water  or  air,  the  on- 
ly fuftance  to  whicli  the  fowl  had  accefs.  Silica  may 
enter  into  its  compofition,  as  a  part  of  the  filica  had 
difappeared  ;  but  if  fo,  it  muil  be  combined  with  a  great 

/ttin.  <lc        quantity  of  fume  other  fubllance  *. 

Cblm.xii'L.  Thefc  confequences  are  too  important  to  be  admitted 
without  a  very  rigorous  examination.  The  experiment 
mull  be  repeated  hequently,  and  we  mufl  be  abfohitely 
certain  that  the  hen  has  no  accefs  to  any  calcareous 
earth,  and  that  file  has  not  diminifhcd  in  weight  ;  be- 
caufe  in  that  cafe  fome  of  the  calcareous  earth,  of  which 
part  of  her  body  is  conipofed,  may  have  been  employ- 
ed. This  rigour  is  the  more  necefTary,  as  it  leems 
pretty  evident,  from  experiments  made  long  ago,  that 
Jome  birds  at  leaft,  cannot  produce  eggs  unlefs  they 
have  acctis  to  calcareous  earth.  Dr  Fordyce  found, 
that  it  the  canary  bird  was  not  fupplled  with  lime  at 
the  time  of  her  laying,  fhe  frequently  died,  from  her 
eggs  not  coming  forward  properly -J-.  He  divided  a 
number  of  thefe  birds  at  the  time  of  their  laying 
eggs  into  two  parties  :  to  the  one  he  gave  a  piece  of 
old  mortar,  which  the  little  animals  fvvallowed  greedily  ; 
they  laid  their  eggs  as  ufual,  and  all  of  them  lived  : 
whereas  many  of  the  other  party,  which  were  fupplied 
with  no  lime,  died  J. 

9.  The  inteilines  fcldom   or  never  are    deftitute  of 

Oalescon-   gafes,  which  feem  to   be  evolved  during  the  procefs  of 

the  in-  digcftion  ;  and  may  therefore,  in  part,  be  confidered  as 
excrementitious  matter.  The  only  perfon  who  has  ex- 
amined thefe  gafes  with  care,  is  Mr  Jurine  of  Geneva. 
The  refult  of  his  analyfis  is  as  follows.  He  found  in 
the  ftomach  and  inteilines  of  a  man  who  had  been 
frozen  to  death,  carbonic  acid  gas,  oxygen  gas,  hydro- 
gen gas,  and  azotic  gas.  The  quantity  of  carbonic  acid 
wargreatcll  in  the  ilomach,  and  it  diminillied  gradually 
as  the  canal  receded  from  the  ftomach  ;  the  proportion 
of  oxygen  gas  was  confiderable  in  the  ftomach,  fmaller 
in  the  fniall  inteilines,  and  llill  imaller  in  the  great  in- 
teftines  ;  the  hydrogen  and  azotic  gafes,  on  the  con- 
trary, were  leaft  abundant  in  the  ftomach,  more  abun- 
dant in  the  fmall  inteilines,  and  moft  abundant  in  the 
larger  inteftines  ;  the  hydrogen  gas  was  moft  abundant 
in  the  fmall  inteilines.  It  is  well  known  that  the  flatus 
difcharged  per  anivn  is  commonly  carbonated  hydrog»n 
gas  ;   foraetimes  alfo  it  Teems  to  hold  fuiphur,   or  even 

■   '  /        ■      10.  The  chyle,  after  it  has  been  abforbed  by  the  lac- 

343  teals,  is  carried  by  them  into  a  pretty  large  vefTel, 
Chyle  in  known  by  the  name  of  thoracic  du3.  Into  the  lame 
tnethoracic^,g(j^j  liktwife  is  difcharged  a  tranlparent  fluid,  convey- 
ed by  a  let  of  vefTels  which  arife  from  all  the  cavities  of 
the  body.  Thefe  veflels  are  called  lymphatics,  and  the 
fluid  which  they  convey  is  called  lymph.  In  the  tho- 
racic duift,  then,  the  chyle  and  the  lymph  are  mixed  to 

344  gether. 

Mixedwith      Very  little   is  known  concerning  the   nature   of  the 
'  )WP  >  lymph,  as  it  is  fcarcely  poflible  to  colledl  it  in  any  quan- 
tity.     It  is  coloiirlefs,  has  fome  vifcidity,  and  is  faid  to 
be  fpecifically  heavier  than  water.      It  is  faid  to  be  coa- 
gulable  by  heat ;  if  fo,  it  contains  albumen  ;  and,  from 
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its  appearance,  it  probably  contains  gelatine.  Itsquan-  fundiion 
tity  is  certainly  confiderable,  for  the  lymphatics  are  very  °f  ^Anima: 
numerous.  "^^ 

CI.  The  chyle  and  lymph  being  thus  mi'xed  together.  And  con. 
are  conveyed  direftly  into   the   blood   vell'els.      The  cf- vcyed  to 
feA  produced  by  tlieir  union  in  the  thoracic  dufl  is  not  ""^  ^an 
known,  but  neither  the   colour  nor  external  properties '"'        '6'' 
of  the  chyle  is  altered.      In   man,  and   many  other  ani- 
mals, the  thoracic  duel  enters  at  the  junftion  of  the  left 
iubclavian  and  carotid  veins,  and  the  chyle  is  conveyeddi- 
reftly  to  the  heart,  mixed  with  the  blood,  which  already 
exifts  in  the  blood  veflels.      From    the  heart,  the  blood 
and  chyle  thus  mixed   together   are  propelled   I'nto  the 
lungs,  where  they  undergo  farther  changes.  ,,5 

I  2.  The  abfolute  necefiity  of  refpiration,  or  of  fome  R^rfpira. 
thing  analogous,  is  known  to  every  one  ;  and  few  are''"" 
ignorant  that  in  man,  and  hot  blooded  animals,  the  or- 
gan by  which  refpiration  is  performed  is  the  lungs. 
For  a  defcription  of  the  refpiratory  organs,  we  refer  to 
the  article  Anatomy,  Encycl.  and  the  reader  will  find 
an  account  of  the  manner  in  which  thatfundlion  is  per- 
formed in  the  article  Physiology,  ^'wju/.  But  what 
are  tlie  changes  produced  upon  the  blood  and  the  chyle 
by  refpiration  ?  What  purpofes  does  it  ferve  to  the 
animal  ?  How  comes  it  to  be  fo  indifpenfably  nectflary 
for  its  exiftence  ?  Thefe  are  queftions  which  can  only 
be  anfwered  by  a  careful  examination  of  the  phenomena 
ot  refpiration. 

It  has  been  long  known  that  an  animal  can  onlyRequirei 
breathe  a  certain  quantity  of  air  for  a  limited  time,  oxygen gi 
after  which  it  becomes  the  moil  deadly  poifon,  and 
produces  fuffocation  as  effedlually  as  the  moft  noxious 
gas,  or  a  total  abfence  of  air.  It  was  fufpedled  long 
ago  that  this  change  is  owing  to  the  abforption  of  a 
part  of  the  air  ;  and  Mayow  made  a  number  of  very  in- 
genious experiments  In  order  to  prove  the  faft.  Dr 
Prieftley  and  Mr  Scheele  demonftrated,  that  the  quan- 
tity of  oxygen  gas  in  atmofpheric  air  is  diminiihed  ;  and 
Lavoilier  demonftrated,  in  1T]6,  that  a  quantity  of 
carbonic  acid  gas,  which  did  not  previoufly  exift  in  it, 
was  found  in  air  after  it  had  been  for  fome  time  refpired. 
It  was  afterwards  proved  by  Lavoifier,  and  many  other 
plulofuphers,  who  confirmed  and  extended  his  fa£ts,  that 
no  animal  can  live  in  air  totally  deftitute  of  oxygen. 
Even  filh,  which  do  not  fenfibly  refpire,  die  very  foon, 
if  the  water  in  which  they  live  be  deprived  of  oxygen 
gas.  Frogs  which  can  fufpend  their  refpiration  at 
pleafure,  die  in  about  forty  minutes,  if  the  water  in 
which  they  have  bten  confined  be  covered  over  with 
oil*.  Infefts  and  worms,  as  Vauquelin  has  proved, « Carmrf- 
exhibit  precifely  the  fame  phenomena.  They  require/?"".* 
oxygen  gas  as  well  as  other  animals,  and  die  like  them  if ''*™'"' 
they  be  deprived  of  it.  They  diminilh  the  quantity  of'' 
the  oxygen  gas  in  which  they  live,  and  give  out,  by 
refpiration,  the  very  fame  products  as  other  animals. 
Worms,  which  are  more  retentive  of  life  than  moll 
other  animals,  or  at  leaft  not  fo  much  affefted  by  poifon- 
ous  gafes,  abforb  every  particle  of  the  oxygen  gas  con- 
tained  in  the  air  in  which  they  are  confined  before  they 
die.  Mr  Vauquelin's  experiments  were  made  on  the 
gryllus  viridiflimus,  the  Umax  flavus,  and  helix  poma- ■)•  ■^"' I* 

^'^  +  -  .  ...  178. 

The  changes  which  take  place  during  refpiration  are     ^^j 

the  following  :  Chang< 

1 .  Part  of  the  oxygen  gas  refpired  difappears.  produo 

2.  Carbonic  ^ ' 


i 
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Fun<ai  >ii9       2.  Carbonic  acid  gas  is  emitted.  rcfpiration,  in  the  fame  time,  l  J.73  or.  troy  of  carbonic    Fun.'lImM 

f  Animals.      ,.  Water  is  emitted  in  the  ftate  of  vapour.  acid  gas,  and  28.  j  5  of  water  in  the  Hate  °^  Aii:m.ili. 

"     »■  The  firft  point  is  to  afcertain  exadly  the  amount  of     of  vapour. 

thefe  changes.   Though  a  great  many  experiments  have 

been  made  on  this  fubjeft  by  different  philofophers,  the 


Total  44- 28 

Tiie  carbonic  acid  gas  is  compofcd  of 
and  5.243  carbon       The  water  of 
and  4.2825  hydrogen. 
Total  of  the  oxygen  emitted 


Oxygen. 
I0.48'6 

24.2675 


34-75416 
32-48437 

So  that  there  is  2.36971)1(5 

ounces  of  oxygen  emitted  more  than  is  abfurbcj  by 
relpiration.  Thus  it  appears  that,  by  refpiration,  the 
ablolute  quantity  of  oxygen  in  the  blood  is  diniiniflied. 
Dr  Menzies  found  that  a  man,  at  a  mech'um,  draw* 
in  at  every  refpiration  4^.77   cubic    inches  of  air,   and 


greatell  confidence  ought  to  be  put  in  thofe  of  Lavoi- 
fier,  both  on  account  of  his  uncommon  accuracy,  and 
on  account  of  the  very  complete   apparatus   which  he 

always  employed.  r  t  »  1    1  r    k   i' 

He  put  a  guinea  pig   mto   7r8  ^89  grams    troy  of  1  otai  aoiui  Dea 
oxygen,  and  after  the  animal  had  breathed  the  gas  for 
an  hour,  he  took  it  out.      He  found  that  the  oxygen 
gas  now  amounted  only  to                                 59 '-253  g"". 
Coufequently  there  had  difappeared               i  16.736 
'£'he  carbonic  acid  gas  formed  was                  130.472 
This  was  compofed  of  about                               94.234 
oxygen,  and                                                             36.238 

of  carbon.      Confequently   fuppofing,   as  Mr  Lavoifier  that  Tstb  of  that  quantity   difappcars.     Confcquently, 

did,  that  the   oxygen  abforbcd  had   been  employed   in  according  to   him,  at   every   rcfpiration    2.1885    cubic 

the  formation  oi  the   carbonic   acid   gas,  there  Hill  re-  inches  of   oxygen    gas    are  confumed.      Now   2.1885 

mained  to  be  accounted  for    22.502  grains  of  oxygen  cubic  inches  of  that  gas   amount    to  o.6866g  gr.  troy. 

which    had   difappeared.      He    fuppofed  that  this  had  Suppofing,  with  Halej,  that  a  man  makes  1 20°  refpira- 

been  employed  in  the  formation  of  water,  a  quantity  of  tions  in  an   hour,   the   quLintity  of  oxygen  gas  confu- 

which   had  appeared.      If  fo,    the  water   formed  mull  med  in  an    hour  wiU  amount    to    824.028  grains,  and 

have  amounted  to  26.429  grains;  which  was  compoled  in  24  hours,   to  19776.6^2  grains,   or  41.2D14  ounce* 

*  Ant,  dc     of  3.927  hydrogen,  the  rell  oxygen*.  troy.      Tin's  quantity  exceeds    that   found  by  Lavoifier 
Cim.v.            Since  the   water    emitted    was    not    aftually  afcer-  confiderably ;  but   tlie  allowance  of  oxygen   for  every 

*  '■  tained,  this  experiment  can   only  be   confidered  as  an  rcfpiration  is  rather  too  great.    Indeed,  from  the  nature 

approximation   to  the  truth.     Accordingly   that   very  of  Dr  Menzies's  apparatus,  it  was  fcarce  poffible  to  mea- 

ingenious  philofopher  contrived  an  apparatus  to  afcer-  fure  it  accurately. 

tail,  the  quantity  of  oxygen  gas  abforbed  by  man,  and  The  quantity  of  water  given   out  by  refpiration,  ai 

the  quantity  of  carbonic  acid  gas  and  water  emitted  by  determined  by  Hales,  amounts  in  a  day  to  20.4  oz.  •  ;  *  ^'.c^''. 

him  during  refpiration.      This   apparatus   he   had  con-  but  his  method  was  not   fufceptlble   of  great  accuracy. '^''''•"' 

ftructed  at  an  expence  at  lead  equal  to   L.  500  llerling.  We  may  therefore,  on  the  whole,  confider  Lavoiiier's^*'" 

The  experiments  were   completed,   and  he  was  prepa-  determination  as  by  far  the  neareft  to  the  truth  of  any 

ring  them  for  publication,  when,  on   the   8th  of  May  that  has  been  given. 

1794,   he  was  beheaded  by  order  of   Robefpierre,  after  There  is,  however,  a  very   fingular   anomaly,  which 

having  in  vain  requelled  a  fortnight's  delay  to  put  his  becomes  apparent  when  we  compare  his  experiments  oa 

papers  in  order  for  the  prefs.      Thus  periflied,  in  the  the  refpiration  of  the  guinea-pig  with  thofe  on  the  refpi- 

5 1 11  year  of  his   age,  the  man  who,  if  he  had  lived  a  ration  of  man. 

few  years  longer,   promifed  fair  to  become  the  rival  of         The  guinta-pig  confumed  in  24  hours       5.8*68  oz. 

Newton  himfelf.     Chemiilry,  as  a  fcience,  is  deeply  in-  troy  of  oxygen  gas,  and  emitted  6.32:16  oz. 

debted  to    him.      He   faved  it  from  that  confufion  into  of  carbonic  acid  gas.      Man,  on   the  other  hand,  con- 

wliich  the  thoughtleis  ardour  ot    many  of   his  contem-  fumes  in  the  fame  time  3  2.'84-"7  oz. 

poraries   were  plunging  it   headlong:    he  arranged  and  of  oxygen    gas,  and  emits  only  '5-73  oz.  of 

connefted  aud   fimplitied  and  explained  the  multitude  carbonic  acid  gas.      The  oxygen  gas  confumed  by  the 

of  infulated  faCts,   which  had  been  accumulating  with  pig  is  to  the    carbonic    gas  emitted    as     1.00:1.12; 

unexampled  celerity  ;  and  which,  had  it  not  been  for  his  whereas   in   man   it   i.s  as    1 ,000  :  c. 484.      If  we  coulil 

happy  arranging  genius,   might  have  retarded,   inftead  depend  upoon  the  accuracy  of  each  of  thefe  experiments, 

of  advanced,  the  progrefs  ot  the  fcience.      He  reduced  tliey  would  prove,   beyond  a  doubt,  that   the   changes 

all  the  fads  under  a  few   fimple  heads,    and  thus  made  produced  by  the  refpiration  of  the  pig  are  differeut,   at 

them  eafily  remembered  and  eaiily  clafliiied.      In  a  few  leaft  in  degree,  from  thofe  produced  in  man  ;  but   it  is 

years  more,  perhaps,  he  would  have  traced  thefe  general  more  than   pi  obable  that  fome    millake  has  crept   into 

principles  to  their  iources,  eftnbliihed   the  fcience  on  one  or  other  of  the  experiments.     We  have  more  rca- 

the  completcll  induftion,  and  paved  for  his  fuccelfors  a  fon  to  fufpedl  tiie  firft,  as  it  was  made  before  177S,   at 

road  as  unerring  as  that  which  Sir  Ifaac  Newton  formed  a  time  when  a  great    many  circumftances,    neceifary  to 

in  mechanical  philofophy.  infure  accuracy,  were  unknown  to  Lavoifier. 

Mr  Lavollier's  experiments  have  never  been  publiHi-  Such  are  the  fubllances  imbibed  and  emitted  during 

_  ed,  but  fortunately  Mr  de   la   Place  has  given   us  the  refpiration.      It  Hill  remains  for   us  to  determine  what 

tf.".^''""'''^'^"''  °^  them  f.      He  informs   us  that   it  was  as  fol-  are  the  changes  which  it  products  on  the  blood. 

lows  :  .A.  man,  at  an  average,  confumes,  in  twenty-  It  has  been  long  known  th;it  the  blood  which  flows 
four  hours,  by  rel'piration,  32.48437  ounces  troy  of  in  the  veins  is  of  a  dark  reddifli  purple  colour,  whereat 
oxygen  gas  ;  that  is  to  fay,  that  a  quantity  of  oxygen  the  arterial  blood  is  of  a  florid  Icarlet  colour.  Lower 
gas,  equal  to  that  weight,  difappears  from  the  air  which  obferved  that  the  colour  of  the  veinous  blood  was  con- 
he  refpires  in  twenty-four  hours  ;  that  he  gives  ou    by  veited  into  that  of  arterial  during  its  paffage  through 
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the  lung?.  No  chyle  can  be  diftini^uifhcd  by  its  white 
colour  in  the  blood  after  it  has  paffcJ  thi-oiigh  the 
lungs.  The  changes,  then,  whicli  lake  place  upon  the 
appearance  of  the  Llood  are  two  :  \Jl,  It  acquirti  a  flo- 
rid red  colour;  id.  The  ciiyle  tolully  difap^Kars.  Now 
to  what  are  thefe  changes  Ovving? 

Lower  hinifclf  knew  that  the  change  was  produced 
by  the  air,  and  Mavow  attempted  to  prove  that  it  was 
by  abforbing  a  part  of  the  air.  But  it  was  not  till  Dr 
Priefllcy  difcovered  that  veinous  blood  acquires  a  icar- 
let  colour  when  put  in  contaft  with  oxygen  gas,  and 
arterial  blood  a  dark  red  colour  wheu  put  in  contadt 
with  hydrogen  gas,  i>r,  which  is  the  fame  thing,  that 
oxygen  gas  inltautly  gives  veinous  blood  ti»«  colour  of 
artericii  ;  and  hydrogen,  on  the  contrary,  gives  arterial 
■blood  the  colour  of  veinous  blood  :  it  was  not  till  then 
that  philofophcrs  began  to  attempt  any  thing  like  an 
explanation  of  the  phenomena  of  rtl'piration.  Two  cx- 
planatioris  have  been  given  ;  one  or  other  of  which  mull 
fce  triK. 

The  firft  is,  that  iIk  oxygen  of  the  air,  which  difap- 
pears,  combines  with  a  quantity  of  carbon  and  hydro- 
gen given  out  by  tlie  blood  in  the  lungs,  and  forms 
with  it  carbonic  acid  gas  and  water  in  vapour,  which 
av€  thrown  out  along  with  the  air  expired. 

The  fecond  is,  that  the  oxygen  gas,  which  difappears, 
combines  with  the  blood  as  it  paffcs  thro'  the  lungs  ;  and 
that,  at  the  inftant  of  this  combination,  there  is  fet  free 
from  the  blood  a  quantity  of  carbonic  acid  gas  and  of 
water,  which  are  throiVn  out  along  with  the  air  expired. 

The  firfl  of  thefe  theories  was  originally  formed  by 
Lavoilier,  and  it  was  embraced  by  La  Place,  Craw- 
ford, Gren,  and  Girtanner,  with  a  fmall  variation.  In- 
deed it  does  not  differ,  except  in  detail,  from  the  ori- 
ginal hypothefis  of  Dr  Prieitley,  that  the  ufe  of  refpi- 
ration  is  to  rid  the  blood  of  phlogilton  ;  for  if  we  fub- 
ftitute  carbon  and  hydrogen  for  phlogifton,  the  two 
theories  precifcly  agree.  Mr  Lavoifier  attempted  not 
to  prove  its  truth  ;  he  only  tried  to  fhew  that  the  oxy- 
gen ablorbed  corrcfponds  exaftly  with  the  quantity 
of  oxygen  contained  in  the  carbonic  acid  and  the  water 
emitted.  This  coincidence  his  own  experiments  have 
(hewn  not  to  hold  ;  confequently  the  theory  is  entirely 
deRitute  of  proof,  as  far  as  the  proof  depends  upon  this 
coincidence. 

The  other  hypothefis  was  propofed  by  Mr  de  la 
Grange,  and  afterwards  fupported  and  illuilrated  by  Mr 
Haflentratz. 

In  order  to  dlfcover  what  the  real  effetls  of  refpira- 
tion  are,  let  us  endeavour  to  itatc  accurately  the  pheno- 
mena as  far  as  pollible. 

In  the  Jirft  place,  we  are  certain,  from  the  experi- 
ments of  Prieitley,  Girtanner,  and  Haffcnfratz,  that 
when  veinous  blood  is  txpofed  to  oxygen  gas  confined 
«ver  it,  the  blood  inftantly  alTumes  a  Icailct  colour,  and 
the  gas  is  diuiinllhed  in  bulk  ;  therefore  part  of  the  gas 
has  been  ablorbed.  We  may  coniidcr  it  as  certain,  then, 
that  when  the  colour  of  veinous  blood  is  changed  into 
arterial,  fome  oxygen  gas  is  ablorbed  f. 

In  the  feconJ  place,  no  chyle  can  be  difcovered  in  tlve 
blood  after  it  has  palTcd  through  tlie  lungs.  Therefore 
the  -w/iite  colour  of  the  chyle  at  lead,  is  deftroyed  by 
refpiration,  and  it  alfumes  a  red  colour.  Now  if  the 
red  colour  of  the  blood  be  owing  to  iron,  as  many  have 
fuppofcd,  this  change  of  colour  is  a  demordlration  that 


oxygen  has  combined  with  the  iron  ;  for  we  have  feen  FumSiuos' 
already,  that  iron,  if  it  cxills  in  chyle,  as  it  probably  "^ '^"'™»'''j 
does,   is  in  the  ftate  of  a  white  oxide.     Confequently,  ' 

when  converted  into  a  red  oxide,  it  mud  abforb  oxygen. 
Even  though  iron  be  not  the  colouring  matter  of  the 
blood,  it  would  lUU  be  probable  that  the  change  of  co- 
lour of  the  chyle  depends  on  the  fixation  of  *«xygen  ; 
for  BerthoUet  and  Fourcruy  have  (hewn  that  in  feveral 
inllances  iubllanees  acquire  a  red  colour  by  that  proccfs. 

We  may  confider  it  as  proved,  then,  that  oxygen  en- 
ters the  blood  as  it  pafles  through  the  lungs. 

In  the  tiird  place,  when  arterial  blood  Is  put  in  con- 
ta<ft  with  aiiotic  gas,  or  carbonic  acid  gas,  it  gradually 
alTumes  the  dark  colour  of  veinous  blood,  as  i>r  Prieit- 
ley found*.     The  fame  philofopher  alio  obferved  that  *  ■^'■'¥'0'i 
arterial   blood   acquired   the   colour   of   veinous   blood '''^^^ 
when  placed  in  vacuo  f.      Conicquently  this  alteration  t  ■^^"'1  and 
of  colour  is  owing  to  fome  change  which  takes  place '^''''" * 
in  the  blood  itlelt,  Independent  ot  any  external  agent.    ,,„. 

The  arterial  blood  becomes  much  more  rapidly  and 
deeply  dark  coloured  when  it  is  left  in  contaCt  with  hy- 
drogen gas  placed  above  it  if.    We  mull  fuppofe  there- 1  Fourcrsyj  i 
fore  that  the  prefence  of  this  gas  accelerates  and  in- '^"''■''''..     f 
creafes  the  change,  which  would  have  taken  place  upon  ^'"''  ""*    i 
the  blood  without  any  external  agent. 

If  arterial  blood  be  left  in  contatl  with  oxygen  gas, 
it  gradually  aflumes  the  lame  dark  colour  which  it 
would  have  acquired  in  vacuo,  or  in  contaft  with  hy- 
drogen ;  ai>d  alter  this  change  oxygen  can  no  longer  re- 
ftore  its  fcarlet  colour^.  i'heretorc  it  is  only  upon  aj/^,,/. it 
part  of  the  blood  that  the  oxygen  atls  ;  and  after  this  168. 
part  has  undergone  the  change  which  occafions  the  dark 
colour,  the  blood  lofes  the  power  of  being  afFefted  by 
oxygen. 

Mr  Haffenfratz  poured  into  veinous  blood  a  quan- 
tity of  oxy-muriatic  acid  ;  the  blood  was  inllantly  de- 
■compofed,  and  allumed  a  deep  and  almoll  black  colour. 
When  he  poured  common  muriatic  acid  into  blood,  the 
colour  was  not  altered  ||.  Now  oxy-muriatic  acid  has  1|  IM. 
the  property  of  giving  out  its  oxygen  readily  ;  conic- 
quently the  black  colour  was  owing  to  the  inllant  com- 
bination of  a  part  of  the  blood  with  oxygen. 

The  fatils  therefore  lead  us  to  conclude,  with  La 
Grange  and  HaiTenfratz,  that  during  refpiration  ttre 
oxygen,  which  diiappears,  enters  the  blood;  that  during 
the  circulation  this  oxygen  combines  with  a  certain  part 
of  the  blood;  and  that  the  veinous  colour  is  owing  to  this 
new  combination.  We  muil  conclude,  too,  that  the  fub- 
ftance  which  caufcs  tills  dark  colour  leaves  the  blood  du- 
ring its  circulation  tluo'  the  lungs,  otherwile  it  could  not 
be  capable  of  alTuming  the  florid  colour.  Now  we  Jinow 
what  tire  lubllances  are  which  are  emitted  during  re- 
fpiration ;  they  are  water  and  carbonic  acid  gas.  It 
mail,  be  to  the  gradual  combination  of  oxygen,  then, 
during  ihe  circulation,  with  hydrogen  and  carbon, 
that  the  colour  of  veinous  blood  is  owing.  And  iincc 
the  fame  combination  takes  place  every  time  that  tlie 
tlood  paflcs  through  the  lungs,  we  mull  conclude, 
that  it  IS  only  a  part  of  the  hydrogen  and  carbon  which 
is  aftcd  upon  each  time.  Let  us  now  attempt,  with 
thefe  data,  to  form  fome  notion  of  the  decompofition 
which  goes  on  during  the  circulation  of  the  blood.  j 

It  is  probable  that,  during,  a  confiderable  part  of  the  contributes 
day,  there  is  a  conilant  influx  of  chyle  into  the  blood ;  to  the  for- 
and  we  are  certain  that  lymph  is  conilatitly  flowing  in*  "i^"""  »£ 
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to  it.  Now  It  'appeal*,  fiK/m  the  raoll  accurate  oLilcr- 
-vatioiis  hitherto  iitadc,  that  inrithcr  chyle  nor  lymph 
'  contain  tibrina,  wliich  foriiis  a  very  conlpicuoiis  part 
oi  the  blood.  This  librina  is  employed  to  i'lipply 
the  walle  of  the  miilcles,  the  uioll  active  parts  ot  ilie 
tujdy,  and  tberclore,  in  all  prooaudity,  reijuirini^  the 
ruoH  trequeut  lupply.  Nor  can  it  be  doubted  tlul  it  is 
employee  for  other  ulctul  purpofes.  Tae  quantity  of 
liorina  in  tlie  blood,  then,  inuii  be  conltantly  dianailh- 
inir,  and  tUcieiore  new  iibnna  mult  be  conltantly  tonn- 
»d.  But  the  <Hily  fubltanccs  out  of  wliich  it  can  be 
foijned  are  the  cliyle  and  lympii,  neither  of  v\liicU  con- 
tain it.  There  mult  therclore  be  a  continual  decumpo- 
hlion  of  the  ciiyle  and  lymph  going  on  in  the  bloud- 
velfelh,  and  a  continual  uevv  t^imatioii  ot  tibrina.  Otirer 
lulnlanees  alfo  may  be  toinied  ;  but  we  are  certain  that 
this  mujl  be  loroicd  there,  becaufe  it  does  not  e.-iilt  pre- 
vioiiily.  Now,  one  great -ciid  ot  rclpirAtion  mu.t  un 
doubtcdly  be  to  aQlit  this  decompuiiciuu  of  chyle  and 
complete  formation  ot  blood. 

It  follows,  from  tlie  experiments  of  Fourcroy  for- 
meily  enumerated,  that  fibrina  contains  mote  azoc,  and 
ids  hydrogen  and  carbon,  than  any  of  the  other  ingre- 
^icpts  of  ttte. blood,  and  coiifequeutly  alto  than  any  of 
th«  ingredients  of  tlit  chyle,  lu  what  manner  the 
Cbyle,  or  a  part  of  it,  is  converted  into  fibrina,  it  is  im- 
poffible  to  fay  :  we  are  not  fufficiently  acquainted  with 
the  iubjcct  to  be  able  to  explain  the  procefs.  But 
rre  can  fee  at  lealt,  lliat  carbon  and  hydrogen  mull  be 
«bllra<S;ed  from  that  part  of  the  chyle  wluch  is  to  be 
converted  into  librina :  And  we  know,  that  thtfe  fub- 
Glances  are  at^iially  thrawn  out  by  rcfpiration.  We 
B»<«y  conclude,  then,  that  one  ufe  of  tire  oxygen  ab- 
forbed  is,  to  ablliatl  a  quantity  of  carbon  and  hydro- 
gen from  a  part  of  tl^e  cbyle  by  compound  alfinity,  in 
luch  proportions,  that  the  remainder  becomes  librina  ; 
therefore  one  end  of  refpiration  is  to  form  librina. 
DiMibtlefs  the  other  ingredients  of  the  blood  are  alio 
new  nioditied,  though  we  know  too  little  ot  tlie  fub- 
jeC^  to  throw  any  light  upon  it. 

13.  But  the  complete  Jormation  of  blood  is  not  the 
only  advantage  gained  by  rcfpiration :  the  tempera- 
tare  of  all  animals  depends  upon  it.  It  has  been  long 
known,  that  tbofe  animals  which  do  not  breathe  have  a 
temperature  but  very  little  Uiperior  to  the  medium  in 
which  they  live.  This  is  the  cafe  with  tilhes  and  many 
infects.  Man,  on  the  contrary,  and  quadrupeds  which 
breatne,  have  atempcraluic  cuniiderably  higher  than  the 
atmolphere  :  that  ot  man  is  98°.  Birds,  who  breathe 
in  proportion  a  itill  greater  quantity  of  air  than  man, 
have  a  temperature  equal  to  103'^  or  104°.  It  has 
been  proved,  that  the  temperature  of  all  ainmals  is  pro- 
portional to  the  quantity  ot  air  which  they  breathe  in  a 
given  tiine. 

Thele  fafts  are  fufRcicnt  to  demoiiflrate,  that  the 
heat  of  animals  depends  upon  rcfpiration.  But  it  was 
not  till  Dr  Black's  doCtrine  of  latent  heat  became  known 
to  the  world,  that  any  explanation  of  the  caule  of  the 
Itmperature  of  breathing  animals  was  attempted.  That 
illullrious  philolopher,  wbofe  difcoverics  form  the  bafis 
upon  which  all  the  fcientiHc  part  of  chemiftry  has  been 
reared,  faw  at  once  the  light  which  his  dodtrine  of  la- 
tent heat  threw  upon  this  part  of  phyliology,  and  he  ap- 
phed  it  very  early  to  explain  the  temperature  of  animals. 
According  to  him,  part  of  the  lateat  heat  of  the  air 
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inlpired  becomes  fenlible  ;  and  of  courfe,  the  tempera-  Fi 
ture  ot   the  lungs,   and  the   blood  lh.it   partes  through  "f 
them,  mud  be  railed  ;  and  the  blood,  thus  heated,  com-  "" 
municates  its  heat  to  the  whole   body.      This  opinion 
was  ingenious,  but  it  was  liable  to  an  ununlwerable  ob- 
jcttion  :  for  if  it  were  true,  the  ttinper.iture  of  the  body 
ought  to  be  greatell  in  the  lungs,  and  to  diminiih  gra- 
dually as  the  diltauce   iioni  the  lungs  increafes ;   which 
IS   not   true.      The  theory,   in   conlequence,   was  aban- 
doned even  by  Dr  Black  hiinlelf ;  at   lealt  he  made  no 
attempt  to  fupport  it. 

Luvoiher  and  Crawford,  who  conlidered  all  the 
changes  operated  by  reipiration  as  taking  place  in  the 
lungs,  accounted  tor  the  origin  ot  tlie  animal  heat  al- 
inull  prcciiely  i.)  the  lame  manner  with  i)r  Black.  Ac- 
cording to  them,  the  oxygen  gas  of  tlie  air  combines  in 
the  luiigo  with  tlie  hydrogen  and  carbon  emitted  by  the 
blood.  During  this  combination,  the  oxygen  gives  out 
a  great  quantity  of  caloric,  with  which  it  had  been  com- 
bined ;  and  this  caloric  is  not  only  I'ntKcient  to  lupport 
the  temperature  of  the  body,  but  alio  to  carry  oij  the 
new  lormed  water  in  the  Hate  of  vapour,  and  to  raife 
Cuniiderably  the  temperature  of  the  air  inipircd.  Ac- 
cording to  the]^  philofophcrs,  then,  the  whole  of  the 
caloric  which  fupports  the  temperature  of  the  body  is 
evolved  in  the  lungs.  Their  theory  accordingly  was 
liable  to  the  fame  objeftion  with  Dr  Black's  ;  but  they 
obviated  it  in  the  following  manner:  Dr  Crawford 
iound,  that  the  fpecific  caloric  of  arterial  blood  was 
l.OjOO,  while  that  of  veinous  blood  was  only  0.8928. 
Hence  he  concluded,  that  the  inltant  — .inous  blood  is 
changed  into  arterial  blood,  its  fpecific  caloric  increafes  ; 
conlequently  it  requires  an  additional  quantity  of  calo- 
ric to  keep  its  temperature  as  high  as  it  had  been  while 
veinous  blood.  This  addition  is  fo  great,  that  the 
wliolc  new  caloric  evolved  is  employed  :  therefore  the 
temperature  of  the  lungs  mull  neceffardy  remain  the  fame 
as  ttiat  of  the  rell  of  ttie  body.  During  tlie  circu  ation, 
arterial  blood  is  gradually  converted  into  veinous;  con- 
lequently its  fpecific  caloric  diminillies,  and  it  mull  give 
out  heat.  This  is  the  realuii  that  tiie  temperature  of 
the  extreme  parts  of  the  body  does  not  diminiOi. 

This  explanation  is  certainly  ingenious  ;  but  it  is  not 
quite  fatisiattory ;  for  the  difference  in  the  fpecific  calo- 
ric, granting  it  to  be  accurate,  is  too  Imall  to  account 
for  the  great  quantity  of  heat  which  mull  be  evolved. 
It  is  eviiicnt  that  it  mull  fall  to  the  ground  altogether, 
provided,  as  we  have  fcen  rcafon  to  luppole,  the  carbo- 
nic acid  gas  and  water  be  not  termed  in  the  lungs,  but 
during  the  circulation. 

Since  the  oxygen  enters  the  blood,  and  combines 
with  it  in  the  Itate  of  gas,  it  is  evident  that  it  will  only 
part  at  firll  with  lome  of  its  caloric  ;  and  this  portion  is 
chiedy  employed  in  carrying  off  the  carbonic  acid  gas 
and  the  water.  For  the  realon  that  the  carbonic  acid 
leaves  the  blood  at  the  inilant  that  the  oxygen  gas  en- 
ters it,  feems  to  be  this:  The  oxygen  gas  combines 
with  the  blood,  and  part  of  its  caloric  unites  at  the  lame 
inftant  to  the  carbonic  acid,  and  converts  it  into  gas: 
another  portion  converts  the  water  into  vapour.  The 
rell  of  the  caloric  is  evolved  during  the  circulation  when 
the  oxygen  combines  with  hydrogen  and  carbon,  and 
forms  water  and  carbonic  acid  gas.  The  quantity  of 
caloric  evolved  in  the  lungs  feems  not  only  fufBcient  to 
carry  off  the  carbonic  acid  and  water,  which  the  dimi- 
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.iition  of  tlie  fpecific  caloric  (if  it  really  take  place) 
■m\ift  facilitate;  but  it  feems  alfo  to  laife  the  tempera- 
ture of  the  blood  a  little  higher  than  it  was  before. 
For  Mr  John  Hunter  conllantly  found,  that  the  heat 
of  the  heart  in  animals  was  a  degree  higher  than  any 
other  part  of  the  body  which  he  examined.  Now  this 
conld  fcarcely- happen  unlefs  the  temperature  of  the 
blood  were  foniewhat  raifcd  during  refpiration. 

Thus  we  have  feen  two  ufes  which  refpiration  feeras 
to  ferve.  The  firft  is  the  completion  of  blood  by  the 
formation  of  fibrina  ;  the  fecond  Is  the  maintaining  of 
the  temperature  of  the  body  at  a  particular  ftandard, 
notwithftanding  the  heat  which  it  is  continually  giving 
out  to  the  colder  furrounding  bodies.  But  there  is  a 
third  purpofe,  which  explains  why  the  animal  is  killed 
fo  fuddenly  when  refpiration  is  flopped.  The  circu- 
lation of  the  blood  is  abfolutely  neceiTary  for  ttie  con- 
tinuance of  life.  Now  the  blood  is  circulated  in  a 
great  meafure  by  the  alternate  contractions  of  the  heart. 
It  is  neceffary  that  the  heart  fliould  contraCl  regularly, 
otherwife  the  circulation  could  not  go  on.  But  the 
heart  is  ftimulated  to  contraft  by  the  blood  :  and  un- 
lefs blood  be  made  to  undergo  the  change  produced  by 
refpiration,  it  ceafes  almoil  inftantancoufly  to  ttlmulate. 
As  the  blood  receives  oxygen  in  the  lungs,  we  may 
conclude  that  the  prefence  of  oxygen  is  neceffary  to  its 
'llimulating  power  *. 

14.  Thus  we  have  reafon  to  fuppofe,  that  chyle  and 
lymph  are  converted  into  blood  during  the  circulation  ; 
■and  that  the  oxygen  gas  fupplied  by  refpiration  is  one 
•of  the  principal  agents  In  this  change.  But  befides  the 
lungs  and  arteries,  there  is  another  organ,  the  fole  ufe 
of  which  is  alfo  to  produce  fome  change  or  other  in 
the  blood,  which  renders  it  more  complete,  and  more 
proper  for  the  various  purpofes  to  which  it  is  applied. 
Thi!  organ  is  the  kidney. 

For  the  ftruiSlure  of  the  kidneys,  which  in  man  and 
quadrupeds  are  two  in  number,  we  refer  to  Anatomy, 
Encycl.  A  very  great  proportion  of  blood  pafles  thro' 
them  ;  indeed,  we  have  every  reafon  to  conclude,  that 
the  whole  of  the  blood  palTcs  through  them  very  fre- 
quently- 

Thefe  organs  feparate  the  urine  from  the  blood,  to 
be  afterwards  evacuated  without  being  applied  to  any 
purpofe  ufeful  to  the  animal. 

The  kidneys  are  abfolutely  neceffary  for  the  conti- 
nuance of  the  life  of  the  animal ;  for  it  dies  very  fpee- 
dily  when  they  become  by  difeafe  unlit  to  perform 
-their  fun£lions  :  therefore  the  change  which  they  pro- 
duce in  the  blood  is  a  change  iieceffary  for  qualifying 
it  to  anfwcr  the  purpofes  for  which  it  is  intended. 

As  the  urine  is  immediately  excreted,  it  is  evident 
■that  the  change  which  the  kidneys  perform  is  intended 
folely  for  the  fake  of  the  blood.  It  is  not  merely  the 
abllraftion  of  a  quantity  of  water  and  of  falts,  accu- 
mulated In  the  blood,  which  the  kidney  perforins.  A 
chemical  change  is  certainly  produced,  either  upon 
the  whole  blood,  or  at  lead  on  fome  important  part  of 
it ;  for  there  are  two  fubftances  found  In  the  urine 
which  do  not  exift  in  the  blood.  Thefe  two  fubllances 
are  urea  and  uric  acid.  They  are  formed,  therefore, 
•in  the  kidneys;  and  as  they  are  thrown  out,  after  being 
formed,  without  being  applied  to  any  ufeful  purpofe, 
they  are  certainly  not  formed  in  the  kidneys  for  their 
own  fake.     Some  part  of  the  blood,  then,  muft  be  de- 
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compofed  in  the  kidney,  and  a  new  fubftance,  or  new  Fundiior 
fubllances,  muft  be  formed;  and  the  urea  and  uric  acid     ^"'"n 
mull  be  formed  at  the  fame  time,  In  confequence  of  the        ' 
combined  attion    of  the   affinities  which  produce   the 
change    on    the   blood  ;   and    being    ufelefs,  they    are 
thrown    out,    together  with   a  quantity  of  water  and 
falts,  which,  in  all  probability.   Were  ufeful  in  bringing 
about  the  changes  which  take  place  in  the  arteries  and 
ill  the  kidneys,  but  which  are  no  longer  of  any  fervice 
alter  thefe  changes  are  brought  about. 

The  changes  operated  upon  the  blood  in  the  kidneys 
are  hitherto  altogether  unknown;  but  they  muft  be  im- 
portant. 35f 

Provided  the  method  of  analyfing  animal  fubftances  Cutan««u 
were  fo  far  perfcdled  as  to  admit  of  accurate  conclu-*' 
fions,  coiifiderable  light  might  be  thrown  upon  this 
fubjcdl,  by  analyfing  with  care  a  portion  of  blood  from 
the  tmulgent  vein  and  artery  feparately,  and  afcertain- 
ing  precifely  in  what  particulars  they  differ  from  each 
other. 

15.  Thus  we  have  feen  that  the  principal  changes 
which  the  bleod  undergoes,  as  far  at  Itatt  as  we  aie  at 
prefent  acquainted  with  them,  take  place  in  the  lungs. 
In  the  kidneys,  and  in  the  arteries  In  the  luiigs,  a 
quantity  of  water  and  carbonic  acid  gas  is  emitted  from 
the  blood,  and  in  the  kidney  the  urine  Is  formed  and 
feparated  from  It.  There  feems  alfo  to  be  fomething 
thrown  out  from  the  blood  during  its  circulation  in  the 
arteries,  at  leaft  through  thofe  veflels  which  are  near 
the  furface  of  the  body  :  For  It  is  a  fa6l,  that  certain 
fubllances  are  conftantly  emitted  from  the  (kins  of  ani- 
mals. Thefe  fubftances  are  known  in  general  by  the 
name  of  perfpirable  matter  or  perfpiration.  They  have 
a  great  relemblance  to  what  is  emitted  in  the  lungs  j 
which  renders  It  probable,  that  they  are  both  owing 
to  the  fame  caufe  ;  namely,  to  the  decompolition  pro- 
duced In  the  blood  by  the  effects  of  refpiration.  They 
confill  chiefly  of  water  In  a  ftate  of  vapour,  carbon,  and 
oil.  3,6 

The  quantity  of  aqueous  vapour  differs  very  confi.  Emitaiic 
derably,  according  to  circumllances.  It  has  been  Ihewn  °"*  ^'f' 
to  be  grcateft  in  hot  weather,  and  in  hot  climates,  and 
after  great  cxercile  ;  and  its  relation  to  the  quantity  of 
urine  has  besn  long  known.  When  the  aqueous  va- 
pour perfplied  Is  great,  the  quantity  of  urine  is  fmall, 
and  vice  ver/c. 

The  moft  accurate  experiments  on  this  matter  that 
we  have  leeu  arc  thofe  of  Mr  Cruikfliank.  He  put  his 
hand  into  a  glafs  vefTel,  and  luted  its  mouth  at  his  wrill 
by  means  of  a  bladder.  The  interior  furface  of  the 
velfel  became  gradually  dim,  and  drops  of  water  trick- 
led down.  By  keeping  his  hand  in  this  manner  lor  an 
hour,  he  collected  30  grains  of  a  liquid,  which  polTeffed 
all  the  properties  of  pure  water*.  On  repeating  the  *  O/i  J/i/ 
fame  experiment  at  nine  in  the  evening  ( thermometer ®'f  ""■■'/ 
6i'),  he  collected  only  12  grains.  The  mean  of  thefe"""  '"' 
is  21  grains.  But  as  the  hand  Is  more  expofed  than 
the  trunk  of  the  body,  it  Is  reafonable  to  iuppofe  that 
the  perfpiration  from  it  is  greater  than  that  from  the 
hand.  Let  us  therefore  take  30  grains  per  hour  as  the 
mean  ;  and  let  us  fuppofe,  with  Mr  Cruiklliank,  that 
the  hand  is  y'gth  of  the  furface  of  the  body.  The  per- 
fpiiatiou  in  an  hour  woul!  amount  to  l8co  grains,  and 
In  24  hours  to  43200  grains,  or  7  pounds  6  ounces 
troy. 

'  He 
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irdinns  He  repeated  ihe  experiment  again  atier  hard  excr- 
AiiinuU  (.[fg^  afij  gollefted  in  an  hour  48  grains  of  water  *.  He 
!prT^  found  alfo,  that  this  aqueous  vapour  pervaded  his  {lock- 
■  'perffi'  '"g  "ithout  difficulty;  and  that  it  made  its  way  thro' 
a  fliamoy  leather  glove,  and  even  through  a  leatlier 
boot,  though  in  much  fniallcr  quantity  than  when  the 
leg  wanted  that  covering  f. 

It  is  not  difficult  to  ice  why  the  quantity  of  watery 
vapour  diniiniflics  with  cold.  When  the  furface  of  the 
body  is  expofed  to  a  cold  temperature,  the  capacity  of 
the  cutaneous  velTcls  diniinilhes,  and  confequently  the 
quantity  which  flows  through  them  mull  decreafe. 

When  the  temperature,  on  the  other  hand,  is  much 
increafcd,  cither  by  being  expofed  to  a  hot  atmofphere, 
or  by  violent  exercife,  the  pcrfpircd  vapour  not  only  in- 
creafes  in  quantity,  but  even  appears  in  a  liquid  form. 
This  is  known  by  the  name  ci  fioeat.  In  what  man- 
ner fweat  is  produced,  is  not  at  prcfent  known  ;  but  we 
can  fee  a  very  important  fervice  which  it  performs  to 
the  animal. 

No  fooncr  is  it  thrown  upon  the  furface  of  the  ftin 
than  it  begins  to  evaporate.  But  the  change  into  va- 
pour requires  heat  j  accordingly  a  quantity  of  heat  is 
abforbed,  and  the  temperature  of  the  animal  is  lowered. 
This  is  the  reafon  that  animals  can  endure  to  remain  for 
fome  time  in  a  much  higher  temperature  without  injury 
than  could  have  been  fuppofed. 

The  experiments  of  Tillet,  and  the  ftill  more  deci- 
five  experiments  of  Fordyce  and  his  alTociates,  are  well 
known.  Thefe  gentlemen  remained  a  confiderable  time 
in  a  teinperature  exceeding  the  boiling  point  of  water. 

Bcfides  water,  it  cannot  be  doubted  that  carbon  is 
alfo  emitted  from  the  dun  ;  but  in  what  ftate,  the  ex- 
periments hitherto  made  do  not  enable  us  to  decide. 
Mr  Cruikfhank  found,  that  the  air  of  the  glafs  vefFel  in 
which  his  hand  and  foot  had  been  confined  for  an  hour, 
contained  carbonic  acid  gas  ;  for  a  candle  burned  dim- 
ly in  it,  and  it  rendered  lime-water  turbid  *.  And 
Mr  Jurine  found,  that  air  which  had  remained  for  fome 
time  in  contact  with  the  Ikin,  confided  almoft  entirely 
nc.Mcth.Qf  carbonic  acid  gas  f.  The  fame  conclufion  may  be 
■ '■  P'    drawn  from  the  experiments  of  Ingenhoufz  and  Mil- 

'kp.     lyt- 

Now  it  is  evident,  that  the  carbonic  acid  gas  which 
appeared  during  Mr  Cruikfliank's  experiment,  did  not 
previoully  exill  in  the  gl.ifs  vtficl ;  confequently  it  muft 
have  either  been  tranimiited  ready  formtd  tiirough  the 
/kin,  or  formed  during  the  experiment  by  the  abforp- 
tion  of  oxygen  gas,  and  the  confequent  emiffion  of  car- 
bonic acid  gas.  The  experiments  of  Mr  Jurine  do  not 
allow  us  to  fiippofc  the  firil  of  thefe  to  be  true  ;  for 
he  found,  that  the  quantity  of  air  allowed  to  remain  in 
contaft  with  the  (Itin  did  not  increafe.  Confequently 
the  appearance  of  the  carbonic  acid  gas  muil  be  owing, 
either  to  the  einiffion  of  carbon,  which  forms  carbonic 
acid  gas  by  combining  with  the  oxygen  gas  of  the  air, 
or  to  the  abforption  of  oxygen  gas,  and  the  fubfequent 
emiffion  of  carbonic  acid  gas  ;  prccifely  in  the  fame 
manner,  and  for  the  fame  reafon,  that  thefe  fubftances 
are  emitted  by  the  lungs.     The  laft  is  the  more  pro- 

I  bable  opinion  ;  but  the  experiments  hitherto  made  do 

!  not  enable  us  to  decide, 

lanolv      Belides  water  and  carbon,  or  caibonic  acid  gas,  the 

,  ter.       Ikin  eiTiits  alfo  a  particular  odorous  fubftance.     That 
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every  animal  has  a  peculiar  fmeli,  is  well  known  :  the  FuikJH^  us 

dog  can  difcovcr  his  mailer,  and  even   trace  him   to  a"*  ■^"""al»- 

ditlance   by    the   fcent.     A    dog,  chained   lome    hours 

after  his  mailer  had  fet  out  on  a  journey  of  fome  hundred 

miles,  followed  liis  footflepsby  the  fmeli,  and  found  him 

on  the  tiiird  day  in  the  midll  of  a  crowd*.   But  it  is  need-  «  Cruit. 

lefs  to  multiply  inlbmccs  of  this  fad,  they  are  too  w  cllj*""^! '*'''• 

known  to  every  one.      Now  this  fmeli  mull  be   owing''  5'3- 

to   fome   peculiar  matter  which  is  conllantly  emitted  ; 

and  this  matter  mud  differ  fomewhat  either  in  quantity 

or  fome  other  property,  as  we  fee  that  the  dog  cafily 

dillinguilhes  the  individual  by  means  of  it.      Mr  Crulk- 

lliank  has  made  it  probable  that   this  matter  is  an  oily 

fubftance  ;  or  at   lead  that  there  is  an  oily  fubftance 

emitted  by  the  n<in.      He  wore  repeatedly,   night  and 

day  for  a  month,  the  fame  veft  of  fleecy  hofiery  during 

the  hotted  part  of  the  fummer.      At  the  end  of  this 

time  he  always  found  an   oily  fubftance  accumulated  i:i 

confiderable  mades  on   the  nap  of  the  inner  furface  of 

the  ved,  in  the  form  of  black  tears.      When  rubbed  on 

paper,  it  makes  it  tranfparent,  and   hardens  on  it  like 

greafe.    It  burns  with  a  white  flame,  and  leaves  behind 

it  a  charry  refiduum  f .  ■(■  H:j^  „_ 

It  has  been  fuppofed  that  the  dvin  has  the  property  92. 
of  ahforbing  mui/lui-e  from  the  air  ;   but  this  opinion  has 
not   been   confirmed   by  experiments,    but   rather  the 
contrary. 

The  chief  arguments  in  favour  of  the  abforption  of  wheiher 
the  fl<in,  have  been  drawn  from  the  quantity  of  moidure  the  (kinali- 
difcharged  by  urine  being,  in  fome  cafes,  not  only  great- '''''■'"  moi- 
er  than  the  whole  drink  of  the  patient,   but  even  than    "'• 
the  whole  of  his  drink  and  food.     But  it  ought  to  be 
remembered  that,  in  diabetes,  the  difeafe  here  alluded 
to,  the  weight  of  the  body   is  continually  diminiffiing,. 
and  therefore  part  of  it  mud  be  condantly  thrown  off, 
Befides,   it  is  fcarcely   poffible  in  that  difeafe  to  get  an 
accurate  account  of  the  food  fwallowed  by  the  patients; 
and  in  thofe  cafes  where  very  accurate  accounts  ha\e 
been  kept,  and  where  deception  was  not  fo  much  prac- 
tifed,  the  urine  was  found  not  to  exceed  the  quantity  of 
di  ink  *.    In  a  cafe  of  diabetes,  related  with  much  accu-  «  See  Ret!i> 
racy  by  Dr  Gerard,  the  patient   was  bathed  regularly  '"  DiUau. 
during  the  early  part  of  the  difeafe  in  warm  water,  and 
afterwards  in   cold  water  :   he  was  weighed  before  and 
after  bathing,  and  no  fenfible  difference  was  ever  found 
in  his  weight  f .      Confequently,  in  that  cafe,  the  quan-^.  y^/j;  jj. 
tity  abforbed,  if  any,  mud  have  been  very  fmall.  73. 

It  is  well  known,  that  third  is  much  alleviated  by 
cold  bathing.  By  this  plan.  Captain  Bligh  kept  his 
men  cool  and  in  good  health  during  their  very  extraor- 
dinary voyage  acrofs  the  South  Sea.  This  has  been 
confidered  as  owing  to  the  abforption  of  water  by  the. 
li-;in.  But  Dr  Currie  had  a  patient  who  was  wading 
fad  for  want  of  nouriftimcnt,  a  tumor  in  the  oefophagus 
preventing  the  poffibility  of  taking  food,  and  whofe 
third  was  always  alleviated  by  bathing  ;  yet  no  fenfible 
increafe  of  weight,  but  rather  the  contrary,  was  per- 
ceived after  bathing.  It  does  not  appear,  then,  that  in 
either  of  thefe  cafes  water  was  abforbed. 

Farther,  Seguin  has  (liewn  that  the  ll<in  does  not  ab- 
forb  water  during  bathing,  b)  a  ftill  more  complete  ex- 
periment  :  He  diffolved  fome  mercurial  fait  in  water,, 
and  found  that  the  mercury  produced  nO  effcft  upon  a 
perfon  that  bathed  i".  the  water,  provided  no  part  o£ 

the 
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ous  blood  acquired  tlie  colour  of  arterial  blood  from 
oxygen  gas,  as  readily  wben  thefe  fubllajiccs  were  fcpa- 
rated  by  a  bladder  as  when  they  were  in  aftual  contafl. 
He  foi;iids  too,  that  when  gafes  were  confined  in  bind- 
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the  cuticle  vas  injured  ;  but  upon  rubbing  off  a  por-  the  formation  of  blood,  as  far  at  leaft  as  we  are  ac-  Fu.  <3in,„ 
tion  of  the  cuticle,  the  mercurial  fulution  was  abforbed,  qtiaintid  with  it.  But  to  what  piirpoles  is  this  blood  ""^  •'' "'""al 
and  the  effects  of  the  mercury  became  evident  upon  the  en. ployed,  which  is  formed  v  ith  io  much  cave,  and  for  '~'^'~~' 
body.  Hence  it  follows  irreiillilly,  that  water,  at  Itaft  the  formation  of  which  fo  great  an  apparatus  has  been  iHno^i  f„„. 
in  the  flair  of  Wi7/ir,  is  iiot  abforbed  by  the  {l<in  when  provided.'  It  anfwers  two  purpoft.s.  The  parts  of  1  lies  rhc 
the  body  is  plunged  into  it,  unlefs  the  cuticle  be  firft  wln'ch  the  body  is  compofed,  bones,  mufclet.,  ligaments,  *^^'^«  "f 
removed.  nn.mbrancs,   &c.    are  continually  changing.      In  youth, '""^ '^*'''"° 

This  may  perhaps  be  confidercd  as  a  complete  proof  they  are  increafing  in  fize  and  Itrength,  and  in  mature 
that  no  fuch  thing  as  abrorptiun  is  performed  by  the  age  they  are  continually  acting,  and  confcquently  con- 
il<in  ;  and  that  iheieicre  the  appearance  of  caibonic  tinually  liable  to  wade  and  decay.  Tlicy  are  often  ex- 
acid  gas,  which  takes  place  when  air  is  confined  around  pofed  to  accidents,  which  render  them  unfit  for  per- 
the  (kin,  mud  be  owing  to  the  eir.iflion  of  carbon.  But  forming  their  various  fun(Jtions  ;  and  even  when  no 
it  ought  to  be  confidered,  that  although  the  fi<in  can-  fuch  accident  happens,  it  feems  necclTary  for  the  hea'Ith 
nt>t  ablorb  water,  this  is  no  proof  that  it  cannot  abforb  of  the  fyftem  that  they  Ihould  be  every  now  and  then 
other  lubrtances  ;  particularly,  that  it  cannot  abiorb  renewed.  Materials  therefore  mull  be  provided  for  re- 
oxygen  gas,  which  is  very  different  from  water.  It  is  pairing,  increafing,  or  renewing  all  the  various  organs 
well  ki;own,  that  water  will  not  pafs  through  bladders,  of  the  body.  Phofphat  of  lime  and  gelatine  for  the 
at  leall  for  fome  time;  yet  Dr  Prieftly  found  that  vein-  bones,  fibrina  for  the  mufcles,  eJbumen  for  the  carti- 
lages and  membranes,  &c.  Accordingly  all  thefe  fub- 
flances  are  laid  up  in  the  blood  ;  and  they  are  drawn 
from  that  fluid  as  from  a  ftorehoufe  whenever  they  are 
requiied.  The  procefs  by  which  the  different  parts  of 
ders,  they  gradually  loft  their  properties.  It  is  clear  the  blood  are  made  part  of  the  various  organs  of  the 
from  thefe  fafts,  that  oxygen  gas  can  pervade  bladders  ;     body  is  called  ajjlmilalion.  . 

and  if  it  can  pervade  them,   why  may   it   not  alfo  per-  Over  the  nature  of  alTimilation  the  thickeft  darknef8^(fj^iij. 

vade  the  cuticle  ?  Nay,  farther,  we  knew  from  the  ex-  ftill  hangs  ;  there  is  no  key  to  explain  it,  nothing  totiuu. 
periments  ofCruikfliank,  that  the  vapour  perfpired  paffes  lead  us  to  the  knowledge  of  the  inilruments  employed, 
through  leather,  even  when  prepared  fo  as  to  keep  out  Fafts,  however,  have  been  accumulated  in  fufficicnt 
moifture,  at  leaft  for  a  certain  time.  It  is  poffible,  then,  numbers  to  put  the  exiftence  of  the  procefs  beyond  the 
that  water,  when  in  the  ftate  of  vapour,  or  when  dif-  reach  of  doubt.  The  healing,  indeed,  c^f  every  iraftured 
folved  in  air,  may  be  abforbed,  although  water,  while  in  bone,  and  every  wound  of  the  body,  is  a  proof  of  its 
the  ftate  of  water,  may   be  incapable  of  pervading  the     exiftence,  and  an  inftance  of  its  aftion.  g^ 

cuticle.      The  experiments,  then,  whicl^  have   hitherto  Every  organ  employed  in   affimllation  has  a  peculiar  Every  affi- 

at  leaft  been  made  upon  the  abforption  of  the  ll<in,  are     ofBce  ;   and   it  always  performs  this  office  whenever  itn-ilating 

has  materials  to  aft  upon,   even  when   the  pcrtormai.ee "''^^'^  f"' 
of  it  is  contrary  to  the  intereft  of  the  animal       1  ^"'*culiar 
the    ftomach  always   converts    food   into  chyme,   even  change, 
when  the  food  is  t.f  fuch  a   nature  that  the  procefs  of 
ftiall  not  indeed  produce  the  experiment  of  ^'an  Mons     dlgeftion  will  be  retarded  rather  than  promoted  by  the 
as  a  faft  of  that  kind,  becaufe  it  is  liable  to  objections,     change.      If  warm  milk,  for  inftance,  or  warm  blood, 
and  at  beft  is  very  undecifive.     Having  a  patient  under     be  thrown  into  the  ftomach,  they  are  always  decompo- 
his  care  who,  from  a  wound   in  the  throat,   was  iuca-     fed  by  that  organ,  and  converted  into  chyme  ;  yet  thefe 
pable  for  feveral  days  of  taking   any  nouriftiment,   he     fubftances  are  much  more   neaily  affimllated  to  the  ani- 
kept  him  alive  during  that  time,  by  applying  to  the     mal  before  the  aftion  of  the  ftomach  than  atter  it.    '^''■*• 
fkin  in  different  parts  of  the  body,  feveral  times  a  day,     fame  thing  happens  when  we  eat  animal  food. 
a  fponge  dipt  in   wine  or  ftrong  foup  *.     A  faft  men-  On  the  other  hand,  a  fubftance  introduced  into  at 

tioned  by  Dr  Watfon  is  much  more  important,  and  gan  employed  in  affimllation,  if  it  ha^;  undergone  pre-o'her 
much  more  decifive.  A  lad  at  Newmarket,  who  had  cifely  the  change  which  that  organ  is  fitted  to  produce, s^^^og'- 
been  almoft  ftarved  in  order  to  bring  him  down  to  fuch  is  not  afted  upon  by  that  organ,  but  pafild  on  unaltered 
a  weight  as  would  qualify  him  for  running  a  horfe  race,  to  the  next  affimilating  organ.  Thus  it  is  the  office  of 
was  weighed  in  the  morning  of  the  race  day  ;  he  was  the  inteftines  to  convert  chyme  into  chyle.  According- 
weighed  again  juft  before  tiie  race  began,  and  was  found  ly,  whenever  chyme  is  introduced  into  the  inteftines, 
to  have  gained  30  ounces  of  weight  fince  the  morning:  they  perform  their  office,  and  produce  the  ufual  change; 
yet  in  the  interval  he  had  only  taken  a  fingle  glafs  of  but  if  chyle  itfelf  be  introduced  into  tne  inteftines,  it  13 
wine.  Here  abforption  muft  have  taken  place,  either  abforbed  by  the  lafteals  without  alteration.  The  expe- 
by  the  lluu,  or  lungs,  or  both.  The  difficulties  in  ei-  riment,  indeed,  has  not  been  tried  with  true  chyle,  be- 
ther  cafe  are  the  fame  ;  and  whatever  renders  abforp-  caufe  it  is  fcarce  poffible  to  procure  it  in  fufficient 
tion  by  one  probable,  will  equally  ftrengthen  the  pro-  quantity  ;  but  when  milk,  which  refembles  chyle  pretty 
bability  that  abforption  takes  place  by  the  other  (r),         accurately,  is  thrown  into  the  jejunum,  it   is  ablorbcd 

16.  We  have  now  feen  the  procefs  of  digeftion,  and     unchanged  by  the  lafteals  *.  _     •  foriyu 

Again,  DigeJI'm, 
,89. 

(r)  The  Abbe  Fontana  alfo  found,  after  walking  in  moift  air  for  an  hour  or  two,  he  returned  home  fome 
ounces  heavier  than  he  went  out,  natwithftanding  he  had  fuffered  confiderable  evacuation  from  a  brilk  purge 
purpofely  taken  for  the  experiment.  This  increafe,  indeed,  might  be  partly  accounted  for  by  the  abforption  of 
moifture  by  his  clothes. 


altogether  infufficient  to  prove  that  air  and  vapour  can- 
not pervade  the  cuticle  ;  provided  at  leaft  there  be  any 
fafts  to  render  the  contrary  fuppofition  probable. 

Now  that  there  are  fuch  facts  cannot  be  denied.    We 
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Pundlions  Again,  the  ofSct  of  the  blood  vefTels,  as  allimilating 
^  A"""'*^or^aiis,  is  to  convert  chyle  into  blood.  Chyle,  accord- 
""^  iiiTly,  cannot  be  introduced  into  the  arteries  without 
undergoing  thai  change.'  ;  but  blood  may  be  introduced 
from  another  aniinal  without  any  injury,  and  confe- 
quently  without  undergoing  any  change.  This  expe- 
rimeiit  was  fiifl  made  by  Lower,  and  it  has  fincc  been 
very  often  repeated. 

Alfi>,  if  a  piece  of  frefti  mufcular  flefh  be  applied  to 
the  miifcle  of  an  aniinal,  they  adhere  and  incorporate 
without  any  cliange,  as  has  been  fufficicntly  eltaMilhcd 
bv  the  experiments  of  Mr  J.  Hunter.  And  Buvlna 
his  afocrtained,  that  fr<  (h  bone  may,  in  the  fame  man- 
ner, b..'  cnfjraftcd  on  the  bones  "of  animals  of  the  fame 
or  of  different  tpteiff  f . 

In  (hort,  it  feenis  to  hold,  at  lead  as  far  as  experi- 
menti  have  hithertj  been  made,  tliat  foreio^n  fiibftances 
may  be  incorporated  with  thofe  of  the  body,  provided 
they  be  prec;fcly  of  the  fame  kind  with  thole  to  which 
they  are  added,  whether  fluid  or  folid.  Thus  chyle 
may  be  mixed  with  cliyle,  blood  with  blood,  mufcle 
with  miifcle,  and  bone  with  bone.  The  e^tperinieul 
has  not  been  extended  to  the  other  aniinal  fnbllar.ces, 
the  nerves,  for  inltance  ;  but  it  ie  extremely  probable 
that  it  would  hold  with  refpeft  to  them  alio. 

On  the  other  hand,  when  fubftances  are  introduced 
into  any  part  of  the  body  which  are  not  the  fame  with 
that  part,  nor  the  fame  with  the  fubftance  upon  which 
that  part  afts  ;  provided  they  cannot  be  thrown  out 
readily,  they  deftroy  the  part,  and  perhaps  even  the  ani- 
mal. Thus  foreign  fubftances  introduced  into  the  blood 
very  foon  prove  fatal  ;  and  introduced  into  wounds  of 
the  flelh  or  bones,  they  prevent  thefe  parts  from  healing. 
Although  the  different  afTimilating  organs  have  the 
power  of  changing  certain  fubllances  into  others,  and 
of  throwing  out  the  ufelefs  ingredients,  yet  this  power 
is  not  abfolute,  even  when  the  fubllances  on  which  they 
aft  are  pioper  for  undergoing  the  change  which  the 
organs  produce.  Thus  the  ftomach  converts  food 
into  chyme,  the  inteftines  chyme  into  chyle,  and  the 
fubftances  which  have  not  been  converted  into  chyle 
are  thrown  out  of  the  body.  If  there  happen  to  be 
prefent  in  the  ftomach  and  inteftines  any  fubftance 
which,  though  incapable  of  undergoing  the  changes,  at 
leaft,  by  the  adlion  of  the  ftomach  and  inteftines,  yet 
has  a  llrong  affinity,  either  for  the  whole  chyme  and 
chyle,  or  for  fome  particular  part  of  it,  and  no  afHnity 
for  the  fubftances  which  are  thrown  out,  that  fubftance 
pafles  along  with  the  chyle,  and  in  many  cafes  con- 
tinues to  remain  chemically  combined  with  the  fubftance 
to  which  it  is  united  in  the  ftomach,  even  after  that 
fubftance  has  been  completely  aifimilated,  and  made  a 
part  of  the  body  of  the  animal.  Thus  there  is  a  ftrong 
affinity  between  the  colouring  matter  of  madder  and 
phofphat  of  lime.  Accordingly,  when  madder  is  taken 
into  the  ftomach,  it  combines  with  the  phofphat  of 
lime  of  the  food,  pafles  with  it  through  the  lafteals  and 
blood  veffels,  and  is  depofited  with  it  in  the  bones,  as 
was  proved  by  the  experiments  of  Duhamel.  In  the 
fame  manner  mulk,  indigo,  &c.  when  taken  into  the 
ftomach,  make  their  way  into  many  of  the  fecretions. 

Thefe  fafts  (hew  us,  that  aflimilation  is  a  chemical 

procefs  from  beginning  to  end  ;  that  all  the  changes  are 

produced  according  to  the  laws  of  chemiftry;  and  that 

we  can  even  derange  the  regularity  of  the  procefs  bf 
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introducing  fubftances  wliufe  mu^uJ   affinities  arc  too   Finftir-n* 
ftrong  for  the  organs  to  overcome. 

It  cannot  be  denied,  then,  that  the  aflimilation  of 
food  confilh  merely  in  a  certain  number  of  chemical Aflimili 
decompolitions  which  that  food  undergoes,  and  thci""ache- 
confequent  formation  of  certain  new  compounds.  I'mt  ''■"^^'  f"^ 
are  the  agents  employed  in  jflimilation  merely  clicmical " ''.(j, 
Sgents.'  We  cannot  produce  any  thing  like  thefe  But  the 
changes  on  the  food  out  of  the  boily,  and  therefore  we'ifent  not 
iniift  allow  that  tluy  are  the  confequence  of  the  aftion ''"'°''"'' 
of  the  animal  organs.  But  this  ddion,  it  may  be  fald, 
is  merely  the  lecietion  of  particular  juices,  which  have 
the  property  of  inducing  the  wi(hcd-for  change  upon 
the  food  ;  and  this  very  cli;iiige  would  be  produced  out 
of  the  body,  provide<l  we  could  procure  thefe  fubftinces. 
and  apply  them  in  proper  quantity  to  the  food.  If 
this  fuppolition  be  true,  thefpeciiic  action  of  the  vtlfeh 
confills  in  the  lecretioii  of  certain  fubllances;  conle- 
quently  the  caufe  ot  this  fccretion  Is  the  tm/ agent  in  ;.f. 
fimilation.  Nov\-,  can  the  caul'e  of  this  fecretion  be  fhcwii 
to  be  merely  a  chemical  agent  ?  Certainly  not.  I'or  in 
the  ftomach,  where  only  this  fecretion  can  be  ftiewn  to 
exift,  it  is  not  always  the  fame,  but  varies  according  to 
circumllauces.  Thus  eagles  at  firft  cannot  digeft  grain, 
but  they  may  be  brought  to  do  it  by  pcrfifting  in  ma- 
king them  ufe  it  as  food.  On  the  contrary,  a  lamb 
cannot  at  firft  digeft  animal  food,  but  habit  will  alfo 
give  it  this  power.  In  this  cafe,  it  is  evident  that  the 
gaftric  juice  changes  according  to  circuniilances.  Now 
this  is  fo  far  from  being  a  cafe  of  a  chemical  law,  that 
it  is  abfolutely  incompatible  with  every  fuch  law.  The 
agent  in  affiniilation,  then,  is  not  a  chemical  agent,  but 
one  which  aits  upon  different  principles.  It  is  true,  in- 
deed, that  every  ftcp  in  the  procefs  is  chemical;  but  the 
agent  which  regulates  thele  chemical  procefl'cs,  whicli 
prevents  them  from  suiting,  except  in  particular  circum- 
ftances  and  on  particular  fubftances,  and  modifies  this 
aflion  according  to  ciicumftanccs,  is  not  a  mere  chemical 
agent,  but  endowed  with  very  different  properties. 

The  prefence  and  power  of  this  agent  will  be  ftill 
more  evident,  if  we  confider  the  immunity  of  the  fto- 
mach of  the  living  animal  during  the  procefs  of  di- 
geftion.  The  ftomach  of  animals  is  as  fit  for  food  as 
any  other  fubftance.  The  gaftric  juice,  therefore,  mull 
have  the  fame  power  of  attiiig  on  it,  and  of  decompo- 
fing  it,  that  it  has  of  afting  on  other  fubftances  ;  yet  it 
is  well  known  that  the  ftomach  is  not  affeflcd  bv  di- 
geftion  while  the  animal  retains  life  ;  though,  as  Mr 
Hunter  afcertained,  the  very  gaftric  juice  which  the 
living  ftomach  fecrcts  often  diflblvcs  the  ftumacli  itfelf 
after  death.  Now  what  is  the  power  which  prevent* 
the  gaftric  juice  from  a6ting  on  the  ftomach  during 
life  .'  Certainly  neither  a  chemical  nor  mechanical 
agent,  for  thefe  agents  muft  Hill  retain  the  fame  power 
after  death.  We  muft,  then,  of  neceifity  conclude, 
that  there  exifts  in  the  animal  an  agent  very  different 
from  chemical  and  mechanical  powers,  fince  it  controula 
thefe  powers  according  to  its  pleafure.  Thefe  powers 
therefore  in  the  living  body  are  merely  the  fervants  of 
this  fuperior  agent,  which  direfts  them  fo  as  to  accom- 
plilh  always  one  particular  end.  This  agent  fcems  to 
regulate  the  chemical  powers,  chiefly  by  bringing  onlx 
certain  fubftances  together  which  are  to  be  decompofed, 
and  by  keeping  at  a  diftance  thofe  fubftances  which 
would  interfere  with,  or  dimioifh,  or  fpoil  the  produft,  or 
4  H  injurrf' 
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Fun<ftiDns  injure  the  organ.  And  we  fee  tliat  this  fepanuion  is  al- 
cf  Animals. ^,,3Yg  attended  to  even  when  thefubftances  are  apparently 
'mixed  together.  For  the  very  fame  products  are  not 
obtained  which  would  be  obtained  by  mixing  the  fame 
fubftances  together  out  of  the  body  that  are  produced 
by  mixing  thcin  in  the  body  ;  conftquently  all  the  fub- 
ilances  are  not  left  at  full  liberty  to  obey  the  laws  of 
their  mutual  affinities.  The  fuperior  agent,  however, 
iis  not  able  to  txercife  an  unlimited  authority  over  the 
chemical  powers  ;  fomttimes  thty  are  too  flrong  for  it  : 
fome  fubftances  accordingly,  as  madder,  make  their 
vay  into  the  fvftem  ;  while  others,  as  arfenic,  deeom- 
poTe  and  dtftroy  the  organs  of  tiie  body  therafelves. 

But  it  is  not  in  digcftion  alone  that  this  fuperior 
agent  makes  the  moft  wonderful  difplay  of  its  power  ; 
it  is  In  the  laft  part  of  alfimilation  that  our  admiration 
is  moft  powerfully  excited.  How  comes  it  that  the 
precife  fubftances  wanted  are  always  carried  to  every 
organ  of  the  body  ?  How  comes  it  that  fibrina  Is  al- 
wa)  s  regularly  depofited  In  the  mufcles,  and  phofphat 
of  lime  in  the  bones  ?  And  what  is  ftill  more  unac- 
countable, how  comes  it  that  prodigious  quantities  of 
fome  one  particular  fubllance  are  formed  and  carried  to 
a  particular  place  in  i.rder  to  fupply  new  wants  which 
did  not  betorc  exill  :  A  bone,  for  example,  becomes 
difeafcd  and  unfit  for  the  ufe  of  the  animal  ;  a  new  bone 
thciciore  is  formed  in  its  place,  and  the  old  one  is  car- 
ried off  by  the  abforbents.  In  order  to  form  this  new 
bone,  large  quantities  of  phofphat  of  lime  are  depofited 
in  a  place  where  the  fame  quantity  was  not  before  ne- 
ceflary.  Now,  who  informs  this  agent  that  an  unufual 
quLintity  of  phofphat  of  lime  is  neceffary,  and  that  it 
inull  be  carried  to  that  particular  place  ?  Or  granting, 
as  is  moft  probable,  that  the  phofphat  of  lime  of  the 
old  bone  is  partly  employed  for  this  purpofe,  who 
taught  this  agent  that  the  old  bone  muft  be  carried  off", 
new  modelled,  and  depofited,  and  affimllated  anew  ?  The 
fame  wonders  take  place  during  the  healing  of  every 
wound,   and  the  renewing  of  every  difeafed  part. 

Thefe  operations  are  incompatible  with  the  fuppo- 
fitlon  that  the  body  of  animals  Is  a  mae  chemical 
and  mechanical  macliine  ;  and  demonftrate  the  prefence 
of  fome  agent  befides,  which  ac^s  according  to  very 
different  laws. 

But  neither  in  this  cafe  is  the  power  of  this  agent 
over  the  chemical  agents,  which  are  employed,  abfolute. 
We  may  prevent  a  fraflured  bone  from  healing  by  gi- 
ving the  patient  large  quantities  of  acids.  And  unlcfs 
the  materials  for  the  new  wanted  fubitancesbe  fupplled 
by  the  food,  they  cannot,  in  many  cafes,  be  formed  at 
all.  Thus  the  canary  bird  cannot  complete  her  eggs 
unlefs  (he  be  furnllhed  with  lime. 

It  is  evident  that  the  fupremc  agent  of  the  animal 
body,  whatever  that  agent  may  be,  afts  according  to 
fixed  laws  ;  and  that  when  thefe  laws  are  oppofed  by 
thofe  which  are  more  powerful,  it  cannot-  overcome 
them.  Thefe  laws  clearly  indicate  defign  ;  and  the 
agent  has  the  power  of  modifying  them  fomewhat  ac- 
cording to  circumftances.  Thus  more  phofphat  of  lime 
is  fent  to  a  limb  which  requires  a  new  bone,  and  more 
lime  than  ufual  is  taken  into  the  fyitem  when  the  hen 
■  is  laying  eggs.  Defign  and  contingency  are  confidered 
by  us  as  infallible  marks  of  confcioufnefs  and  intelli- 
gence. That  they  are  infallible  marks  of  the  agency 
of  mind  is  certain  :  but  that  they  are  in  all  cafes  the 
proofs  of  immediate  confcioufnefs  and  intelligence,  as 
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the  Stahlians  fuppoftd,  cannot  be  affirmed  with  outrun-  Funelidni 
ning  Into  inconfillencies.  For  we  ourfelves  are  not'i''  ^"'"'»1: 
confcious  of  thofe  operations  which  take  place  during  '■ " '""( 
afftmilation. 

To  fay  that  a  being  can  a£l  with  defign  vn'thout  in.. 
telligence,  we  allow  to  be  a  flat  contradlilion,  becaufe 
dcfigii  always  Implies  intelligence.  There  muft  tiiere- 
forc  be  intelligence  fomewhere.  But  may  not  this  in. 
telligence  exift,  not  in  the  agent,  but  In  the  being  who 
formed  the  agent  ?  and  may  not  the  whole  of  the  de- 
fign belong  in  reahty  to  that  being?  ,,53 

May  not  this  agent,  then,  be  material,  and  may  not  Nor  mat* 
the  whole  of  affimilation  be  performed  by  mere  mat-ri^l. 
ter,  adting  according  to  laws  given  it  by  its  maker? 
We  anfwcr,  that  what  is  called  matter,  or  the  fubftances 
enumerated  in  the  firft  part  of  Chemistry  {^Suppl.)  adl 
always  according  to  certain  attractions  and  repulfions, 
which  arc  known  by  the  name  of  mechanical  and  che- 
mical laws. 

The  phenomena  of  affimilation  are  fo  far  from  being 
cafes  of  thefe  laws,  that  they  are  abfolutely  inconfiftent 
with  them,  and  contrary  to  them  ;  confequently  the 
agent  which  prefides  over  ajfimilation  is  not  matter. 
Concerning  the  nature  of  this  fubftance  it  Is  not  the 
bufinefs  of  this  article  to  inquire  ;  but  as  it  pofleiTes 
properties  different  from  matter,  and  afts  according  to 
very  different  laws,  it  would  bean  abiife  of  terms  to 
call  it  matter.  ■>,(><) 

We  fhould  give  it  the  name  oi  mind,  were  it  not  that  An'°;*' 
metaphyficians  have  chofen  to  conlider  intelligence  asP""^''* 
the  effence  of  mind  ;  whereas  this  fubftance  may  be 
conceived  to  aft,  and  really  does  aft,  without  intelli- 
gence. There  is  no  reafon,  however,  to  fuppofe,  with 
fome,  that  there  are  two  fubftances  in  animals  :  one  pof- 
feffcd  of  confcioufnefs  as  its  effence,  and  therefore  called 
mind  or  foul  in  man;  another,  deftitute  of  confcioufnefs, 
called  the  living  principle,  &c.  employed  in  performing 
the  different  funftions  of  affimilation,  abforjtion,  &c. 
It  is  much  more  reafonable  to  fuppofe,  that  in  every  ani- 
mal and  vegetable  there  is  a  peculiar  fubftance,  dif- 
ferent from  matter,  to  which  their  peculiar  properties 
are  owing ;  that  this  fubftance  Is  different  In  every 
fpecies  of  animal  and  vegetable  ;  that  it  is  capable  of 
acting  according  to  certain  fixed  laws  which  have  been 
impoftd  upon  It  by  its  Creator,  and  that  thefe  laws  are 
of  fuch  a  nature  that  it  afts  in  fubfervience  to  a  parti- 
cular end  ;  that  this  fubftance  in  plants  is  probably 
deftitute  of  intelligence  ;  that  In  man  and  other  animals 
it  poffeffes  intelligence  to  a  certain  extent,  but  that  this 
intelligence  is  not  effentlal  to  its  exilfence  nor  to  its  aj- 
tivity  ;  that  it  may  be  deprived  of  intelligence  alto- 
gether, and  afterwards  recover  it  without  altering  its  na- 
ture. Phyfiologills  have  given  it  the  name  of  li-uing 
principle,  becaufe  its  prefence  conftltutes  Ijfe.  Perhaps 
it  would  be  proper  to  dlftinguidi  that  of  animals  by  the 
name  of  animal  principle.  Upon  what  the  intelligence 
of  the  animal  principle  depends,  it  is  impoffible  to  fay  ; 
but  it  is  evidently  conneiSed  with  the  ftate  of  the  brain. 
During  3  trance,  or  an  apopleftic  fit,  it  has  often  been 
loft  for  a  time,  and  afterwards  recovered.  3?°. 

17.  Befides  affimilation,  the  blood  is  alfo  employed  '"""'' 
in  forming  all  the  different  fecretions  which  are  neceffa- 
ry for  the  purpofes  of  the  animal  economy.  Thefe 
have  been  enumerated  In  the  laft  chapter.  The  pro- 
cefs  is  fimilar  to  that  of  affimilation,  and  undoubtedly 
the  agents   in  both  cafes  are  the  fame  ;  but  we  are 
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-equally  ignorant  of  the  prccife  manner  in   which  fecre- 
tion  is  performed  as  we  are  of  afllniilation. 

1 8.  After  thcfe  fiinClions  have  gone  on  for  a  certain 
time,  which  is  longer  or  fliorter  according  to  the  nature 
of  the  animal,  the  body  gradually  decays,  at  laft  all  its 
fiunftions  ceafe  completely,  and  the  animal  dies.  The 
'  caufe  of  this  miift  appear  very  extraordinary,  when  we 
confider  the  power  which  the  animal  has  of  renewing 
decayed  parts  ;  for  it  cannot  be  doubted  that  death 
proceeds,  in  moll  cafes  at  leait,  from  the  body  becoming 
incapable  of  performing  its  funftion.  But  if  we  con- 
fider that  this  power  is  limited,  and  that  it  muft  ceafe 
altogether,  when  thofe  parts  of  the  fyftcm  begin  to  de- 
cay which  are  employed  in  preparing  materials  for  fu- 
ture affimilation,  our  furprife  will,  in  fome  meafure, 
ceafe.  It  is  in  thefe  parts,  in  the  organs  of  digrftiun 
and  affimilation  accordingly,  that  this  decay  ulually 
proves  fatal.  The  decay  in  other  parts  dcftroys  life 
only  when  the  watte  is  fo  rapid  that  it  does  not  admit 
of  repair. 

What  the  reafon  is  that  the  decay  of  the  organs 
caufes  death,  or,  which  is  the  fame  thing,  caufcs  the 
living  principle  either  to  ceafe  to  aft,  or  to  leave  the 
body  altogether,  it  is  perfeftly  impoffible  to  fay,  be- 
caufe  we  know  too  little  of  the  nature  of  the  living 
principle,  and  of  the  manner  in  which  it  is  connefted 
with  the  body.  The  laft  is  evidently  above  the  human 
underftanding,  but  many  of  the  properties  of  the  living 
principle  have  been  difcovcrcd  ;  and  were  the  fafts  al- 
ready known  properly  arranged,  and  fuch  general  con- 
clufions  drawn  from  them  as  their  connexion  with  each 
other  fully  warrant,  a  degree  of  light  would  be  thrown 
upon  tlve  animal  economy  which  thofe,  who  have  not 
attended  to  the  fubjeft,   are  not  aware  of. 

No  fooner  is  the  animal  dead,  than  the  chemical  and 
mechanical  agents,  which  were  formerly  fervants,  ufurp 
the  fupreme  power,  and  foon  decompofe  and  deftroy 
that  very  body  which  had  been  in  a  great  meafure 
reared  by  their  means.  But  the  changes  which  take 
place  upon  animal  bodies  attcr  death,  are  too  important, 
and  too  intimately  cunnetled  with  the  fubjett  of  this 
article  to  be  pafled  over  (lightly.  They  (hall  therefore 
form  the  fubjedl  of  the' next  chapter. 

Chap.  IV.     Of  the  Decomposition   of  Ani- 
mal SuBiTANCtS. 
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All  the  foft  and  the  liquid  parts  of  animals,  when 
expofcd  to  a  moderate  temperature  of  fixty-tive  degrees 
or  more,  pafs  with  more  or  lefs  rapidity  through  the 
following  changes.  Their  colour  becomes  paler,  and 
their  coiififtence  dimiiiifhes  ;  if  it  be  a  folid  part,  inch  as 
flelh,  it  foftens,  and  a  ferous  matter  fweats  out,  whole 
colour  quickly  changes;  the  texture  of  the  part  becomes 
relaxed,  and  its  organization  deflroyed;  it  aeqinres  a  faint 
difagrceable  fmcU  ;  the  fubllance  'gradually  fmks  down, 
and  is  diminiihed  in  bnlk  ;  its  fme'l  becomes  ftronger  and 
aramorjlacal.  If  the  fnhjeft  be  contained  in  a  clofc  vefl'el, 
the  progrefs  of  putref:iftion,  at  this  ftage,  feems  to 
fiacken  ;  nO  other  fmeli'but  that  of  a  pungent  alkali  is 
perceived  ;  the  matter-  elFervefces  with  acids,  and  con- 
Terts  fyrtip  of  violets  to  a  gieen.  But  if  the  cainmuni- 
cation  with  the  air  be  admitted,  the  urinous  exhalation 
is  dilTipated,  and  a  peculiar  p  jtrid  imell  is  fpread  around 
with  a  kind  of  impetuofity;  a  fmell  of  the  moft  infup- 
jportable  kind,  which  lalls  a  long  time,  and  pervades 


every  place,  affefting  the  bodies  of  living  animals  after  DMnnipufi- 
the  manner  of  a  ferment,  capable  of  altering  the  fluids:  '""'  '^J ^'" 
this   fmell  is  correfttd,  and   as  it  were  confined  by  am-ft^Q^^  " 
monia.      When   the  latter  is   volatili/L-d,   ihe  putrefac-  — ^;-— i 
live  procefs  becomes  aftive  a  fecond  time,   and  the  ftib- 
llance  fuddenly  fwclls  up,  becomes  filled  with  bubbles 
of  air,  and  foon  after  fubfides  again.      Its  colour  cluui- 
gcs,  the  fibrous  texture  of  the  flelh  being  then  fcarccly 
diftinguilhable  ;  and   the  whole  is  changed  into  a  loft, 
brown,  or  greenirti  matter,  of  the  confiftence  of  a  poul- 
tice,   whole  fmell  is  fnint,  naufeous,  and  very  aftive  orr 
the  bodies  of  animals.   The  odorant  principle  gradually 
loles  its  force  ;   the  fiuid  portion  of  the  flelh  adunies  a 
kind  of  confiftence,  its  coloiu-  becomes  deeper,  and  it  i» 
finally  reduced  into   a    friable    matter,   rather  deliquef- 
cent,  which  being  rubbed  between   the   fingers,  breaks 
into  a  coarfe   powder  like  earth.     This  is  the  laft  ftafc 
obferved  in  the  putrefadion  of  animal  fubftances;  they 
do  not  arrive  at  this  tern\  but  at  the  end  of  a  conlhler- 
able  time  +.  .  ». 

In  carcafes  buried  in  the  earth,  putrefadlion  takes 
place  much  more  (lowly  5  but  it  is  fc:ircely  polTible  to  Buried  in 
obferve  its  progrefs  with  accuracy.  The  abdomen  is  the  earth, 
gradually  dilated  with  eladic  fl\u'ds  which  make  their 
appearance  in  it,  and  at  laft  it  burib  and  difcharges  a 
horribly  fetid  and  noxious  gas  ;  at  the  fame  time  a 
dark  coloured  liquid  (lows  out.  If  the  earth  be  very 
dry,  and  the  heat  confidcrable,  the  moifture  is  often  ab- 
forbed  fo  rapidly,  that  the  carcafe,  inftead  of  putrefy, 
ing,  dries,  and  is  transformed  into  what  is  called  a 
mummy.  ,,. 

Such  are  the   phenomena  when  dead  bodies   are  left  When  ac- 
to    putrefy   fcparately.      But   when    great   numbers  of "^'"""'"'^d 
carcafes  are  crowded  together  in  one  place,   and  are  fo '"K'^'"^'"' 
abundant  as  to    exclude  the  aftion  of  external  air,  and 
other  foreign  agents,  their  decompofition  is  entirely  the 
confequence  of  the   reciprocal    aftion   of    their  ingre- 
dients themfelves  upon  each  other,  and  the  refult  is  very 
different.      The  body  is  not  entirely  dilTipated  or  con- 
verted into   mould,   but  all  the  foft  parts  are  found  di- 
minilhed  remarkably  in  fize,  and  converted  into  a  ^ec\i- 
Ihx:  faponiiceniis  mailer.      This  fingular  change   was  firil 
accurately  obferved  in  the  year  1786.  375 

I'he  burial  ground  of  the  Innocents  in  J'aris  having  C°'>'"^''f^'l 

become  noxious  to   thofe   who    lived. in   its  ncisrbour- '"'"'' '^^i'"' 
1        J  1-    1       i-.-  .11,1         r   ,^    ,         naceous 

Hood,  on  account  of  the  dilagreeable  and  hurtful  odour  matier.  '  ■ 

which  it  exhaled,   it  was  found  neccffiuy  to  remove  the 
carcafes  to   another  place.      It   h.id   been   ufual  to  dig 
very  large  pits  in   that   burial  ground,  and  to  fill  them 
with  the  carcafes  of  the  poorer  fort  of  people,   each  in 
its  proper  bier;  and  when  they  were  quite  full,  to  cover 
tliem  with  about  a  foot  depth  of  earili,  and  to  dig  ano-' 
tlier  fimilar  pit,  ami  fill  it  in  the  fame  manner.   Each  pit 
held  between  1000  and  I  joo  dead  bodies.    It  was  in  re- 
moving the  bodies  from  thefe  pits  that  this  faponaceous 
fubftance    was   found.      The    grave-diggers    had  afcer- 
tained,  by    long    experience,    that  about  thirty  years 
were  required  before  all  the  bodies  had  undergone  this 
change  in    its  full  extent*.      Every  [mrt   of  the   body  * /'ou^rOji 
acquired    the   properties    of   this    fubftance.      The  \\\.Ji<^"-(l' 
teftines  and   vifcera   of  the   thorax  had  completely  dif  ^'"""•''• 
appeared  ;   but  what  is  fingular  enough,   the  brain  had 
loft  but  little  of  its  fize  or  appe.irance,   though  it   was 
alio  converted  into  the  fame  luhllince.  37^ 

This  faponaceous  matter  was  of  a  white  colour,  foft   .'  ptop^* 
and  unft.uous  to  the  touch,  and  melted,  when  heated,  "'^*' 
.4  H  2  Like 
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like  tallow.  It  exhibited  all  the  properties  of  iifoap, 
containing,  however,  an  exccfs  of  fatty  matter.  Four- 
croy,  who  analyfed  it,  found  that  it  was  corapofed  of  a 
fatty  matter  combined  with  animonii,  and  that  it  con- 
tained alfo  feme  phofphat  of  lime  and  ammonia.  Di- 
luted  acids  dtcompofed  it,  and  feparated  the  fatty  mat- 
ter:  alkalies  and  lime,  on  the  other  hand,  drove  off  the 
ammonia.  When  expofed  to  the  air,  it  gradually  loll 
its  white  colour  ;  tfce  ammonia,  in  a  great  meafure,  eva- 
porated, and  what  remained  had  fomething  of  the  ap- 
pearance of  wax.  It  abforbed  water  with  great  avi- 
dity, and  did  not  part  with  it  readily.  Its  white  colour 
■was  owing  to  the  pi-efence  of  that  liquid.  The  oily 
matter,  when  feparated  by  means  of  a  diluted  acid,  was 
concrete,  and  of  a  white  colour,  owing  to  the  mixture 
of  a  quantity  of  watsr.  When  dried,  it  acquires  a 
greyifn  brown  colour,  a  lamellar  and  cryftalline  texture, 
like  that  of  fpermaceti ;  but  if  It  has  been  rapidly  dried 
it  affumes  the  appearance  of  wax.  It  melts,  when  heat- 
ed, to  126°;  when  properly  purified,  by  pafling  it 
through  a  linen  cloth  while  fluid,  it  has  fcarcely  any 
fmell.  Alcohol  does  not  a£t  upon  it  while  cold,  but 
at  the  temperature  of  i  20°  it  dlflblves  it  :  when  the  fo- 
lution  cools,  the  fatty  matter  precipitates,  and  forms  a 
gritty  mafs.  With  alkalies  it  forms  a  foap  ;  and  when 
fet  on  fire  it  burns  precifely  like  oQ  or  fat,  only  that  it 
exhales  a  more  unpleafant  odour  f . 

Mr  Smith  Gibbes  found  the  fame  fubftance  in   the 
■  pit  into  which  animal  nutters  are  thrown  at  Oxford  af- 


STANCES.  Part  II 

ter  difleftion.  A  fmall  ftreani  of  water  conftautly  pafies  Decompo- 
through  this  pit ;  a  circumllance  which  induced  him  to''f'°"  "f  A 
try  whether  animal  mufcle  expofed  to   the   adion  of  a""!l* 

•  .1  t  1        r  1  rni  UailCM. 

running  itream  underwent  the  lame  change.  1  he  expe- ' 
riment  lucceeded  completely  :  he  attempted,  in  confe- 
quance,  to  render  this  fubftance,  to  which  he  gave  the 
name  of  fpermaceti,  ufeful  in  thofe  manufaftures  which 
required  tallow  ;  but  the  fetid  odour  which  it  conftant- 
ly  exhales  was  an  infurmountable  objedtion.  Attempts 
were  indeed  made  to  get  over  it  ;  but  as  we  do  not  hear 
that  Mr  Smith  Gibbes's  fpermaceti  has  been  introduced 
into  any  manufafture,  we  have  reafon  to  conclude  that 
none  of  thefe  attempts  fucceeded  J.  \  PHI. 

Such   are   the   phenomena  of  putrefaftion,  as  far  as  ^'^"/ '79* 
they   are  at  prefcnt  known  to  chemifts.     Any  attempt*"  j.Jx'''' 
to   explain   the  manner   in  which   thefe  changes   takeTheoryof 
place,  would  be  exceedingly  imperfeft  indeed  ;  not  only  putrefac- 
becaufe  we  are  ignorant  of  the  ftrength  of  the  affinities ''°''  '■?" 
of  the  different   elementary  parts  of  animal  bodies  forP^        ' 
each  other,  but  becaufe  we  do  not  even  know  the  man- 
ner in  which  thefe  elements  are  combined,  and  confe- 
quently  we  cannot  know  by  what  particular  forces  thefe 
compounds  are  deftroytd.     We  know  only  that  a  cer- 
tain degree  of  heat,  and  the  prefence  of  moifture,  are  in 
all  cafes  neceflary  for  the  putrefaftive  procefs  ;  for  ani- 
mal bodies  may  be  kept   almoil  any  length   of  time, 
without  decompofuion,   at   the  freezing  temperature  ; 
and  when  dried   quickly,   and  kept  in  that  ftate,  they 
undergo  no  farther  change. 
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MANKIND  have  in  all  periods  of  fociety  manifcfted  a 
fondntfs  for  beautiful  and  gaudy  colours.  Naked 
favages  at  iirll  applied  them  to  their  fkin.  This  was 
the  cafe  with  the  Britons,  and  with  the  Guals,  too,  in 
ihe  time  of  Casfar  ;  it  is  even  Itill  the  praftice  in  the 
South  Sea  iflands,  and  m.any  parts  of  America.  When 
mankind  had  advanced  fo  far  towards  civilization  as  to 
wear  garments,  they  naturally  transferred  to  them  the 
colours  which  they  admired.  Hence  the  origin  oi  dye- 
ing ;  which  is  of  fuch  antiquity,  that  it  precedes  the 
eariieJl  recoi  ds  left  us  by  profane  authois.  We  fee  from 
the  book  of  trenefis  the  great  progreis  which  it  had 
made  in  the  time  of  the  patiiarchs. 

Dyeing  fcems  to  have  originated  in  India,  and  to 
have  fpread  gradually  from  that  counti-y  to  the  weft. 
The  Indians  were  the  inventors  of  the  method  of  dye- 
ing cotton  and  linen,  which  was  not  underftood  in  Eu- 
rope before  the  conquefts  of  Alexander  the  Great.  The 
Phenicians  excelled  in  the  art  at  a  very  early  peiiod. 
It  was  from  them  that  the  Jew.s  purchalcd  all  the  dyed 
ftuffs  dcfcribed  in  Exodus.  The  Phenlcijn  dyers  fecm 
to  have  confined  their  ait  to  wool  :  lilk  was  unknown 
10  them,  and  linen  was  ufually  worn  white.  From 
them  the  art  of  dyeing  paiTed  to  the  Greeks  and  Ro- 
mans. 

During  the  fifth  century,  the  Weftern  Empire  was 
everturned  by  the  northern  nations,  and  with  it  the  arts 
and  fciences,  which  had  flourilhed  under  the  proteclion 
of  the  Romans,  difappeared.  A  few  of  the  arts,  in- 
deed, were  preferved  in  Italy,  but  they  were  obfcured 
and  degraded.  Bv  degrees,  however,  a  fpirit  of  in- 
iufiry  began  to  revive  in  that  country.     Florence,  Ge- 


noa, and  Venice,  becoming  rich  commercial  cities,  car- 
ried on  a  contlderable  intercourfe  with  the  Grecian  em- 
pire, where  many  of  the  arts  had  been  preferved.  This 
intercourfe  was  much  increafed  by  tlie  crufades.  The 
Italian  cities  became  rich  and  powerful  :  the  arts  which 
c^ftiinguiih  civilized  nations  were  cultivated  with  emula- 
tion, and  dyeing,  among  others,  was  rapidly  improved.        ^jg 

In  the  year  1429,   the  firft  treatife  on  dyeing  made  Its  progrrfa 
its  appearance  at  Venice,  under  the  name  ot  Mcriegola"^  modern 
del  arte  de  tentcrl.     Giovanne  Ventura  Rofetta  colled- ^'"'"f'" 
ed,   with  great  induftry,   all  the  proceifes  employed  by 
the  dyers  of  his  time,  and  publiftied  them  in  1548,  un- 
der the  title  of  FUctho  *.      For  many  years  d)  cing  was  «  BertUKit 
almoft   cxclufively  confined  to   Italy  ;  but  it  gradually  o"  Dyting, 
made    its  way    to  France,   the   Low  Countries,   andto'-*** 
Britain.      The  miniftcr  Colbert,   who  employed   his  ta- 
lents  in  extending  the  commerce   and  manufailures  of 
France,  paid  particular  attention  to  the  art  of  dyeing. 
In  the  year  J672,   he  publiihed  a  table  of  inilrudlons, 
by  which  tlioic  who  pradtiled  the  art  were  laid  under 
feveral  very  improper  leftridllons.      But  the  bad  effetts 
of  thefe  were  in  :t  good  meafure  obviated  by  the  judici- 
ous apoolutment  of  men  of  fcience  to  fuperinteiid  the 
art.     Tills  plan,  begun  by  Colbert,  was  continued  by 
the  French  government.    Accordingly,  Dufay,  Hellot, 
Macquer,  and  Berthollet,  fucceffively  filled  the  office. 
It  is  to  this  eftahlifhment,  and  to  exertions  of  the  cele- 
brated chemiits  who  have  filled  it,  that  France  is  indebt- 
ed for  the  improvements  {he  has  made  in  the  art  of  dye- 
ing during  the  courfc  of  the  18th  century.     Under  tiie 
direftion  of  Dufay,    a   new  table  of  regulations  was 
publiftied  in  1737,  which  fuperfeded  that  of  Colbert. 

Hellot, 
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>ftarc«  Hellot,  his  filcccffoi-,  publirtie<J,  in   1740,  an  excellent     nor  is  any  rtfiilance  felt  when  a 

ed  for    fvftcm  of  dyeing  wool  ;  and  Macquer  in  1763  publifh- 

3thi"K-  c'd  his  treatife  on  dyeing  filk. 

"^^^^      In  Britain,  though  dyeing  has  been  carried  on  for 

many  years,  with  great  lucceCs,  very  little  progrefs  was 

made  in  inveltigating  the  theory  of  ilie  ait.    The  Royal 

Society,  indeed,  foon  after  its  inflilution,   retommend- 

cd  it  to  Iwne  of  its  members  ;  but  as    no  treatife  made 

its  appearance   in   confequcnce    of  thi^,   it  feems  very 

foon  to  have  K>ft  their  attention.      Lewis,  many  years 

after,  publilhed  fonie  very  important  remarks  on  dye- 
ing ;  but  they  were  confined  to  a  few  proceffcs.     The 


Britith  dyers  fatisfied   themfelves  with  a  tranllation  of     fingers. 


hair  15  laid  hold  of  In  Subftaiice» 
one  hand,  and  drawn  between  the  fingers  of  the  other,  ^,1. 
from    the  root  towards  the  point;  but   if  it  be  drawn .  { 

frorn  the  point  towards  the  root,  a  refiftaiice  is  felt  which 
did  not  take  place  before,  a  tremulous  motion  is  per- 
ceived, and  a  noife  may  be  diilinguifhed  by  the  ear. 
If,  after  laving  hold  of  a  hair  between  the  thumb  and 
fore  finger,  "we  rub  them  againft  each  other  in  the  lon- 
gitudinal diredion  ot  the  hair,  it  acquires  a  progreflivc 
motion  to'iuards  the  root ;  \\\t  point  gradually  approaches 
the  fingers,  while  the  root  recedes  from  them  ;  fo  that 
the  whole  hair  very  foon  palles  through  between  the 


]-icllot.  Such  was  the  ftate  of  the  art  when  the  article 
Dyeing  in  the  F.ncyclopmlia  was  drawn  up.  It  con- 
fiih  chiefly  of  an  abllract  of  Hellot's  treatife.  But 
within  the  laft  ^o  years,  the  attention  of  men  offcience 
has  been  very  much  turned  to  tiiis  complicated  art.  In 
Sweden  has  appeared  the  treatife  of  bcheffer,  and  Berg- 
man's notes  on  it  ;  in  Germany,  the  experiments  of 
Beckmann,  Poerner,  and  Vogler,  and  the  dillertation 
of  Francheville  ;  in  France,  the  trcatifes  of  D'.Ambour- 
liay,  D'Apligny,  Hauffinann,  Chaptal,  and,  above  all. 


Thefe  obfervations,  firft  made  by  Mr  Monge,  demon- 
ftrate  that  the  furface  of  hair  and  wool  is  compofed,  ei- 
ther of  fmall  laminx,  placed  over  each  other  in  a  flam- 
ing diredlion  from  the  root  towards  the  point,  like  the 
fcales  ol  a  fi(h — or  of  zones,  placed  one  above  another, 
as  takes  place  in  the  horns  ot  animals  *.  •  Am.dt 

On  this  ftrudure  of  the  filaments  of  hair  and  wool^*""-'*'' 
depend  the   effedts   oi  felting  i^nA  fulling.      In  both  of^°''* 
thefe  operations,  the  filaments  are  made,  by  an  external 
force,  to  rub  againft.  each  other  ;  the  pofiiion  of  their 


of  BerthoUet ;  in  this  country,  the  ingenious  remarks  of  afperities  prevents  them  from  moving,  except  in  one  di 
Delaval,  of  Henry,  and  the  valuable  treatife  of  Dr  Ban- 
croft ;  befides  many  other  important  effays.  Thefe,  to- 
gether with  the  progrefs  of  the  fcience  of  chemiftry,  on 
which  the  theory  of  dyeing  depends,  have  thrown  fo 
much  new  light  upon  the  art,  that  we  find  ourfelves  un- 
der the  neceffity  of  tracing  the  whole  over  again.  We 
(hall  pafs  over,  however,  very  fiightly  thofe  parts  of  the 
art  which  have  been  fuf&ciently  explained  in  the  ar- 
ticle Dyeing,  Encycl. 

To  underftand  the  art  of  dyeing,  we  muft.  be  ac- 
quainted with  the  fuljlances  on  which  it  is  praflifed', 
•with  the  nature  of  colour,  and  with  the  method  of  per- 
manently changing  the  colour  of  bodies.  Thefe  three 
things  we  (hall  confider  in  the  three  following  chapters. 
In  the  firft,  we  fhall  give  an  account  of  the  fubftances 
of  which  garments  are  ufuaUy  made,  with  which  alone 
the  art  of  dyeing  is  concerned  ;  in  the  fecond,  we  {hall 
inquire  into  the  nature  of  colour ;  and  in  the  third,  ex- 
plain the  theory  of  dyeing,  as  far  as  it  is  at  prcfeni  un. 
derllood.  In  fome  fubfeqnent  chapters,  we  Ihall  give 
a  general  view  of  the  proceffes  by  which  the  diffeient 
colours  are  given  to  llUiTs. 


Chap.  I     Of  the  Su^<  fances  used  for 
Cloth  iKG. 

jjjj-  The  fubftances  commonly  employed  for  clothing  may 

be  reduced  to  four;  namely,  iiool,Jilli,  cotton,  linen.  As 
tliere  is  no  name  in  the  Englilh  language  which  in. 
eludes  all  thefe  fubftances,  we  ihali  take  the  liberty,  in 
the  remainder  of  this  article,  to  life  tlie  word  cloth  for 
that  purpoie.  They  are  all  made  into  cloth,  of  fome 
kind  or  other,  before  they  can  be  ufeful  as  articles  of 
clothing. 
ll»of  '•  Woot,  as  is  well  known,  is  the  hair  which  co- 
,  vers  the  bodies  of  iheep  ;  it  differs  from  common  hair 
merely  in  finenefs  and  foftnefs.  Its  filaments  polfcfs 
a  conliderable  degree  of  elafticity  ;  they  may  be  drawn 
out  beyond  their  ufual  length,  and  afterwards  recover 
their  form  when  the  external  force  is  removed.  The 
furface  of  wool  and  hair  is  by  no  means  fmooth  :    No 


reClion  :  they  are  mutually  entangled,  and  obliged  to  ap- 
proach nearer  each  other.  Hence  the  thickncfs  which 
cloth  acquires  in  the  fulling  mill.  The  filaments  have 
undergone  a  certain  degree  of  felting,  and  are  interwo- 
ven like  the  fibres  of  a  hat.  The  cloth  it  contraAed 
both  in  length  and  breadth  :  it  may  be  cut  without  be- 
ing fubjeft  to  ravel ;  nor  is  there  any  neceffity  for  hem- 
ming the  different  pieces  employed  to  make  a  garment. 
See  FtLTiNG  and  Fulling  in  this  Suppl, 

Wool  is  naturally  covered  with  a  kind  of  greafe,, 
which  preferves  it  from  moths.  This  is  always  remo- 
ved before  the  wool  is  dyed  ;  becaufe  its  pr<:fence  is 
very  prejudicial  to  the  fuccefs  of  that  operation.  The 
afperities  of  the  furtace  of  woolly  fibres  would  impede 
the  converting  of  it  into  thread  by  ipinning  ;  but  they 
are  in  a  great  meafure  covered,  previous  to  that  opera- 
tion, by  foaking  the  wool  with  oil.  The  oil  muft  alfo 
be  removed  before  the  wool  be  dyed.  This  procefs  is 
called  Scouring,  which  fee  in  this  Suppl. 

We  have  already,  in  the  fecond  part  of  this  articlt| 
given  an  account  of  what  is  at  prefent  known  concern- 
ing the  compofition  of  wool  and  hair.  It  would  be  fo- 
reign to  the  lubjedt  ol  this  chapter,  to  defcribc  the  me- 
thod oi fpinning  and  nveaving  wool. 

Wool  is  ol  different  colours  ;  but  that  which  is  white 
is  preferred  for  making  cloth  ;  becaufe  it  anfwers  better 
for  the  purpofes  of  dating  than  any  other  kind. 

2.  Silk  is  a  fubftance  fpun  iu  fine  threads  by  the 
Jill  worm.  Its  fibres  are  not  fcaly  like  thofe  of  wool ; 
neither  have  they  tlie  fame  elafticity  :  but  filk,  in  its 
natural  ftate,  before  it  has  undergone  any  preparation, 
has  a  confiderable  degree  of  ftiftiiefs  and  elafticity.  In 
this  ftate  it  is  known  by  the  name  of  raiv  Jdk.  It  is 
covered  with  a  kind  of  gummy  varnifli,  which  may  be 
removed  by  fcouring  with  foap.  The  icouring  deprives 
it  of  its  ftiffnefs  and  elafticity.  Raw  filk  is  of  a  yellow 
colour,  owing  to  yellow  refinous  matter  with  which  it 
is  naturally  combined.  We  have  given  the  method  of 
feparating  this  matter,  and  alfo  the  gum,  in  the  article 
Bleaching,  Supplement. 

Silk,  before  it  is  dyed,  is  always  freed  from  its  gum. 
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Silk. 


inequality,  indeed,  can  be  perceived  by  a  microfcope  ;     and  generally  alfo  from  its  refui.    It  naay  be  dyed  with. 

OUl: 
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Dyeing  SUBSTANCES.  Part  II] 

out  the  application  of  heat ;  which  is  not  the  cafe  wit  he  otton,  and  linen.     The  firft  two  are  animal  fubftances;    Colour 

The  animal  contain  much  azot  "-"V"- 


335. 
Linen. 


•*  Rtzer. 


irool. 
3.  Cotton  is  a  fine  downy  fiibftance,  contained  in 
the  pods  of  different  fpecies  of  goffypium.  Thi"  fpe- 
cies  from  which  the  greuter  part  of  the  cotton  brought 
to  this  country  is  taken  is  the  hcrbacnim  The  quan- 
tity imported  annually  into  Britain  is  very  great  ;  in 
1786  it  amounted  to  20  millions  of  pounds  J.  Cotton 
varies  greatly,  according  to  the  plant  on  which  it  grows, 
arid  the  chniate  where  it  is  cultivated.  The  chief  dif- 
ferences are  in  colour,  and  in  the  length,  finenefs,  and 
ftrength  of  the  filaments. 

No  afperities  can  be  difcovered  on  the  furface  of 
thefe  filaments  ;  but  Lewenhoeck  obferved,  by  means 
of  a  microfcope,  that  they  are  triangular,  and  have 
three  fharp  edges.  This  is  probably  the  reafon  of  a 
well  known  fa<ft,  that  cotton  cloth,  when  applied  by 
way  of  drefling,  always  irritates  a  fore. 

Some  cottons  are  naturally  white ;  others  a  fine  light 
vellow,  as  thofe  of  which  nankeen  is  made  ;  but  moll 
iommonly  cotton  is  of  adirty  brovvnifh  yellow  colour, 
which  muft  be  removed  before  the  fluff  can  be  dyed. 
This  is  done  by  the  procefs  of  bleaching.  The  fibres 
of  cotton,  even  after  being  bleached,  retain  almoft  al- 
ways fome  lime  and  oxide  of  iron,  which  muft  be  re- 
moved before  we  attempt  to  dye  the  cotton  ;  becaufe 
their  prefence  would  fpoil  the  colour.  This  is  done  by 
fteeping  the  cotton  for  fome  time  in  water  acidulated 
with  fulphuric  acid. 

Cotton,  like  filk,  may  be  dyed  without  the  afliftance 
of  heat  It  is  not  nearly  fo  eafy  to  dye  cotton  any 
particular  colour  as  it  is  to  dye  wool  or  filk.  If  wool 
and  cotton  be  put  into  the  fame  dyeing  vtlfel,  the  wool 
frequently  acquires  the  wifhedfor  colour  before  the 
cotton  has  loft  any  of  its  original  whitenefs. 

4.  Lint,  from  which  linen  is  made,  is  the  inner  bark 
of  the  linum  vlfilatijjimum,  or  Jlax  ;  a  plant  too  well 
known  in  this  country  to  require  any  defcription. 

The  flax,  when  ripe,  is  pulled  and  fteeped  for  fome 
days  in  water,  in  order  to  feparate  the  green  coloured 
glutinous  matter  which  adheres  to  the  inner  bark.  This 
matter  undergoesa  degree  of  putrefaction  ;  carbonic  acid 
gas  and  hydrogen  gas  are  difengaged  *  :  it  is  decom- 
p  jfed,  and  carried  off'  by  the  water.  If  the  water,  in 
which  the  flax  is  fteeped,  be  completely  ftagnant,  the 
putrefaction  is  apt  to  go  too  far,  and  to  injure  the 
fibres  of  the  lint  ;  but  in  a  running  ftream,  it  does  not 
o-o  far  enough,  fo  that  the  green  matter  ftill  continues 
to  adhere  to  the  lint.  Flax,  therefore,  ftiould  be -fteep- 
ed in  water  neither  completely  ftagnant,  nor  flowing' 
too  freely,  like  a  running  ftream. 

The  flax  is  afterwards  fpread  upon  the  grafs,  and  ex- 
pofed  for  fome  time  to  the  air  and  fun  :  this  improves 
the  colour  of  the  lint,  and  renders  the  woody  part  fo 
brittle,  that  it  is  eafily  feparated  by  the  aftion  of  the 
lint  mill.  The  fublequent  operations,  of  drejjlng,  /pin- 
ning, ivcainng,  and  bleaching,  do  not  belong  to  this  ar- 
ticle. 

The  fibres  of  lint  have  very  little  elafticity.  They 
appear  to  be  quite  fmooth  ;  for  no  afperities  can  be  per- 
ceived by  the  microfcope,  nor  deteCled  by  the  feel  ;  nor 
does  linen  irritate  fores,  as  is  the  cafe  with  cotton. 

Linen  may  be  dyed  without  the  afliftance  of  heat ; 
but  it  is  more  difficult  to  give  it  permanent  colours 
than  even  cotton. 

Thus  we  have  givea  a  fhort  defcription  of  wool,  filk, 
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the  two  laft  vegetable. 

and  hydrogen  ;  the  vegetable  much  carbon  :  The  ani- 
mal are  readily  deftroytd  by  acids  and  alkalies  ;  the  ve- 
getable withftand  the  aftion  of  thefe  fubftances  better; 
even  nitric  ricid  does  not  readily  deftroy  the  texture  of  ' 
cotton.  The  animal  fubftances  are  more  eafily  dyed 
than  the  vegetable,  and  the  colours  which  they  receive 
are  more  permanent  than  thofe  given  to  cotton  and  li» 
nen  by  the  fame  proceftes. 

Such  are  the  properties  of  the  cloths  on  which  the 
alt  of  dyeing  is  exercifed.  But  what  is  the  nature  of 
thefe  colours  which  it  is  the  objedl  of  that  art  to  com- 
municate ?  We  fliall  examine  this  fubjeCl  in  the  follow- 
ing chapter. 

Chap.  II     Of  Colodrs. 

All  vifible  objefls,  as  has  been  long  ago  fufficiently 
eftablilhed,  are  feen  by  means  of  rays  of  light  pafling 
off  from  them  in  all  diredlions,  and  partly  entering  the 
eye  of  the  fpeftator. 

1.  For  the  theory  of  light  and  vifion  we  are  indebt- Colour  j 
ed  to  Sir  Ifaac  Newton.     He  firft  dcmonftrated,  that  duced  bj 
light  is  compofed  of  feven  rays,  differing  from  each  o-  ''ght. 
ther  in  refrangibility,  and  other  properties.     Each  of 
thefe  rays  is  diftinguiftied  by  its  particular  colour.  Hence 

their  names,  red,  orange,  yellow,  green,  blue,  indigo, 
violet.  By  mixing  together  thefe  different  rays,  in  va- 
rious proportions,  all  the  colours  known  may  be  ob- 
tained. Thus  red  and  yellow  conftitute  orange  ;  yel- 
low and  blue  conftitute  green  ;  blue  and  red  conftitute 
purple,  violate,  aurora,  &c.  according  to  their  propor- 
tions. When  all  the  rays  are  mixed  together,  they  form 
a  white.  387 

2.  Bodies  differ  very  much  from  each  other  in  their  ^''^"'.): 
power  of  reflefting  light.  Some  refledl  it  in  vaft  quan-  f.j.  ,  j] 
tity,  as   metals  ;  others  refleft  but  little,   as  charcoal. 

In  general,  the  fmoother  the  furface  of  a  body  is,  the 
greater  is  the  quantity  of  light  which  it  reflcfts.  Hence 
the  effedl  of  polifliing  in  increafing  the  brightnefs  of 
bodies.  But  it  is  not  in  the  quantity  of  the  light  re- 
fledled  alone  that  bodies  diff"er  from  each  other  ;  they 
differ  alfo  in  the  quality  of  the  light  which  they  reflect. 
Some  bodies  refleft  one  or  more  particular  fpecies  of 
ray  to  the  exclufion  of  the  refti  This  is  the  reafon  that 
they  appear  to  us  of  different  colours.  Thofe  bodies 
which  refleft  only  red  rays  are  red  ;  thofe  that  refleA 
yellow  rays  are  yellow  ;  thofe  that  refleft  all  the  rays 
equally  are  white  ;  thofe  that  refleft  too  little  to  aifeft 
the  eye  are  bhck.  It  is  to  the  different  combinations 
of  rays  reflefted  from  the  furface  of  bodies  that  all  the 
different  (liades  of  colour  are  owing. 
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Colour,  then,  in  opaque  bodies,  is  owing  to  their  dif- 


Hence  1 1 
differeo 


pofition  to  refleS  certain  rays  of  light,  and  to  abforb  the  colours 
reft  ;  in  trtiiifparcnt  bodies,  to  their  difpofition  to  tranf- 
mil  certain  rays,  and  to  abforb  the  others.  But  this 
fubjeft  hiis  been  difcuftcd,  at  fufiicient  length,  in  the 
article  Optics,  Encycl.  ;  to  which,  therefore,  we  beg 
leave  to  refer  the  reader.  Here  we  mean  only  to  in- 
quire into  the  ccrufi  of  this  difpofition  of  the  particles  of 
bodies.  3! 

3.   Sir  Ifaac  Newton,  to  whom  vire  are  indebted  for  Newtc « 


theory 


the  exiftence  of  optics  as  a  fclence,  made  a  fet  of  expe. 
rimcnts  to  aicertain  the  changes  of  colour  which  thin  ^^g-^^'j  , 
plates  of  matter  aflume  in  confequence  of  an  incrcafe  or 

dimi. 


p..  IT.  Dyeing  SUB 

rs.  diminiiti'on  of  their  thicknefs.     Thefe  experiments  were 

"~^of  a  very  delicate  nature  ;  but  Newton  conduded  them 

witli  fo  much  addrtfs,  and  varied  and   repeated  them 

with  fo  much  induftry,  that  he  was, enabled  to  render 

them  fiirprifingly  accurate. 

Upon  a  large  double  convex  lens  of  a  50  feet  focus, 
he  placed  the  plane  furface  of  a  planoconvex  lens,  and 
prcfl'ed  the  lenfes  flowly  together.  A  circle,  of  a  par- 
ticular colour,  appeared  in  the  centre,  where  the  two 
glafles  touched  each  other.  This  circle  gradually  in- 
creafcd  in  diameter  as  the  prefTure  was  augmented  ;  and 
at  laft  a  new  circle,  of  another  colour,  occupied  the 
centre,  while  the  firft  colour  alTumed  the  form  of  a  cir- 
cular ring.  By  increafing  the  prelTure,  a  new  coloured 
circle  appeared  in  the  centre,  and  the  diameter  of  the 
other  two  increafed.  In  this  manner  he  proceeded,  till  he 
produced  no  lefs  than  25  different  coloured  circular 
rings.  Thefe  he  divided  into  feven  orders,  on  account 
of  the  repetition  of  the  fame  colour.  They  were  as 
follows,  reckoning  from  the  central  colour,  which  was 
itoni  always  black  *. 

,'9'-  I.   Black,  blue,  white,  yellow,  red. 

'  2.  Violet,  blue,  green,  yellow,  red. 

3.   Purple,  blue,  green  yellow,  red. 
Green,  red. 
Greenilh  blue,  red. 
Greenilh  blue,  pale  red. 
Grtenifli  blue,  rcddifli  white. 
Thefe  different  colours  were  occafioned  by  the  thin 
film  of  air  between  the  t.vo  glafTes.     Now  this   film 
varies   in   thicknefs   from   the  centre  of  the   lens   to- 
wards the  circumference  ;  that  part  of  it  which  caufes 
the  black  colour  is  thinneft,   and  the  other  coloured 
circles   are   occafioned  by  air  gradually   increafing   in 
thicknefs.      Newton  meafured  the  relative  thicknefs  of 
the  air  which  produced  each  of  thefe  coloured  circles ; 
and  he  found  it  as  follows  f  : 
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From  tiiefe  experiments  Sir  Ifaac  Newton  concluded.  Colours, 
that  the  difpofition  of  the  particles  of  bodies  to  refledt  ~~~*  ■* 
or  tranfmil  particular  rays  depended  upon  their  fize 
and  tlieir  denfity  :  and  he  even  attempted  to  afcertain 
the  fize,  or  at  leaft  the  thickneis,  of  the  particles  of 
bodies  from  their  colours.  Thus  a  particle  of  matter, 
whofe  denfity  is  the  lame  with  that  of  glafs  which  re- 
fledls  a  green  of  the  third  order,  is  of  the  thicknefs  of 
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The  abfohite  thicknefs  of  thefe  films  cannot  be  afcer- 
tained,  unlefs  the  dill;diice  between  tlie  two  glaffes,  at 
that  part  where  the  black  fpot  appears,  were  known. 
Now  there  is  no  method  of  meafuring  this  diilance  ; 
but  it  certainly  is  not  greater  than  the  thoufandth  part 
oi  an  inch. 

He  repeated  thefe  experiments  with  films  of  water, 
and  even  of  glafs,  inllead  of  air  ;  and  he  found,  that  in 
thefe  cafes  the  thicknefs  of  the  films,  reflecting  any  par- 
ticular colour,  was  diminilhed,  and  that  this  diminution 
was  proportional  to  the  denfity  of  the  refledting  film. 


-of  an  inch*. 


*  Neiuttn^t 
Opti.'i,  151. 


lOQOOOO 

In  the  year  1 765,  Mr  Delaval  publifhed.  In  the  Phi. 
lofophical  Tranfattions,  a  very  ingenious  paper  on  the 
fame  fubjedl.  In  this  paper,  he  endeavours  to  prove, 
by  experiment,  that  the  colours  of  metallic  bodies  de- 
pend upon  their  denfity.  He  takes  it  for  granted,  at 
the  fame  time,  that  the  fize  of  the  particles  of  bodies 
is  inverfely  as  the  denfity  of  bodies.  The  denfeft  bo- 
dies, according  to  him,  are  red  ;  the  next  in  denfity, 
orange  ;  the  next,  yellow  ;  and  fo  on,  in  the  order  of  the 
refrangibility  of  the  different  rays.  Some  time  after, 
the  I'vme  ingenious  gentleman,  in  his  Experimental  In- 
quiry into  the  Caiife  of  the  Permanent  Colours  oj  Opaque 
Bodies,  extended  his  views  to  animal  and  vegetable  fub- 
ftances,  and  endeavoured  to  prove  the  truth  of  New- 
ton's theory  by  a  very  great  number  of  experiments. 

Such  Is  a  view  of  the  opinion  of  Newton  and  Dela- 
val refpefling  the  caufe  of  bodies  refietling  or  tranf- 
mitting  particular  rays  of  light,  as  far,  at  leaft,  as  that 
theory  relates  to  colour.  They  afcribed  this  caufe ylA/y 
to  the^zf  and  the  dettjity  of  the  particles  of  bodies. 

By  particles,  it  is  evident  that  nothing  elfe  can  be 
meant  than  the  integrant  particles  of  bodies.  Newton, 
indeed,  does  not  exprefs  himfelf  precifely  in  this  lan- 
guage ;  but  It  Is  plain  that  nothing  elfe  could  be  hig 
meaning.     Mr  Delaval  undoubtedly  is  of  that  opinion. 

According  to  the  Newtonian  theory  of  colour,  then, 
it  depends  folcly  upon   the  ^zf  of  the  integrant  par- - 
ticks  of  bodies  whofe  donfity  is  the  fame  ;  and  upon-' 
theyfze  and  the  denjity  jointly  of  all  bodies  (t).  ,o» 

It  is  evident  that  the  truth  of  the  Newtonian  theoryExaniineJ,' 
muft  depend  upon  its  coincidence  with  what  aiflually 
takes  place  in  nature,  and  that  therefore  it  can  only  be 
determined  by  experiment.  Newton  himfelf  produced 
b\it  very  few  experiments  in  fupport  of  it  ;  and  though 
this  deficiency  was  amply  fupplied  by  Mr  Delaval,  It  is 
ncedlefs  for  us  to  adduce  any  of  thefe  here  ;  becaufe, 
from  the  prodigious  accumulation  of  chemical  fatts 
fince  thefe  experiments  were  made,  the  very  bnlis  upon 
which  they  (food  has  been  dcftroyed,  and  confequently 
all  the  evidence  refulting  from  them  has  been  annihila- 
ted. They  proceeded  on  the  fuppofition,  that  acids 
render  the  particles  of  bodies yma//<°r,  and  alkalies /arjtr 
than  they  were  before,  without  producing  any  other 
change  whatever  in  the  bodies  on  which  tiiey  aft.  To 
attempt  a  refutation  of  this  opinion  at  prefeut?  would  be 
unneccffary,  as  it  is  well  known  not  to  be  true. 

Let  us  therefore  compare  the  Newtonian  theory  of 
colour  with  thofe  chemical  changes  which  we  know  fi)r 
certaui  to  alter  the  fize  of  the  particles  of  bodies,  \n 
order  to  fee  whether  they  coincide  with  it.  If  the 
theory  be  true,  the  two  following  confequences  muft 

hold 


(t)  Newton,  however,  pointed  out  an  exception  to  this  law,  concerning  which  Mr  Delaval  has  been  more  ex* 
plicit.  Combuflible  bodies  do  not  follow  that  law',  but  feme  other,  Mr  Delaval  has  fuppofed,  that  this  de* 
TJation  is  owing  to  the  prcfence  of  phlogifton. 
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Colours.   liold  in  all  cafea :   i.  Every  alteration  in  the  (ize  of  the 

v.— y— —  integrant  particles  of  bodies  mull  caufe  thefe  particles 

to  airume  a  difterciit  colour.      2.  Every  fuch  alteration 

mult  corretpond   precilely  with  the  theory  ;  that  is  to 

Jay,   the   new  colour  niiiil   be  the   very  colour,   and   no 

other,  whicti  the  theory  makes  to  refult  from  an  increale 

ngi         or  diminution  ot   ii/.e. 

And  found       Now   neither  of   thefe  confequences   holds  in    fafl. 

dcfcdlivc.  ^g  hive  no  method  indeed  of  afeertaining  the  fizes  of 
the  integrant  particles  of  bodies,  nor  of  meafuring  the 
precife  degree  of  augfnentation  or  diminution  which 
they  fuffer  ;  but  we  can  in  many  cafes  afccrtain,  whe- 
ther any  new  matter  has  been  added  to  a  particle,  or 
any  matter  abllraCied  from  it  ;  and  confcqutntly  whe- 
ther ic  has  been  augmented  or  diminiflied  ;  which  is 
fufficleiit  tor  our  prelent  purpole. 

For  inltance,  whatever  be  the  fize  of  an  integrant 
particle  of  gold,  it  cannot  be  denied  that  an  integrant 
particle  ot  oxide  of  gold  is  greater  ;  becaufe  it  contains 
an  integrant  particle  of  gold  combined  with  at  leail  one 
integrant  particle  of  oxygen.  Now  the  colour  both  of 
gold  and  of  its  oxide  is  yellow,  which  ought  not  to  be 
the  cafe,  according  to  the  Newtonian  theory.  In  like 
manner,  the  amalgam  of  filver  is  white,  precifely  the 
colour  of  filver  and  of  mercury  ;  yet  an  integrant  par- 
ticle of  the  amalgam  mutl  be  larger  than  an  integrant 
particle  either  of  lilver  or  of  mercury.  Many  other  in- 
ftances  belides  tbcfc  will  occur  to  every  one,  of  changes 
in  the  fize  of  the  particles  taking  place  without  any 
i;hange  of  colour.  All  thefe  are  incompatible  with  the 
Newtonian  theory. 

It  may  be  laid,  perhaps,  in  anfwer  to  this  objection, 
that  there  are  different  orders  of  colours  ;  that  the  lame 
colour  is  reflefted  by  particles  of  different  hzes  ;  and 
that  the  increaled  particles,  in  the  initances  above  al- 
luded to,  retain  their  former  colour,  becaufe  the  incre- 
ment has  been  precifely  fuch  as  to  enable  them  to  re- 
iledl  the  fame  colour  in  the  next  higher  order. 

This  very  aniwer  is  a  complete  proof  that  the  New- 
Ionian  theory  is  not  fufHelent  to  account  for  the  co- 
lours of  bodies  ;  tor  if  particles  of  different  fizes  refledl 
the  fame  colour,  ^'ze  certainly  is  not  the  only  caule  of 

*Bdiuroft  this  refledlion  *.     There  mufl  be  fome  other  caufe  ve- 

on  P'rm-x-         difl'erent  from  fize.     Nor  is  this  all ;  the  moll  com- 
nent  LoioitrSf    *  .  ...  .  ^  .  ^       ^     ,         . 

i_  ._  mon  colour  wliicti  remains  after  an  mcreale  ot  ttie  aze 

of  the  integrant  particles  ot  bodies  is  white  ;  yet  white 
does  not  appear  in  any  of  the  orders  except  the  firll, 
and  therefore  its  permanence  cannot  be  accounted  for 
by  any  fuppolition  compatible  with  the  Newtonian 
theory. 

Even  when  alterations  in  the  colour  of  bodies  accom- 
pany the  increafe  or  diminution  of  the  fize  of  their  par- 
ticles, thefe  alterations  feldom  or  never  follow  an  or- 
der which  correlpouds  with  the  theory.  As  for  me- 
tals, it  is  felf-evidciit  tliat  their  colour  does  not  depend 
upon  their  denfity.  Platinum  is  the  deiileil  body  known, 
and  yet  it  is  not  red,  as  it  ought  to  be,  but  white  like 
tin  ;  a  metal  which  has  little  more  than  one  third  of  the 
denfity  of  platinum. 

The  green  oxide  of  iron,  when  combined  with  piuffic 
acid,  becomes  white  ;  yet  the  fize  of  its  particles  mull 
be  increafied.  Now  this  change  of  colour  is  incompa- 
tible with  the  theory  ;  for,  according  to  it,  every  change 
from  green  to  white  ought  to  be  accompanied  by  a  di- 
minution inftead  of  an  increafe  of  fize.     A  particle  of 
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indigo,  which  is  naturally  green,  becomes  blue  by  the    Cohjur 
aodition  of  oxygen,  which  mud  increafe  its  tlze.    This 
change  is  alfo  incompatible  with  the  theory.     But  it  is 
uuneciifTary  to  accumulate  inftances,  as  they  will  natu- 
rally  occur  in  fuflicient  number  to  every  one. 

It  follows  irrefiilibly  from  thefe  fafts,  that  the  New- 
tonian theory  is  not  futficient  to  explain  the  caufe  of 
colour;  or  what  caufes  bodies  to  refleft  or  tranfrait  cer- 
tain rays,  and  to  abforb  the  reft. 

4.  We  have  endeavoured,  in  the  article  Chemistry,  Bodietov 
Supp/.  to  (hew,  that  bodies  have  a  particular  aliinity  for^hdrcolo 
the  rays  of  light  ;  and  that  the  phenomena  of  light  dc-|j'  .""^' " ' 
pend  entirely  upon  thefe  affinities.      Indeed  this  confe-iight 
quence  follows  from  the  properties  of  light  eftablifhed 
by   Newton    himfelf.     We   fhall    not    repeat    here   the 
proofs  upon  which  the  exiftence  of  thefe  affinities  is 
founded  :   the  reader  may  eafily  fatisfy  himfelf  by  con- 
fulting  the  article  above  referred  to. 

Every  coloured  body,  then,  has  a  certain  affinity  for 
fome  of  the  rays  of  light.  Thole  rays  for  which  it  has 
a  (Irong  affinity  are  abforbed  by  it  and  retained,  and 
the  other  rays  for  which  it  has  no  aflinity  are  either  re- 
flcfted  or  tranfmitted,  according  to  the  nature  of  the 
body  and  the  diredion  of  the  incident  ray.  Thus  a 
red  body  has  an  atfinity  for  all  the  rays  except  the  red  ; 
it  ablorbs  therefore  the  other  fix,  and  reflefts  only  the 
red  :  a  green  body  abforbs  all  but  the  green  rays,  or 
perhaps  the  red  and  yellow  :  a  black  body  has  a  ilrong 
affi^nity  for  all  the  rays,  and  therefore  abforbs  them  all ; 
while  a  white  body,  having  no  Ilrong  aflinity  for  any  of 
the  rays,  refledls  or  tranfmits  them  all. 

If  affinity,  as  we  have  endeavoured  to  (hew  in  the 
article  Chemistry,  Suppl.  be  an  attraftion  of  the  fame 
nature  with  gravitation,  and  increafing  as  the  diftance 
diminilhes,  it  mull  depend  upon  the  nature  of  the  at- 
tradling  particles.  Now  the  only  differences  whicli  we 
can  conceive  to  exill  between  the  particles  ot  bodies,  arc 
differences  \nfi%e,  in  denfity,  and  in  figure.  Changes  in 
thefe  three  things  will  account  for  all  the  varieties  i>f 
affinity.  Now  it  atfinity  depends  upon  thefe  three 
thmgs,  and  it  colour  depends  upon  the  affinity  between 
the  particles  of  bodies  and  the  different  rays  of  light, 
as  cannot  be  denied,  it  is  clear  that  the  caufe  of  the  co- 
lour of  bodies  may  be  ultimately  refolved  into  the  iize, 
denfity,  and  figure  of  their  particles.  Newton's  theo- 
ry, then,  was  defeAive,  becaufe  he  omitted  the  figure  of 
the  particles,  and  afcribed  the  whole  to  variations  injize 
and  denfity. 

When  we  fay,  tlien,  that  colour  is  owing  to  affinity, 
we  do  not  coutradift  the  opinion  of  Newton,  as  fome 
philolophers  have  fuppofed,  but  merely  extend  it  :  '' 
Newton  was  not  mijlaken  in  faying,  that  colour  depends 
upon  the  fize  and  the  denfity  of  the  particles  of  bodies  ; 
his  millake  lav  in  fuppofing  that  it  depends  upon  thefe 
alone.  '  393 

5.  Since  the  colour  of  bodies  depet>ds  upon  their  af-Whybo 
finity  for  light,  and  fince  every  body  has  a  certain  <^o-^'^^^^^, 
lour,  becaufe  it  abforbs  and  retains  particular  rays  while |j,y^_ 

it  tranfmits  or  reflefts  the  reft,  it  is  evident  that 
every  body  mull  continue  of  its  firll  colour  till  one 
of  two  things  happen  ;  either  till  it  be  faturated  with 
the  rays  which  it  abforbs,  and  of  courfe  ceafc  to  abforb 
any  more,  or  till  its  particles  change  their  nature,  by 
being  either  decompofed  or  combined  with  fome  new 
fubilance.     We  have  no  pofitive  proof  that  the  firft 

caufe 
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lour',  caufe  of  change  ever  occurj,  as  many  fubftances  have 
■V— ^  been  expafed  to  the  aftlon  of  hght  for  a  very  long 
time  without  any  change  of  colour.  The  abforbed 
light  feems  to  make  its  efcape,  either  in  its  ovrn 
form,  or  in  fome  unknown  or  unfufpcdled  one.  The 
fecond  caufe  of  change  is  very  common  :  indeed  its 
aftiou  may  be  deteftcd  in  almoft  every  cafe  of  alter- 
ation in  the  colour  of  bodies.  The  green  oxide  of  iron, 
by  combining  with  oxygen,  becomes  red  ;  and  this  red 
oxide,  when  combined  with  prulTic  acid,  alFumes  a  blue 
colour,  and  with  gallic  acid  a  black  colour.  The  caulc 
of  this  change  of  colour,  whrn  the  compofition  of  a 
bodv  changes,  is  obvious:  every  change  of  compofition 
mull  alter  the  afiiiiity,  becaufe  it  mull  of  ntceffity  pro- 
duce changes  in  the  li/c,  denfity,  or  figure  of  the  par- 
ticles, or  perhaps  in  all  of  thcfe.  Now  if  the  affinity 
of  a  body  for  other  bodies  be  altered,  it  is  natural  to 
fuppofe  that  it  will  be  altered  alio  for  light.  Accord- 
ingly this  happens  in  moft  inftances.  It  does  not,  how- 
ever, take  place  conftantly,  for  very  obvious  reafons. 
It  may  happen  that  the  new  denfity,  fi/.e,  or  fi^nre  of 
the  altered  body  is  fuch,  as  to  render  it  dill  proper  for 
attracting  the  very  fame  rays  of  light  which  it  tornierly 
attraCled.  Juft  as  iron,  after  being  cond)ined  with  a 
certain  dofe  of  oxygen,  is  converted  into  green  oxide, 
which  ilill  retains  an  affinity  for  oxygen. 

It  is  evident  from  all  this,  that  in  moft  cafes  the  per- 
manence of  colour  in  bodies  will  depend  upon  the  per- 
manence of  their  compofition,  or  on  the  degree  of  faci- 
lity with  which  they  are  adled  upon  by  thole  bodies,  to 
354         the  agency  of  which  they  are  cxpofed. 
rinanen-       In  dyeing,  the  permanence  of  colour  is  of  very  great 
of '"'""'' importance.      Of  what  value  is  the  beauty  of  a  colour, 
provided  that  colour  be  fugitive  or  liable  to  change  in. 
to  fome  other.      In  all  cafes,  therefore,   it  is  of  confe- 
quence  to  attend  to  the  fubftances  to  which  dyed  cloth 
is  cxpofed,  and  to  afcertain  their  aftion  upon  every  par- 
ticular dyeing  ingredient.      Now  the  bodies  to  which 
dyed  cloth  is  almoft  conftantly  expofed  a4-e  air  and  light ; 
the  combined  adtion  of  which  has  fo  much  influence, 
that  very  few  dyes  can  refift  It. 

It  is  evident  that  thofe  fubftances  cannot  retain  their 
colour,  which  have  fuch  an  affinity  for  oxygen  as  enables 
them  to  take  it  from  atmofpheric  air.  Thus  the  green 
colour  of  green  oxide  of  iron  and  of  indigo  is  not  per- 
manent, becaufe  thefe  fubftances  readily  abforb  oxygen 
from  air.  In  order,  then,  that  a  colour  can  have  any 
permanence,  the  coloured  body  muft  not  have  fo  great 
an  affinity  for  oxygen  as  to  be  able  to  take  it  from  air. 
Thofe  bodies  have  in  general  the  moft  permanent  co- 
lours which  are  already  faturated  with  oxygen,  and 
therefore  not  liable  to  abforb  more.  Such  is  the  cafe 
with  red  oxide  of  iron. 

All  coloured  bodies  are  compounds;  fome  of  thofe 
only  excepted  which  ftill  retain  an  affinity  for  oxygen. 
Coloured  bodies,  therefore,  arecompofed  of  feveral  Ingre- 
dients ;  and  in  every  coloured  body,  at  leaftyom^  of  the 
ingredients  have  a  ftrong  affinity  for  oxygen.  Now, 
before  the  colour  of  a  body  can  be  permanent,  its  in- 
gredients muft  be  combined  together  by  fo  ftrong  affi- 
nities, that  oxygen  gas  Is  unable  to  decompofe  It  by 
combining  with  one  or  more  of  its  Ingredients  and  car- 
rying  it  off.  If  this  decompofition  take  place  at  once, 
it  is  impoffible  for  the  colour  of  a  body  to  have  any 
permanence.  If  It  takes  place  flowly,  the  colour  of  the 
Suppt.  Vol..  II.  Part  II. 
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body  gradually  decays.  The  a(^iion  of  oxygen  gas  up-  C..loiir«. 
on  bodies  is  much  Increafed  in  particular  circumllances.  "~~v 
Almoft  all  coloured  bodies  are  decompofed  by  oxygen 
gas  by  the  affiftance  of  heat.  Thus  if  wheat  flour  be 
expofed  to  the  heat  of  448^,  it  lofes  its  white  colour, 
and  becomes  firft  brown  and  then  black.  Al  this  tem- 
perature it  Is  decompofed,  and  a  part,  or  even  the  whole 
of  its  hydrogen,  rombinlng  with  oxygen,  flies  off.  Cloth 
is  fcarcely  ever  expofed  to  fo  high  a  temperature;  but 
there  are  other  circumllances  in  which  it  may  be  placed 
which  may  have  a  limllar  tffcA.  Thus  the  aflion  of 
light  feems  in  fome  liibll;(nces  to  be  fimilar  to  that  of 
heat,  and  to  facilitate  the  decompollliou  ot  the  colour- 
ed matter  by  the  combination  of  fome  of  its  ingredients 
with  oxygen  *.  *  Bnthollrt 

Coloured  bodies,  in  order  to  have  permanent  colour?,""  Dy'S' 
muft  not  be  liable  to  be  decompofed  by  other  hibftan-'' "^J" 
ces  more  than  by  oxygen.  For  Inftance,  If  they  con- 
tain oxygen  and  hydrogen,  thefe  two  bodies  muft  not 
be  liable  to  combine  together  and  form  water,  nor  mull 
oxygen  and  carbon  be  liable  to  combine  and  form  car- 
bonic acid  gas.  Light  feems  to  have  a  tendency  to 
decompofe  many  bodies  in  this  manner,  and  even  to 
carry  off  oxygen  from  them  in  the  form  of  oxygen  gas. 
Thus  It  renders  the  nitrat  of  lilver  black  by  carrying 
off  part  of  its  oxygen,  and  It  reduces  oxy  muriatic  acid 
to  con-.mon  muriatic  acid  by  the  fame  means. 

Thefe  are  the  caufes  which  induce  a  change  in  the 
colour  of  coloured  bodies,  as  far  as  they  have  been  tra- 
ced ;  namely,  the  addition  of  oxygen,  the  abftraftion 
of  oxygen,  partial  decompofition  by  fome  one  of  their 
Ingredients  combining  with  oxygen,  complete  or  partial 
decompofition  by  the  Ingredients  entering  into  new 
combinations  with  each  other.  The  coloured  matters 
ufed  in  dyeing  are  very  liable  to  thefe  changes,  becaufe 
they  are  in  general  animal  or  vegetable  liibllances  of  a 
very  compound  nature.  Of  courfe  their  ingredients 
have  often  no  very  ftrong  affinity  for  each  other,  and 
therefore  are  very  liable  to  decompofition  ;  and  every 
one  of  the  ingredients  has  In  genei  al  a  very  ftrong  affi- 
nity for  oxygen.  This  renders  the  choice  of  proper 
colouring  matters  for  dyeing  a  very  important  point. 
In  order  to  have  permanency,  they  muft  not  be  liable 
to  the  above  changes,  not  to  mention  their  being  able 
alfo  to  withlland  the  aftion  of  foap,  acld^,  alkalies,  and 
every  other  fubftance  to  which  dyed  cloth   inay  be  ex- 
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It  becomes  therefore  a  point  of  fome  confequence  to  Method  of 
be  able  to  afcertain  whether  cloth  dyed  of  any  particu-^f"-"^'*'"- 
lar  colour  be  permanently  dyed  or  not.    The  proper  me-'"^'  'l'^""" 
thod  of  afcertaining  this  is  by  aflually  expofing  fnchj,ej_ 
cloth  to  the  fun  and  air  ;  becaufe  as  thefe  are  the  agents 
to  which  it  is  to  be  expofed,  and  which  have  the  moft 
powerful  aition,  it  is  clear,  that  if  It  williftand   them, 
the  colour  muft  be  confidered  as  permanent.      But  this 
Is  a  tedious  procefs.     Berthollet  propofed  txpofing  fuch 
cloth  to  the  aftion  of  oxy-muriatic  acid  ;  thofe  colours 
that  withftand  It  being  confidered  as  permanent.     Tin's 
method  anfwers  in  many  cafes:   but  It  is  not  always  to 
be  depended  on  ;  for  it   deftroys  f  ^me  permanent   co- 
lours very  fpeedily,  and  does  not  alter  others  which  are 
very  fading*.      But  we  fhall  have  occafion  to  refuir.e  *  B„f^ 
this  fubjedt  afterwards.  i  49. 

Dyers  divide  colours  into  two  claffes  ;  namely,_y/m/>/f     397 
and  compound.     The    fimple   colours  are    thofe  whicli  „?''''"  ° 
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cmnot  be  produced  by  tlic  mixtmv  ot  other  colours. 
They  are  in  number  four. 

1.  iihic,  3.  Red, 

2.  Yellow,  4.  Black. 

Some  add  a  fifth,  bniun;  but  it  may  be  produced  hy 
combining  two  othcis. 

Tl'.e  comijound  colours  are  thofe  which  are  produ- 
ced by  mixing  together  any  two  (imple  colours  in  va- 
rious proportions.  They  eonllitute  all  the  colours  ex- 
cept the  four  fimple  and  their  various  (liades. 

Thus  we  have  examined  the  nature  of  colours  ;  but 
we  have  ftill  to  explain  the  method  ofgivi.ig  permanent 
colours  to  cloth.  This  Iball  be  the  fubjett  of  the  next 
shapter. 

Chap.  lU.     Of  Dyeing  in  GtNERAL. 

From  the  theory  of  colour  laid  down  in  the  lad 
chapter,  It  follows,  th.it  permanent  alterations  in  the  co- 
lour of  cloth  can  only  be  induced  two  ways  ;  either  by 
producing  a  chemical  change  in  the  cloth,  or  by  cover- 
ing its  fibres  with  fome  fubllance  which  poU'eflVs  the 
widied-for  colour.  Recourfe  can  feldom  or  never  be 
had  to  the  raft  methoil,  becaufe  it  is  hardly  polhble  to 
produce  a  chemical  change  in  the  fibres  of  cloth  with- 
out fpoiling  its  texture  and  rendering  it  ufelefs.  The 
dyer,  therefore,  when  he  wifhes  to  give  a  new  colour 
to  cloth,  has  always  recourfe  to  the  fecond  method. 

1.  The  fubllances employed  for  thispurpofe  are  called 
colouring  mutters,  or  dyejluffs.  They  are  for  the  moll 
part  extrafttd  from  animal  and  vegetable fuljlances,  and 
have  ufually  the  colour  which  they  are  intended  to  give 
to  the  cloth.  Thus  a  blue  colour  is  given  to  cloth  by 
covering  its  fibres  with  indigo,  a  blue  powder  extratted 
from  a  Ihrub  ;  a  red  colour,  by  tlie  colouring  matter 
extrafled  by  water  from  an  infeft  called  cochhual,  or 
from  the  root  of  a  plant  called  madder. 

2.  Mr  Delaval  has  publiflied  a  very  interefting  fet  of 
experiments  on  colouring  matters  in  the  fecond  volume 
of  the  ManchelUr  Memoirs.  He  has  proved,  by  a  very 
numerous  fet  of  experiments,  that  they  are  all  Iranipa- 
rent,  and  that  they  do  not  refea  any  light,  but  only 
tranfmit  it:  For  every  colouring  matter  which  he  tried, 
even  when  diffolved  in  a  lici\iid,  and  forming  a  tranfpa- 
rent  coloured  folution,  when  feen  merely  by  refleded 
hght,  was  Hack,  whatever  was  the  colour  of  the  mat- 
ter ;  but  when  feen  by  tranfmitted  light,  it  appeared  of 
its  natural  colour  *.  This  dlfcovery,  which  ^Ir  Dela- 
val has  eflablifhed  very  completely,  and  to  which,  as  tar 
at  leaft  as  dye  fluffs  are  concerned,  there  are  but  few 
exceptions,  is  of  very  great  importance  to  the  art  of 
dyeing,  and  explains  feveral  particulars  which  would 
otherwife  be  unintelligible. 

Since  the  particles  of  the  colouring  matter  with  which 
cloth,  when  dyed,  is  covered,  are  tranfparent,  it  follows, 
that  all  the  light  refledled  from  dyed  cloth  mufl  be  re- 
flefled,  not  by  the  dye  fluff  itfelf,  but  by  the  fibres  of 
the  cloth  below  the  dye  fluff.  The  colour  therefore 
does  not  depend  upon  the  dye  alone,  but  alfo  upon  the 
previous  qolour  of  the  cloth.     If  the  cloth  be  black,  it 
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is  clear  that  we  cannot  dye  it  any  colour  whatever  ;  be-  Eyeing  il 
caule  as  no  light  in  that  cafe   is   reflcdled,  none  can  be    General' 
traiiftnilted,    whatever  dye  fluff  we   employ.      If   the  ^~~v— 
cloth  were  red,  or  blue,  or  yellow,  we  could  not  dye  it 
any  colour  except  black  ;   becaufe  as  only  red,  or  blue, 
or  yellow  rays  were  rtfleCicd,   no  other  could   be  tranf- 
mitted (x).      Hence  the- importance  of  a  fine  white  co- 
lour when  cloth  is  to  receive   bright  dyes  :    It  then  re- 
fleds  all  the   rays  in  abundance  :   and  therefore  any  co- 
lour may  be  given,  by  covering  it  with  a  dye  fluff  which 
tranfmits  only  fome  particular  rays. 

3.  If  the  colouring  matters  were  merely  fprcad  ovcr'i-|,^y„„ji 
the  fiirlace  of  the  fibre  of  clotli  by  the  dyer,  the  colours te  ci'mSUI 
produced  might  be  very  bright,  but  they  could  not  ben^Jwitlij 
perma'.ient  ;  becaufe  the  coloui  ing  matter  would  be  ve- '  ^'  "•'M 
ry  foo;i  rubbed  off,  and  would  totally  difappcar  when- 
ever the  cloth  was  waflied,  or  even   barely  expofed  to 

the  weather.  The  colouring  matter,  thea,  however 
perfeft  a  colour  it  pofTefFes,  is  of  no  value,  uiiltfs  it  alio 
adheres  fo  firmly  to  the  cloth,  that  none  of  the  fub- 
llances ufually  applied  to  cloth  in  order  to  clean  it,  &c. 
can  difplace  it.  Now  this  can  only  happen  when  there 
is  a  llrong  ajfiin'.y  between  the  colouring  matter  and  the 
cloth,  and  when  they  are  aftually  combined  together  in 
confecjuence  of  that  afrinity.  ^o[ 

4.  Dyeing,  then,  is  merely  a  cliemical  procels,  and  Can  dtv*)' 
confills  in  combining  a  certain  colouring  matter  w  ith'"' ^rP'":' 
the  fibres  of  cloth.  This  procels  can  in  no  inllance  be, 
performed,  uiilcfs  the  dye  fluff  be  firll  reduced  to  its  in- 
tegrant particles  ;  for  the  attraclion  ot  aggreg.ition  be-» 
tween  the  particles  of  dye  flufFsis  too  great  to  be  over- 
come by  the  affinity  between  them  and  cloth,  unlcfs 
they  could  be  brought  within  much  fmaller  dillanccs 
than  is  poflible,  while  they  both  remain  in  a  folid  form. 
It  is  neceffary,  therefore,  previoully  to  diffolve  the  co- 
louring matter  in  fome  liquid  or  other,  which  has  a 
weaker  aifiiiity  for  it  than  the  cloth  has.  When  the 
clotli  is  dipped  into  this  folution,  the  cidouring  matter, 
reduced  by  this  contrivance  to  a  liquid  flate,  is  brought 
within  the  attradling  diflanee  ;  the  cloth  therefore  acls 
upon  it,  and  by  its  flrongtr  affinity  takes  it  from  the 
folvent,  and  fixes  it  upon  itfelf.  By  this  contrivance, 
too,  the  equality  of  the  colour  is  In  fome  meafure  fecu- 
red,  as  every  part  of  the  cloth  has  an  opportunity  of  at- 
trafting  to  Itfelf  the  proper  proportion  of  colouring 
particles. 

The  facility  with  which  cloth  imbibes  a  dye,  depends 
upon  two  things,  namely,  the  aftinity  between  the  cloth 
and  the  dye  fluff,  and  the  affinity  between  the  dye  fluft" 
and  its  folvent.  It  is  direftly  as  the  former,  and  in- 
verfely  as  the  latter.  It  Is  of  Importance  to  preferve  a 
due  proportion  between  tbefe  two  affinities,  as  upon 
that  proportion  much  of  the  accuracy  of  dyeing  de- 
pends. If  the  affinity  between  the  colouring  matter 
and  the  cloth  be  too  great,  compared  with  the  affinity 
between  the  colouring  matter  and  the  folvent,  the  cloth 
will  take  the  dye  too  rapidly,  and  it  will  be  fcarce  pof- 
fible  to  prevent  its  colour  from  being  unequal.  On 
the  other  hand,  if  the  affinity  between  the  colouring 
matter  and   the   folvent  be  too  great,   compared   with 

that 


(x)  Thefe  remarks  hold  only  on  the  fuppofition,  that  the  vihok  of  the  furface  is  of  the  given  colour,  which  in 
many  Inliances  is  not  the  cafe. 


hap.  in. 


Dyeino  S  OBSTANCES. 


;ing  111  tliat  between  llie  coluiuiiig  matter  ai.d  the  clotli,  tlje 
:cral.  clotli  will  either  not  take  tlic  colour  at  all,  or  it  will 
"*         take  it  very  (lowly  and  very  faintly. 

Wool  has  the  llroiigtil  afll  lity  ftir  aim 
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ok  all  colour- 
ing matters,  lilk  the  next  Ibongeil,  cotton  a  cnnlider- 
r.bly  weaker  affiuity,  and  Iliicn  the  weakcft  afllnity  of 
all.  Therefore,  in  order  to  dye  cotton  t*r  linen,  the 
dye  fluff  fliould  in  many  cafes  be  diffolvcd  in  a  iubltaiice 
for  which  it  has  a  weaker  afiinily  than  for  the  iolvcnt 
employed  in  the  dyeing  of  wool  or  iilk.  Thus  we  may 
\ife  oxide  of  iron  diffjlvsd  in  lulpliuric  acid,  in  order  to 
dye  wool  ;  but  for  cotton  and  linen,  it  is  better  to  dif- 
folvc  it  in  acetous  acid. 

5.  Were  it  pofiible  to  procure  a  fufP.clent  numbe.'  of 
colouring  matters  having  a  tlrong  afSnity  lor  cloth,  to 
anfwer  all  the  purpofes  of  dyeing,  that  art  would  be 
exceedingly  iiniple  and  eafy.  But  this  is  by  no  means 
the  cafe  :  if  we  except  in-.iigo,  the  dyer  is  fcarcely  ]>of- 
fefTed  of  a  dye  llutf  which  yields  of  itfelf  a  good  colour 
fufficiently  permanent  to  deferve  the  name  of  a  dye. 

This  difiiculty,  which  at  firll  fight  appears  iufur- 
mountable,  has  been  obviated   by  a  very  ingenious  coii» 

trivance.      Some  fubllance  is  pitched  upon  which  has  a     pofed  by  the  cloth  than  alum, 
flrong  affinity  both  for  the  cloth  and  the  colouring  mat-  Atetite  of  alumina   has  been  introduced  into  dyeing 

ter.  This  fubllance  is  previoully  combined  with  the  fince  the  commencement  of  the  iSth  century;  and, 
clotli,  which  is  then  dipped  into  the  folution  containing  like  many  other  very  important  improvementSj  we  are 
the  dye  ftuff.      The  dye  Ihi.T  combines  with  the   inter-     indebted  for  it  to  the  ignorance  of  the  calico  printers, 


ufed  in  dyeing  long  before  the  nature  of  its  ingrtditiils  nyangiu 
was  underllood,  and  theretorc  long  before  the  part  •^"'<;'*'. 
which  it  adts   was  lulpedted.      Indeed,   it   is  but  a  very  ^ 

(hort  time  lince  the  olfice  which  mordants  perform  was 
fnfpctted  :   tlie  firll    perfon   that   hit   upon  it    was  Mr, 
Kiir  ;  lie  gave  an  account  ol   the  real  ufe  of  mordant j 
in  hi.s  tranjlation  of  Macquer's  Didioiiai),  publilhed  in 

1771   *.  _  •    Macj„n; 

Alum,  when  ufed  as  a  mordant,  is  dilTolved  in  water,  p-  Hj- 
aiid  very  frequently  a  quantity  of  tartar  is  difiblved  a- 
longvith  it.  Into  this  fohitioti  the  clotli  is  jmt  and 
kept  in  it  till  it  has  abforbed  as  much  alumina  as  is  ne- 
cclfar).  It  is  then  taken  out,  and  for  the  moil  part 
wafiied  and  diied.  It  is  now  a  good  deal  hiavier  than 
it  was  befoie,  owing  to  the  alumina  which  has  combined 
with  it.  The  tartar  ferves  two  ])urjiofe3:  the  potafs 
which  it  contains  combines  with  the  fulpluiric  acid  of 
the  alum,  and  thus  prevents  that  very  corrolive  fub- 
llance from  injuring  the  texture  of  the  cloth,  which 
otherwife  might  happen  ;  the  tartarous  aeid,  on  the 
other  hand,  combines  with  part  of  the  alumina,  and 
forms  a  tartrite  of  alumina,  w  lich  is  more  eaftly  deconii- 


inediate  fubllance  ;  which,  being  funily  combined  with 
the  cloth,  feeures  the  permanence  of  the  dye.  Sub- 
Hances  employed  for  this  purpofe  are  denominated  nior- 
dan  ft  (y). 

The  moft  important  part  of  dyeing    is  undoubtedly 
the  proper  choice  and   the   proper   application  of  moi- 


who  lirlt  introduced  it.  As  they  did  not  underllaiid 
the  nature  nor  ufe  of  the  mordants  which  they  em- 
ployed, they  were  accullomtd  to  mix  with  their  alum 
an  immenfe  farrago  of  fubflances,  a  great  proportion  of 
which  are  injurious  inllead  of  being  of  lervice.  Some 
one  or  other  had  mixed  with  alum  acctite  of  lead  :  the 
dants,  as  upon  them  the  permanence  of  almoll  every  _  good  effefts  of  this  mixture  would  be  foon  perceived  ; 
dye  depends.  Every  thing  which  has  been  faid  rtfpeft-  the  quantity  of  acetite  was  gradually  increafed,  and  the 
ing  the  application  of  colouring  matters,  applies  equally  other  ingredients  omitted*.  This  mordant  is  now  k;  g^^^  w^ 
to  the  application  of  mordants.  They  mull  be  prcvi-  prepared,  by  pouring  acetite  of  lead  into  a  folution  ofp.  i;6, 
oufly  dilTolved  in  fome  liquid,  which  has  a  weaker  affi-  alum  :  a  double  decompofition  takes  place,  the  fulphu- 
iiity  for  them  than  the  cloth  has  to  which  they  are  to  ric  acid  combines  with  the  lead,  and  the  compound  pre- 
Le  applied;  and  the  cloth  mull  be  dipped,  or  even  fteep-  cipitates  in  the  form  of  an  infoluble  powder  ;  while  the 
cd,  in  this  folution,  in  order  to  faturate  itfelf  with  the  alumina  combines  with  the  acetous  acid,  and  remain-s 
mordant.  diffolved  in  the  liquid.      This   mordant  is  employed  for 

Almoll   the   only   fubHances  ufed  as   mordants  are,     cotton  and   linen,  which   have  a   weaker  aflim'ty   than 
earths,  metallic  oxides,  tan,  and  oil.  wool  for  alumina.     It   anfwers  much  better  than  alum, 

6.  Of  earthy  monlants,   by  far  the  moH   important     the   cloth   is  more  eafily   laturated   with   alumina,  and 

takes,  in  confequence,  both   a  richer  and  a  more  per- 
manent colour. 

Befides  alumina,  /imc  is  fomctimes  ufed  as  a  mordant. 
Cloth  has  a  llrong  enough  affinity  for  it;  but  in  gene- 
ral it  does  not  anfwer  fo  well,  as  it  does  not  give  fo 
good  a  colour.      When   ufed,   It  is   cither  in   the  ilate 


and  moft  generally  ufed  is  altimlna.  It  was  uled  as  a 
mordant  in  vei-)'  oarly  ages,  and  feems  indeed  to  have 
been  the  very  lull  fubllance  employed  for  that  pur- 
pofe. Alumina  has  a  very  llrong  affinity  for  wool  and 
for  filk  ;  but  its  affiuity  for  cotton  and  linen  is  a  good 
deal  weaker. 


It  is  ufed  as  a  mordant  in  two  ilates  ;  either  in   the     of  lime-water  or  of  fulphat  of  lime  dilfolved  in  water. 


flate  of  alum,  in  which  it  is  combined  with  iulpUunc 
acid  and  a  little  potafs  ;  or  in  tlie  ilate  of  acetite  of  alu- 
mina, in  which  it  is  combined  with  acetous  acid. 

Alum  was  employee!  as  a  mordant   very  early.      The 
ancients,  indeed,  do  not  feem  to  have  been  generally  ac 
wi 
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7.  Almoll  all  the  metallic  oxides  have  an  affinity  for  Metallic 
cloth;   but  only  two  of  them  are  cxtenfively   ufed   as'"°"'*""'' 
mordants,  namely,  the  oxides  of  tin  and  of  iron. 

The  oxide  of  tin  was  firft  introduced  into  dyeing  by 
Kufter  (z),  a  German  chemift,  who  brought  tlie  fccret 


quainted  with  pure   alum;  they  ufed  it  in  that  (late  of     to  London  in  1543.      This  period  forms  an  era  in  the 
impurity  in  which  it  is  found  native;    of  courfe  it  was     hiflory  of  dyeing.     The  oxide  of  tin  has  enabled  the 

4  I  2  moderns 


.  (y)  This  term,  impofed  by  the  French  dyers  before  the  a&ion  of  mordarts  was  underllood,  fignlfies  lifters  or 
corroders.  Thefe  bodies  were  fuppofed  to  aft  merely  by  corroding  \\\t  cloth.  Mr  Henry  of  Mancheller  haspro- 
pofed  to  lubllitute  the  word  Iqfis  for  mordant ;  but  that  word  is  too  general  to  anfwer  the  purpofe  well. 

(z)  Mr  Delaval  has  fuppofed,  that  the  Tyrians  were  acouainted  with  the  ufe  of  tin  in  dyeing,  a;id  Mr  Hen- 
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Dyeing  in  inoderns  greatly  to  furpafsthe  ancients  in  the  finenefs  of 
Geieial.   their  colours :  by  means  of  it  alone,  y?«r/f/,  the  brightclt 
*  of  all  colours,  is  produced.      The  method  of  producing 

the  celebrated  purple  dye  of  the  ancients  is  undcrllood 
at  prefent,  and  the  (hill  fiih  which  yield  the  dye-lluf? 
are  found  abundantly  on  the  coalls  of  Britain  and 
France  ;  but  no  perfon  thinks  now  of  putting  the  an- 
cient mode  in  practice,  becaufe  infinitely  more  beauti- 
ful colours  can  be  produced  at  a  fmalltr  price.  Much 
of  this  fuperiority  is  owing  to  the  employment  of  the 
oxide  of  tin. 

Tin,  as  Proull  has  proved,  is  capable  of  two  degrees 
of  oxydation  :  The  firll  oxide  is  compofed  of  0.70  parts 
of  tin,  and  o.  ^o  of  oxygen  ;  the  fecond,  or  white  oxide, 
* -^"'■- '''..  of  0.60  parts  of  tin,  and  c. 40  of  oxygen  *.  The  firtt 
oxide  abforbs  oxygen  with  very  great  facility  even  from 
the  air,  and  is  rapidly  converted  into  white  oxide.  This 
faA  makes  it  certain,  that  it  is  the  white  oxide  of  tin 
alone  which  is  the  real  mordant  :  even  if  the  other  oxide 
were  applied  to  cloth,  as  it  probably  often  is,  it  mull 
foon  be  converted  into  white  oxide,  by  abforbing  oxy- 
gen from  the  atmofphere. 

Tin  is  ufed  as  a  mordant  in  three  ftates  ;  diflblved  in 
nitro  muriatic  acid,  in  acetous  acid,  and  in  a  mixture  ot 
fulphuric  and  muriatic-acids.      Nitro-muriat   of  tin    is 
the  common   mordant  employed  by  dyers.     They  pre- 
pare it  by  diflblving  tin  in  diluted  nitric  acid,  to  which 
a  certain  proportion  of  muriat  of  foda,  or  of  ammonia, 
is  added.  Part  of  the  nitric  acid  decompofes  thefe  falts, 
combines  with  their  bafe,  and  fets  the  muriatic  acid  at 
liberty.      They  prepared    it    at    firll  with  nitric  acid 
alone  ;  but  that  mode  was  very  defeftive  ;  becaufe  the 
nitric  acid  very  readily  converts  tin  to  white  oxide,  and 
then  is  incapable  of  diflblving  it.     The  confequence  of 
which  was,   the  precipitation  of  the   whole  of  the  tin. 
To  remedy  this  deleft,  common  fait,  or  fal-ammoniac, 
was  very  foon  added,  muriatic   acid  having  the  proper- 
ty of  diflblving  white  oxide  of  tin  very  readily.    A  con- 
fiderable  faving  of  nitric  acid  might   be  obtained,  by 
employing  as  much  fulphuric  acid  as  is  juft    fufficient 
to  faturate  the  bafe  of  the  common  fait,  or  fal-ammo- 
niac, employed. 

When  the  nitro-muriat  of  tin  is  to  be  ufed  as  a  mor- 
dant, it  is  diflblved  in  a  large  quantity  of  water,  and 
the  cloth  is  dipped  in  the  folution,  and  allowed  to  remain 
till  lufficiently  faturated.  It  is  then  taken  out,  and 
wafhed  and  dried.  Tartar  is  ufually  diflblved  in  the 
water  along  with  the  nitro-muriat.  The  confequence 
of  this  is  a  double  decompofition  ;  the  nitro  muriatic 
acid  cornbines  with  the  potafs  of  the  tartar,  while  the 
tartarous  acid  diflblves  the  oxide  of  tin.  When  tartar 
is  ufed,  therefore,  in  any  confiderable  quantity,  the 
mordant  is  not  a  nitro-muriat,  but  a  tartrile  of  tin. 

Mr  Hauflman,  to  whom  the  art  of  dyeing  lies  under 
numerous  obligations,  has  propofed  to  fubftitute  acetite 
of  tin  for  nitro-muriat  as  a  mordant  for  cotton  and  li- 
nen.    It  may  be  prepared  by  mixing  together  acetite 
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of  lead  and  nitro-muriat  of  tin.  This  mordant  is  pre- Dyeing  ii 
ferable  for  thefc  iluffs  ;  becaufe  it  is  much  moit  cafily  ti'neral. 
decompoftd  than  the  nitro-muriat  f.  Aif^T 

Dr  Bancroft  has  propofed  to  fubftitute  a  folution  of  ci/^.i,^ 
tin  in  a  mixture  of  fulphuric  and  muriatic  acid,  inftead  ij. 
of  nitrio-mnriat  of  tin,  as  a  mordant  for  wool.     This 
mordant,  he   informs  us,   is  much  cheaper,   and  equally 
efficacious.      It    may  be    prepared  by  diffolving  lome- 
what  lefs  than  one  part  of  tin  in  two  parts  of  fulphuric 
and  three  of  muriatic  acid,  at  the  degree  of  concentra- 
tion at  which  they  are  commonly  fold  in  this  country  J.}  'Bancroft 
This  mordant,   like  the  others,  muft  be    diffolved  in  aP-  ''9o> 
fufficient  quantity  of  water,  in  order  to  be  uled. 

Iron,  like  tin,  is  capable  of  two  .degrees  of  oxyda- 
tion ;  but  the  green  oxide  abforbs  oxygen  fo  readily 
from  the  atmofphere,  that  it  is  very  foon  converted  in- 
to the  red  oxide.  It  is  only  this  laft  oxide  which  is 
really  ufed  as  a  mordant  in  dyeing.  The  green  oxide  is 
indeed  fometimes  applied  to  cloth  ;  but  it  very  foon  ab- 
forbs oxygen,  and  is  converted  into  the  red  oxide.  This 
oxide  has  a  very  flrong  affinity  for  all  kinds  of  cloth. 
The  permanency  of  the  iron  fpots  on  liuen  and  cotton 
is  a  fufficient  proof  of  this.  As  a  mordant,  it  is  ufed 
in  two  ftates  ;  in  that  of  fulphat  of  iron,  and  acetite  of 
iron.  The  firft  is  commonly  ufed  for  wool.  The  fait 
is  diflblved  in  water,  and  the  cloth  dipped  in  it.  It 
may  be  ufed  alfo  for  cotton  ;  but  in  moil  cafes  acetite 
of  iron  is  preferred.  It  is  prepared  by  diflblving  iron, 
or  its  oxide,  in  vinegar,  four  beer,  &c.  and  the  longer 
it  is  kept,  the  more  is  it  preferred.  The  reafon  is,  that 
this  mordant  fucceeds  bell  when  the  iron  is  in  the  Hate 
of  red  oxide.  It  would  be  better  then  to  oxydate  the 
iron,  or  convert  it  into  rull,  before  ufing  it  ;  which 
might  eafily  be  done,  by  keeping  it  for  fome  time  in  a 
moift  place,  and  fprinkling  it  occafionally  with  water. 
Of  late,  pyrolignous  acid  has  been  introduced  inftead 
of  acetous.      It  is  obtained  by  diftilling  wood  or  tar. 

8.  Tan,  which  has  been  already  deferibed  in  the  firft ■palj^ 
part  of  this  article,  has  a  very  ftrong  affinity  tor  cloth, 
and  for  feveral  colouring  matters.  It  is  therefore  very 
frequently  employed  as  a  mordant.  An  infufion  of  nut 
galls,  or  ui fumach  (a),  or  any  other  fubftance  contain- 
ing tan,  is  made  in  water,  and  the  cloth  is  dipped  in  this 
intufion,  and  allowed  to  remain  till  it  has  abforbed  a 
fufficient  quantity  of  tan.  Silk  is  capable  of  abforbing 
a  very  great  proportion  of  tan,  and  by  that  means  ac- 
quires a  very  great  increafe  of  weight.  Manufafturers 
fometimes  employ  this  method  of  increafing  the  weight 
offilk*. 

Tan  isoftenemployed  alfo,  along  with  other  mordants,/;/^  jj.  ,0 
in  order  to  produce  a  compound  mordant.  Oil  is  alfo 
ufed  for  the  fame  purpofe  in  the  dyeing  of  cotton  and 
linen.  The  mordants,  with  which  tan  moil  frequently 
is  combined,  are  alumina  and  oxide  of  iron.  406 

Belidcs  thefe  mordants,  there  are  feveral  other  fub- Other  m 
ftanccs  frequently  ufed  as  auxiliaries,  either  to  facilitate"'"  ^ 
the  combination  of  the  mordant  with   the  cloth,  or  to 

alter 
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»y  has  declared  himfelf  of  the   faine   opinion.     But  this  reafoning,  as  Dr  Bancroft  has  fhewn,  proceeds  upon  a 
roiftake.      He  fuppofes  that  tin  is  necejfary  for  the  produftion  of  red  colours. 

(a)  Sumach  is  the  rhus  canarta  ;  a  ihrub  which  is  cultivated  in  the  fouthem  parts  of  Europe.     Its  fhoots  are 
dried,  afterwards  ground  to  powder  ;  in  which  ftate  they  are  fold  to  the  dyer  and  tanner.. 


hap.  Ilf.  Dyeing   SU 

yeing  in  alter  the  (hade  of  colour.  The  cliitf  ot  thefe  are,  tar- 
iciieral.  i^j^^  acel'Uc  of  lead,  common  fait,  fat  animuniac,  fulphat  or 
acetili  of  copper,  &i:. 

9.  Mordants  not  only  render  tlie  dye  permanent, 
but  l\ave  alfo  confulerable  influence  on  the  colour  pro- 
duced. The  fame  colourinjr  matter  produces  very  dif- 
ferent dyes,  according  as  the  mordant  (3  changed.  Sup- 
pofe,  for  Inllance,  that  the  colouring  matter  be  cochi- 
neal ;  if  wc  ufe  the  aluminous  mordant,  the  cloth  will 
acquire  a  crimfon  colour  ;  but  the  oxide  of  iron  pro- 
duces with  it  a  black.  Thefe  changes,  indeed,  might 
naturally  have  been  expcfted  :  for  fince  the  colour  of 
a  dye  (luft  depends  upon  its  affinity  for  light,  every 
new  combination  into  which  it  enters,  having  a  tenden- 

'cy  to  alter  thefe  alliiiities,  will  naturally  give  it  a  new 
colour.  Now,  in  all  cafes,  the  cohiuring  matter  and 
mordant  combine  together  :  the  cohiur  of  the  cloth, 
then,  mud  be  that  which  the  particles  of  the  dye  and 
of  the  mordant,  when  thus  combined  together,  exhibit. 
Indeed  fome  mordants  may  be  confidered  in  the  light 
of  colouring  matters  alfo,  as  they  always  communicate 
a  particular  colour  to  cloth.  Thus,  iron  communicates 
a  brown  colour,  and  iron  and  tan  together  conftitute  a 
black  dye. 

In  dyeing,  then,  it  is  not  only  neccffary  to  procure 
a  mordant,  which  has  a  fuificitntly  llrong  affinity  for 
the  colouring  matter  and  the  cloth,  and  a  colouring 
matter  which  poffeifes  the  wifiied  for  colour  in  perfec- 
tion, we  muil  procure  a  mordant  and  a  colouring  mat- 
ter of  fuch  a  nature,  that  when  combined  together 
they  fhall  poffefs  the  wifhed-for  colour  in  perfection. 
It  is  evident,  too,  that  a  great  variety  of  colours  may 
be  produced  with  a  fingle  dye-lluff,  provided  we  can 
change  the  mordant  fufficiently. 

10.  Every  thing  which  tends  to  weaken  the  affinity 
between  the  mordant  and  the  cloth,  or  between  the 
mordant  and  the  colouring  matter,  and  every  thing 
which  tends  in  any  way  to  alter  the  nature  of  the  mor- 
dant, muft  injure  the  permanency  of  the  dye:  becaufe, 
whenever  the  mordant  is  deftroyed,  there  is  no  longer 
any  thing  to  caufe  the  dye  UufF  to  adhere  ;  and  when 
its  nature  is  altered,  the  colour  of  the  dye  mull  alter  at 
the  fame  time.  All  the  obfervations,  then,  which  were 
made  in  the  lail  chapter,  concerning  the  nature  of  co- 
louring matters,  and  the  changes  to  vvdiich  they  are 
fubjeft,  apply  equally  to  mordants.  Tliefe  fubdances, 
indeed,  are  fcarcely  liable  tliemfelves  to  any  alteration. 
They  are  of  a  much  more  fimple  nature,  in  general, 
than  dye  fluffs  ;  and  therefore  not  nearly  fo  liable  to 
decompofition.  But  when  the  colouring  matter  itfelf 
is  altered,  it  comes  to  the  fame  thing.  Its  affinity  for 
the  mordant  being  now  deftroyed,  there  is  nothing  to 
retain  it. 

As  the  permanency  of  a  dye  depends  upon  the  de- 
gree of  affinity  between  the  mordant  and  the  colouring 
matter,  it  is  clear  that  the  dye  may  want  permanency, 
even  though  it  refift  the  oxy  muriatic  acid,  and  all  the 
other  faline  tefts  propofed  by  chemifts.  Thefe  fub- 
ftances  may  happen  to  have  very  little  aftion  on  the 
dye-ftuff,  and  therefore  may  not  affeft  it ;  yet  it  may 
foon  difappear,  in  confequence  of  its  want  of  affinity  for 
the  mordant. 

1 1.  The  colouring  matter  with  which  cloth  is  dyed, 
does  not  cover  every  portion  of  its  furface  ;  its  particles 
attack  themfelves  to.  the  eloth  at  certain  diftances  from- 
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cachothirr:   for  cloth  may  be  dyed  different  fliades  of  Dyeing  in 
the  fame  colour,  lighttr  or  darker,   nurily  by  varying    General, 
the  quantity  of  colouring  matter.      Witli  a  fniall  quan-         ^ 
tity,  the  (liade  is  light  ;   and   it   becomes  deeper  as  the  Dye  (luffs 
quantity  increafes.     Now  this  would   be  impoffible,   if  d'J  not 
the  dye-lluff  covered  the  whole  of  the  cloth.      Newton  '°"''  '*"= 
has  demonftrated,  that  colours  are  rendered  faint  "hen  ^^"^(Vl'^r 
the  rays  ot  light  which  oecadon   them  are  mixed  with  doth. 
white  ra)  s.      Confequcntly,  from  cloth  dyed  of  a  light 
fliade,  a  conllderable  quantity  of  white  rays  paffes  off 
unchanged  :   but  this  could  not  be  the  cafe  if  the  ftufT 
were  covered  with   coloured   matter  ;   becaufe   all  the 
white  rays  would  be  dtcompofcd  as  they  pafs  through 
the  coloured  matter.     Therefore,   in   light   fliades,  the 
colouring  matter  does  not  cover  the  cloth;  its  particles 
adhere  to  it,  at  a  certain  diftance  from  each  other,  and 
from  every  part  of  the  cloth   which  is  uncovered,   the 
white  rays  pafs  off  uachanged.    Even  when  the  fhade  of 
colour  is  as  deep  as  polTibic,   the  colouring  particles  do 
not  cover  the  whole  of  the  cloth,   but  are  at  a  certain 
dlflance  from  each  other.      This  diftance,  undoubtedly, 
is  diminifhed  in  proportion  to  the  deepnefs  of  the  fhade: 
for  the  deeper  the  fhade,  the  fmaller  is  the  number  of 
white    rays   which    efcape   undecompofed  j   the    more, 
therefore,  of  the  furface  is  covered,  and,  confequently, 
the  fmaller  is  the  diifance  at  which  each  each  of  them 
is  placed.  A  fhade  may  be  even  conceived  fo  very  deep, 
that  not  a  particle  of  white  light  efcapes  the  aftion  of 
the  colouring  matter  ;  in  which  cafe,  the  diftance  be- 
tween the  particles  of  colouring  matter  could  not  ex- 
ceed double  that  diftance  at  which  a  particle  of  matter 
is  able  to  adf  upon  light.  410 

That  the  particles  of  colouring  matter,  even  when  the  ^°'"P'"""^ 
fhade  is  deep,  are  at  fome  diftance,  is  evident  from  this'"  "'" 
well-known  faft,  that  cloth  may  be  dyed  two  colours  at 
the  fame  time.  All  thofe  colours,  to  which  the  dyers  gire 
the  name  oi compound,  are  in  faft  two  different  colours  ap- 
plied to  the  cloth  at  once.  Thus  cloth  gets  a  _frffn  colour, 
by  being  firft  dyed  Hue  and  then  yelloiv.  The  rays  of 
light  that  pafs  from  green  cloth  thus  dyed  are  blue  and 
yellow  ;  by  the  mixture  of  which  it  is  well  known  that 
green  is  produced.  In  this  cafe,  it  is  clear,  that  each 
of  the  colouring  matters  performs  the  very  fame  office 
as  if  It  were  alone  ;  and  that  the  new  colour  is  not  pro- 
duced by  the  combination  of  the  two  colouring  mat- 
ters. That  part  of  the  white  light,  refleded  from  the 
cloth,  which  paffes  through  the  blue  colouring  matter,, 
is  decompofed,  and  the  blue  rays  only  tranfmitted;  and 
that  part  of  the  white  light  which  paffes  through  the 
yellow  colouring  matter  is  alfo  decompofed,  and  only 
the  yellow  rays  tranfmitted.  It  is  clear,  therefore,  that 
both  of  the  colouring  matters  equally  cover  the  naked 
fibres  of  the  cloth;  confequently  the  one  muft  be  pla- 
ced in  the  intervals  of  the  other  :  wherefore  the  par- 
ticles of  each  of  the  colouring  matters  are  at  fome  di- 
ftance. Now  the  fame  effctf  happens  how  deep  foever 
the  fliade  be  ;  and  it  makes  no  difference  which  of 
the  two  dyes  be  firft  given.  Nay,  if  one  of  the  dyes 
have  a  ftrong  affinity  for  the  cloth,  and  the  other  only 
a  weak  affinity,  the  latter  will  foon  difappear,  and  leave 
the  cloth  of  the  colour  which  the  firft  dye  gives  it. 

The  difference,  then,  in  the  ftiade  of  colour,  and  alfo 
the  compound  colours  which  cloth  may  receive,  depend 
entirely  upon  the  diftance  between  the  particles  of  the 
colouring  matters  attached  to  the  cloth,  and  the  poffibi- 

lity 
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lity   cf  [jaitly   filling  r.p  the  intervals,   either  with  the 
fame  colouring  matter,  or  with  a  different  one. 

Tlui3  we  have  taken  n  view  of  the  theory  of  dyeing, 
as  far,  at  leall,  as  it  is  at  prefent  underilood.  It  re- 
mains for  us  dill  to  give  an  account  of  the  particular 
manner  by  which  each  of  the  colours  Is  imj)irud  to 
cloth.  This  dial!  be  the  fubjeft  of  the  three  following 
chapters.  In  \.\iejiijl,  v,e  (tiall  treat  oft  he  manner  of 
dyeing  the  fimple  colours  ;  in  the  ftcnnei,  of  dyeing  the 
conipound  culoiirs  ;  aftd  in  the  l//irtl,  of  dyeing  doth 
partially  feveral  different  colours  at  the  fame  time,  or 
of  that  branch  of  the  art  of  dyeing  wliich  is  known  in 
this  country  l)y  tlie  name  o(  n,/iio  frinll/i^. 


CtiAV.  IV.     Of  Dyeing  SiMri.E  Colours. 


the  fubjeft  of  the  following  feCtions. 


StCT.  I. 


4lr 

'She  dyes. 


4IX 
Woad. 


to  dye  with  prufliat  of  iron  ;   but   ihefe  attempts  have 
hitherto  failed. 

1.  The  i/iitis  I'mLlona,  or  luoad,  is  a  plant  com- 
monly enough  cultivated  in  this  kingdom,  and  even 
found  wild  in  fome  parts  of  England.  It  is  of  a  yel- 
lowldi  colour.  Some  perfons  think  that  it  was  this 
plant  with  which  the  ancient  Britons  ilalned  their  bodies, 


Indigo, 


414 
How  prc- 
I'ared. 


Part  11 

Dr  Roxbourgh,  who  fiid  drcxT  the  attention  of  ma-  Bin 
rulaClurers  to  the  iierium  thtilonuni,  a  tree  very  com- *~—v — 
nion  In  Indoflan,  from  the  leaves  of  which  indigo  may 
be  extiatted  with  much  advantage,  has  given  a  much 
iliorter  method  of  obtaining  that -pignu-nt.  The  leaves 
are  kept  in  a  copper  full  of  water,  fupported  at  the 
temperature  of  160',  till  they  afTuine  a  yellowifh  hue, 
and  tlie  liquid  acquire  a  deep  green  colour.  'I'he  11, 
quid  is  then  to  be  drawn  off,  agitated  in  the  ufual  man- 
ner,  till  the  blue  flocculx  appear;  and  then  the  indigo 
is  to  be  precipitated  witk  lin\e  water  *.  «  Jimcmi 

This  procefs,  which   fucceeds  equally  well  with  th^;!.  4x3. 
indigofera,  (hews  us  that  the  plants,  from  which  indigo 
may   be  extracted,  contain  a  peculiar  green  pollen,  fo- 
Inbie  in  water.      The  intention,  both  of  the  fermenta- 
tion of  tlie  common  method,  and  of  the  fealding,  ac- 
The  coloms  denomlnattd   by  dyers  JimpL',  becaufe     cording  to   Dr  Roxbourgh's  method,  is  merely  to  ex- 
-they  are  the  foundation  of  all  their  other  proccfl'es,  are     traft  this  pnllen.      Mr  Haulfman  firll  fhewed,  that  this 
four;  namely,     i/?,    blue  ; — id,   yellow; — ^r/,   led  ; —     green  bafis  of  indigo  has  a  (Irong  affinity  for  oxyen  ; 
4th,  black.     To  thefe  they  ufually  add  a  fifth,  under     and  the  fnbfequent-  txperiments  of  Drs  lloxbour^h  and 
the  namt  of  ro/j/,   01^  brown  colour.     Thefe    fliall  form     Bancroft  have  confirmed  his  obfervations,  and  put  them 

beyond  the  reach  of  doubt.     It  gradually  attraSs  oxy- 
gen  from  the  air ;   in  confequcnce  of  which  it  acquires 
UJ   ISlve.  g  |^],|g  (-olour,  and  becomes  infoluble  in  water,      'j'he 

.      The  only  colouring  matters  employed  In  dyeing  blue     agitation   Is  intended   to  facilitate   this   abforptlon,  by 
■  are  ".vonri  and  inillgo  :  attempts.  Indeed,  have  been  made     expofing  a  greater  furface  to  the  aftion  of  the  air.  The 

lime  water,  by  abforbing  a  quantity  of  carbonic  acid, 
with  which  the  green  pollen  feems  to  be  combined, 
greatly  facilitates  the  fejiaration  of  the  Indigo. 

The  method  of  preparing  Indigo,  and  of  applying  it 
to  the  purpofes  of  dyeing,  feems  to  have  been  very 
early  known  In  India.  But  In  Europe,  though  It  had 
been  cccafionally  ufed  as  a  paint  *,  its  importance  as  a  »  pimil 
to  make  them  appear  terrible  to  their  eneinies.  AVhen  dye  fluff  was  not  underftood  before  the  middle  of  the  1. 35.  c.  %  \ 
arrived  at  maturity,  this  plant  is  cut  down,  waflied,  16th  century.  It  Is  not  even  mentioned  in  the  Plictho, 
dried  haflily  in  the  fun,  ground  In  a  mill,  placed  In  -which  was  publifhed  in  1548.  At  that  period,  then,, 
lieaps,  and  allowed  to  ferment  for  a  fortnight ;  then  the  ufe  of  Indigo  mufl  have  been  unknown  to  the  Ita- 
■well  mixed  together,  formed  into  balls,  which  are  piled  Han  dyers.  The  Dutch  were  the  people  who  firft  im- 
upon  each  other,  and  expofcd  to  the  wind  and  fun.  In  ported  it  from  India,  and  made  its  importance  known 
this  date  they  gradually  become  hot,  and  exhale  a  pu-  in  Europe.  It  was  aflerwaids  cultivated  in  Mexico 
trid  ammouiacal  fmell.  The  fermentation  Is  promoted,  and  the  Wed:  Indies  with  fnch  fuccefs,  that  the  indigo 
if  neceffary,  by  fprinkling  the  balls  with  water.  When  it  from  thefe  countries  was  preferred  to  every  other.  In 
has  continued  for  a  fuffieient  time,  the  woad  Is  allowed  to  confequence  of  this  preference,  they  fupplied  almoft 
fall  to  a  coarfe  powder.  In  this  date  it  is  fold  to  the  dyers,  the  whole  of  the  European  market.  But  witliln  thefe 
2.  Indigo,  is  a  blue  coloured  powder  cxtratied  from  few  years,  the  Eaft  Indian  indigo,  owing  entirely  to 
the  indigofera  thiiJuria,  and  from  feveral  other  fpecles  the  enlightened  exertions  of  fome  of  our  own  country- 
of  the  fame  genus  of  plants,  which  are  cultivated  for  men,  has  recovered  its  charafler,  and  is  now  imported, 
that  purpofe  both  in  the  Ead  and  Weft  Indies.  in  very  confiderable  quantities,  into  Britain. 

Vv'hen  the  indigofaa  has  arilved  at  maturity,  it  is  cut  The  indigo  of  commerce  has  dlff"erent  fhades  of  co- 

a  few  inches  above  ground,   placed  In  drata  in  a  large     lour,  according  to  the  manner  In  which  it  has  been  pre- 
veffel,    and  covered  with   water.      The  plants  foon  ac-     pared,  and  the   proportion  of  foreign  fnbftances  with 
quire  heat,  ferment,  and  difcharge  abundance  of  carbo-     which   it  is  nn'xed.      The  principal^  diades  are  copper 
riic  acid  gas.      When  the  fermentation   Is    far  enough     colour,    violet,    and    blue.      That    indigo,    which    has 
advanced,  which   is  judged  of  by  the  palenefs  of  the     I'le  fmallell  fpeclfic  gravity,  is  r.lwaj's  mod  efteemed  ; 
leaves,  the  liquid,   now  of  a^reen  colour.   Is  decanted     becaufe   it   Is  mod    free   from  impurities.  ^  Bergman  f    ^^^    ^ 
into  large  flat  ved'cls,  where  it  is  conflantly  agitated  till     found  the  pureft   Indigo  of  coniinerce  which  he  could^^"^ 
blue  flocculx  begin  to  make  their  appearand.      Lime     procure,  compofed  of 
water  is  now  poured  in,  which  caufes  the  blue  flocks  to  47  pi"S  indigo, 

precipitate.     The  colourlefs  liquid  Is  decanted  off,  and  12  guni, 

the  blue  fediment  poured  into   linen  bags.     When  the  6  reiin, 

water  has  drained  from  It  fufficlently,  it  is  foriiied  Into  22  eanh, 

fmall  lumps,  and  dried  In  the  Ihade.     In   this  ftate  it  I3_ oxide  of  iron. 

is.  fold  to  the  dyer  under  the  name  of  indigo.  100  (b) 

Pure 


^  (b)  Proufl  ioforras  us,  that  he  found  magnefia,  even  abundantly,  in  indigo. — Nichotfon's  Jour.  III.  325. 


IV.  '  Dyeing  SUBSTANCES. 

Pure  indigo' 13    infuIuMe  in  water,  alcoiiol,  xther,      to  dccompofe  the  fiilpliat.     The  colour  gi»(>n   iiy  fal. 
nj  oih:   neither  alkalies  nor  earths  have  any  adion  on      phat  of  indigo  is  exceedingly  beautiful  :  it  is  known  by' 

the  name  of  Saxon  blue  ;  bccaufc    t)ie    pr>  ccf;,   which 
was  difeovered  by  counccU  )r  Bartli   in    l~\D,   was  fiHl 


Blue. 
— y— ^ 


■,rg.  V. 


an 

it  :  no::-.-  of  the  acids  liitherto  tried  Invi-  any  effcdt  on 
It,  except  the  nitric  and  fulpliuric.  Nitric  acid  very 
foon  converts  it  into  a  dirty  white  colour,  and  ;.t  liift  de- 
compofes  it  completely  *.  When  the  acid  is  concen- 
trated, it  even  fets  fire  to  the  iiidigo  (c);  \\hen  it  is 
diluted,  the  indigo  becomes  brown,  cryilah  make  their 
appearance,  rcfembling  thofe  of  oualic  and  tartarons 
acids  :  ajid  there  remains  behind,  after  the  acid  and  tlie 
cryftals  are  wadied  off,  a  vifcid  fvibllance,  of  a  very  bit 


'•'•ii/'- 


carried  on  at  Grolfenhayn  in  Saxony.  'I'he  nrethod 
of  the  original  inverter  was  very  complic  ited,  from  the 
great  r.umber  of  ufelefs  ingredient:;  which  wore  mixeil 
with  tlie  fulphat.  Br.t  tlule  ingredients  were  giadually 
h.id  afide,  and  the  eoinpolition  limplified  by  others,  af. 
ter  the  nature  of  it,  wbldi  was  for  feme  time  kept  fe- 
cret,  became  known  tc  the  public.  The  bell  procefa 
ter  taftc,  and   poflefling   many  of  th«   properties  of  a      is  that  of  Mr  Poerner  *.  _      -  *//-/n<fl«» 

,(.(",11  +.  One  part  of  indigo  Is  to  be  din\;lveJ  in  four  parts  of/7/r/'y^j/ 1/< 

-  Concentrated  fulpliuric  acifl  diffblves  indigo  readily,  concentrated  fulphurie  acid;  to  the  folution  one  part'" '^"'"•■"■f> 
and  much  heat  is  evolved.  I'he  faturated  folution  is  of  dry  carbonat  of  potafs  is  to  be  added,  and  then  it  is^'  '^^" 
opaque,  and  confequcntly  black  ;  butjt  a(run:es  a  deep  to  be  diluted  with  eight  times  its  weight  of  water, 
bine  colour  when  diluted  with  water.  This  folution  is  The  clotli  muft  be  boiled  for  an  hour  in  a  folution,  con. 
well  known  in  commerce  under  the  name  of  /it/iiitl  lilne.  taining  five  parts  of  alum  and  three  of  tartar  for  every 
Bancroft  has  given  it  the  name  oi fufpkit  of  iiuligo.  Du-  32  parts  of  cloth.  It  is  then  to  be  thrown  into  a  wa- 
ring the  folution  of  tlie  indigo,  fome  fulphurous  acid,  ter  bath,  containing  a  greater  or  fmallcr  proportion  of 
and  feme  hydrogen  gas,  are  evolved ;]:,  and  the  blue  the  diluted  fulphat  of  indigo,  according  to  the  fliadc 
colour  of  the  indigo  is  much  heightened.  Tlitfe  fadts.  which  the  cloth  is  intended  to  reeeive.  In  this  bath 
have  led  B.incroft  to  fuppufe,  th;it  the  indigo,  during  it  mull  be  boiled  till  it  has  acquired  the  wilhed  for  co- 
its  folution,  combines  with    an    additional   quantity  of     lour.      The  alun\  and  tartar  are  not  intended  to  aft  as 

mordants,  but  to  facilitate  the  decompolition  of  the 
fulphat  of  indigo.  Bergman  afcertained  that  alum  pof- 
feffes  this  property.  The  alkali  added  to  the  fulphat 
anfwers  the  fame  purpofe.  Thcfe  fubllances,  alio,  by 
faturating  part  of  the  fulphurie  acid,  ferve,  in  fome 
meafure,  to  prevent  the  texture  of  the  cloth  from  being 
injured  by  the  aftion  of  the  acid,  which  is  very  apt  tu 


'ancroft  oxygen  ".  Tl'.is  m.iy  pofiibly  he  the  cafe,ibut  the  phe- 
,c.  noniena  are  not  fuffieient  to  ellablifli  it  :  for  the  hy- 
drogen gas  and  fulphurous  acid  evolved  may  owe  their 
formation,  not  to  the  aftion  of  the  fulphurie  acid  on  in- 
digo, but  upon  the  impurities  with  which  it  is  always 
mixed  ;  and  the  improvenicnt  of  the  colour  may  be 
owing  to  the  abfence  of  thefe  impurities.      I'he  carbo- 


nats  of  Hxed  alkalies  precipitate  (lowdy  from  fulphat  of     happen  in  this  procefs. 
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indigo  a  blue  coloured  powder,  which  poflfefles  the  pro- 
perties of  indigo;  but  it  is  foluble  in  molt  acids  and  in 
alkalies.  Pure  alkalies  dellroy  the  colour  and  propers- 
ties  of  fulphat  of  indigo  :  they  dellroy  alfo  precipitated 
indigo^.  Thefo  fafts  give  fome  prob:ibility  to  Ban- 
croft's opi-nioa  ;  but  they  do  not  elljblifh  it  :  btcaufe 
the  differences  between  common  and  precipitated  indi- 
go m.ay  depend  merely  on  the  llate  of  greater  minute- 
nefs  to  tvhich  it  is  reduced,  which  prevents  the  attrac- 
tion of  aggregation  from  obllrudling  the  aftion  of  other 
bodies.  Even  filica,  when  newly  precipitated,  is  foluble 
in  many  menftrua 


^.  But  fulphat  of  indigo  is  by  no  means  the  only  fo- Method  of- 
lution  of  that  pigment  employed  in  dyeing.  By  far  .''""^  f 
the  molt  common  method,  and  indeed  the  only  method ,i„jj  ,ndigo». 
known  before  1740,  is  to  deprive  indigo  of  the  oxy- 
gen to  which  it  owes  its  blue  colour,  and  thus  to  re- 
duce it  to  the  (late  of  green  pollen  ;  and  then  to  dif- 
folve  it  in  water  by  means  of  alkalies,  or  alkaline  eprths, 
which  in  that  llate  aft  upon  it  very  readily.  Indigo  is 
preeifcly  in  the  Itate  of  green  pollen  when  it  Is  firlt 
extrafted  from  the  plant  in  the  fcalding  procefs  de- 
fcribed  by  Dr  Roxbourgh.  If,  therefore,  there  were 
any  method  of  (topping  ihort  here,  and  of  feparating 


6 

Wof 

Iv 

of  In- 


3.  Indigo  has  a  very  flrong  affinity  for  wool,  filk,  the  pigment  while  it  retains  its  green  colour,  it  would 
cotton,  and  linen.  Every  kind  of  cloth,  therefore,  may  be  precifely  in  the  llate  beft  adapted  for  dyeing.  No- 
by  dyed  with  it,  without  the  affiltance  of  any  mordant      thing  more  would  be  neceffary  but  to  dllTolve  it  in  wa. 


whatever.  The  colour  thus  indeed  Is  very  permanent  ; 
becaufe  the  Indigo  is  already  faturated  with  oxygen, 
and  becaufe  it  is  not  liable  to  be  decompofed  by  thofe 
fubllances,  to  the  aftion  of  which  the  cloth  is  expofed. 
But  it  can  only  be  applied  to  cloth  in  a  llate  of  folu- 
tion ;  and  the  only  folvent  known  being  fulphurie  acid, 
it  would  feem  at  firil  fight  that  the  iulphuric  acid  fo- 
lution is  the  only  llate  in  which  indigo  can  be  employ- 
ed as  a  dye. 


ter  by  means  of  an  alkali,  and  to  dip  the  cloth  into  the 

fohition  t-.      .        .  .  t  Bancrcfu 

But  as  indigo  Is  not  brought  home  to  us  in  that  llate, 
the  dyer  is  under  the  neceflity  of  undoing  the  lall  part 
of  the  Indgo-maker's  procefs,  by  feparating  again 
the  oxygen,  and  reftoring  it  to  its  original  green  co- 
lour. Two  different  methods  are  employed  for  this 
purpofe.  The  firll  of  thefe  methods  is  to  mix  with  in- 
digo a  folution  of  fome  fubllance  which  has  a  (Ironger 


The  fulphat  of  indigo  Is  Indeed  often  ufed  to  dye  affinity  for  oxygen  than  the  green  bafis  of  indigo, 
wool  and  filk  blue  ;  but  It  can  fcarcely  be  applied  to  Green  oxide  of  iron,  for  inftance,  and  different  metallic 
cotton  and  linen,  becaufe  the  affinity  of  thcfe  fubllances  fulphurets.  If,  therefore,  indigo,  lime,  and  green  ful- 
for  Indigo  is  not   great  enough  to  enable  them  readily      phat  of  iron,  be  mixed  together  in  water,   the  Indigo 

gradually 

(c)  The  combuftion  of  indigo  by  nitric  acid,  of  the  denfity  1.52'',  was  firll  publifhed  by  Mr  Sage;  but 
Woulfe  appears  to  have  obferved  the  faft  before  him,  and  to  have  pointed  It  out  to  RoikHc,  who  (hewed  it  i* 
his  leftures.     Prcujl,  Nicholfon's  Jour,  111.  325, 
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Blue       gradually  lof(;s   i's  blue  colour,  becomes  green,  and  is 
'  ^ifiolved,  while  the  green  oxide  of  iron  is  converted  in- 

to the  red  oxide.  The  manner  in  which  thefe  changes 
tai;e  place  is  obvious.  Part  of  the  lime  dccompofes 
the  fulphat  of  iron  ;  the  green  oxide,  the  inftant  that  it 
i»  fct  at  liberty,  attrafts  oxygen  from  the  indigo,  de- 
compofes  it,  and  reduces  it  to  the  (late  of  green  pollen. 
This  green  pollen  is  immediately  dillblved  by  the  ac- 
tion of  the  reil  of  the  lime.  In  like  manner,  indigo  is 
dlirolved  when  mixed  in  water,  with  pure  antimony 
and  potafs,  or  with  fulphurct  of  arfenic  and  potafs.  For 
thelc  intereiling  fads  we  are  indebted  to  Mr  HaulT- 
man. 

Tiie  fecond  method  is  to  mix  the  indigo  in  water 
with  certain  vegetable  fubftances  which  readily  undergo 
fermentation.  During  this  fermentation,  the  indigo  is 
deprived  of  its  oxygen,  and  diflblved  by  means  of  quick- 
lime or  alkali,  which  is  added  to  the  folution.  The 
firft  of  thefe  methods  is  ulually  followed  in  dyeing  cot- 
41S  ton  and  linen  ;  the  fecond  in  dyeing  wool  and  filk. 

How  to  in-  J.  In  the  dyeing  of  wool,  woad  and  bran  are  com- 
duce  a  blue  m^ply  employed  as  vegetable  ferments,  and  lime  as  the 
yfgg\  folvent  of  the    green   bafe  of  the  indigo.      Woad  con- 

tains itfelf  a  colouring  matter  precifely  fnnilar  to  in- 
digo ;  by  following  the  common  procefs,  indigo  may 
be  extraiSed  from  it.  In  the  ufual  ftate  of  woad,  when 
purchafed  by  the  dyer,  the  indigo  which  it  contains  is 
probably  not  far  from  the  ftate  of  green  pollen.  Its 
quantity  in  woad  is  but  fmall,  and  it  is  mixed  with  a 
great  proportion  of  other  vegetable  matter.  Before 
the  introduftion  of  indigo  into  Europe,  woad  alone 
was  employed  as  a  blue  dye  ;  and  even  as  late  as  the 
1  7th  century,  the  ufe  of  indigo  was  rcftrifted  in  differ- 
ent countries,  and  dyers  obliged  to  employ  a  certain 
quantity  of  woad  (d).  But  thefe  abfurd  rtftriftions 
were  at  laft  removed,  and  woad  is  now  fcarcely  ufed  in 
dyeing,  except  as  a  ferment  to  indigo.  The  blue  co- 
louring matter,  however,  which  it  contains,  muft,  in  all 
cafes,  contribute  confiderably  to  the  dye. 

A  fufficient  quantity  of  woad,  mixed  with  bran,  is 
put  into  a  wooden  vefTtl  filled  with  warm  water,  whofe 
temperature  is  kept  up  fufficieutly  to  enfure  fermenta- 
tion. Afterwards  quicklime  and  indigo  are  added.  The 
indigo  is  deprived  of  its  oxygen,  and  dlfTolved  by  the 
lime.  When  the  folution  is  complete,  the  liquid  has  a 
green  colour,  except  at  the  furface,  where  it  is  copper 
coloured,  or  blue,  becaufe  the  indigo  at  the  furface 
abforbs  oxygen  from  the  air,  and  aflumes  its  natural 
colour.  The  woollen  cloth  is  dipped  in,  and  paffed  thro' 
the  liquid  as  equably  aspoffible,  piece  after  piece  ;  thofe 
pieces  being  firfl.  dyed  which  are  to  affunie  the  deepeil 
fhade.  No  part  of  the  cloth  (hould  come  in  contaft 
■with  the  fediment,  which  would  fpoil  the  colour.  When 
the  cloth  is  firft  taken  out  of  the  vat,  it  is  of  a  green 
colour;  but  it  foon  becomes  blue,  by  attracting  oxygen 
from  the  air.  It  ought  to  be  carefully  waftied,  to  car- 
ry off  the  uncombined  particles.  This  folution  of  in- 
digo is  liable  to  two  inconveniences:  1.  It  is  apt  feme- 
times  to  run  too  fall  into  the  putrid  fermentation  :  this 
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may  be  known  by  the  putrid  vapours  which  it  exhales,  Ye!io> 
and  by  the  difappearing  of  the  green  colour.  In  this  '■"-"/- 
ftate  it  would  foon  dcftroy  the  indigo  altogether.  The 
inconvenience  is  remedied  by  adding  more  lime,  which 
has  the  property  of  moderating  the  putrefceiit  tenden- 
cy. 2.  Sometimes  the  fermentation  goes  on  too  lan- 
guidly. This  deleft  is  remedied  by  adding  more  bran 
or  woad,  in  order  to  diminilli  the  proportion  of  quick- 
•""le.  .410 

6.  Silk  is  ufually  dyed  blue  by  the  following  pro-  silk, 
cefs  :  Six  parts  of  bran,  and  fix  of  indigo,  v,  th  ne:.r!y 
one  part  of  madder,  arc  ftirred  into  a  fufficient  quanti- 
ty of  water,  in  which  fix  parts  of  common  potafli  of 
commerce  is  diflblved.  The  liquid  is  kept  at  a  tempe- 
rature proper  for  fermentation.  When  the  indigo,  de- 
prived of  its  oxygen  by  the  fermentation,  is    dilfolved 

by  the  potafs,  the  liquid  affumes  a  green  colour.  The 
elk,  previoufly  well  fcoured,  is  put  into  the  folution  in 
fmall  quantities  at  a  time  ;  then  wrung  out  of  the  dye, 
and  hung  up  in  the  open  air,  till  the  green  colour  which 
it  has  at  firft  is  changed  into  blue.  By  this  method 
filk  can  only  be  made  to  receive  a  light  blue  colour. 
In  order  to  give  filk  a  dark  blue,  it  muft  previoufly  re- 
ceive what  is  called  a  ground  colour;  that  is,  be  previouf- 
ly dyed  fome  other  colour.  A  particular  kind  of  red 
dye-ftuff,  called  archil  (e)>  is  commonly  employed  for 
this  purpofe. 

The  madder  employed  in  the  above  procefs  may,  at 
firft  fight,  appear  fuperfluous  :  it  fcems,  however,  to 
contribute  foraething  to  the  colour.  410 

7.  Cotton  and  linen  are  dyed  blue  by  the  following  Cotton, 
procefs:  One  part  of  indigo,  one  part  of  green  fulphat  ^"'> 
of  iron,  and  two  parts  of  quicklime,  are  ftirred  into  a 
fufficient  quantity  of  water.  The  folution  is  at  firft 
green,  but  it  gradually  aflumes  a  yellow  colour,  and  its 
lurface  is  covered  with  a  fliining  copper-coloured  pel- 
licle. The  cloth  is  to  be  allowed  to  remain  in  the  folution 

for  five  or  fix  minutes.  Wlien  taken  out,  it  has  a  yellow 
colour  ;  but  on  expofure  to  the  atmolphere,  it  ioou  be- 
comes green,  and  then  blue,  in  coniequence  of  the  ab- 
forption  of  oxygen.  The  indigo,  in  this  procefs,  ieems 
to  be  deprived  of  a  greater  quantity  of  oxygen  than  is 
neceflary  to  reduce  it  to  the  ftate  of  green  pollen.  Mr 
Hauflman  has  obferved,  that  the  cloth  acquires  a  much 
deeper  colour,  provided  it  be  plunged,  the  inftant  it  is 
taken  out  of  the  dyeing  vat,  into  water  acidulated  with 
fulphuric  acid.  It  is  ufual  to  dip  the  cloth  into  a  fuc- 
ceflion  of  vats,  varioufly  charged  with  colouring  mat- 
ter ;  beginning  with  the  vat  which  contains  Icall  co- 
louring matter,  and  paffing  gradually  to  thofe  which 
contain  nioft.  By  this  contrivance  the  cloth  is  dyed 
more  equally  than  it  probably  would  be,  if  it  were  plun- 
ged all  at  once  into  a  faturated  folution  of  colouring 
matter. 

Sect.  II.     Of  TsLLoir. 

The  principal   colouring   matters  employed  to  dye     *" 
yellow  are  iueld.,fujlic,  and  quercitron  bark.  jyjj_ 

1 .  Refeda  luteola,  known  in  this  countiy  by  the  name 

of 


i 


(d)  The  employment  of  Indigo  was  ftridlly  prohibited  in  England  in  the  reign  of  Queen  Elizabeth  ;  nor 
was  the  prohibition  taken  off  till  the  reign  of  Charles  II.  It  was  prohibited  alfo  in  Saxony.  In  the  edidt  it  is 
/pokeii  of  as  a  corrofive  fubftance,  and  czXkA  food  for  the  devil.  Colbert  reflxi£ted  the  French  dyers  to  a  certain 
-quantity  of  it, 

(e)  This  will  be  defcrlbed  in  a  fubfequent  fedios. 


:hap. 
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IV.  Dyeing  SU 

Yellow,  of  ■«/(■/(/,  19  a  plant  which  grows  wild  very  commonly  in 
'  Scotlaml,  and  in  moll  European  countries.  Cultivated 
weld  has  a  move  (lender  ftem  than  the  wild  kind,  but  it 
is  more  valuable,  becaufe  it  is  much  more  rich  in  co- 
louring matter.  It  is  an  annual  plant,  of  a  yellowifh 
green  tjlour,  furniflied  with  a  great  number  of  Imall 
leaves.  When  ripe  it  is  pulled,  dried,  tied  up  in  par- 
eels,  and  in  that  ftate  fold  to  the  dyer. 

Weld  readily  >  iclds  its  colouring  matter  to  water. 
The  laturated  decottion  of  it  is  b.own  ;  but  when  fnffi- 
cientlv  diluted  with  water  it  becomes  yellow.  Acids 
render  its  colour  fomewhat  paler,  but  alkalies  give  it  a 
deeper  fliade.  When  alum  is  added  to  it,  a  yellow  co- 
loured preoii>itati  tails  down,  confifting  of  alumina  com- 
bined with  the  cilouriiig  matter  of  weld.  The  affinity 
therefore  of  tin's  colouring  matter  for  alumina  is  fo 
great,  that  it  is  able  to  ablbaft  it  from  fulphuric  acid. 
Its  affinity  for  oxide  of  tin  is  at  lealt  equally  great  ;  fur 
muriat  of  tin  caufcs  a  copious  bright  yellow  [uccipitate, 
compofed  of  the  colouring  matter  and  the  oxide  com- 
bined. Moit  of  the  metallic  falls  occafion  fimilar  preci- 
pitates, but  varying  in  colour  according  to  the  metal 
employed.  With  iron,  for  inftance,  the  precipitate  is 
drak  grey,  and  with  copper  brownifh  green  *. 

2.  The  morus  titiBoria  is  a  large  tree  which  grows  in 
the  Weft  India  iflands.  The  wood  of  this  tree  is  of  a 
yellow  colour,  with  orange  veins.  The  French  call  it 
ydloiv  -wood  ( li&is  jaunc)  ;  but  the  Englifll  dyers  have 
given  it  the  abfurd  name  of  old fu/lic  (f).  This  wood 
has  been  introduced  into  dyeing  fince  the  difcovery  of 
America.  The  precife  time  is  not  known  ;  but  that  it 
was  ufed  in  England  foon  after  the  middle  of  the  17th 
century,  is  evident  from  Sir  William  Pctty's  paper  on 
Dyeing,  read  to  the  Royal  Society  foon  after  its  infti- 
tution.  In  that  paper  particular  mention  i&  made  of  old 

Fuftic  gives  out  its  colouring  matter  with  great  faci- 
lity to  water.  The  faturated  decoftion  of  it  is  of  a 
deep  reddilh  yellow  colour  ;  when  fufliciently  diluted  it 
becomes  orange  yellow.  Acids  render  it  turbid,  give 
it  a  pale  yellow  colour,  and  occafion  a  flight  greenifh 
precipitate,  which  alkalies  rediffiilve.  Alkalies  give 
the  decoction  a  very  deep  colour,  inclining  to  red  ;  fome 
time  after  they  have  been  added,  a  yellow  matter  fcpa- 
rates  from  the  liquid,  and  either  fwims  on  the  furface, 
or  adheres  to  the  fides  of  the  vefTcl.  Alum,  fulphat 
of  iron,  of  ropper,  and  of  zinc,  produce  precipitates 
compofed  of  the  colouring  matter  combined  refpeftive- 
ly  with  the  bafes  of  thefe  different  falts  ;  and  the  colour 
varies  according  to  the  fubftance  with  which  this  Co- 
louring matter  is  combined.  With  alumina  it  is  yel- 
low ;  with  iron,  yellowifli  brown  ;  with  copper,  brown- 
ifh yellow;  and  with  zinc,  greenifh  brown  f. 

3.  TJie  qtiercus  nigra,  to  which  Dr  Bancroft  has 
given  the  name  of  quercitron,  is  a  large  tree  which  grows 
naturally  in  North  America.  Dr  Bancroft  difcovered, 
about  the  year  1784,  that  the  bark  of  this  tree  contains 
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a  great  quantity  of  yellow  colouring  matter,  and  fince  Y'low. 
that  time  it  has  been  introduced  into  dyeing  with  much  '~~^ 
advantage.  To  prepare  it  for  the  dyer,  the  epidermis 
is  Ihaved  off,  and  then  it  is  ground  in  a  mill.  It  lepa- 
rates  partly  into  flringy  filaments,  and  partly  into  a  fine 
liglit  powder.  Both  of  thefe  contain  colouring  matter, 
and  therefore  are  to  be  einployi-d  ;  but  as  tlicy  contain 
unequal  quantities,  tliey  fliould  be  ufed  in  their  natural 
proportions. 

(^crcitron  bark  readily  gives  out  its  colouring  mat- 
ter to  water  at  tlie  temperature  of  loo^  The  infufinn 
has  a  yellowifli  brown  colour,  which  is  rendered  lighter 
by  acids,  and  darker  by  alkalies.  Alum  occalioiis  a 
fcanty  precipitate  of  a  deep  yellow  colour  ;  muriat  of 
tin,  a  copious  bright  yellow  precipitate  ;  fulphat  of  tin, 
a  dark  olive  precipitate  ;  and  fulphat  of  copper,  a  pre- 
cipitate of  a  yellow  colour  inclining  to  olive  %.  t  Banc, aft, 

4.   Befides  thefe  dye  fluffs  there  are  others  occafion-'- 3 ^ci. 
ally  ufed  by  dyers.  The  following  are  the  moll  remark- q,^'-^    . 
able  :  luw  d}e$. 

Genijla  tinSoria,  or  difers  broom.  This  plant  yields  a 
very  inferior  yellow  ;  it  is  only  ufed  for  coarfe  woollen 
ftufls. 

Serralula  tinSoria,  QX fa'w-'wort.  This  plant  yields  a 
yellow  nearly  of  the  fame  nature  with  ipetd;  for  which, 
therefore,  it  is  a  good  fubflitute. 

yuglans  alba,  or  American  hiccory.  The  bark  of  thl« 
tree  yields  a  colouring  matter  exaClly  fimilar  to  that  of 
quercitron  bark,  but  much  fmaller  in  quantity. 

Anotta  is  a  name  given  to  a  red  pafle  formed  of  the 
berries  of  the  bixa  orellana,  a  tree  which  is  a  native  of 
America.  This  palte  yields  its  colouring  matter  to  a 
folution  of  alkali  in  water.  The  folution  affords  an  ex- 
ceedingly beautiful  yellow  dye,  but  very  fading,  and  in- 
capable  of  being  fixed  by  any  known  mordant. 

Turmeric  is  the  root  of  tlie  curcumit  longa,  a  plant 
which  grows  both  in  the  Eafl  and  Weil  Indies.  It  is 
richer  in  colouring  mater  than  any  other  yellow  dye 
fluff.  It  yields  very  beautiful  yellows,  but  too  fading 
to  be  of  much  ufe,  and  no  mordant  has  any  influence 
in  contributing  to  their  permanence.  426 

5.  Yellow  colouring  matters  have  too  weak   an  affi- ^X^ow  re- 
nit  y  for   cloth  to  produce  permanent  colours   without ''""^j*  * 
the    ufe   of  mordants.     Cloth,  therefore,   before   it  be 

dyed  yellow,  is  always  prepared  by  combining  fome 
mordant  or  other  with  it.  The  mordant  mofl  common- 
ly employed  for  this  purpofe  is  alumina.  Oxide  of  tin 
is  fometunes  ufed  when  very  fine  yellows  are  wanted. 
Tan  is  often  employed  as  a  fubfidiary  to  alumina,  in  or- 
der to  fix  it  more  copioufly  on  cotton  and  linen.  Tar- 
tar is  alfo  ufed  as  an  auxiliary  to  brighten  the  colour  ; 
and  muriat  of  foda,  fulphat  of  lime,  and  even  fulphat  of 
iron,  in  order  to  render  the  fhade  deeper. 

6.  The  yellow  dyed  by  means  of  fuflic  is  more  per- 
manent, but  not  fo  beautiful  as  that  given  by  weld  or 
quercitron.  As  it  is  permanent,  and  not  much  injured 
by  acids,  it  is  often  ufed  in  dyeing  compound  colours 

4  K  where 


(f)  The  rhus  cotinus,  or  Venice  fumach,  is  2  fmall  ffirub,  formerly  employed  as  a  yellow  dye,  but  now  almoft 
out  of  ufe.  The  French  call  it  fuflet,  from  which  word  it  is  probable,  as  Dr  Bancroft  fuppofes,  that  our  dyers 
formed  the  term  fujiic.  When  the  morus  tinSoria  was  introduced  as  a  dye-fluff,  they  gave  it  the  fame  name  : 
but  in  order  to  diftinguifh  the  two,  they  called  the  fumach,  which  was  a  fmall  fhrub,  young  fuJIic;  and  the  morus, 
which  W33  a  large  tree,  oldfujlic.     See  Bancroft,  i.  412. 
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where  a  yellow  is  required.  The  mordant  is  alumina. 
When  the  mordant  is  oxide  of  iron,  fultic  dyes  a  good 
permanent  drab  colour. 

Weld  and  quercitron  bark  yield  nearly  the  fame  kind 
of  colour  ;  but  as  the  bark  yields  colouring  matter  in 
much  greater  abundance,  it  is  much  more  convenient, 
and,  upon  the  whole,  cheaper  than  weld.  It  is  pro- 
bable therefore,  that  it  will  gradually  fuperfede  the  ufe 
of  that  plant.  The  method  ot  ufing  each  of  thefe  dye 
ftufFs  is  nearly  the  fame. 
Method  of  "J.  Wool  may  be  dyed  yellow  by  the  following  pro- 
inducing  a  pj-fg  .  Let  it  be  boiled  for  an  hour,  or  more,  with 
ye  ow  CO-  gj^  ^  i^j^  ^^f  j^j  vveight  of  alum,  diffolved  in  a  fufficient 
lour  on  .5  °r     ■      1  1        1  J       ■  L 

wool,  quantity  ot  water.      It  is  then  to  be  puinged,  without 

being  rinced,  into  a  bath  of  warm  water,  containing  in 
it  as  much  quercitron  bark  as  equals  the  weight  of  the 
alum  employed  as  a  mordant.  The  cloth  is  to  be  turn- 
ed through  the  boiling  liquid  till  it  has  acquired  the 
intended  colour.  Then  a  quantity  of  clean  powdered 
chalk,  equal  to  the  hundredth  part  of  the  weight  of  the 
cloth,  is  to  be  ftirrcd  in,  and  the  operation  of  dyeing 
continued  for  eight  or  ten  minutes  longer.  By  this 
method  a  pretty  deep  and  lively  yellow  may  be  given 
•  Bancroft,  fuUy  gs  permanent  as  weld  yellow  *. 
"•SJ*-  For   very  bright  orange,   or  golden  yello-ws,  it  is  ne- 

ceffary  to  have  recourfe  to  the  oxide  of  tin  as  a  mor- 
dant.  A  fine  orange  yellow  may  be  given  to  woollen 
cloth,  by  putting,  for  every  ten  parts  of  cloth,  one  part 
of  bark  into  a  fufficient  quantity  of  hot  water ;  after  a 
few  minutes,  an  equal  weight  of  murio-fulphat  of  tin  is 
to  be  added,  and  the  mixture  well  ftirred.  The  cloth 
acquires  the  wilhed-for  colour  in  a  few  minutes  when 
t  /iiUa'j.briflily  turned  in  this  bathf . 

The  fame  procefs  will  ferve  for  producing  bright 
golden  yellows,  only  fome  alum  rnuft  be  added  along  with 
the  tin.  For  the  brighteft  golden  yellow,  the  propor- 
tions fufficient  for  dyeing  loo  parts  of  cloth  are,  lO 
parts  of  bark,  7  parts  of  murio-fulphat  of  tin,  and  5 
parts  of  alum.  All  the  pofllble  fliades  of  golden  yellow 
may  be  given  to  cloth  merely  by  varying  the  propoi- 
IBW.330.   tion  of  the  ingredients  according  to  the  (hade  \. 

In  order  to  give  the  yellow  that  delicate  ^rfcn  fliade 
fo  much  admired  for  certain  purpofes,  the  fame  procefs 
may  be  followed,  only  tartar  nnift  be  added  in  different 
proportions  according  to  the  (hade.  Thus  to  dye  100 
parts  of  cloth  a  full  bright  yellow,  delicately  inclining 
to  green,  8  parts  of  bark,  6  of  murio-fulphat,  6  ct  alum, 
and  4  of  tartar,  are  to  be  employed.  The  tartar  is  to 
be  added  at  the  fame  time  with  the  other  mordants.  If 
the  proportion  of  alum  and  tartar  be  increafed,  the 
green  fhade  is  more  lively  :  to  render  it  as  lively  as  pof- 
lible,  all  the  four  ingredients  ought  to  be  employed  in 
equal  proportions.  As  thefe  fine  lemen-yellows  are 
generally  required  only  pale,  10  parts  of  each  of  the 
ingredients  will  be  fuffieien:  to  dye  about  3CO  parts  of 
cloth  § . 

By  adding  a  fmall  proportion   of  cochineal,  the  co- 
lt liiJ.^iS-  lour  may  be  raifed  to  a  fine  orange,  or  even  an  aurora||. 
41S  8.   Silk  may  be  dyed  different  (liades  of  yellow,  either 

^>i^t  by  weld  or  quercitron  bark,  but  the  lafl  is  the  chcapeft 
of  the  two.  The  proportion  (hould  be  from  i  to  2 
parts  of  bark  to  1 2  parts  of  filk,  according  to  the  (hade. 
The  bark,  tied  up  in  a  bag,  (hould  be  put  into  the  dye- 
ing velfel  while  the  water  which  it  contains  is  cold,  and 
when  it  has  ac(iuircd  the  beat  of  about  100°,  the  filk, 
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previoudy  alunied,  (hould  be  dipped  in,  and  continued  till  Yellow, 
it  alluines  the  vvi(hed-for  colour.  When  the  (hade  re-  "~^v~~^ 
quired  is  deep,  a  little  chalk  or  pcarlalh  (hould  be  added 
towards  the  end  of  the  operation.  When  a  very  lively 
yellow  is  wanted,  a  little  murio-fulphat  of  tin  fhould  be 
added,  but  not  too  much,  becaule  tin  always  injures 
the  glolfinefs  of  filk.  The  proportions  may  be  4  parts 
of  bark,  3  of  alum,  and  2  of  murio-fulphat  of  tin^.        If  J^'^ncm/t, 

Silk  is  dyed  fine  orange  and  aurora  colours  by  anot-'' ^''''" 
ta.  The  procefs  is  merely  dipping  the  filk  into  an  al- 
kalinc  folution  of  anotta.  To  produce  the  orange 
fhade  the  alkali  is  faturated  with  lemon  juice.  The 
colours  thus  produced  are  e.xceedingly  beautiful,  but 
they  want  permanency.  .,„ 

9.  The  common  method  of  dyeing  cotton  and  linenCottor, 
yellow,  has  been  dcfcribed  in  the  article  Dyeing  in  the^iii '"'cn. 
Encyclopedia.  The  cloth  is  firlf  foaked  in  a  folution  of 
alum,  and  then  dyed  in  a  decoftioii  of  weld.  AfteT 
this  it  is  (oaked  for  an  hour  in  a  folution  of  fulphat  of 
copper,  and,  laftly,  it  is  boiled  for  an  hour  in  a  folution 
of  hard  foap.  This  procefs,  befides  the  expence  of  it, 
is  defcftive  ;  becaufe  the  yellow  is  neither  fo  beautiful 
nor  fo  permanent  as  it  might  be  if  the  mordant  were 
ufed  in  a  different  form. 

The  method  recommended  by  Dr  Bancroft  is  much 
more  advantageous,  yielding  more  permanent  and  beau- 
tiful colours  at  a  fmaller  expence.  The  mordant  (hould 
be  acetite  of  alumina,  prepared  by  dilTolving  1  part  of 
acetite  of  lead,  and  5  parts  of  alum,  in  a  fufficient  quan- 
tity of  water.  This  folution  (hould  be  heated  to  the 
temperature  of  100°,  the  cloth  (hould  be  foaked  in  it 
for  two  hours,  then  wrung  out  and  dried.  The  fork- 
ing may  be  repeated,  and  the  cloth  again  dried  as  be- 
fore.  It  is  then  to  be  barely  wetted  with  lime  water, 
and  afterwards  dried.  The  foaking  in  the  acetite  of 
alumina  may  be  again  repeated  ;  and  if  the  fhade  of 
yellow  is  required  to  be  very  bright  and  durable,  the 
alternate  wetting  with  lime  water,  and  loaking  in  the 
mordant,  may  be  repeated  three  or  four  times.  By 
this  contrivance  a  fufficient  quantity  of  alumina  is  com- 
bined with  the  cloth,  and  the  combination  is  rendered 
more  permanent  by  the  addition  of  fome  lime.  The 
dyeing  bath  is  prepared  by  putting  i  2  or  18  parts  of 
quercitron  bark  (according  to  the  depth  of  the  (liade 
required),  tied  up  in  a  bag,  into  a  fufficient  quantity  of 
cold  water.  Into  this  bath  the  cloth  is  to  be  put,  and 
turned  round  in  it  for  an  hour,  while  its  temperature  is 
gradually  raifed  to  about  I  20°.  It  is  then  to  be  brought 
to  a  boiling  heat,  and  the  cloth  allowed  to  remain  in  it 
after  that  only  a  few  minutes.  If  it  be  kept  long  at  a 
boiling  heat  tlie  yellow  acquires  a  (hade  of  brown  *.        «  /^a  351, 

Another  way  of  dyeing  cotton  and  linen  very  per- 
manent yellows,  would  be  to  imitate  the  method  adopt- 
ed for  dyeing  cotton  in  the  Eaft.  That  method  is  in- 
deed  exceedingly  tedious,  but  it  might  be  very  much 
(hortcned  by  carefully  attending  to  the  ufes  of  the  in- 
gredients.  The  eflential  part  of  the  procefs  is  to  caule 
the  alumina  to  combine  in  fufficient  quantity  with  the 
cloth,  and  to  adhere  with  fufficient  firmnefs  to  enfure  a 
permanent  colour.  This  is  accomplilhed  by  ufing  three 
mordants;  firft  oil,  then  tan,  and  laftly  alum.  The 
combination  of  thefe  three  fubftances  produces  a  mor- 
dant which  enfures  a  very  permanent  colour. 

The  cotton  is  firft  foaked  in  a  bath  compofed  of  a 
fufficient  quantity  of  oil,  and  mixed  with  a  weak  folu- 
tion 
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tion  of  foda.  Am'mi!  oil  feems  to  aafwer  befl  for  the 
'purpofe.  Vogler  found  that  glue  anlwered  extremely 
well.  The  foda  (hould  be  caulUc  :  In  that  (late  it  com- 
bines with  the  oil,  and  enables  the  cloth  to  abforb  it 
equally.  It  is  then,  after  being  wafticd,  put  into  an 
infulion  of  nut  galls  (the  whiter  the  better).  The  tan 
combines  with  the  oil,  while  the  gallic  acid  carries  off 
the  alkali  that  may  remain  attached  to  the  cloth  The 
infulion  ought  to  be  hot  ;  and  the  cotton,  afti-r  coming 
out  of  it,  fliould  be  dried  as  quickly  as  pnflible  Care 
ftiould  be  taken  that  the  quantity  of  galls  do  not  ex 
cced  a  juft  proportion  co'iipared  with  the  nil,  other- 
wife  the  colour  will  be  darkened.  The  cotton,  thus 
prepared,  is  to  be  put  into  a  folution  of  alum.  There 
is  a  (Irong  atfi.ity  between  tan  and  alumina  ;  in  conle- 
quence  of  which,  the  alum  is  decotnpofed,  and  the  alu- 
mina combines  with  the  tan  in  fufficient  abundance  f. 
The  cotton,  thus  prepared,  is  to  be  dyed,  as  above  de- 
fcribed,  with  quercitron  bark. 

Mr  Chaptal,  whole  ingenious  labours  have  contri- 
buted exceedingly  to  elucidate  the  theory  of  dyeing, 
has  propofed  an  exceedingly  fimple  and  cheap  method 
of  dyeing  cotton  a  line  permanent  nankeen  yellow.  His 
procefs  is  as  follows  (g). 

Cotton  has  fo  ftrong  an  affinity  for  oxide  of  iron, 
that  if  put  into  a  folution  of  that  oxide  in  any  acid 
whatever,  it  decompofes  the  fait,  abforbs  the  iron,  and 
acquires  a  yellow  colour.  The  cotton  to  be  dyed 
is  to  be  put  into  a  cold  folution  of  fulphat  of  iron,  of 
the  fp.  gr.  1.020  ;  it  is  then  wrung  out,  and  put  di- 
reftly  into  a  ley  of  potafs,  of  the  fp.  gr.  i.oio,  into 
which  a  folution  of  alum  has  been  poured  till  it  was  fa- 
turated  with  it.  After  the  cotton  has  remained  in  this 
bath  four  or  five  hours,  it  may  be  taken  out,  wafhed, 
and  dried.  By  this  procefs  cotton  may  be  dyed  all 
the  different  (hades  of  nankeen,  by  varing  the  propor- 
tion of  the  fulphat  of  iron.  This  colour  has  the  ad- 
vantage of  not  being  injured  by  wafhing,  and  of  being 
exceedingly  cheap  §. 

Sect.  III.     0/  Red. 

The  principal  colouring  matters  employed  in  dyeing 
red  are,  iermes,  cochineal,  archil,  madder,  carthamus,  and 
Brazil  'wood, 

I.  In  different  parts  of  Afia.  and  the  fouth  of  Eu. 
rope,  there  grows  a  fmall  fpecies  of  oak,  to  which  Lin- 
naeus gives  the  name  of  quercus  coccifera.  On  this  oak 
refides  a  fmall  infect,  of  a  reddifli  brown  colour  ;  in 
commerce  it  is  known  by  the  name  of  iermes.  This 
infeft  is  a  fpecies  of  coccus  :  Linnaeus  called  it  coccus 
ilicis.  Thefe  infefts  are  gathered  in  the  month  of  June 
when  the  female,  which  alone  is  ufeful,  is  fwelled  with 
eggs.  They  are  fteeped  for  ten  or  twelve  hours  in  vi- 
negar to  kill  the  young  infefts  contained  in  the  eggs, 
and  afterwards  dried  on  a  linen  cloth.  In  this  ftate 
they  are  fold  to  the  dyer. 

Kermes  readily  gives  out  its  colouring  matter  to 
water  or  alcohol.  It  was  much  ufed  by  the  ancients  in 
dyeing  ;  the  colours  which  it  produced  were  highly 
efteemed,  being  inferior  in  price  only  to  their  celebra- 
ted purple.     They  gave  it  the  name  of  coccus. 
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The  colour  which  it  commtinicatea  to  cloth  is  ex- 
ceedingly peimanent,  but  being  far  inferior  in  beauty 
to  thofe  which  may  be  obtained  from  cochineal,  it  lias 
been  but  little  employed  by  dyers  fince  that  Iphiidid 
pigment  came  into  common  ufe. 

2.  Cochineal  is  likewifc  an  infeft,  a  fpecies  of  coccus.CoclMit.il, 
LinnvBUS  dillingiiiflies  it  by  the  name  of  coccus  ca3i..  It 
inhabits  different  Ipccies  of  caiSi,  but  the  mod  perfeft 
variety  is  confined  to  the  cactus  iO(cinilHfer.    The  cochi-  ■ 

Ileal  infert  was  firft  iliicovered  in  Mexico  ;  the  natives 
had  employed  it  in  their  red  dyes  before  the  arrival  of 
the  Spaniards.  It  became  known  in  Europe  foon  after 
the  conquell  of  Mexico  ;  ai.d  the  beauty  of  the  colour 
which  it  communicates  to  clith  very  foon  atliatted  ge- 
neral attention  For  manv  years  it  was  millaken  for  a 
vegetable  produdlion,  as  had  been  the  cafe  alfo  with  the 
kermes.  Difteient  atcmints  of  its  real  nature  h.id  in- 
deed appeared  very  early  in  tlie  Philolopliical  Tranf- 
aAions  ;  but  the  opinion  of  Pumet,  who  inlltttd  that 
it  was  the  leed  of  a  particular  plaut,  gained  fo  inucli 
credit,  that  it  was  not  entirely  dellroyed  till  the  publi- 
cation of  Mr  Ellis's  paper  in  the  52d  volume  of  the 
Philofophical  Tranlaftions,  which  ellablilhed  the  con- 
trary beyond  the  poffibility  ot  doubt. 

The  female  cochineal  infeA  remains  like  the  kermes, 
during  her  whole  life  adhering  to  a  particular  Ipot  of 
the  tree  on  which  it  feeds.  After  fecundation,  her 
body  ferves  merely  as  a  nidus  for  her  numerous  eggs, 
and  gradually  fwells  as  thefe  advance  towards  maturity. 
In  this  ftate  the  infefts  are  gathered,  put  into  a  linen 
bag,  which  is  dipt  into  hot  water  to  dcftroy  the  life  of 
the  young  animals  contained  in  the  eggs,  and  then 
dried.  In  this  Hate  they  are  fent  to  Europe  and  fold 
to  the  dyer. 

The  quantity  of  cochineal  difpofed  of  in  Europe  is 
very  great.  Bancroft  informs  us,  that  the  Spaniards 
annually  bring  to  market  about  600,000  lbs.  of  it. 
Hitherto  the  rearing  of  the  infefts  has  belonged  almoft 
exclufively  to  that  nation.  Other  nations  have  indeed 
attempted  to  (hare  it  with  them,  but  without  any  re- 
markable fuccefs  ;  as  the  Spaniards  ufe  every  precau- 
tion to  confine  the  true  cochineal,  and  even  the  fpecies 
of  caftus  on  which  it  feeds,  to  Mexico.  Mr  Thiery 
de  Menonville  was  fortunate  enough  to  procure  fome 
fpecimens  of  both,  and  to  transTer  them  in  fafety  to  St 
Domingo  ;  but  after  his  death,  the  infects  were  allow- 
ed  to  peri(h.  The  wild  cochineal  iufeft,  which  differs 
from  the  cultivated  kind  merely  in  being  fmaller,  and 
containing  lefs  colouring  matter,  was  produced  in  St 
Domingo,  in  confiderable  quantities,  before  the  com- 
mencement of  the  late  war.  Several  fpirited  Bri- 
ti(h  gentlemen  have  lately  contrived  to  procure  the  in- 
feft  ;  and  vigorous  efforts  are  making  to  rear  it  in  the 
Eail  Indies.  We  have  not  yet  learned  the  fuccefs  of 
thefe  attempts  ;  but  we  have  reafon  to  hope  every  thing 
from  the  zeal  and  abilities  of  thofe  gentlemen  who  have 
taken  an  aftive  part  in  the  entei-prize. 

Cochineal  readily  gives  out  its  colouring  matter  to 
water.     The  decoftion  is  of  a  crimfon  colour,  incli- 
ning to  violet  :    It  may  be  kept  for  a  long  time  without 
putrefying  or  lofing  its  tranfparency.     Sulphuric  acid 
4  K  3  give* 


(g)  We  ought  to  menton,  that  this  procefs,  or  at  leaft  one  very  fimilar,  has  been  long  well  known  to  the  ca- 
lico printers  of  this  country.     Moil  of  their  brown  yellows,  or  drabs,  are  dyed  with  iroa. 


Archil, 


Dyeing  SUB 

gives  *t  a  red  colour,  inclining  to  yellow,  and  occafions 
a  fmall  tine  red  precipitate.  Tartar  gives  it  a  yellowilli 
red  colour,  which  becomes  yellow  after  a  Iniall  quanti- 
ty of  red  powder  has  fubfidcd.  Alum  brightens  the 
ct  lour  of  the  decoftion,  and  occafions  a  crimfon  preci- 
pitate. Muriat  of  tin  gives  a  copious  fine  red  precipi- 
tate; fulphat  of  iron,  a  brownifh  violet  precipitate;  ful- 
phat  of  zinc,  a  deep  violatt  precipitate;  acctite  of  lead, 

7.    "'  •""  '  'and  fulphat  of  copper,  violet  precipitates  f. 

Water  is  not  capable  of  extracting  the  whole  of  the 
colouring  matter  of  cochineal;  but  the  addition  of  a 
little  alkjli  or  tartar  enables  the    water   to   extraft  the 

»  ItiJ.  i7j.  whole  of  it  *. 

and  B<iH..  Archil  (h)  is  a  paftc  formed  of  the  lichen  roccella, 

croft, \,%n\,        •'     .     .  .\     '  -,1    r        r  ■  •   i     n    i  • 

'..  pounded  and  kept  mout  tor  iome  time  with  Itale  urine. 

It  gives  out  its  colouring  matter  to  water,  to  alcohol 
(i),  and  to  a  folution  of  ammonia  in  water. 

'i'lie  lichen  roccella  grows  abundantly  in  the  Canary 
iilands,  from  which  it  is  imported  and  fold  to  the  dvers. 
Other  lichens  are  likewife  ufed  to  dye  red,  efpecially 
the  parellus,  from  which  the  pigment  called  litmur,  and 
by  chemifts  iurfole,  is  prepared  ;  the  omphalodes  and  tar- 
tareous^  which  are  often  employed  in  this  country  to 
dye  coarfe  cloths.  To  thefe  many  others  might  be  ad- 
ded ;  but  the  reader  may  confult  the  treatifes  of  Hoff- 
man and  Weftring  on  the  fubjeft. 

4.  The  rulia  tlnBorum  is  a  fmall  well  known  plant, 
cultivated  in  different  parts  of  Europe  for  the  fake  of 
its  roots,  which  are  known  by  the  name  of  madder. 
They  are  about  the  thicknefs  of  a  goofe  quill,  fome- 
Tvhat  tranfparent,  of  a  reddiih  colour,  and  a  (Irongfmell. 
They  are  dried,  cleaned,  ground  in  a  mill,  and  in  that 
ftate  ufed  by  dyers. 

Madder  gives  out  its  colouring  matter  to  water.  The 
infufion  is  of  a  browni.Ti  orange  colour;  alum  produces 
in  it  a  deep  brownifh  red  precipitate  ;  alkaline  carbo- 
nats,  a  blood  red  precipitate,  which  is  rediffolved  on  add- 
ing  more  alkali.  The  precipitate  occafioned  by  acetite 
of  lead  is  brownifn  red  ;  by  nitrst  of  mercury,  purpliih 
brown  ;  by  fulphat  of  iren,  a  fine  bright  brown.  Af- 
ter the  red  colouring  matter  has  been  extrafted  from 
madder  by  water,  it  is  ftill  capable  of  yielding  a  brown 
^  5/r«i<i//rf, colour  \. 

""  "i"  .5*  Car/irtTKUj //K^oWuttj'  is  an   annual   plant,  cultiva- 

Carthamus^^'^  in  Spain,  Egypt,  and  the  Levant,  for  the  fake  of 
its  flowers,  which  alone  are  ufed  in  dyeing.  After  the 
juice  has  been  fqueezed  out  of  thefe  flowers,  they  arc 
waflied  repeatedly  with  fait  water,  prefled  between  the 
hands,  and  fpread  on  mats  to  dry.  Care  is  taken  to 
cover  them  from  the  fun  during  the  day,  and  to  expofe 
them  to  the  evening  dews,   in  order  to   prevent   them 
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Such  is  the  method  followed  in      Red. 
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from  drying  too  fall, 

Egypt.  > r— I 

The  flowers  of  carthamus  contain  two  colouring 
matters  ;  a  yellow,  which  is  foluble  in  water,  and  a  red, 
infoluble  in  water,  but  foluble  in  alkaline  carbonats. 
The  method  of  preparing  them  above  defcribed,  is  in- 
tended to  carry  off  the  yellow  colouring  matter,  which 
is  of  no  ule,  and  to  Lave  only  the  red.  After  the 
flowers  are  thus  prepared,  they  are  of  a  red  colour,  and 
have  lofl;  nearly  one-half  of  their  weight.  An  alkaline 
ley  readily  extrafts  their  colouring  matter,  which  may 
be  precipitated  by  faturating  the  alkali  with  an  acid. 
Lemon  juice  is  commonly  ufed  for  this  purpoie,  becauft 
it  does  not  injure  the  colour  of  the  dye.  Next  to  ci- 
tric, fulphuric  acid  is  to  be  preferred,  provided  too 
great  a  quantity  be  not  ufed.  The  red  colouring  mat- 
ter of  carthamus,  extrafled  by  carbonat  of  foda,  and 
precipitated  by  lemon  juice,  conftitutes  the  rouge  em- 
ployed by  the  ladies  as  a  paint.  It  is  afterwards 
ground  with  a  certain  quantity  of  talc.  The  finenefs 
of  the  talc,  and  the  proportion  of  it  mixed  with  the  car- 
thamus, occafion  the  difference  between  the  cheaper 
and  dearer  kinds  oi  rouge,  ^,y 

6.  Brazil  wood,  or  fernambouc,  as  it   is  called  by  the  Brazil 
French,   is  the    wood  of  the  cufalpinia    crijla,    a    tree"'°°''.- 
which  grows  naturally  in  America  and  the  Weft  In- 
dian iflands.      It   is   very  hard  ;  its  fpecific   gravity  is 
greater  than   that  of  water ;   its  tafte   is  fwectifli :  its 
colour,  when  frefh   cut,  is  pale  ;  but  after  expofurc  to 

the  atmofphere,  it  becomes  reddifli. 

Brazil  wood  yields  its  colouring  matter  to  alcohol, 
and  likewife  to  boiling  water.  The  decottion  is  of  a 
fine  red  colour.  The  mineral  acids  make  it  yellow, 
and  occafion  a  reddifli  brown  precipitate.  Oxalic  acid 
caufes  an  orange  red  precipitate.  Fixed  alkali  gives 
the  decodtion  a  crimfon  colour,  inclining  to  brown  ; 
ammonia,  bright  purple.  Alum  occafions  a  copious 
crimfon  precipitate,  efpecially  if  alkali  is  added  at  the 
fame  time.  Sulphat  of  iron  renders  the  decoftion  black, 
'ihe  precipitate  produced  by  muriat  of  tin  is  rofe  co- 
loured ;  that  by  acetite  of  lead  of  a  fine  deep  red  *. 

The  decoftion  of  Brazil  wood  is  fitter   for  dyeing-     '^     '' 
after  it  has  flood  fome  time,  and  undergone  a  kind  of 
fermentation.  .,3 

7.  None  of  tlie  red  colouring  matters  has  fo  ftrongRedre.. 
an  afSnity   for  cloth   as  to  produce   a   permanent    red,  quires  a 
without  the  afliftance  of  mordants.     The  mordants  em-  '""fQ*"'- 
ployed  are  alumina  and  oxide  of  tin  ;  oil  and   tan,  in 
certain  procefTes,  are  alfo  ufed;  and  tartar  and  muriat  of 

foda  are  frequently  called  in  as  auxiliaries. 

8.  Coarfe  woollen  fluffs  are  dyed  red   with  madder 

or 


(h)  If  we  believe  Tournefort,  this  dye-iluff  was  known  to  the  ancients.  They  employed  it  to  dye  the  colour 
known  by  the  name  oi^furple  of  Amorgos,  one  of  the  Cyclades  iflands.  If  this  account  be  accurate,  the  know- 
ledge of  it  had  been  loft  during  the  dark  ages.  It  was  accidentally  difcovered  by  a  Florentine  merchant  about 
the  year  1300,  who  obferved,  that  urine  gave  a  very  fine  colour  to  the  lichen  roccella.  Mr  Dufay  diicovered, 
that  archil  pofleffes  the  property  of  tinging  indelibly  white  marble,  of  forming  veins,  and  giving  it  the  appear- 
ance ofjafper.     See  Mem.  Par.  1732. 

(i)  The  tinfturc  of  archil  is  ufed  for  making^irr/  of  wine  thermometers.  It  is  a  fingular  fadl,  that  this  tinc- 
ture becomes  gradually  colourlefs  when  excluded  from  the  contaft  of  air,  and  that  it  again  recovers  its  colour 
when  expofed  to  the  atmofphere.  The  phenomenon  was  firft  obferved  by  the  Abbe  NoUet,  and  defcribed  by 
kim  in  an  effay,  publiflied  among  the  memoirs  of  the  Academy  of  Sciences  for  1743. 
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Re.i.      or  archil;  but  fine  cloth  is  almod  exchilively  dyed  with  SI11<  may  be  dyed    crimfon   by  fteeping   it   in  a  folu-       Rcl. 

^—v~~^  cochineal  ;   though   iho  colour  which   it   receives  from  tion  of  alum,  and  then  dyeing  it   in  the  uTual  way  in  a  — — v— ^ 

kcrmes  is  much  more  durable.      Brazil  wood  is  fcarcely  cochineal  bath.      But  the  common  procels  is  to  plunge  ■   ''j*'- 

ufed,  except  as  an  auxiliary  ;   bccaufe  the  colour  which  the  (ilk,  after  it  has  been   alumed,  into  a  bath  formed  crimfon. 
it  imparts  to  wo<.l  is  not  permanent. 

Vcc'l  how        Wool  is  dyed  crmfon,  by  firft    impregnating  it  with 

lyed  cnni-  alumina  by  means  of  an  alum   bath,  and    then   boiling 


on, 
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it  in  a  dccoftion  of  cochineal  till  it  has  acquired  the 
wldicd  for  ccilonr.  'I'he  crimfon  will  be  finer  if  the  tin 
mordant  be  fuMlituted  for  alum:  indeed  it  is  ufual  with 
dyers  to  add  a  little  nitro-muriat  of  tin  when  they  want 
fine  crimfons.  The  addition  of  archil  and  pot^s  to 
the  cochineal,  both  renders  the  crimfon  darker  and 
gives  it  more  bloom  ;  but  the  bloom  very  foon  vaaifhcs. 
For  paler  crimlons,  one-half  of  the  cochineal  is  with- 
drawn, and  madder  fubltituted  in  its  place. 

Wool  may  be  dyed  fcarlet,  the  moft  fplcndid  of  all 
colours,  by  firit  boiling  it  in  a  fohttion  of  murio-Uil- 
phat  of  tin  ;  then  dyeing  it  pale  yellow  with  quercitron 
bark,  and  afterwards  crimfon  with  cochineal  :  For 
fcarlet  is  a  compound  colour,  confilling  of  crimfon  mix- 


191. 


crimfon, 
of  the  following  ingredients  :  Two  parts  of  white  galls, 
three  pans  of  cochineal,  three-lixteenths  of  tartar,  and 
three  lixteenths  of  nitro-muriat  of  tin,  for  every  fixtcen 
parts  of  filk.  The  ingredients  are  to  be  put  into  boil- 
ing water  in  the  order  they  have  been  enumerated  ;  the 
bath  is  then  to  be  filled  up  with  cold  water  ;  the  filk 
put  into  it,  and  boiled  for  two  hours.  After  the  bath 
has  cooled,  the  fi!k  is  uiually  allowed  to  remain  in  it  for 
three  hours  longer. 

The  colours  known  by  the  names  of  poppy,  cherry,  p^py 
roft,  and  flcfh  colour,  are  given  to  filk  by  means  of 
carthamus.  Th?  procefs  conlifts  merely  in  keeping  the 
filk,  as  long  as  it  extrat'ts  any  colour,  in  an  alkaline  fo- 
lution  of  carthamus,  into  which  as  much  lemon  juice 
as  gives  it  a  fine  cherry  colour  has  been  poured.  To 
produce  a  deep  poppy  red,  the  filk  muft  be  put  fuc- 
ceffivcly  into  a  number  of  fimilar  baths,  and  allowed  to 
ed  with  a  little  ye/loiu.  This  method  was  fuggefted  drain  them.  When  the  filk  is  dyed,  the  colour  is 
by  Dr  Bancroft,  -who  firfl  explained  the  nature  of  the  brightened  by  plunging  it  into  hot  water  acidulated  with 
common  method.  The  proportions  which  he  gives  are  lemon  juice.  The  filk  ought  to  be  previouily  dyedyel- 
eight  parts  of  murio-fulphat   of  tin  for  a  lOO  parts  of     low  with  anotta.  ,^. 

cloth.      After  the  cloth  has  been  boiled  in  this  folution  Cherry  red  is  produced  the  fame  way,  only  the  anot-Cherr», 

for  a  quarter  of  an  hour,  it  is  to  be  taken  out,  and  a-     ta  ground  is  omitted,  and  lefs  colouring    matter   is  ne-     44i 
bout  four  parts  of  cochineal,  and  two  and  a  half  parts  of     ceflary,     AVhen    a  fielh  colour  is  requireil,  a  little  foap  '^''"^       • 
quercitron  bark,  are  to  be  tlirown  into  the  bath.      Af-     fhould  be  put  into  the  bath,  which   foftcns  the  colour, 

and  prevents  it  from  taking  too  quickly. 

To  Icflen  the   expence,   fome  archil  is  often    mixed 
with  carthamus  for  dark  (hades. 

The  fame  (hades   may  be  dyed  by  means  of  Brazil 
wood,  but  they  do  not  (land.  ,^(, 

Silk  cannot  be  dyed  a  full  fcarlet  ;   but  a  colour  ap-Scarlct. 
preaching  to  fcarlet  may  be  given  it,  by  firft  impregna- 
ting the  ftufF  with  murio-fulphat  of  tin,   and  afterwards 
dyeing  it  in  a   bath  compofed  of  four  parts  of  cochi- 
neal and  four  parts  of  quercitron  bark.  To  give  the  co- 
lour more  body,  both  the  mordant  and  the  dye  may  be 
repeated  *.      A  colour  approaching  fcarlet  may  be  alfo*  Bancre/e, 
added.      In  this  bath   the   cloth  is  boiled  for  an  hour,     given  to  filk,  by  firlt  dyeing  it  crimfon,  then  dyeing  it'-3i»- 
and  then  wa(hed  and  dried.  v.'kh  cart/jamus,  and  la(Uy  yellow  without  heat  f.  f  P'ritoUit, 

Every  preceding  writer  on  dyeing  took  it  for  grant.  lo.   Cotton    and    linen   are  dyed  red  with  madder."' '°J* 


ter  thefe  are  well  mixed,    the   cloth   is  to   be  returned 
»  B       ft  ^g'^'"  *°  '^^  bath,  and  boiled  in  it,   till  it  has  acquired 
'  the  proper  colour  *. 

The  common  procefs  for  dyeing  fcarlet  is  as  follows  : 
Twelve  parts  of  tartar  are  dilTolved  in  warm  water  ;  then 
one  part  of  cochineal  is  added,  and  foon  after  ten  parts 
of  nitro-muriat  of  tin.  When  the  bath  boils,  loo  parts 
of  cloth  are  put  in,  turned  briikly  through  the  bath, 
boiled  in  it  for  two  hours  ;  then  taken  out,  aired,  walh- 
ed,  and  dried.  Into  another  bath  eleven  parts  of  co- 
chineal are  put  ;  and  after  its  colouring  matter  is  fufli- 
ciently  extracted,    28  parts  of  nitro-muriat  of  tin  are 


ed,  that  the  yellow  tinge  necedary  (or  fcarlet  was  pro-     The  procefs  was  borrowed  from    the   Eaft  ;   he 
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duced  by  the  nitro-muriat  of  tin,  or  rather  by  the  ni- 
tric acid  of  that  compound,  and  that  the  tartar  was 
only  uftful  in  enlivening  the  colour.  But  Dr  Bancroft 
afcertained,  by  aAual  experiment,  that  nitro-muriat 
of  tin  has  no  (uch  effeft  ;  that  cloth,  impregnated  with 
this  or  any  other  tin  mordant,  and  afterwards  dyed 
with  cochineal,  acquires  only  a  crimfon  colour,  unlefs 
tartar  be  added  ;  that  the  tartar  has  the  property  of 
converting  part  of  the  cochineal  to  yellow  ;  and  there- 
fore is  the  real  agent  in  producing   the   fcarlet    colour. 

Good  fcarlet,  indeed,  cannot  be  made  without  tin  ;  be-     which  is  by  far  the  mod  complicated  employed   in  the 
caufe  every  other  mordant  fullies  the   colour,   and  ren-     whole  art  of  dyeing, 


ence   tl.CHowto 
colour  is  often    called   AJriunuple  or  Turkey  red.     The  dye  cot- 
cloth  is  firft  impregnated  with  oil,  then  with  galls,  and'p"^"'' 
lallly  with  alum,   in  the   manner   defcribed  in   the  l^ft  1'""^"  ^'d. 
feftion.      It  is  then  boiled  for  an  hour   in   a    decoclion 
of  madder,  which  is  commonly  mixed   with  a  quantity 
of  blood.      After  the  cloth  is  dyed,   it   is  plunged  into 
a  foda  ley,   in  order  to  brighten  the   colour.     The  red 
given  by  this  procefs  is  very  permanent,  and  when  pro^ 
perly  conduced  it  is  exceedingly  beautiful.  The  whole 
difficulty  confjls  in   the  application   of   the    mordant. 


dcrs  it  dull  f . 

9.  Silk  is  ufually  dyed  red  with  cochineal  or  cartha- 
mus, and  fometimes  with  Brazil  wood.  Kermes  does 
not  anfwer  for  filk  ;  madder  is  fcarcely  ever  ufed  for 
that  purpofe,  becaufe  it  does  not  yield  a  bright  enough 
colour.  Archil  is  employed  to  give  filk  a  bloom  ;  but 
it  is  fcarcely  ufed  by  itfelf,  unlefs  when  the  colour  want- 
ed is  lilac. 


Cotton  may  be  dyed  fcarlet  by  means  of  murio-ful. 
phat  of  tin,  cochineal,  and  quercitron  bark,  ufed  as  for 
filk  ;  but  the  colour  is  too  fading  to  be  of  any  va- 
lue *. 

Sect.  IV.     Of  Blach. 

1.  The  fubftances  employed  to  give  a  black  colourElack. 
to  doth  are  red  oxide  of  iron  and  tan.    Thefe  two  fub-dy«3. 

itances 
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(lances  have  a  flrong  affinity  for  each  other  ;  and  when 
combined,  afTume  a  deep  hlack  colour,  not  hable  to  be 
deftroyed  by  the  artlon  of  air  and  light.  The  affinity 
which  each  of  them  has  for  the  different  kinds  of  cloth 
has  been  already  mentioned. 

2.  Logwood  is  ufually  employed  as  an  auxiliary,  be- 
caufe  it  communicates  lullre,  and  adds  conliderably  to 
the  fulnefs  of  the  black.  It  is  the  wood  of  the  tree 
called  by  Linnaeus  htmaloxyhim  campechianum,  which  is 
a  native  of  feveral  of  tlie  Welt  India  illands,  and  of 
that  part  of  Mexico  which  furrouuds  the  bay  of  Hon- 
duras. It  yields  its  colouring  matter  to  water.  The 
decoclion  is  at  firft  a  tine  red  bordering  on  violet,  but 
if  left  to  itfelf  it  gradually  affijmes  a  black  colour.  A- 
cids  iTive  it  a  deep  red  colour  ;  alkalies  a  deep  viylet, 
inclining  to  brown.  Sulphat  of  iron  renders  it  as  black 
as  ink,  and  occafions  a  precipitate  of  the  fame  colour. 
The  precipitate  produced  by  alum  is  dark  red  ;  the  fu- 
pernatent  liquid  becomes  yellowidi  red*. 

3.  Cloth,  before  it  receive  a  black  colour,  is  ufually 
dyed  blue.  Tiiis  renders  the  colour  much  fuller  and 
finer  than  it  otherwife  would  be.  If  the  cloth  be 
coarfe,  the  blue  dye  may  be  too  expenlive  ;  in  that  cafe 
a  brown  colour  is  given  by  means  of  walnut  peels. 

4.  Wool  is  dyed  black  by  the  following  proccfs.  It 
is  boiled  for  two  hours  in  a  decodion  of  nut  galls,  and 
afterwards  kept  for  two  hours  more  in  a  bath  compolcd 
of  logwood  and  fulphat  of  iron,  kept  during  the  wliole 
time  at  a  fcaldiiig  heat,  but  not  boiled.  During  the 
operation  it  muft  be  frequently  expofed  to  the  air  ;  be- 
caufe  the  green  oxide  of  iron,  of  which  the  fulphat  is 
compofed,  nuift  be -converted  into  red  oxide  by  abforb- 
ing  oxygen,  before  the  cloth  can  acquire  a  proper  co- 
lour. The  common  proportions  are  five  parts  of  galls, 
five  of  fulphat  of  iron,  and  30  of  logwood  tor  every 
100  of  cloth.  A  little  acetite  of  copper  is  coninionly 
added  to  the  fulphat  of  iron,  becaulc  it  is  thought  to 
improve  the  colour, 

1;.  Silk  is  dyed  nearly  in   the  fame  manner.      It  is 
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galled,  were  impregnated  with  oil,  by  being  (Ifeped  in  Broiv,,. 
a  mixture  of  alkaline  ley  and  oil  combined,  as  is  pnic-  "~~v— ■ 
tiled  for  dyeing  cotton  red. 

Sect.  V.    Of  Broifn. 

That  particular  brotun  colour,  with  a  cad  o( y^Uoiu, 
which  the  French  call y^uTf,  and  to  which  the  EnglKh 
writers  on  dyeing  have  appropriated  the  word  faiun, 
though  in  tacf  a  compound,  is  commonly  ranked  among 
iimple  colours  ;  becaufe  it  is  applied  to  cloth  by  a  finglc 
proceis.  The  fnbltances  employed  to  produce  this  co- 
lour are  numerous  ;  but  we  Ihall  fatis.y  ourfelves  with 
enumerating  the  following: 

Walnut  peels  are  the  green  covering  of  the  wal- Brown 
nut.  When  firlt  Icparated,  they  are  while  internally  ;dy{», 
but  foon  aflume  a  brown,  or  even  a  black  colour,  on  ex- 
pofure  to  the  air.  They  readily  yield  their  colouring 
matter  to  water.  They  are  ufually  kept  in  large  calks, 
covered  with  water,  for  above  a  year,  before  they  are 
ufed.  To  dye  wool  brown  with  them,  nothing  more 
is  necelfary  than  to  fteep  the  cloth  in  a  decodtion  of 
them  till  it  has  acquired  the  wilhed-for  colour.  The 
depth  of  the  fhade  is  proportional  to  the  Ifrength  of  the 
decotlion.  The  root,  as  well  as  the  peel  of  the  wal- 
nut tree,  contains  the  fame  colouring  matter,  but  in 
fmaller  quantity.  The  bark  of  the  birch,  alfo,  and 
many  other  trees,  may  be  ufed  tor  the  fame  purpofe. 

It  is  very  probable,  that  the  brown  colouring  matter 
is  in  thefe  vegetable  fubftances  combined  with  tan.  This 
is  certainly  the  cafe  in  fumach,  which  is  often  employ- 
ed to  produce  a  brown.  This  combination  explains  the 
reafon  why  no  mordant  is  neceffary ;  the  tan  has  a 
flrong  affinity  for  the  cloth,  and  the  colouring  matter 
for  the  tan.  The  dye  rtuff  and  the  mordant  are  al. 
ready,  in  faft,  combined  together. 

Chap.  V.   Of  Compound  Colours. 
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capable  of  combining  with  a  very  great  deal  of  tan  ;  the 
quantity  given  is  varied  at  the  plcafure  of  the  artill,  by 
allowing  the  filk  to  remain  a  longer  or  (horter  time  in 
the  decodion.  After  the  galling,  the  lilk  is  put  into  a 
folution  of  fulphat  of  iron,  which  is  ufually  mixed  with 
a  certain  quantity  of  iron  filings  and  of  gum.  It  is 
occafionally  wrung  out  of  the  bath,  expofed  for  iome 
time  to  the  air,  and  again  immerfed.  When  it  has  ac- 
quired a  fufficiently  full  colour,  it  is  wafhed  in  cold  wa- 
ter, and  afterwards  ftteped  in  a  decoftion  of  foap  to 
take  off  the  hdr(hncfs,  which  filk  always  has  after  being 
dyed  black. 

6.  It  is  by  no  means  fo  cafy  to  give  a  full  black  to 
linen  and  cotton.  The  cloth,  previoufly  dyed  blue,  is 
fteeped  for  24  hours  in  a  decodtion  of  nut  galls.  A 
bath  is  prepared,  containing  acetite  of  iron,  formed  by 
faturating  acetous  acid  with  brown  oxide  ot  iron.  In- 
to this  bath  the  cloth  is  put  in  fmall  quantities  at  a 
time,  wrought  with  the  hand  for  a  quarter  of  an  hour, 
then  wrung  out  and  aired,  again  wrought  in  a  freth 
quantity  of  the  bath,  and  afte^ards  aired,  Thefe  al- 
ternate proceffes  are  repeated  till  the  colour  wanted  is 
given.  A  decoftion  of  alder  bark  is  ufually  mixed 
with  the  liquor  containing  the  nut  galls. 

It  would  probably  contribute  to  the  goodnefs  and 
permanence  of  the  colour,  if  the  cloth,  before  being 


Compound  colours  are  produced  by  mixing  toge- 
ther two  fimple  ones  ;  or,  which  is  the  iame  thing,  by 
dyeing  cloth  fiiit  one  iimple  colour,  and  then  another. 
The  refult  is  a  compound  colour,  varying  in  fhade  ac- 
cording to  the  proportions  of  each  of  tlie  Iimple  co- 
lours employed.  453 

Compound  colours  are  exceedingly  numerous,  vary-DiviiJon 
ing  almolt  to  infinity,  according  to  the  proportions  of'^oniP"""' 
the  ingredients  employed.      They  may  be  all  arranged^ 
under  the  four  following  claffes  : 

Mixtures  of  I.  blue  and  yellow, 

2.  blue  and  red, 

3.  yellow  and  red, 

4.  black  and  other  colours. 
To  defcribe  all  the  different  Ihades  which  belong  to 

each  of  thefe  claffes,  would  be  impoffible  ;  and  even  if 
it  were  poffible,  it  would  be  unneceffary  ;  becaufe  all 
the  proceffes  depend  upon  the  principles  laid  down  in 
the  preceding  chapters,  and  may  eaiily  be  conceived 
and  varied  by  thofe  who  underlfand  thefe  principles. 
In  the  following  fedlions,  therefore,  it  will  be  fufficient 
to  mention  the  principal  compound  colours  produced 
by  the  mixture  of  fimple  colours,  and  to  exhibit  a  fpe- 
cimen  or  two  of  the  mode  of  producing  them. 

Sect.  I.    Of  Mixtures  of  Blue  and  Teiloit. 

The  colour  produced  by  inixtiu-es  of  blue  and  yellow 

It 
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Mixtures   is  ^rem  ;    which   is  didinguidicd  by  dyrrs  by  a  great 

f  Blue  aiidyjriety  of  names,  according  to  the  dcptli  of  the  fliade, 

Yfllo^v      ^j.  jIi^   prevalence  of   either  of   the  component    pans. 

■"^^        Thus  we  have  fta  girai,  meado'w  or  grafs  grefli,  pea. 

low  to  in-  grten,  &c.  &c. 

uce  green       Wool  is  iirnally  dyed  green  by  giving  it  firft  a  blu."  co- 
+'-'•         lour,  and  afterwards  dyeing  it  yellow  ;  becaufe,  when  the 

)n»ool,  ^.piji,^^,  jj,  i^iH  given,  ftveral  inconveniences  follow  :  the 
vcllow  partly  fcparatea  again  in  the  blue  vat,  and  commu- 
nicates a  green  colour  to  it  ;  and  thus  renders  it  ufelcls 
for  every  other  piirpofe,  except  dyeing  green.  Any  of 
the  proccfles  for  dyeing  blue,  delcribed  in  the  laft  ciiap- 
ter,  may  be  followed  ;  care  being  taken  always  to  pro- 
poition  the  depth  of  the  blue  to  the  (hade  of  green 
which  is  required.  I'lie  cloth  thus  dyed  blue  may  re- 
ceive a  yellow  colour,  by  following  the  proceffes  de- 
fcribed  in  the  laft  chapter  for  that  purpofe.  When  the 
fulphat  of  indigo  is  employed,  it  is  uiual  to  mix  all  the 
ingredients  together,  and  to  dye  the  cloth  at  once  :  the 
colour  produced  is  known  by  the  name  of  Saxon,  or 
£ngiy}j  green.  One  of  the  moll  convenient  methods  of 
conducting  this  proccfs  is  the  following  : 

Six  or  eight  parts  of  quercitron  bark,  tied  up  in  a 
bag,  are  to  be  put  into  the  dyeing  veflel,  which  (hould 
contain  only  a  fmall  quantity  of  warm  water.  When 
the  water  boils,  lix  parts  of  murio  fulphat  of  tin,  and 
lour  parts  of  alum,  are  to  be  added.  In  a  few  minutes, 
the  dyeing  veflel  fhould  be  tilled  up  with  cold  water, 
till  the  temperature  is  reduced  to  about  130°.  After 
this,  as  much  fulphat  of  indigo  is  to  be  poured  in  as  is 
fufficient  to  produce  the  intended  (hade  of  green.  When 
the  whole  has  been  fufficiently  ftirred,  a  hundred  parts 
of  cloth  are  to  be  put  in,  and  turned  brill<ly  for  about 

*Sancr(ift,  fifteen  minutes,  till  it  has  acquired  the  willicd-for  fliade*. 

■  33*-  By  this  method,  a  much  more  beautiful  colour  is  ob- 
tained than  is  given  by  the  ufual  proceis,  in  which  fullic 
is  employed  to  give  the  yellow  fhade. 

Silk,  intended  to  receive  a  green  colour,  is  ufually  dyed 
■yellow  firll,  by  means  of  weld,  according  to  the  procefs 
defcribcd  in  the  laft  chapter  ;  afterwards,  it  is  dipped  into 
the  blue  vat,  and  dyed  in  the  ufual  manner.  To  deep- 
en the  ftiade,  or  to  vary  the  tint,  decodtions  of  log- 
wood, anotta,  fuftic.  Sec.  are  added  to  the  yellow  bath. 
■  Or  iiik  may  be  dyed  at  once  green,  by  adding  fuitable 
proportions  of  fulpjiat  of  indigo  to  the  common  querci- 

I  tron  bark  bath,  compofed  of  four  parts  of  bark,  three 

j  JiW.  346.  parts  of  alum,  and  two  parts  of  mnriofulphat  of  tin  \. 

,  *^'  Cotton  and  linen  mull  be  firft  dyed  blue,  and  then 

iodlincD  yellow,  according  to  the  methods  defcribed  in  the  laft 
chapter.  It  is  needlefs  to  add,  that  the  depth  of  each 
of  thefe  colours  muft  be  proportioned  to  the  fliade  of 
green  colour  winch  it  is  the  intention  of  the  dyer  to  give. 

Sect.  II.    Of  Mixtures  of  Bj-vr  and  Rfd. 

The  mixture  of  blue  and  red  produces  •violet,  purple, 
and  lilac,  of  various  fhades,  and  known  by  vaiious 
names,  according  to  the  proportion  of  the  ingredients 
employed.  When  the  colour  is  deep,  and  inclines  moft 
to  blue,  it  is  called  -violet ;  but  when  the  red  is  preva- 
lent, it  gets  the  name  of  purple.  When  the  ftiade  is 
light,  the  colour  is  ufually  called  lilac.  For  violet, 
therefore,  the  cloth  muft  receive  a  deeper  blue  ;  for 
purple,  a  deeper  red ;  and  for  lilac,  both  of  thefe  co- 
lobrs  muft  be  light. 

Wool  is  ufually  dyed  firft  blue ;  the  fhade,  even  for 
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violet,  ought  not  to  be  deeper  than  that  caIlcJ_/lfy  blue  ;   Mixtures 
afterwards  it  is  dyed  fcarlet,  in  the  ufiuil  manner.    The'''^  ^'"^  ""'* 
violets  and  purples  are  dyed  liril  ;  and  when  the  vat  is  ■ 

foraewhat  exhaufted,  the  ch)th  is  dipped  in  which  is  to      459 
receive  the  lilac,    and    the  other    lighter  ftiades.      By'-owin- 
means  of  fulphat  of  indigo,  the  whole  procefs  may  be""^'^"'"' 
performed  at  once.    The  cloth  is  firft  alumcd,  and  then         ' 
dved  in  a  vciTel,  containing  cochineal,   taitar,  and  ful- 
phat of  indigo,  in   proportions   fulted  to  the  depth  of 
the  colour  required*.     A  vioht  colour  may  alfo  be  gi-    ^''f'r. 
ven  to  wool,  by  impregnating  it  with   a  mordant   com. 
pofed  of  tni  diiTolvtd  in  a  mixture  of  lulphuric  and  mu- 
riatic acids,   formed  by  dllfolving  niuriat  of  foda  in  ful- 
phuric  acid  :    to   wiiich    lolulion   a  quantity   of   tartar 
and   lulphat  of   copper  is  added.      The  wool    is  then 
boiled  in   a  decodtion  of  logwood  till  it   has  acquired  ,y^ 
the  wilhed-for  coloui  f.  j///,  ^„^ 

Sdk  is  firft  dyed  crimfon,  by  means  of  cochineal,  in/W/rt,  ii. 
the  ulual  way,  excepting  only  that  no  tartar,   nor  folu-33i' 
tion  of  tin,  is  emphiyed  :   It   is  then   dipped  into  the  of,  ° 
indigo  vat  till  it  has  acquired  the  wiflied-tor  ftiade.    The 
cloth  is  often  afterwards  pafted  through  an  archil  bath, 
which  greatly  improves  the  btauty  of  the  colour.     Ar- 
chil is  often  employed  as  a  fubllitute  for  cochineal :  The 
filk  firft  receives  a  red  colour,   in   the  ufunl  way,  by 
being  dyed  in  an  arclnl  bath  ;  afterwards  it  receives  the 
proper  ftiade  of  blue.     The  violet,  or  purple,  given  by 
this  procefs  is  very  beautiful,  but  not  very  lafting  J.        \BcrtlsHct,. 

Silk  may  be  dyed  violet  or  purple  at  once,  by  firft 
treating  it  with  a  mordant,  compoled  of  equal  parts  of 
nitro-niuriat  of  tin  and  alum,  and  then  dipping  it  into 
a  cochineal  bath,  into  which  a  proper  quantity  of  ful- 
phat of  indigo  has  been  poured.  But  tins  dye  is  fa- 
ding ;  the  blue  colour  loon  decays,  and  the  filk  be- 
comes red  *.  *  CuMkbi, 

Cotton  and  linen  are  firft  dyed  blue,    then   galled,  ;f^'*°f"' 
then  foaked  in  a  decottiun  ot  logwood  ;  fome  alum  and      ^61 
acctite  of  copper  are  added  to  tiie  dccoilion,  and   the  Cotton, 
cloth  is  ioakcd  again.     This  procefs  is  repeated  till  the^"'^ ''"^^> 
proper  colour  is  obtained  \.     Tlie  colour  produced  by  .    ",  °  ' ' 
this  method  is  not  nearly  equal  in   permanency  to  that         '" 
defcribed  in   this  Supplement  under  the  word   Iron  ;   to 
which  we  beg  leave  to  refer  the  reader.     The  procefs 
there   defcribed  has  bten  long  known  ;   but  M."  Chap- 
tal  has  fimplified  it  fonicwliat. 


Sect.  III.     Of  Mixtures  of  7'e.LLo>r  and  Rfd. 
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The  colour  produced  by  the  mixture  of  red  and  yel-^'^"^^^ 
low  is  orange  ;   but  almoll  an   infinity  of  Ihades  refults  ' 

from  the  dift^erent  proportions  of  the  ingredients,  and 
from  the  peculiar  nature  of  the  yellow  employed.  Some- 
times bine  is  combined  with  red  and  yellow  on  cloth  : 
the  resulting  colour  is  called,  o/if*.  4^3 

Wool  may  be  dyed  orange  by  precifely  tlie  fame  pro- r^"''^'"" 
cefs  which  is  ufed  for  fcarlet,  only  the  propmtion  of  red  1 
muft  be  diminiftied,  and  that  of  yellow  incrcafed.  When 
wool  is  firft  dyed  red  with  madder,  and  then  yellow  with 
weld,  the  refulting  colour  is  called  cinnamon  lolour.  The 
mordant,  in  this  cale,  is  a  mixture  of  alum  and  tartar. 
The  (hade  may  be  varied  exceedingly,  by  iifing  other 
yellow  dye  ftufFs  inftead  of  weld,  and  by  varying  the 
proportions,  according  to  circumftances.  Thus  a  red- 
difh  yellow  may  be  given  to  cloth,  by  firft  dyeing  it 
yellow,  and  then  palling  it  through  a  madder  batK  .^, 

Silk  is  dyed  orange  by  means  of  carihamus :  thesiik, 

method 
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Mnuiras  metliod  has  been  ckfcrlbed  in  the  laft  chapter.     Cinna- 
^  K     li      '"""  colour  is  given  to  it  by  dyeing  it,  previoufly  alum- 
Coloure     ^^'  '"  ''  hath  compoftd  of  the  decodtions  of  logwood, 
\.  Brazil  wood,  and  tullic,  mixed  together. 

46J  Cotton  and  linen  receive  a  cinnaniin  colour  by  means 

Cotton  aud  ^f  ^^^^^  j.,j  madder.  The  procefs  is  complicated.  The 
cloth  is  (nil  dyed  with  wild  and  acetite  of  copper, 
then  dipped  in  a  folution  of  fulphat  of  iron,  then  gall- 
ed, then  alumcd,  and  then  dyed  in  the  ufual  way  with 

*  B»r/iii>//rf,madder  *. 

ii.  J44,^  For  o/ive,  the  cloth  is  firft  dyed  blue,  then  yellow, 

and  lalUy  pafTcd  through  a  madder  bath.  The  (hade 
depends  upon  the  proportion  of  each  of  tUefe  colours. 
For  veiy  deep  (liades  the  cloth  is  alfo  dipped  into  a  fo- 
lution of  fulphat  o(  iron.  Cotton  and  linen  may  he  dyed 
olivi'  by  dipping  them  into  a  bath,  compofed  of  the  de- 
coclion  ot  four  parts  of  weld  and  one  of  potafs,  mixed 
with  the  decoAion  of  Brazil  wood  and  a  little  acetite 

i  D'ApUg-  of  copper  f . 

Sect.  IV.      0/  Mixtures  of  Black  wllh  other  Colours. 

Strickly  fpeaking,  the  mixtures  belonging  to  this 
dral«'*and  fs^'on  ^^e  not  mixtures  of  black  colours  with  other  co- 
bfowDs  lours,  but  combinations  of  the  black  dye  with  other  co- 
lours ;  the  ingredients  of  which,  galls  and  brown  oxide 
of  iron,  being  both  mordants,  varioufly  modify  other 
colouring  matters  by  combining  with  them.  Thus  if 
cloth  be  previonlly  combined  with  brown  oxide  of  iron, 
and  afterwards  dyed  yellow  with  quercitron  bark,  the 
refult  will  be  a  drub  of  different  (hades,  according  to 
the  proportion  of  mordant  employed.  When  the  pro- 
portion is  fmall,  the  colour  inclines  to  olive  or  yellow  ; 
on  the  contrary,  the  drab  may  be  deepened  or  fadden- 
ed,  as  the  dyers  fpeak,  by  mixing  a  little  lumach  with 

*  SaniT'/),  the  bark  *.  The  precautions  formerly  mentioned  in 
»•  34J-         applying  the  oxide  mull  be  obferved. 

It  is  very  common  to  dip  cloth  already  dyed  fome 
particular  colour  into  a  folution  of  fulphat  of  iron,  and 
galls  or  fome  other  fubllance  containing  tan,  called  the 
black  bath,  in  order  to  alter  the  (hade,  and  to  give  the 
colour  greater  permanericy.  We  fhall  give  a  few  in- 
ilances  :  greater  minutenels  would  be  inconiiftent  with 
the  nature  of  this  article. 

Cloth  dyed  blue,  by  being  dipped  into  the  Hack  bath, 
becomes  bitil/h  grey.  Cloth  dyed  yellow,  by  the  fame 
procefs,  becomes  ilacij/h  grey,  drab,  or  yello'wi/lj  brown. 
Cloth  previoufly  alumed,  and  dyed  in  a  decoftion  of  co- 
chineal and  acetite  of  iron,  acquires  a  permanent  i>!olet 
colour  inclining  to  brown,  or  a  lilac,   if  the  dyeing  vef- 

*  GublUh,  f«l  be  fomewhat  exhauded  *.  Cloth  ileeped  in  a  mor- 
Sirtbdllit,  dant,  compofed  of  alum  and  acetite  of  iron  dKTolved  in 
*i'i4S-         water,    and  afterwards  dyed  in  a  bath  compofed  of  the 

decoftion  of  galls  and  madder  mixed  together,  acquires 
a  fine  deep  brown.  The  method  of  varying  the  (hades 
of  linen  and  cotton  will  be  readily  conceived,  after  we 
have  given  an  account  of  cajico  printing,  which  forms 
the  fubjeft  of  the  next  chapter. 

Chap.  VI.     Of  Calico  Prikting. 

Calico  printing  is  the  art  of  communicating  diffe- 
rent colours  to  particular  fpots  or  figures  on  the  fur- 
face  of  cotton  or  linen  cloth,  while  the  reft  of  the  ftuflF 
mains  its  original  whitenefs. 
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This  ingenious  art  feeins  to  have  originated  in  India,     Calico 
where    we   know   it  has  been   praftifed  for  more  than    Pf'nuog,! 
2OC0  years.      Pliny  indeed  informs  us,  that  the  Ejyp-  """T""^ 
^tians  were  acquainted   with  calico  printing  ;  but  a  va-Oritin  of 
riety  of  circunifl:anccs  combine  to   render  it   more  than  calico 
probable   that  they  borrowed  it  from   India.      The  artl'""t"'g- 
has  but  lately  been  cultivated   in  Europe  ;  but   the  en- 
lightened indulhy  of  our  manufafturers  has  already  im- 
proved prodigloufly  upon  the  tedious  proceffes  of  their 
Indian    mailers.      No  art   has  rilen   to   perfcttion  with 
greater  celerity  :   a  hiuidred   years  ago  it  was   fcarcely 
known  in  Europe  ;   at  prefent,  the  elegance  of  the  pat- 
terns, the  beauty  and  permanency  of  the  colours,  and 
the   expedition  with  which   the  different  operations  are  | 

carried  on,  are  really  admirable.  \ 

A  minute  detail  of  the  proceffes  of  calico  printing 
would  not  only  be  foreign  to  the  plan  of  this  article, 
but  of  vei-y  little  utility.  To  the  artifl  the  proceffes 
are  already  known ;  an  account  ot  them  therefore  could 
give  him  no  new  information  ;  while  it  would  fatigue 
and  difappoint  thofe  readers  who  wi(h  to  underftand 
the  principles  of  the  art.  We  (liall  content  ourfelves, 
therefore,  with  a  fhort  view  of  thefe  principles. 

Calico  printing  confifls  in    impregnating  thofe  parts [^  ^'Jj'r/i 
of  the  cloth  which  are  to    receive  a  colour  with  a  mor-in  apply, 
dant,  and   then  dyeing  it  as  ufual  with  fome  dye  ftuff"  k  mor- 
or  other.     The  dye  iluff  attaches  itfelf  (irmly  only  to''.^"'*P"" 
that  part  of  the  cloth  which  has  received  the  mordant,  .'^.rnn" 
The  whole  furface  of  the  cotton  is  indeed  more  or  lefs 
tinged ;  but  by  wafhing  it,  and  bleaching  it  for  lome 
days  on  the   grafs  with  the  wrong  fide  uppermoft,  all 
the  unmordanted    parts   refume   their  original  colour, 
while  thofe  which   have  received  the  mordant  retain  it. 
Let  us  fuppofe  that  a  piece  of  white  cotton  cloth  is  to 
receive  red  ftripcs  ;  all  the  parts  where  the  ftripes  are 
t6  appear  are  penciled  over  with  a  folution  of  acetite 
of  alumina.     After  this,  the  cloth  is  dyed  in  the  ufual  vvdjch  is 
manner  with  madder.      When  taken  out  of  the  dyeing  ifterward 
vcffel,  it   is  all   of  a  red  colour;   but  by  walhing  and'^)'^"^  ""^ 
bleaching,  the   madder  leaves  every  part  of  the  cloth' 
white  except   the   ftripes  impregnated  with  the  acetite 
of  alumina,  which  remain   red.      In  the  fame  manner, 
may  yellow  ftripes,  or  any  other  widud-for  figure,  be 
given   to  cloth,  by  fubftituting  quercitron  bark,  weld, 
&c.  for  madder. 

When  different  colours  are  to  he  given  to  different 
parts  of  the  cloth  at  the  lame  time,  it  is  done  by  im- 
pregnating it  with  various  mordants.  Thus  if  ftripes 
be  drawn  upon  a  cotton  chith  with  acetite  of  alumina, 
and  other  ftripes  with  acetite  of  iron,  and  the  cloth  be 
afterwards  dyed  in  the  ufual  way  with  madder,  and 
then  walhed  and  bleached,  it  will  be  (Irlped  red  and 
brown.  The  fame  mordants  with  quercitron  hark  give 
ye/low,  and  olive  or  drab. 

The  mordants  employed  in  calico  printing  are  ace-Mmdane 
tite  of  alumina  and  acetite  of  iron,  prepared  in  the  man-employee 
ner  defcribed  in  the  third  chapter  of  this  part.  Thefe 
mordants  are  applied  to  the  cloth,  either  with  a  pencil 
or  by  means  of  blocks,  on  which  the  pattern,  according 
to  which  the  cotton  is  to  be  printed,  is  cut.  As  they 
are  applied  only  to  particular  parts  of  the  cloth,  care 
muft  be  taken  that  none  of  them  fpread  to  the  part  of 
the  cloth  which  is  to  be  left  white,  and  that  they  do 
not  interfere  with  one  another  when  more  than  one  are 

applied. 
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Cali'o  applied.  If  thefc  precautions  be  not  attended  to,  all 
rintinK.  ihe  elegance  and  beauty  of  the  print  mull  he  dedroy- 
■"  V  '  'ej,  It  is  neceffary,  therefore,  that  the  mordants  fliould 
be  of  fuch  a  degree  of  conliftence  that  they  will  not 
fpread  beyond  thofe  parts  of  the  cloth  on  which  they 
are  applied.  This  is  done  by  t'lickening  them  with 
flour  or  ftarch  when  they  are  to  be  applied  by  the 
block,  and  with  gum  arabic  when  they  are  to  be  put 
on  with  a  pencil.  The  thickening  iliould  never  be 
greater  than  is  fufficient  to  prevent  the  fpreading  of 
the  mordants;  when  carried  too  far,  the  cotton  is  apt 
not  to  be  fufBciently  faturated  with  the  mordant  ;  of 
courfe  the  dye  takes  but  imperfeftly. 

In  order  that  the  parts  of  the  cloth  impregnated 
with  mordants  may  be  diftinguillied  by  their  colour,  it 
is  iifual  to  tinge  the  mordants  with  fome  colouring 
matter  or  other.  Tlie  printers  commonly  ulc  the  de- 
coftion  of  Brazil  wood  for  this  purpofe  ;  but  Bancroft 
has  objefled  to  this  method,  becaufe  he  thinks  that  the 
Brazil  wood  colouring  matter  impedes  the  lubfequent 
procefs  of  dyeing.  It  is  certain,  that  the  colouring 
matter  of  the  Brazil  wood  is  difplaced  during  that  ope- 
ration by  the  fuperior  affinity  of  the  dye  fluff  for  the 
mordant.  Were  it  not  for  this  fuperior  affinity,  the 
colour  would  not  take  at  all.  Dr  Bancroft  *  advifes 
to  colour  the  mordant  with  fome  of  the  dye  llufT  after- 
wards to  be  applied ;  and  he  cautions  the  ufing  of  more 
for  that  purpofe  than  is  fufficient  to  make  the  mordant 
diftinguifhable  when  applied  to  the  cloth.  The  reafon 
of  this  precaution  is  obvious.  If  too  much  dye  be 
mixed  with  the  mordant,  a  great  proportion  of  the  mor- 
dant  will  be  combined  with  colouring  matter  ;  which 
mufl  weaken  its  affinity  for  the  cloth,  and  of  courfe 
F.  prevent  it  from  combining  with  it  in  fufficient  quantity 

B  to  cnfure  a  permanent  dye. 

^k  Sometimes  thefe  two  mordants  are  mixed  together  in 

^B        different   proportions  ;  and   fometimes  one   or   both   is 
^^         mixed  with  an  infufion  of  fumach  or  of  nut  galls.     By 
thefe  contrivances,  a  great  variety  of  colours  are  produ- 
ced by  the  fame  dye  (luff. 

After  the  mordants  have  been  applied,  the  cloth 
mufl  be  completely  dried.  It  is  proper  for  this  purpofe 
theclotli. jg  employ  arcificial  heat,  which  will  contribute  fome- 
thing  towards  the  feparation  of  the  acetous  acid  from 
its  bafe,  and  towards  its  evaporation  ;  by  which  the 
mordant  will  combine  in  a  greater  proportion,  and  more 
intimately  with  the  cloth. 

When  the  cloth  is  fufficiently  dried,  it  is  to  be  wafh- 
ed  with  warm  water  and  cow  dung,  till  all  the  flour  or 
SuppL.  Vol.11.  Part  II. 
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gum  employed  to  thicken  the  mordants,  and  all  thofe      CjIico 

parts  of  the  mordants  which  are   uncombined  with  the      ^"'^"'*^'. 

cloth,  are  removed.      The  cow  dung  ierves  to  entangle 

thefe  loofc  particles  of  mordanta,  and  to  prevent  them 

from  combining  with  thofe  parts  of  the  cloth  which  arc 

to   remain  white.      After  tliii  the  clotii  is  thoroughly 

rinf«d  in  clean  water.  ^., 

Almofl  the  only  dye  fluffs  employed  by  calico  prin- Dye  ftuff* 
ters  are,  indigo,  madder,  and  quercitron  bark  or  weld,  uld- 
This  laft  fubllancc,  however,  is  now  but  little  ufed  by 
the  printers  of^  this  country,  except  for  delicate  greeiiift 
yellows.  The  quercitron  bark  has  almofl  fuperfcded  it  ; 
becaufe  it  gives  cutours  equally  good,  and  is  much 
cheaper,  and  more  convenient,  not  requiring  fo  great  a 
heat  to  fix  it.  Indigo,  not  requiring  any  mordant,  is 
commonly  applied    at  once   either  with  the  block  or  a  -^ 

pencil.  It  is  prepared  by  boiling  together  indigo,  pot- 
afs  made  cauflic  by  quicklime,  and  orpimcnt  :  the  fo- 
lution  is  afterwards  thickened  with  gum  (k).  It  muft 
be  carefully  fccludtd  from  the  air,  otiierwife  the  indigo 
would  foon  be  regenerated,  which  would  render  the 
folution  ufelefs.  l3r  Bancroft  has  propofed  to  fubfli- 
tute  coarfe  brown  fugar  for  orpiment.  It  is  equally  ef- 
ficacious in  decompofing  the  indigo  and  rendering  it 
foluble ;  while  it  iikewife  ferves  all  the  purpofes  of 
gum  *.  *  'Bancroft, 

When  the  cloth,  after  being  impregnated  with  the  '•  »°- 
mordant,  is  fufficiently  cleanfcd,  it  is  dyed  in  the  ufual 
manner.  The  whole  of  it  is  more  or  lefs  tinged  with 
the  dye  fluff.  It  is  well  wafhed,  and  then  fpread  out 
for  fome  days  on  the  grafs,  and  bleached  with  the  wrong 
fide  uppermofl.  This  carries  the  colour  off  completely 
from  all  the  parts  of  the  cotton  which  has  not  imbibed 
the  mordant,  and  leaves  them  of  their  original  white- 
nefs,  while  the  mordanted  fpots  retain  the  dye  as  ftrong- 
ly  as  ever. 

Let  us  now  give  an  example  or  two  of  the  manner 
in  which  the  printers  give  particular  colours  to  cali- 
coes. Some  calicoes  are  only  printed  of  one  colour, 
others  have  two,  others  three,  or  more,  even  to  tlie  num- 
ber of  eight,  ten,  or  twelve.  The  fmaller  the  number 
of  colours,  the  fewer  in  general  are  the  proceflcs.  ^.^ 

I.  One  of  the  moft  common  colours  on  cotton  prints  McrhuJ  of 
is  a  kind  of  nankeen  yellow,  of  various  fliades,  down  toP""*'"? 
a  deep  yellowifh  brown  or  drab.  It  is  ufually  in  ftiipes 
or  fpots.  To  produce  it,  the  printers  befmcar  a  block, 
cut  out  into  the  figure  of  the  print,  with  acetite  of  iron 
thickened  with  gum  or  flour  ;  apply  it  to  the  cotton  ; 
which, afttrbeing  dried  and  cleaned  in  the  ufual  manner,  is 
4  L  plunged 


(k)  Different  proportions  are  ufed  by  different  perfons.  Mr  HaufTman  mixes  25  gallons  of  water  with  16 
pounds  of  indigo  well  ground  (or  a  greater  or  fmaller  quantity,  according  to  the  quality  ot  the  indigo  and 
the  depth  of  colour  wanted)  ;  to  which  he  adds  30  pounds  of  good  carbonat  of  potafs,  placing  the  whole  over  i 
fire  ;  and  as  foon  as  the  mixture  begins  to  boil,  he  adds,  by  a  little  at  a  time,  i  2  pounds  of  quicklime,  to  render 
the  alkali  cauflic,  by  abforbing  its  carbonic  acid.  This  being  done,  12  pounds  of  red  orpiment  are  alfo  added 
to  the  mixture  ;  which  is  then  (lirred,  and  left  to  boil  for  fome  little  time,  that  the  indigo  may  be  perfectly  dif- 
folved  ;  which  may  be  known  by  its  giving  a  yellow  colour  immediately  upon  being  applied  to  a  piece  of  white 
tranfparent  glafs.  M.  Oberkampf,  proprietor  of  the  celebrated  manufaftory  at  Jouy  near  Vcrfailles,  ufes  a  third 
more  of  indigo  ;  and  others  ufe  different  proportions,  not  only  of  indigo,  but  of  lime,  potafs,  and  orpiment  ; 
which  all  feem  to  anfwer  with  nearly  equal  fuccefs  :  but  with  the  befl  copper-coloured  Guatamala  indigo,  it  it 
certain  that  a  good  blue  may  be  obtained  from  only  half  the  quantity  prefcribed  by  Mr  HaufTman,  by  ufing  as 
much  ftone,  or  oytler  fhell  lime,  as  of  indigo,  nearly  twice  as  much  potafs,  and  a  fourth  part  lefs  of  orpiment 
than  of  indigo.     See  Bancroft,  ].  113. 
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Calico     plunjTcd  into  a  potafs  ley.     The  quantity  of  acetite  of  yellow  tinge  is  eafily  removed  by  the  fubfequent  bleach-     Calico 

Printing.  j,.^f,  jg  always  proportioned  to  the  depth  of  the  intend-  ing.     Sometimes  a  new  mordant  is  alfo  applied  to  fome  ^  tVinting 

"""  ed  (liade.  of  the  madder  colours  ;  in  confequtnce  of  which  they         ''""" 

J.  For  yellow,  the  block  is  befmeared  with  acetite  of  receive  a  new  permanent  colour  trom  the  bark.     After 

alumina.     The  cloth,  after  receiving  this   mordant,  is  the  lall  bleaching,  new  colours  may  be  added  by  means 


475 
Yellow, 


476 
Red, 

477 
Blue, 


of  the  indigo  liquor.  The  following  table  "'ill  give  an 
idea  of  the  colours  which  may  be  given  to  cotton  by 
thele  complicated  proceffcs. 


<(78 

Lilac, 

brown. 


479 
And  dove. 


4S0 
Applica- 
tion of  dif- 
ferent CO. 


dyed  with  quercitron  baik,  and  then  bleached. 

3.  Red  is  communicated  by  the  fame  procefs,  only 
madder  is  hibllituted  for  the  bark. 

4.  The  fine  light  blues,  which  appear  fo  often  on 
printed  cottons,  are  produced,  by  applying  to  the  cloth 
a  block  befmeaicd  with  a  compofition,  conlilling  part- 
ly of  wax,  which  covers  all  thufe  parts  of  the  cloth 
which  are  to  rtinain  white.  l'h»  cloth  is  then  dyed 
in  a  cold  indigo  vat  ;  and  after  it  is  dry,  the  wax  com- 
pofition is  removed  by  means  of   hot  water. 

J.  Lilac,  flea  brown,  and  blackifii  brown,  are  given 
by  means  of  acetite  of  iron  ;  the  quantity  of  which  is 
always  proportioned  to  the  depth  of  the  fliade.  For 
very  deep  colours,  a  little  fumach  is  added.  The  cot- 
ton is  afterwards  dyed  in  the  ufual  manner  with  mad- 
der, and  then  bleached. 

6.  Dove  colour  and  drab,  by  acetite  of  iron  and 
quercitron  bark. 

When  different  colours  are   to   appear   in  the  fame     Thus  no  lefs  than    1 2  colours   may  be  made  to  appear 
print,  a    greater   number   of  operations  are    neceffary.     together  in  the  fame  print  by  thcfe  different  procejes. 
Two  or  more  blocks  are  employed,  upon  each  of  which  I'hefe  inilances  will  ferve  to   give  the  reader  an  idea 

that  part  of  the  print  only  is  cut  which  is  to  be  of  fome  of  the  nature  ot  calico  printing,  and  at  the  lame  time 
particular  colour.  Thefe  arc  befmeared  with  different  afford  an  excellent  illullration  ot  the  importance  of  mor- 
mordants  and  applied  to  the  cloth,  which  is  afterwards     dants  in  dyeing 


I.  Madder  dye. 
Acetite  of  alumina,     -     .     - 

iron,      .     -     .     . 
Ditto  diluted  -     .     -     . 

Both  mixed,     ----- 

II.  Bark  dye. 

Acetite  of  alumina,     -     -     . 
iron,     .     -     -     - 
Lilac  and  acetite  of  alumina. 
Red  and  acetite  of  alumina, 

•   III.  Indigo  dye. 
Indigo,  -  .  . 

Indigo  and  fellow. 


Colours, 
Red, 

Brown,  black, 
Lilac, 
Purple. 

Yellow, 
Dove,  drab, 
Olive, 
Orange. 

Blue, 
Green. 


iouVs'toThedyed  as  ufual.  Let  us  fuppofe,  for  inflance,  that  three 
fameelolb.  blocks  are  applied  to  cotton  ;  one  with  acetite  of  alu- 
mina, another  with  acetite  of  iron,  a  third  with  a  mix- 
ture of  thefe  two  mordants,  and  that  the  cotton  is  then 
dyed  with  quercitron  bark,  and  bleached.  The  parts 
impregnated  with  the  mordants  would  have  the  follow- 
ing colours. 


Acetite  of  alumina, 

iron, 
The  mixture,     -     - 


-     Yellow, 

Olive,  drab,  dove  (l), 
Olive  green,  olive. 

If  part  of  the  yellow  be  covered  over  with  the  indigo 
liquor,  applied  with  a  pencil,  it  will  be  converted  into 
green  :  By  the  fame  liquid,  blue  may  be  given  to  fuch 
parts  of  the  print  as  require  it. 

If  the  cotton  be  dyed  with  madder  inftead  of  querci- 
tron bark,  the  print  will  exhibit  the  following  colours  : 

Acetite  of  alumina,     ...     Red, 

iron,     ...     -     Brown,  black. 
The  mixture,    -     -     -     .     .     Purple. 

When   a  greater   number  of  colours  are  to  appear  ; 

for  inftance,  when   thofe   communicated  by  bark  and  Dr  Bancroft,  which  have  a  confiderable  degree  of  per- 

thofe  by   madder  are   wanted  at   the  fame  time,  mor-  manence. 

dants  for  part  of  the  pattern  are  to  be  applied  ;  the  cot-  A  yellow  printing  colour  may  be  formed  by  the  fol- 

ton  is  then  to  be  dyed  in  the  madder  bath  and  bleached ;  lowing  method  :  Let  three  pounds  of  alum,  and  three 

then  the  reft,  of  the  mordants,  to  fill  up  the  pattern,  are  ounces  of  clean  chalk,  be  firil   dilTolved  in  a  gallon  of 

added,  and  the  cloth  is  again  dyed  with  quercitron  bark  hot  water,  and  then  add  two  pounds  of  fugar  of  lead  ; 

and  bleached.     This  fecond   dyeing  does  not  much  af-  ftir  this  mixture  occafionally  during  the  fpace  of  24  or 

feft  the  madder  colours;  becaufe  the  mordants,  which  36  hours,  then   let  it  remain  12  hours  at  reft,  and  af- 

render  them  permanent,  are  already  faturated.     The  terwards  decant  and  preferve  the  clear  liquor  ;  this  be- 
ing 


If  it  were  poflible  to  procure  colours  fufSciently  per-  ^  y '  ,  | 
manent,  by  applying  them  at  once  to  the  cloth  by  thepg^^y;,,- 
block  or  the  pencil,  as  is  the  cafe  with  the  mordants, 
the  art  of  calico  printing  would  be  brought  to  the 
greateft  poflible  fimplicity  :  but  at  preient  this  can  on- 
ly be  done  in  one  cafe,  that  of  indigo;  every  other  co- 
lour requires  dyeing.  Compofitions  indeed  may  be 
made  by  previoufly  combining  the  dye  ftuff  and  the 
mordants.  Thus  yellow  inay  be  applied  at  once  by  em- 
ploying a  mixture  of  the  infufion  of  quercitron  bark  and 
acetite  of  alumina  ;  red,  by  mixing  the   lame  mordant  ^ 

with  the  decodlion   of  alumina,  and  fo  on.      Unfortu-  . 

nately  the  colours  applied  in  this  way  are  far  inferior  in 
permanency  to  thofe  produced  when  the  mordant  is 
previoufly  combined  with  the  cloth,  and  the  dye  fluff 
afterwards  applied  feparately.  In  this  way  are  applied 
almoft  all  the  tugitive  colours  of  calicoes  which  walhing 
or  even  expofure  to  the  air  deftroys. 

As  the  application  of  colours  in  this  way  cannot  al- 
ways be  avoided  by  calico  printers,  every  method  of 
rendering  them  more  permanent  is  an  objeft  of  import- 
ance. We  fhall  therefore  conclude  this  chapter  with  a 
defcription  of  feveral  colours  of  this  kind  propofed  by 


(i)  According  to  the  proportion  of  acetite  of  iron  employed 


Chap.  VI. 

Calico  iiig  done,  pour  fo  mucli  more  warm  water  upon  tlie  re- 
I'fiuting.  niaiiiing  fediment,  as  after  (lirriiig  and  leaving  the  mix- 
'  ture  to  fettle  will  afford  clear  liquor  enough  to  make, 
when  mixed  with  the  former,  three  quarts  of  this  alu- 
minous mordant  or  acetite  of  alumine.  Then  take  not 
Icfs  than  fix,  nor  more  than  eight,  pounds  of  querci- 
tron bark  properly  ground  ;  put  this  into  a  tinned  cop- 
per veffel,  with  four  or  live  gallons  of  clean  foft  water, 
and  make  it  boil  for  the  fpaee  of  one  hour  at  leall,  add- 
ing a  little  more  water,  if  at  any  time  the  quantity  of 
liquor  fliould  not  be  fuffieient  to  cover  the  furface  of 
the  bark  :  the  liquor  having  boiled  fulHciently,  ihould 
be  taken  from  the  fire,  and  left  undillurbed  for  halt  an 
hour,  and  then  the  clear  deco£lion  fliould  be  poured  off 
through  a  fine  fieve  or  canvas  drainer.  This  being  done, 
let  lix  quarts  more  of  clear  water  be  poured  upon  the 
fame  bark,  and  made  to  boil  ten  or  fifteen  minutes, 
both  having  been  firft  well  lllrred  ;  and  being  after- 
wards left  a  fufiicient  time  to  fettle,  the  clean  decoc- 
tion may  then  be  drained  off,  and  put  with  the  former 
into  a  (liallow  wide  veffel  to  be  evaporated  by  boiling, 
until  what  remains,  being  joined  to  the  three  quarts  of 
aluminous  mordant  before  mentioned,  and  to  a  lufficient 
quantity  of  gum  or  pafte  for  thickening,  will  barely 
fuffice  to  make  three  gallons  of  liquor  in  the  whole.  It 
will  be  proper,  however,  not  to  add  the  aluminous  mor- 
dant, until  the  decoftion  is  fo  far  cooled  as  to  be  but 
little  more  than  blood  warm  ;  and  thefe  being  thorough- 
ly mixed  by  ftirring,  may  afterwards  be  thickened  by 
the  gum  of  Senegal  or  by  gum  arabic,  if  the  mixture  is 
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intended  for  penciling  ;  or  by  a  pafle  made  with  ftarcli     Calico 
or  flour,  if  it  be  intended  for  printing.  Print.-ntf. 

By  fubfUtuting  a  pound  of  murio  lulphat  of  tin  for         " 
the  aluminous  mordant  in  the  above  compolition,  a  mix- 
ture may  be  formed  which  affords  a  very  bright  and  full 
yellow,  of  confiderable  durability. 

Sulphat  of  tin,  mixed  with  a  decodb'on  of  quercitron 
bark,  communicates  to  cotton  a  ciniiiimun  colour,  which 
is  fufficiently  permanent*.  * Banerqfi 

When  the  decodions  of  quercitron  bark  and  Io''-'.40o. 
wood  are  boiled  together,  and  fuitable  proportions  of 
fidphat  of  copper  and  of  verdigris  are  added  to  them, 
with  a  little  carbonat  of  potafs,  a  compound  is  formed 
which  gives  a  green  colour  to  cotton.  IJancroft  has 
made  trial  of  this;  and  though  it  has  not  fully  anfwer- 
ed  his  cxpeftation,  his  attempts  were  attended  with  fuf- 
fieient fuccefs  to  determine  him  to  perfevere  in  his  ex- 
periments f.  ^Uld.^oi. 

If  acetite  of  iron  be  mixed  with-a  decoftion  of  qucr- 
citron  bark,  and  the  mixture  be  properly  thickened,  the 
compound  will  communicate  to  cotton  a  tirnb  colour  of 
fome  durability.  This  compound,  mixed  with  the 
olive  colouring  liquor  above  defcribed,  will  produce  an 
olive.  If  a  folution  of  iron,  by  a  diluted  muriatic  acid, 
or  by  a  diluted  nitric  acid,  be  employed  for  this  pur- 
pofe  inftead  of  iron  liquor,  it  will  produce  colours  a 
little  more  lading;  but  thefe  lolutions  fliould  be  em- 
ployed fparingly,  that  they  may  not  hurt  the  texture 
of  the  linen  or  cotton  to  which  they  are  intended  to  be 
applied. 


S  U  L 
£btriple         SUBTRIPLE,  is  when  one  quantity  is  the  3d  part 
II         of  another ;  as  2  is  fubtriple  of  6.    And  Sukr'tpJe  Ratio 
ulphuret.  ig  ^^^  ^^j;^  of  I  to  3. 

'  SUBTRIPLICATE    ratio,  is  the  ratio  of  the 

cube  roots.     So  the  fubtriplicate  ratio  of  a  to  b,  is  the 

I  I 

ratio  of  '  ,^a  to  '  y'i,  or  of  a^  to  b'^. 

SUCCESSION  OF  SIGNS,  in  adronomy,  is  the  or- 
der in  which  they  are  reckoned,  or  follow  one  another, 
and  according  to  which  the  ftin  enters  them  ;  called  alfo 
confequentia.   As  Aries,  Taurus,  Gemini,  Cancer,  &c. 
■  W.  Hig-        SULPHURET  OF  lime  having  lately  been  recom- 
"''.  mended  by  an  eminent  chemill*  as  a  fubllitute  (or  pot - 

ajh  in  the  new  method  of  bleaching,  which,  if  it  an- 
fwer,  may  certainly  be  afforded  at  lefs  cxpence,  we  diall 
here  give  the  method  of  preparing  the  fulphuret. 

Take  of  fulphur,  or  brimdone  in  fine  powder,  four 
pounds  ;  lime,  well  flaked  and  fifted,  twenty  pounds  ; 
water  fixteen  gallons  : — thefe  are  all  to  be  well  mixed 
and  boiled  for  about  half  an  hour  in  an  iron  veffel,  ftir- 
ring them  brifkly  from  time  to  time.  Soon  after  the 
agitation  of  boiling  is  over,  the  folution  of  the  fulphu- 
ret of  lime  clears,  and  may  be  drawn  off  free  from  the 
infoluble  matter,  which  is  confiderable,  and  which  reds 
upon  the  bottom  of  the  boiler  (a).     The  liquor  in  this 


SUN 
date  is  pretty  nearly  of  the  colour  of  fmall  beer,  butSuIphuret> 
not  quite  fo  tranfparent.  '  _im\. 

Sixteen  gallons  of  frefh  water  are  afterwards  to  be  • 
poured  upon  the  infoluble  dregs  in  the  boiler,  in  order 
to  feparate  the  whole  of  the  fulphuret  from  them.  When 
this  clears  (being  previoufly  well  agitated),  it  is  alfo  to 
be  drawn  off  and  mixed  with  the  fird  liquor;  to  thefe 
again  thirty-three  gallons  more  of  water  may  be  added, 
which  will  reduce  the  liquor  to  a  proper  dandard  for 
fleeping  the  cloth. 

Here  we  have  (an  allowance  being  made  for  evapo- 
ration, and  for  the  quantity  retained  in  the  dregs)  fixty 
gallons  of  liquor  from  four  pounds  of  brimdone. 

Although  fulphur  by  itfelf  is  not  in  any  fenfible  de- 
gree foluble  in  water,  aud  lime  but  very  fparingly  ^o, 
water  diffolving  but  about  one  feven-hundredth  part  ot" 
its  weight  of  lime  ;  yet  the  fulphuret  of  lime  is  highly 
foluble. 

When  the  above  proportion  of  lime  and  fulphur  is 
boiled  with  only  twelve  gallons  of  water,  the  fulphuret 
partly  crydallizes  upon  cooling ;  and  when  once  crydal- 
lized  it  is  not  eafy  of  folution. 

SUN  (fee  AsTRONOMY-Zn^/fA;,  Encycl.)  is  certainly 

that  celeilial  body  which,  of  all  others,  fliould  mofl  at- 

tradl  our  attention.    It  has  accordingly  employed  much 

4  L  2  of 


(a)  Although  li'rae  is  one  of  the  condituent  principles  of  the  fulphuret,  yet  being  fo  intimately  united  to  the 
fulphur,  it  has  no  longer  the  property  of  lime ;  upon  the  fame  principle  that  fulphuric  acid  in  ftilphat  of  potalh 
Jijs  not  the  property  of  that  acid. 


Snr. 
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of  the  time  and  meditation,  not  only  of  tlic  aftronomer     changes,  will  explain  fuch  belts 

of  th 
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but  alfoof  the  fpcculativo  plillofopher,  in  all  ages  ot  the 
world  ;  and  many  hypothcfes  have  been  formed,  and 
£ome  difcoveries  made,  rtfpefting  the  nature  and  the 
ufes  of  this  villi  luminary. 

Sir  Ifaae  Newton  has  thewn,  that  the  fun,  by  its  at- 
tratlive  power,  retains  the  planets  of  our  fyllem  in  their 
orbits  :  he  has  alfo  pointed  out  the  method  whereby 
the  quantity  of  matter  which  it  contains  may  be  ac- 
curately determined.  Dr  Bradley  has  affigned  the  ve- 
locity of  the  folar  light  with  a  degree  of  prccifion  ex- 
ceeding our  utmoft  expectation.  Gallileo,  Scheiner, 
Hevclius,  Caffini,  and  others,  have  afcertained  the  rota- 
tion of  the  fun  upon  its  axis,  and  determined  the  pofi- 
tion  of  its  equator.  By  means  of  the  tranlit  of  Venus 
over  the  diHc  of  the  fun,  our  mathematicians  have  cal- 
culated its  dillance  from  the  earth,  its  real  diameter  and 
magnitude,  the  denfity  of  the  matter  of  which  it  is  com- 
pofed,  and  the  fall  of  heavy  bodies  on  its  furface.  We 
have  therefore  a  very  clear  notion  of  the  vail  import- 
ance and  powerful  influence  of  the  fun  on  its  planetary 
iyftem  ;  but  with  regard  to  its  internal  conltrudtion, 
we  are  yet  extremely  ignorant.  Many  ingenious  con- 
jeftures  have  indeed  been  formed  on  the  fubjedl  ;  a  few 
of  which  we  (hall  mention  as  an  introduftion  to  Dr 
Herfchel's,  of  which,  as  it  is  the  lateft,  and  perhaps  the 
mod  plaulible,  we  fhall  give  a  pretty  full  account  near- 
ly in  his  own  words. 

The  dark  fpots  in  the  fun,  for  inftance,  have  been 
fiippofed  to  be  folid  bodies  revolving  very  near  its  fur- 
face.  They  have  been  conjeftured  to  be  the  fmoke  of 
volcanoes,  or  the  fcum  floating  upon  an  ocean  of  fluid 
matter.  They  have  alio  been  taken  for  clouds.  Tlxry 
vtere  explained  to  be  opaque  malTes  fwimming  on  the 
■  fluid  matter  of  the  fun,  dipping  down  occafionally.  It 
has  been  fuppoftd  that  a  fiery  liquid  furrounded  the 
fun,  and  that  by  its  ebbing  and  flowing  the  higheft 
parts  of  it  were  occnfionally  uncovered,  and  appeared 
under  the  fliape  of  dark  fpots  :  and  that  by  the  return 
of  the  fiery  liquid,  they  were  again  covered,  and  in  that 
manner  fuccelfively  affumed  different  phafcs.  The  lun 
itfclf  has  been  called  a  globe  of  fire,  though  perhaps 
metaphorically.  The  walle  it  would  undergo  by  a  gra- 
dual confumption,  on  the  fuppofition  of  its  being  ig- 
nited, has  been  ingenioufly  calculated  ;  and  in  the  fame 
point  of  view  its  immcnfe  power  of  heating  the  bodies 
of  fuch  comets  as  draw  very  near  to  it  has  been  al- 
figned. 

In  the  year  1779  there  was  a  fpot  on  the  fun  which 
•was  large  enough  to  be  feen  with  the  naked  eye.  By 
a  view  of  it  with  a  feven  feet  refleftor,  charged  with  a 
very  high  power,  it  appeared  to  be  divided  into  two 
parts.  The  largeft  of  the  two,  on  the  .9th  of  April, 
meafured  1'  8''  .06  in  diameter,  which  is  equal  in  length 
to  more  than  31,000  miles.  Both  together  mull  cer- 
tainly have  extended  above  50,000.  The  idea  of  its 
being  occafioned  by  a  volcanic  explofion  violently  dri- 
ving away  a  fiery  fluid,  ought  to  be  rejefled  (fays  Dr 
Herfchel)  on  many  accounts.  "To  mention  only  one, 
the  great  extent  of  the  fpot  is  very  unfavourable  to  fuch 
a  fuppofition.  Indeed  a  much  lels  violent  and  lels  per- 
nicious caule  may  account  for  all  the  appearances  of  the 
fpot.  When  we  fee  a  dark  belt  near  the  equator  of  the 
planet  Jupiter,  we  do  not  recur  to  eartli^juakes  and  vol- 
canoes for  its  origin.     Aii  atmofphere,  with  its  natural 


Our  fpot  on  the  fun       Sun. 
may  be  accounted  for  on  the  fame  principles.     The  ^~"v— 
earth  is  furrounded  by  an  atmofphere  compofed  of  va- 
rious elallic  fluids.     The  fun  alfo  has  its  atmofphere  ; 
and  if  fomc  of  the  fluids  which  enter  into  its  compoii- 
tion   fliould  be  of  a  fliining  brilliancy,  in  the  manner 
that  will  be  explained  hereafter,  while  others  are  merely 
tranfparent,  any  temporary  caufe  which  may  remove  the 
lucid  fluid  will  permit  us  to  feti   the  body  of  the  fun 
through  the   tranfparent   ones.       If  an    obferver  were 
placed  on  the  moon,  he  would  fee  the  folid  body  of  the 
earth  only  in  thofe  places  where  the  tranfparent   fluids 
of  our  atmofphere  would  permit  him.      In  others,   the 
opaque  vapours  would  refleil  the  light  of  the  fun  with- 
out  permitting  his  view  to  penetrate  to  the  furface  of 
our  globe.      He  would  probably  alfo  find,  that  our  pla- 
net  had  occafionally  fome    fliining  fluids  in   its  atmo- 
fphere ;   as,  not  unlikely,   fome  of  our  northern   lights 
might  not  cfcape  his  notice,  if  they  happened  in  the  un- 
enlightened part  of  the  earth,  and  were  feen  by  him  in 
his  long  dark  night.      Nay,  we  have  pretty  good  rcafon 
to  believe,  that  probably  all  the  planets  emit  light  in 
fome  degree  ;    for  the  illumination   which   remams  on 
the  moon  in  a  total  eclipfe  cannot  be  entirely  alcribed 
to  the  light  which  may  reach  it  by  the  refraftion  of  the 
earth's  atmofphere.     For  inflance,  in  the  eclipfe  of  the 
moon  Odlober  22.   1790,  the  rays  of  the  fun  refrafted 
by  the  atmofphere  of  the  earth  towards  the  moon,  ad- 
mitting the  mean  horizontal  refraftion  to  be  30'  5c''  .8, 
would  meet  in  a  focus  189,000  miles  beyond  the  moon  ; 
fo  that  confequently  there  could  be  no  ilhimination  from 
rays  refraftcd  by  our  atmofphere.      It  is,  however,  not 
improbable,   that  about   the  polar  regions  of  the  earth 
there  may  be   rcfraftton  enough  to  bring  fome  of  the 
folar  rays  to  a  fhorter  focus.    The  dilVance  of  the  moon 
at  the  time  of  the  eclipfe  would  require  a  refraftion  of 
54'  6',  equal  to  its  horizontal  parallax  at  that  time, 
to  bring  them  to  a  focus  fo  as  to  throw  light  on  the 
moon. 

The  unenlightened  part  of  the  planet  Venus  has  alfo 
been  feen  by  diflerent  perfons  ;  and  not  having  a  fatel- 
lite,  thofe  regions  that  are  turned  from  the  fun  cannot 
pofTibly  fhine  by  a  borrowed  light  j  fo  that  this  faint 
illumination  mud  denote  fomc  phofphoric  quality  of  the 
atmofphere  of  Venus. 

In  the  inftance  of  the  large  fpot  on  the  fun  already 
mentioned,  Dr  Herfchel  concludes,  from  appearances, 
that  he  viewed  the  real  body  of  the  fan  itfelf,  of  which 
we  rarely  fee  more  than  its  fliining  atmofphere.  In 
the  year  1783  he  obferved  a  fine  large  fpot,  and  follow- 
ed it  up  to  the  edge  of  the  fun's  limb.  Here  he  took 
notice  that  the  fpot  was  plainly  dcpreflcd  below  the  fur- 
face of  the  fnn,  and  that  it  had  very  broad  flielving 
fides.  He  alfo  fufpefted  fome  part,  at  leaft,  of  the 
(helving  fides  to  be  elevated  above  the  furface  of  the 
fun  ;  and  obferved  that,  contrary  to  what  ufually  hap- 
pens, the  margin  of  that  fide  of  the  fpot  which  was  far- 
theft  from  the  limb  was  the  broadeft. 

The  luminous  (helving  fide  of  a  fpot  may  be  explait> 
ed  by  a  gentle  and  gradual  removal  of  the  (hining  fluid, 
which  permits  us  to  fee  the  globe  of  the  fun.  As  to 
the  uncommon  appearance  of  the  broadell  margin  being^ 
on  that  fide  of  the  fpot  which  was  fartheft  from  the 
limb  when  the  fpot  came  near  the  edge  of  it,  we  may 
fuvmife  that  the  fun  has  inequalities  on  its  fufface,  which 

may 
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Sun.      may  po/Tibly  be  the  caufe  of  it. 

"^f"^'  ous  countries  are  expofed,  if  it  fliould  chance  that  the 
highefl  parts  of  the  laiidfcape  are  fituated  fo  as  to  be 
near  that  fide  of  tlie  margin  or  penumbra  of  the  fpot 
which  is  towards  tlie  limb,  they  may  partly  intercept 
our  view  of  it  when  the  fpot  is  feen  very  obliquely. 
This  woidd  require  elevations  at  lead  five  or  fix  hun- 
dred miles  high  ;  but  confidering  the  great  attradlion 
exerted  by  the  fun  upon  bodies  at  its  furface,  and  the 
flow  revolution  it  has  upon  its  axis,  we  may  readily  ad- 
mit inequalities  to  that  amount.  From  the  centrifu- 
gal force  at  the  fun's  equator,  and  the  weight  of  bodies 
at  its  furface,  he  computes,  that  the  power  of  throwing 
down  a  mountain  by  the  exertion  of  the  former,  balan- 
ced by  the  fuperior  force  of  keeping  it  in  its  place  of 
the  latter,  is  near  (>\  times  lefs  on  the  fun  than  on  our 
equatorial  regions  ;  and  as  an  elevation  fimilar  to  one 
of  three  miles  on  the  earth  would  not  be  lefs  than  334 
miles  on  the  fun,  there  can  be  no  doubt  but  that  a 
mountain  much  higher  would  ftand  very  firmly.  The 
little  denfity  of  the  folar  body  feems  alfo  to  be  in  favour 
of  the  height  of  its  mountains  ;  for,  cittens  paribus, 
denfe  bodies  will  fooner  come  to  their  level  than  rare 
ones.  The  difference  in  the  vanilhing  of  the  fiielving 
fide,  inftead  of  explaining  it  by  moniitains,  may  alfo, 
and  perhaps  more  fatisfaftorily,  be  accounted  for  from 
the  real  difference  of  the  extent,  the  arrangement,  the 
height,  and  the  intenfity  of  the  fhining  fluid,  added  to 
th'"  occafional  changes  that  may  happen  in  thefe  parti- 
culars during  the  time  in  which  the  fpot  approaches  to 
the  edge  of  the  di(k.  However,  by  admitting  large 
mountains  on  the  face  of  the  fun,  we  (hall  account  for  the 
different  opinions  of  two  eminent  aflronomers  ;  one  of 
whom  believed  thefpots  depreffcd  belowthe  furfaceof  the 
fun,  while  the  other  believed  them  elevated  above  it.  For 
it  is  not  impoffible  that  fome^f  the  folar  mountains  may 
be  high  enough  occalionally  to  projeft  above  the  fhining 
elallic  fluid,  when,  by  fonie  agitation  or  other  caufe,  it 
is  not  of  the  ufual  height  ;  and  this  opinion  is  much 
flrengthcned  by  the  return  of  fome  remarkable  fpots 
which  ferved  CaiTinl  to  afcertain  the  period  of  the  fun's 
rotation.  A  very  high  country,  or  chain  of  mountains, 
tnay  oftener  become  vifible,  by  the  removal  of  the  ob- 
ftruAing  fluid,  than  tlie  lower  regions,  on  account  of  its 
not  being  fo  deeply  covered  with  it. 

In  1791  the  Dotlor  examined  a  large  fpot  on  the 
fun,  and  found  it  evidently  depreifed  below  the  level  of 
the  fuvuice.  In  1792  he  examined  the  fun  with  feveral 
powers  from  <^o  to  500,  when  it  appeared  evidently, 
that  the  black  f;)Ots  are  the  opaque  ground,  or  body  of 
the  lun  ;  and  that  tlie  luminous  part  is  an  atmofphere, 
which,  being  interrupted  or  broken,  gives  us  a  tranfient 
glimple  of  the  fun  itfclf.  He  perceived  likewife,  that 
the  (hilling  furface  of  the  fun  is  unequal,  many  parts  of 
it  being  elevated  and  others  depreffed  ;  and  that  the 
elevations,  to  which  Hcvelius  gave  the  name  oi  faculde, 
fo  far  from  rcfembling  torches,  were  rather  like  the  fliri- 
vellcd  elevations  upon  a  dried  apple,  extended  in  length, 
and  mofl  of  them  joined  together,  making  waves  or  wa- 
ving lines.  The  faculae  being  elevations,  very  fatisfac- 
torily  explains  the  reafon  why  thty  difappear  towards 
the  middle  of  the  fun,  and  reappear  on  the  other  mar- 
gin ;  for  about  the  place  where  we  lofe  them,  they  be- 
;gtTi  to  be  cdgewife  to  our  view  ;  and  if  between  the  fa- 
•culs  fhould  lie  dark  fpots,  they  will  moll  frequently 
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For  when  mountain-  break  out  in  the  middle  of  the  fun,  becaufc  they  are  no 
longer  covered  by  the  fide-views  of  thefe  faculae. 

The  Doiftor  gives  a  very  particular  account  of  all  his 
obfervations,  which  feem  to  have  been  accurately  made, 
and  we  need  Icatccly  add  with  excellent  telcfcopes. 
For  that  account,  however,  we  mu(l  refer  to  the  me- 
moir itfelf,  and  hallen  to  lay  before  our  readers  the  re- 
fult  of  his  obfervations.  "  That  the  fnn  (fays  he)  has 
a  very  extenfive  atmofphere,  cannot  be  doubted  ;  and 
that  this  atmofphere  confills  of  various  elafUc  fluids,  that 
are  more  or  lefs  lucid  and  tranfparent,  and  of  which  the 
lucid  one  is  that  which  furnifhes  us  with  light,  feems 
alfo  to  be  fully  eflablifhed  by  all  the  phenomena  of  ite; 
fpots,  of  the  faciilx,  and  of  the  lucid  furface  itfelf. 
There  is  no  kind  of  variety  in  thefe  appearances  but 
what  may  be  accounted  for  with  the  grcatell  facility, 
from  the  continual  agitation  which,  we  may  eafily  con- 
ceive, mull  take  place  in  the  regions  of  fuch  extenfive 
elaflic  fluids. 

"  It  will  be  neceffary,  however,  to  be  a  little  more 
particular  as  to  the  manner  in  which  I  fuppofe  the  lu- 
cid fluid  of  the  fun  to  be  generated  in  its  atmofphere. 
An  analogy  that  niav  be  drawn  from  the  generation  of. 
clouds  in  our  own  atmofphere,  feems  to  be  a  very  pro- 
per one,  and  full  of  inllruftion.  Oar  clouds  are  pro- 
bably deconipofitions  of  fome  of  the  elallic  fluids  of  the 
atmofphere  itfelf,  when  fuch  natural  caufes,  as  in  this 
grand  chemical  laboratory  are  generally  at  work,  ait 
upon  them  :  we  may  therefore  admit,  that  in  the  very 
extenfive  atmofphere  of  the  fun,  from  caufes  of  the  fame 
nature,  fimilar  phenomena  will  take  place  ;  but  with 
this  difference,  that  the  continual  and  very  extenfive  de- 
compofitions  of  the  elaflic  fluids  of  the  fun  are  of  a 
phofphoric  nature,  and  attended  with  lucid  appearances, 
by  giving  out  light. 

"  If  it  fhould  be  objefted,  that  fuch  violent  and  un- 
remitting decompofitions  would  exhaufl  the  fun,  we 
may  recur  again  to  our  analogy,  which  will  furiiilh  us 
with  the  following  rtfledlions.  The  extent  of  our  owa 
atmofphere,  we  fee,  is  flill  preferved,  notwithftanding 
the  copious  decompofitions  of  its  fluids  in  clouds  and 
falling  rain  ;  in  flafhes  of  lightning,  in  meteors,  and 
other  luminous  phenomena  ;  beeaufe  there  arc  fiefli  fup- 
plies  of  elaflic  vapours  continually  alcending  to  make 
good  the  waffe  nceafioued  by  thofc  deconipofitions.  But 
it  may  be  urged,  that  the  cafe  with  the  deconipofitioii 
of  the  elaflic  fluids  in  the  folar  atmolphere  would  be 
very  different,  fince  light  is  emitted,  and  docs  not  re- 
turn to  the  fun,  as  clouds  do  to  the  earth  when  they 
riefcend  in  fliowers  of  rain-  I'o  which  I  anfwer,  that, 
in  the  decompofition  of  pliofphoric  fluids,  every  other 
ingredient  but  light  may  Mo  return  to  the  body  of  the 
fun.  And  that  the  emifTion  of  light  mull  waile  the 
fun,  is  not  a  difficulty  that  can  be  oppofed  to  our  hy- 
pothefis  :  for  as  it  is  an  evident  faCl  that  the  lun  does 
emit  light,  the  fameobjeflion,  if  it  could  be  one,  would 
equally  militate  againll  every  other  affigiiable  way  to 
account  for  the  plienomenon. 

"  There  are,  moreover,  confiderations  that  may  lefTen 
the  preffure  of  this  alledged  difficulty.  We  know  the 
exceeding  fubtility  of  light  to  be  fuch,  that  in  ages  of 
time  its  emanation  from  the  fun  cannot  very  fenfibly 
lefien  the  fize  of  this  great  body.  To  this  may  be 
added,  that  very  pofiibly  there  may  always  be  ways  ni 
rclloration  to  compenfatc  for  what  h  loll  by  the  emif- 
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Sun.  fion  of  light,  though  the  manner  in  which  this  can  be 
-~\--~~  brought  about  fhould  not  appear  to  us.  Many  of  the 
operations  of  Nature  are  carried  on  in  her  great  labo- 
ratory which  we  cannot  comprehend,  but  now  and  then 
we  fee  fome  of  the  tools  with  which  (lie  is  at  work. 
We  need  not  wonder  that  their  conftruflion  fliould  be 
fo  Angular  as  to  induce  us  to  confcfs  our  ignorance  of 
the  method  of  employing  them  ;  but  we  may  reft  affu- 
red  that  they  are  not  a  mere  liifris  nalur^e."  Here  he 
alludes  to  the  great  number  of  fmall  teleicopic  comets  ; 
which  he  fuppofes,  as  others  had  done  before  him,  may 
be  employed  to  rcftore  to  the  fun  what  had  been  loll 
by  the  emifilon  of  light.  "  My  hypothcfis,  however, 
(continues  htr)  does  not  lay  me  under  any  obligation  to 
explain  how  the  fun  can  fultain  the  walle  of  light,  nor 
to  fliewthat  it  will  fuftain  it  for  ever  ;  and  I  (hould  al- 
fo  remark  that,  as  in  the  analogy  of  generating  clouds, 
1  merely  allude  to  their  prodiiilion  as  owing  to  a  de- 
compofition  of  fome  of  the  elallic  fluids  of  our  atmo- 
fphere,  that  analogy,  which  firmly  refts  upon  the  faft, 
will  not  be  iefs  to  my  pu*pofe,  to  whatever  caufe  thefe 
clouds  may  owe  their  origin.  It  is  the  fame  with  the 
lucid  clouds,  if  1  may  fo  call  them,  of  the  fun.  They 
plainly  exift,  becaufe  we  fee  them  ;  the  manner  of  their 
being  generated  may  remain  an  hypothefis — and  mine, 
till  a  better  can  be  propofed,  may  ftand  good  ;  but 
•whether  it  does  or  not,  the  confequences  I  am  going  to 
draw  from  what  has  been  faid  will  not  be  afFefted  by 
it." 

Before  he  proceeds  to  draw  thefe  confequences,  he 
informs  us  that,  according  to  the  above  theory,  a  dark 
fpot  in  the  fun  is  a  place  in  its  atmofphere,  which  hap- 
pens to  be  free  from  luminous  decompofitions  ;  that  fa- 
cuIk  are,  on  the  contrary,  more  copious  mixtures  of 
fuch  fluids  as  decompofe  each  other  ;  and  that  the  re- 
gions, in  which  the  luminous  folar  clouds  are  formed, 
adding  thereto  the  elevation  of  the  faculas,  cannot  be 
Iefs  than  1843,  nor  much  more  than  2765  miles  in 
depth.  It  is  true,  continues  he,  that  in  our  atmofphere 
the  extent  of  the  clouds  is  limited  to  a  very  narrow  com- 
pafs  ;  but  we  ought  rather  to  compare  the  folar  ones  to 
the  luniinous  decompofitions  which  take  place  in  our 
aurora  borealls,  or  luminous  arches,  which  extend  much 
farther  than  the  cloudy  regions.  The  denfity  of  the 
luminous  folar  clouds,  though  very  great,  may  not  be 
exceedingly  more  fo  than  that  of  our  aurora  bereal'is. 
For  if  we  confider  what  would  be  the  brilliancy  of  a 
fpace  two  or  three  thoufand  miles  deep,  filled  with  fuch 
corrufcations  as  we  fee  now  and  then  in  our  atmofphere, 
their  apparent  intenfity,  when  viewed  at  the  diftance  of 
the  fun,  might  not  be  much  inferior  to  that  of  the  lu- 
cid folar  fluid. 

From  the  luminous  atmofphere  of  the  \  fun,  he  pro- 
ceeds to  its  opaque  body  ;  which,  by  calculation  from 
the  power  it  exerts  upon  the  planets,  we  know  to  be 
of  great  folidity  ;  and  from  the  phenomena  of  the  dark 
fpots,  many  of  which,  probably  on  account  of  their 
high  fituations,  have  been  repeatedly  feen,  and  other- 
wife  denote  inequalities  in  their  level,  we  furmife  that 
its  furface  is  diverfified  with  mountains  and  valleys. 

What  has  been  faid,  enables  us  to  come  to  fome  very 
important  conclufions,  by  remarking,  that  this  way  of 
confidering  the  fun  and  its  atmofphere  removes  the  great 
^iflimilarity  we  have  hitherto  been  ufed  to  find  between 
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its  condition  and  that  of  the  reft  of  the  great  bodies  of 
the  folar  fyftem. 

The  fun,  viewed  in  this  light,  appears  to  be  nothing 
elfe  than  a  very  eminent,  large,  and  lucid  planet,  evi- 
dently the  firil,  or,  in  Itriftnefs  of  fpcaking,  the  only 
primary  one  of  our  fyftem,  all  others  being  truly  fecon- 
ddry  to  it.  Its  funilarity  to  the  other  globes  of  the  fo- 
lar fyftem  with  regard  to  its  folidity,  its  atmofphare, 
and  its  diverfified  i'urface,  the  rotation  upon  its  axis, 
and  the  fall  of  heavy  bodies,  leads  us  on  to  fuppoie 
that  it  is  moll  probably  alio  inhabited,  like  the  reft  of 
the  planets,  by  beings  whofe  organs  are  adapted  to  the 
peculiar  circumftances  of  that  vaft  globe. 

It  may,  however,  not  be  amifs  to  remove  a  certain 
diflSculty,  tvhich  arifes  from  the  effett  of  the  fun's  ray* 
upon  our  globe.  The  heat  which  is  here,  at  the  di- 
ftance  of  gy  millions  of  miles,  produced  by  thefe  rays, 
is  fo  confiderable,  that  it  may  be  objetted,  that  the  fur- 
face  of  the  globe  of  the  fun  itfelf  mult  be  fcorched  up 
beyond  all  conception. 

This  may  be  very  fubftantlally  anfwered  by  many 
proofs  drawn  frorri  natural  philofophy,  which  (hew  that 
heat  is  produced  by  the  fun's  rays  only  when  they  aft 
upon  a  calorific  medium  ;  they  are  the  caufe  of  the  pro- 
duftion  of  heat,  by  uniting  with  the  matter  of  fire  which 
is  contained  in  the  fubftances  that  are  heated  ;  as  the 
collifion  of  flint  and  fteel  will  inflame  a  magazine  of 
gunpowder,  by  putting  all  the  latent  fire  it  contains  in- 
to adlion.  But  an  inftance  or  two  of  the  manner  in 
which  the  folar  rays  produce  their  efi^eft,  will  bring  this 
home  to  our  moft  common  experience. 

On  the  tops  of  mountains  of  a  fufScient  height,  at 
an  altitude  where  clouds  can  very  feldom  reach  to  ftiel- 
ter  them  from  the  direft  rays  of  the  fun,  we  always 
find  regions  of  ice  and  fnow.  Now  if  the  folar  rays 
themfelves  conveyed  all  the  heat  we  find  on  this  globe, 
it  ought  to  be  hotteft  where  their  courfe  is  leaft  inter- 
rupted. Again,  our  aeronauts  all  confirm  the  coldnefs 
of  the  upper  regions  of  the  atmofphere  ;  and  fince, 
therefore,  even  on  our  earth,  the  heat  of  any  fituation 
depends  upon  the  aptnefs  of  the  medium  to  yield  to  the 
imprelTion  of  the  folar  rays,  we  have  only  to  admit,  that 
on  the  fun  itfelf,  the  elaftic  fluids  compofing  its  atmo- 
fphere, and  the  matter  on  its  furface,  are  of  fuch  a  na- 
ture as  not  to  be  capable  of  any  exceflive  afFeftion  from 
its  own  rays :  and  indeed  this  feems  to  pe  proved  by 
the  copious  emillion  of  them  ;  for  if  the  elaftic  fluids 
of  the  atmofphere,  or  the  matter  contained  on  the  fur- 
face of  the  fun,  were  of  fuch  a  nature  as  to  admit  of  an 
eafy  chemical  combination  with  its  rays,  their  emilTion 
would  be  much  impeded. 

Our  author  then  proceeds  to  fupport  his  theory  by 
analogical  reafonings  ;  but  as  thefe  will  occur  to  fuch 
of  our  readers  as  are  converfant  with  the  fpeculations  of 
aftronomers,  we  pafs  on  to  his  refleftions  upon  the  con- 
fequences of  this  theory.  "  That  the  ftars  are  funs  can 
hardly  admit  of  a  doubt.  Their  immenfe  diftances  would 
perfeftly  exclude  them  from  our  view,  if  the  light  they 
fend  us  were  not  of  the  folar  kind.  Befides,  the  ana- 
logy may  be  traced  much  faither.  The  fun  turns  on 
its  axis  ;  fo  does  the  ftar  Algol ;  fo  do  the  ftars  called 
(5  Lyra;,  J  Cephei,  n  Antinoi,  0  Ceti,  and  many  more  ; 
moft  probably  all.  From  what  other  caufe  can  we  fo 
probably  account  for  their  periodical  changes  ?  Again, 
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our  fun  has  fpots  on  its  furface  j  fo  has  llic  liar  Algol,     of  thoft  men  who  prefumc  to  account  for  all  the  phe- 

and  fo  have  the  ftars  already  named,   and  probably  eve-     nomcna  of  nature  by  chemical  affinities  and  mechanical     g  ,,„. 

ry  flar  in  the  heavens.     On  our  fun  thcfe  fpots  are     attraction  i  The  man  who,  even  in  his  heart,  can  fay,  ^ 
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changeable  ;  fo  they  are  on  the  (lar  0  Ceti,  as  evidently 
appears  from  the  irregularity  of  its  changeable  luftre, 
which  is  often  broken  in  upon  by  accidental  changes 
while  the  general  period  continues  unaltered.  The  fame 
little  deviations  have  been  obferved  in  other  periodical 
ilars,  and  ought  to  be  afcribed  to  the  fame  caufe.  But 
if  ftars  are  funs,  and  funs  are  inhabitable,  we  fee  at  once 
w-liat  an  extenfive  field  for  animation  opens  itfelf  to  our 
view. 

"  It  Is  true,  that  analogy  may  induce  us  to  conclude, 
that  fince  itars  appear  to  be  luns,  and  funs,  according 
to  the  common  opinion,  are  bodies  that  fcrve  to  en- 
lighten, warm,  and  fullain  a  fyftem  of  planets,  we  may  are  low,  and  in  fome  places  mardiy  near  the  (hore,  rife 
have  an  idea  of  numberlefs  globes  that  ferve  for  the  ha-  afterwards,  in  a  gradual  Dope,  towards  the  interior  of 
bitation  of  living  creatures.  But  if  thefe  funs  them-  the  country,  admitting  in  their  afcent  every  variety  of 
felves  are  primary  planets,  we  may  fee  fome  thoufands  fitualion,  and  all  the  different  tints  of  verdure.  Of  the 
of  them  with  our  own  eyes,  and  millions  by  the  help  of  fmaller  iflands,  a  few  have  Ileep  and  naked  fides,  fuch 
telefcopes,   when  at  the  fame  time  the  fame  analogical     as  one  in  the  middle  of  the  ftrait,  which  the   Englifh 


that  fuch  an  immenfe  fyilem,  differing  fo  widely  in  the 
ftructure  of  the  difl'ercnt  parts  of  it,  but  everywhere 
crowded  with  life,  is  tlie  effect  of  unintelligent  agency, 
is  indeed,  to  ufe  the  emphatic  language  of  an  ancient 
aftronomer — a  fool. 

SUNDA,  Straits  of,  are  formed  by  the  approach 
of  tlic  fouth-eail  extremity  of  the  ifland  of  Sumatra 
to  the  north-well  extremity  of  tlie  iflnnd  of  Java  (See 
thefe  iflands,  Encycl.).  The  itraits  are  interfpcrfed  with 
a  number  of  fmall  ifles  ;  the  whole  difplaying  a  fcene- 
!iy  fcarcely  to  be  exceeded  in  the  foftncfs,  ricluiefs,  and 
gaiety  ot  its  appearance.      The  two  great  iflands,  which 


reafoning  ftiU  remains  in  full  force  with  regard  to  the 
planets  which  thefe  funs  may  fupport." 

The  Doctor  then  obferves,  that  from  other  confider- 
ations,  the  idea  of  funs  or  liars  being  merely  the  fuppor- 
ters  of  fyftcms  of  planets,  is  not  abfolutely  to  be  ad- 
mitted as  a  general  one.      "  Among  the  great   number 


navigators  have  diftinguiflied,  on  that  account,  by  the 
name  of  Thwartthe-way,  and  two  verv  fmall  round  ones, 
called,  from  their  figures,  the  Cap  and  Button  (fee 
thefe  iflands,  Suppl.)  ;  but  moft  »f  the  others  are  en- 
tirely level,  founded  upon  beds  of  coral,  and  covered 
with  trees.     Some  of  thefe  iflands  are  furrounded  with 


of  very  compreffed  clufters  of  ilars  I  have   given  (fays     a  white  fandy  beach,  villted  frequently  by  turtle;  but 


he)  in  my  catalogues,  there  are  fome  which  open  a  dif- 
ferent view  of  the  heavens  to  us.  The  liars  in  them  are 
f»)  very  clofe  together,  that,  notwithllanding  the  great 
diftance  at  which  we  may  fuppofe  the  cluiler  itfelf  to 
be,  it  will  hardly  be  polTible  to  affign  any  fufHcient  mu- 
tual diilance  to  the  ftars  compoilng  the  clufter,  to  leave 
room  for  crowding  in  thofe  planets,  for  whofe  fupport 
thefe  ftars  have  been,  or  might  be,  fuppofed  to  exiil. 
It  (hould  feem,  therefore,  highly  probable,  that  they 
exift  for  themfelves  ;  and  are,  in  fatl,  only  very  capital 
lueid,  primary  planets,  connedled  together  in  one  great 
fyftem  of  mutual  fupport. 

"  The  fame  remark  may  be  made  with  regard  to  the 
number  of  very  clofe  double  ftars,  whofe  apparent  dia- 
meters being  alike,  and  not  very  fmall,  do  not  indicate 
any  very  great  mutual  diftance  :  from  which,  however, 
mufl  be  dedufted  all  thofe  where  the  different  dlftances 
may  be  compenfated  by  the  real  difference  in  their  re- 
fpeiAive  m.agnitndes. 

"  To  what  has  been  faid  maybe  added,,  that,  in  fome 
parts  of  the  milky  way,  where  yet  the  ftars  are  not  ve- 
ry  fraall,  they  are  fo  crowded,  that  in  the  year  1 792, 


moft  of  them  are  adorned  with  thick  ihrubbery  to  the 
water's  edge,  the  roots  being  wafhed  by  the  fea,  or  the 
branches  dipping  into  it ;  and  on  the  outfide  are  fhoals, 
in  which  a  miJtitude  of  little  aquatic  animals  are  bufied 
in  framing  calcareous  habitations  for  their  refidence  and 
protedlion.  Thofe  fabrics  gradually  emerge  above  the 
furfacTe  of  the  water,  and  at  length,  by  the  adventitious 
adhefion  of  vegetable  matter,  giving  birth  to  plants 
and  trees,  become  new  iflands,  or  add  to  the  fize  of 
thofe  already  produced  by  the  fame  means.  It  is  im- 
poflible  not  to  be  llruck  with  the  diverfified  operations 
of  Nature  for  obtaining  the  fame  end,  v\  hether  employ- 
ed in  originally  fixing  the  granite  foundation  of  the 
Brazils,  or  in  throwing  up,  by  fome  fudden  and  fubfe- 
quent  convulfion,  the  ifland  of  Amfterdam,  or  in  con- 
tinuing to  this  hour,  through  the  means  of  animated 
beings,  the  formation  of  new  lands  in  the  Straits  of 
Sunda. —  Sir  George  Stuuntoti's  Account  of  the  Briti/J} 
Enibajfy  to  China. 

SUNNUD,  a  grant,  patent,  or  charter,  in  Bengal. 

SUPERPARTICULAR  Proportiok,  or  Ra- 
tio, is  that  in  which  the  greater  term  exceeds  the  lefs 


Aug.  22.  I  found  by  the  gauges  that,  in  41  minutes  of  by  unit  or  i.     As  the  ratio  of  i  to  2,  or  2  to  3,  or  • 

time,  no  lefs  than  258,000  of  them  had  pafled  through  to  4,  &c. 

the  field  of  view  of  my  telefcope.  SUPERPARTIENT  Proportiom,  or  Ratio,  is 

"  It   feems,  therefore,  upon  the  whole,  not  impro-  when  the  greater  term  containa  the  lefs  term  once,  and 

bable,  that  in  many  cafes  ftars  are  united  in  fuch  clofe  leaves  fome  number  greater  than  1  remaining.     As  the 

fyftems  as  not  to  leave  much  room  for  the  orbits  of  ratio 

planets  or  comets  ;  and  that  confequently,  upon  this  of  3  to  5,  which  is  equal  to  that  of  i  to  li  ; 

account  alfo,  many  ftars,   unlefs  we  would  make  them  of  7  to  10,  which  is  equal  to  that  of  i  to  14  ;  &c. 

mere  ufelefs  brilliant  points,  may  themfelves  be  lucid  SUPPLEMENT,  of  an  Arch  or  Angle,  in  geo- 

planets,  perhaps  unattended  by  fatellltes."                        ,  metry  or  trigonometry,  is  what  it  wants  of  a  femicircle. 

What  a  magnificent  idea  does  this  theory  give  of  the  or  of  1 80°  ;  as  the  complement  is  what  it  wants  of  a  qua- 

univerfe,  and  of  the  goodncfs,  as  virctl  as  power,  of  its  drant,  or  of  90°.      So,  the  fupplement  of  50°  is  130°  ; 

Author  ?  And  how  cold  muft  be  that  heart,  and  cloud-  as  the  complement  of  it  is  40°. 

ed  that  underftanding,  who,  after  the  contemplation  of  SUTTON  (Thomas,  Efq  ;),  founder  of  the  chBrter- 

it,  can  for  one  moment  liften  to  the  atheiilical  dodrines  boufc,  was  born  at  Knaith  in  Lincolnlhire,  in  1532,  of 
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ous  nations.  During  liis  abfence,  his  father  died,  and 
left  him  a  confiderable  fortune.  On  his  return  home, 
■being  a  very  accompliihed  gentleman,  he  became  fecre- 
tary  to  the  earl  of  Warwick  and  his  brother  the  earl  of 
Leictfter.  Bv  the  former  of  thefc  noblemen,  in  1569, 
he  was  appointed  mailer  of  the  ordnance  at  Berwick  ; 
and  dillinguifhing  himfelf  greatly  in  that  fituation,  on 
the  rebellion  which  at  that  time  broke  out  in  the  nortii, 
he  obtained  a  patent  for  the  office  of  maftcr-general  of 


Sutton,    an  ancient  and  genteel  family.     He  was  educated  at    his  plan.     He  died  the   nth  of  December,    1611,  atSuworow, 
»         Eton  fchool,  and  probably  at  Cambridge,  and  ftudied     Hackney,  aged  79.    His  body  was  conveyed,  with  the         » 
the  law  in  Lincoln's  Inn  ;  but  this  profefiion  not  fuit-     moft   folcmn   proceffion,  to  Chrift-church    in    London, 
ing  his  difpofition,  he  travelled  into  foreign  countries,     and  there  depofited,  till  1 6 14,  when  it  was  removed  to 
and  made  fo  long   a  flay   in  Holland,   France,   Spain,     the  cliarterhoule,  and  interred  in  a  vault  ou  the  north 
and  Italy,  as  to  acquire  the  languages  of  thofe  vari-     fide  of  the  chapel,  under  a  magnificent  tomb. 

' SUWOROW  (a)  RiMNiKsKY  (Count  Alexander), 

was  a  man  fo  eminent  in  his  profeffion,  that,   if  war  be 

an  art  founded  on  fcicnce,  it  would  be  impri)per  not  to 

give  fome  account  of  his  life  in  a  Work  of  this  nature. 

Various   accounts   of  him,   indeed,  are   already   in   the 

hands  of  the  public  :   but  they  differ  fo  much  from  one 

another  in   the  piftures  which  they  prefent  of  the  man, 

that  it  is   not  eafy,   if  it   be  always  pofiible,  to  diftin- 

guifh    truth  from    falfchood.       With    rcfptft    to    the 

the  ordnance  for  that  diftrici  for  life.      He  is  named  as     talents  of  the  Central,  there  is  not  room   for  the   fame 

one  of  the  chiefs  of  thofe  l  voo  men  who  marched  into     difference  of  rtprcfentation  ;  becaufe  a  train  of  military 

Scotland,    by  the  order  of  Queen   Elizabeth,  to  the     fuccefTes,  almoft  unrivalled,  has  rendered  thefe  confpicu- 

affiftance  of  the  regent,  the  earl  of  Morton,  in  157^  ;     ous  to  all  Europe.     In  the  fhoit  detail  that  our  limits 

anjl  he  commanded  one  of  the  five  batteries  which  obli-     permit  us  to  give  of  the  life  of  this  fingular  man,  we 

ged  the  llrong  caflle  of  Edinburgh  to  furrender  to  the     fliall  avail  ourfelves  of  all  the  information,  public  and 

Englifh.    -Hepurchafed  of  the  biflaop  of  Durham  the     private,  which  we  have  been  able  to  obtain,  and  believe 

manors  of  Gatefhcad  and  Wickham  ;  which,  producing     to  be  authentic  ;   and  we  hope  to  make  our  readers  ac- 

coal-mines,  became  to  him    a    fource  of   extraordina-     quainted   with   fome   particulars  refpefting   his  perfon 

ry    wealth.     In    1580,    he  was  reputed  to  be  worth    and  domeftic  habits  which  are  not  yet  generally  known. 

L.  50,000  The  family  of  Suworow  is  faid  to   have  been  from 

Soon  after  this,    he    married    a    rich    widow,  who     Sweden,  and    of  a   noble    defcent.     The  firfl  of  this 

brought  him  a  confiderable  eftate  ;  and  taking   up  the    name  fettled   in   Ruffia  about  the  latter  end  of  the  laft 

bufinefs  of  a  merchant,  riches  flowed  in  to   him  with     century  ;  and  having  engaged  in  the  wars  againft  the 

every  tide.     He  is  faid  to  have  had  no  lefs  than  thirty     Tartars  and  the  Poles,  were  rewarded  by  the  Czars  of 

agents  abroad.     He  was  likewife  one  of  the  chief  vie-     that  period  with  lands  and  pcafants.      Bafil,  the  father 

tuallcrs  of  the  navy  ;  and  feems  to  have  been  mailer  of    of  our  hero,   is  faid  to  have  been  the  godfon   of  Peter 

the  barque  called  Sutton,  in  the  lill  of  volunteers  at-    the  Great  ;  to  have  been  held  in  high  ellimation  for  his 

tending  the  Englifh  fleet  againft  the   Spanifh   armada,     political    knowledge   and  extenfive   erudition  ;    and  to 

It  is  probable,  alfo,  that  he  v?as  a  principal  inftrument    have  enjoyed,  at  his  death,  the  two-fold  rank  of  Gene- 

in  the  defeat  of  it,  by  draining  the  bank  of  Genoa  of    ral  and  Senator*.  ^  j.^^  ^^ 

that  money  with  which  Phihp  intended  to   equip  his         As  this  account  is  given  by  a  man  who  profefTes  to  japr-,  tf 

fleet,  and  thereby  hindering  the  invafion  for  a   whole     have   formed  an  intimate  acquaintance  with  Suworow »if  cam-- 

year.     He  is  likewife  faid  to  have  been  a  commiflioner     himfelf,  it  ought  to  be  correal ;  and  yet  we  cannot  help/*"'^"' ?/" 

for  prizes  under  Lord  Charles  Howard,  High  Admiral    entertaining  fome  doubts  of  its  truth,  or  at  leaft  of  its   """'  ^^ 

of  England  ;   and  going  to  fea  with  letters  of  marque,     accuracy.     It  is  well  known,  that  extenfive   erudition  ^,„,„„^/jy 

lie  took  a  Spanifli  fhip  worth  L.  zo,oco.     His  whole     was  in  no  efteem  in    RufTia  at  the   period  when  BaCl  fVtArici 

Suworow  is  here  faid  to  have  been  fo  learned  ;  and  '\\.Antbing. 
is  likewife  known,  that  if,  by  erudition,  be  meant  a 
knowledge  of  ancient  literature,  it  was  even  defpifed,  at 
a  much  later  period,  by  all  who  were  at  once  noble, 
and  poflefTed  of  lands  and  pcalants  (See  Russia,  En- 
cycL").  The  truth  is,  as  we  have  learned  from  unquef- 
tionable  authority,  that  the  family  of  Suworow  was  an- 
cient and  refpeftable  ;  but  being  far  from  affluent,  and 
their  little  property  lying  at  the  very  extremity  of  the 
empire,  >ve  have  reafon  to  believe,  that  the  fubjeft  ot 
this  memoir  was  the.  firfl  of  the  family  that  ever  was  at 
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fortune,  at  his  death,  appears  to  have  been  in  land 
L.  5000  per  anpum  ;  in  money,  upwards  of  L.  60,000  ; 
the  greateft  eftate  in  the  pofleflion  of  any  private  gen- 
tleman till  much  later  times.  He  lived  with  great  mu- 
nificence and  hofpitality  ;  but  lofing  his  lady  in  1  602, 
he  retired  from  the  world,  leffened  his  family,  and  lived 
in  a  private  frugal  manner  ;  and,  having  no  iflue,  refol- 
ved  to  diflinguifh  his  name  by  fome  important  charity. 
.  Accordingly,  he  purchafed  of  the  Earl  of  Suffolk  How- 
ward-Houfe,  or  the  late  diiTolved  charter-houfe,  near 
Smithfield,  for  the  fum  of  L.  13,000,  where  he  found- 


ed the  prefent  hofpital,   in  1611,  for  the  relief  of  poor  court.      Bafil,  however,  if  his  anceftors  were  from  Swe- 

inen  and  children.     Before  he  had  fixed  upon  this  de-  den,  may  have  been   free  from  the  Ruffian  prejudices 

fign,  the  court  endeavoured  to  divert  him  from  his  pur-  againft  Greek  and  Latin  ;  and  this   is    the    more   pro- 

pofe,  and  to  engage  him  to  make  Charles  I.  then  Duke  bable,  that  he  certainly  gave  a  learned  education  to  his 

of  York,  his  heir,  by    conferring  on  him  a  peerage  ;  fon. 

but  being  free  from  ambition,  and  now  near  his  grave,  That  fon,  Alexander  Bafilowitch  Suworow,  was,  ac- 

the  luflre  of  the  coronet  could  not  tempt  him  to  change  cording  to  the  author  already  quoted,  born  in  the  year 


^ir■ 


1730; 


(a)  This  name  is  fpclled  fometimes  as  we  have  fpelled  it,  fometimes  Sowt'arrow,  and  fometimes  Suvorof. 
This  laft  is  according  to  the  pronunciation  ;  but  we  have  adopted  the  orthography  of  the  General  himfelf,  in  his 
letter  to  Charette,  the  hero  of  Vendee. 
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Buworow.  1730  :  we  have  fome  rcafon  to  believe  that  he  was  not 
""v"— burn  liefore  1732.  His  fatner  hsd  delllned  him,  we 
are  told,  for  the  robe  ;  but  his  early  inclinations  impel- 
led him  to  the  proftflion  of  a  foldier ;  and  in  1742  he 
was  enrolled  as  a  fufilier  in  the  guards  of  Seimuiiow. 
He  was  afterwards  a  corporal,  then  a  ierjeant,  and,  in 
1754,  he  quitted  the  guards  with  tlie  brevet  of  Lieu- 
tenant in  the  army.  He  made  his  firll  campaign  in 
the  fcven  years  war  againft  the  I^ufTians,  in  the  year 
17^9,  entering  upon  ailual  fcrvicc  under  Prince  Wol- 
goniki.  As  ieiiior  officer  on  duty,  he  attended  on  the 
commander  in  cli.el  Count  Fcrnior,  who,  admiring  the 
confuuimate  refolution  which  he  appeared  to  pofTtls, 
favoured  hini  with  his  partic\dar  confidence.  In  1761, 
he  was  ordered  on  i-jrvice  in  the  liglrt  noops  under  Ge- 
neral Berg  ;  and  with  the  rank  of  a  field  ofijcer  (we 
think  that  of  Lieutenant-colonel)  lie  performed  pro- 
digies  of  valour,  and  exhibited  much  of  that  character 
which  was  afterwards  fo  fully  developed  and  difplayed. 
Even  then  he  feems  to  have  formed  the  refolutic^j  of 
dying  on  the  field  of  battle  rather  than  fufftr  himfelf 
to  be  taken  priToner  ;  for  when,  with  a  handful  of 
troops,  he  was  once  furrounded  by  a  large  detachment 
of  Pruflians,  he  determined  to  cut  his  way  through 
them,  or  perilh  in  the  attempt.  In  thi.i  daring  enter- 
prile  he  was  not  only  fuccefstul,  but  contrived  to  carry 
off  with  him  twenty  prifoners,  tiiough  he  was  obliged 
to  abandon  two  field  pieces,  whicli  he  had  a  little  be- 
fore taken  from  a  fmuHer  dctachinent. 

At  the  peace  of  1762,  he  received  from  the  Em- 
preis  a  colonel's  coniniiflion,  written  with  her  own 
hand;  and  being  advanced,  m  1768,  to  the  rank  of 
brigadier,  he  was,  in  the  month  of  November,  ordered 
to  repair,  witli  all  poflible  fpeed,  tj  the  frontiers  of  Po- 
land. At  that  unfavourable  ieafon  he  crofftd  rivers 
•  and  moraffes,  whofe  palfage  was  rendered  more  difficult 

by  ilight  frofts  ;  and,  in  the  courfe  of  a  month,  traver- 
fed  ;oo  Englifh  miles,  with  the  lofs  of  only  a  few  men 
in  the  environs  of  Smoleniko. 

The  object  of  the  Empreis,  at  this  time,  was  to  fob- 
due  the  Polilh  confederates,  and  to  poffcfs  hei  fclf  of 
certain  provinces  of  that  ill-lated  kingdom.  How  com- 
pletely (he  and  lier  two  allies,  the  Emperor  of  Gerina- 
ry  and  the  King  of  Prulfia,  fucceeded  in  their  enter- 
prile,  has  been  related  elltwhcre  (lee  Poland,  En- 
eycl.).  It  is  lufficient,  in  this  memi'ir,  to  obltrve,  that 
the  luccefTjs  of  the  Ruffians  weie  chicHy  owing  to  the 
military  fltill  and  intrepidity  of  buworow,  who  was 
their  onlv  active  General,  and  was  indeed,  for  four 
years,  almoil  conllantly  employed  in  offenfive  operations 
againft  tlie  confederates.  Not  to  mention  tlie  nume- 
rous aCfions  and  i]<irmi(hes  of  an  inferior  kind,  in  which 
his  conduift  and  courage  were  always  difplayed,  the 
vittory  at  Staloviz,  over  a  luperior  force,  ably  com- 
manded, and  the  capture  of  Cracow,  were  alone  fudi- 
cient  to  intitle  him  to  the  charaiSfcr  which  he  ever 
afterwards  fo  v\-ell  fupported.  The  former  of  tliefc 
drew  the  higlieft  encomiums  from  tiie  great  Frederick 
of  Pruffia  ;  and  the  latter  decided  the  fate  of  Poland. 
It  is  proper  to  add,  that  Suworow,  on  thefe  occafions, 
did  not  tarnifh  his  laurels  by  unneceffary  cruelty.  When 
a  French  officer,  who  furrendered  at  Cracow,  offered 
him  his  fword,  according  to  the  cullom  of  war,  he  re- 
futed it,  faying,  that  he  would  not  take  the  fword  of  a 
brave  man,  whofe  mailer  was  not  at  war  with  his  fo- 
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vereign  :  and,  even  to  the  leaders  of  the  confederates,  Suworow. 
he  granted  better  terms  of  capitulation  than  they  had  "  ''  ^ 
the  prefumption  to  afk. 

In  the  year  1770,  he  had  been  promoted  to  tl.e  rank 
of  Major  general  ;  and  for  his  exploits  in  the  Polifli  war, 
the  Emprefs  conferred  upon  iiiiii,  at  diUcrent  times,  the 
orders  of  St  Ann,  St  George,  and  Alexander  Ncwfliy. 
After  performing  fome  important  fervices  on  the 
frontiers  of  Sweden,  Suworow  received  orders,  in  the 
beginning  ot  1773,  to  join  the  army  in  Moldavia,  un- 
der the  command  of  Field-marflial  Romanzow  ;  and 
there  he  began  that  glorious  career,  which  foon  made 
his  name  a  terror  to  the  Turks.  His  firll  exploit  v\as 
the  taking  of  Turtukey  ;  of  which  he  wrote  the  follow- 
ing laconic  account  to  the  commander  in  chief: 

"  Honour  and  glory  to  God  !  Glory  to  you,  Ro- 
manzow !  We  are  in  pofTcffion  of  Turtukey,  and  I  am. 
in  it  !  "   Suworow." 

Dui-ing  the  remainder  of  the  war,  which  was  of  fhort 
continuance,  Suworow  was  conllantly  engaged,  and 
conflantly  fuccefsful.  In  the  beginning  of  the  year 
1774,  he  was  promoted  to  the  rank  of  Lieutenant-gene- 
ral  ;  and  on  the  1  itli  of  June  of  the  fame  year,  he  de- 
feated the  Turks  in  a  great  battle,  in  which  they  loft 
3000  men  killed,  fome  hundreds  of  prifoners,  40  pieces 
of  artillery,  and  80  (tandards,  with  their  fuperb  camp. 
Soon  after  this  vifiory,  peace  was  concluded  between 
the  two  courts  ;  and  Lieutenant-general  Suworow  was 
ordered  to  proceed  with  all  poffible  haftc  to  Mofcow, 
to  affift  in  appeafing  the  interior  troubles  of  that  part 
of  the  empire. 

Thefe  troubles  v.'ere  occafioned  by  a  CofTac  rebel,  of 
the  name  oi  Pugatchcw,  or  PugatcLiff,  who,  at  the  head 
of  a  party  of  his  difcontenttd  countrymen,  had  long 
eluded  the  vigilance  of  Count  Panin,  the  commander  in 
chief  in  Mulcovy,  and  Irecjuently  lut  off  dttachme'its 
of  the  army  which  were  lent  out  in  queft  of  him.  The 
chace  of  PugatclrefT,  for  fuch  it  may  be  called,  was 
now  wholly  enirufted  to  the  well-known  aAivity  of 
Suworow  ;  and  that  General,  after  purfuing  the  rebel 
with  inconceivable  rapidity,  through  woods  and  defcrts, 
came  up  with  him  at  a  place  called  Uilalk,  and  cuiied 
him  prifoner  to  Count  Panin,  who  feiit  him  to  Mul- 
cow,  where  he  fnffered  the  punilhnient  due  to  his  crimes. 
This  infurgent,  it  is  faid,  had  at  one  time  collcfted 
fuch  a  force,  and  was  followed  with  fuch  enthufiafm, 
that,  if  his  underftanding  had  been  equal  to  his  cou- 
rage,  and  his  moderation  had  kept  pace  with  hi.i  power, 
he  might  have  puffi'fl'ed  himftlf  of  Mofcow,  and  made 
the  Imperial  Catharine  tremble  on  her  throne. 

For  feveral  years  after  the  taking  of  Pugittlufr,  Su- 
worow was  employed  in  the  Crimea,  on  tiic  Cuban,  and 
againft  the  Nogay  Tartars,  in  a  kind  of  fcrvice  whicli, 
though  it  was  of  the  utmoft  importance  to  the  Em- 
prefs, and  required  all  the  addrefs  of  the  Lieuteuant- 
generjl,  furnifhed  no  opportunities  for  that  wonderful 
difplay  of  prcinptitude  and  refource  which  had  charac- 
terifed  his  more  aftive  campaigns.  One  incident,  how- 
ever, tnuft  be  mentioned,  even  in  this  fliort  memoir, 
becaufe  it  Ihevvs  the  natur.il  difpolition  of  the  man. 
During  the  winter  that  Suworow  pafTtd  among  the 
Tartars,  he  was  frequently  vifited  by  the  chiefs  of  that 
nation  ;  and  at  one  of  thefe  vifits,  Mechmed  Bey,  the 
chief  of  the  Gediflens,  often  joked  with  MufTa  Bey, 
another  ehief,  on  his  inclination  to  marry.  Mufla  Bty 
4   M  was 
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a-n-ornw.  vvss  fo  cxtrcmely  old,  that  Suworow  tlioiigVit  the  con- 
'-—W-—  verfation  ridiculous ;  and  one  day  allied  him,  What 
ground  Mcchmed  could  have  for  fiich  idle  talk  ?  Muf- 
fa  replied,  that  Mcchmed  Bey  was  right  ;  that  he  widi- 
ed  to  mirry  ;  and  that  he  hoped  the  General  would 
make  him  a  prefent  of  a  beautiful  I'artar  girl  of  fix- 
teen  !  Suwrovv  immediately  bought  a  young  Tartar 
Have  of  a  Coflac  fur  100  rubles,  and  fent  her  to  MufTa 
Bey  ;  who  marvii.-d  her,  lived  with  her  a  very  few  years, 
anJ.  died  at  the  a'j;e  of  one  hundred  and  eight  !  regret- 
ted, we  are  told,  by  the  Lieutenant-general,  v.  ho  regard- 
ed him  with  great  ellcem  and  attachment. 

In  the  end  of  the  year  1786,  Suworow  was  promoted 
to  the  rank  of  General  in  Chief ;  and,  at  the  breaking  out 
of  the  war  with  the  Turks  in  17S7,  he  ftewed  how 
well  he  was  iutitled  to  that  rank,  by  his  mafterly  de- 
fence of  Kinburn  ;  a  place  of  no  llrength,  but  of  great 
importance,  as  it  is  fituated  at  the  mouth  of  tiie  Dnei- 
per,  oppoiite  to  Oczakow.  For  the  ztal  and  abili- 
ties which  he  difplayed  on  this  occafion,  the  Emprefs 
decorated  him  wilh  the  order  of  St  Andrew  ;  gave  him 
fix  crofTes  uf  the  order  of  St  George,  to  be  dillributed, 
according  to  his  judgment,  among  fuch  of  his  officers 
as  had  moft  diftinguifhed  themfelves  ;  and,  in  a  very 
flattering  letter,  regretted  the  wounds  which  he  had 
received  in  defending  the  place. 

At  the  fiege  of  Oezakow,  Suworow,  who  command- 
ed the  left  wing  of  the  army  under  Prince  Potemkin, 
received  a  dangerous  wound  in  the  nape  of  the  neck, 
which  was  followed  by  fo  fmart  a  fever,  that,  for  fome 
time,  his  life  was  defpaired  of;  but   he  perfevered  in 
his  long  accuftomed  pradice  of  preferring  regimen  to 
medicine,  and  his  health  was  gradually   re-ettabli(hed. 
In  the  year  17S9,   he  was  appointed  to  the  command 
of  the  army  which  was  to  co-operate  with  the  Prince  of 
Saxe  Cobourg  in   Walachia  ;    and,   by  marches  of  in- 
conceivable  rapidity,   he  twice,    in   the   fpace   of   two 
months,  preferved  the  army  of  that  Prince  from  inevi- 
table deftruftiou.      Putting  himfelf  at  the  head  of  8:00 
Ruffians,  and  literally  running  to  the  aid  of  his  ally,  he 
came  up  with  the  Turks  in  time  to  change  the  fate  of 
the  day  at  the  battle  of  Forhani,   which  was  fought  on 
the  2itl  of  July  ;  and  again  at  Ilymnik,  which,  with 
7000  men,  he  had  reached  with  equal  celerity,  he  gain- 
ed, on  the  22d  of  September,   in  conjuntliou  with  the 
Prince,  one  of  the  greatefl  viftories  that  have  ever  been 
atchieved.      According    to    the    lead    exaggerated   ac- 
count, the  Turkilh  army,  commanded  by  the  Grand- 
Vifxer    in    perfon,    amounted    to    90000    or    100,000 
men ;    of  which    70,000  were   chofen   troops  ;    whdft 
the  army  of  the  allies  exceeded   not  2  5,000.     At  the 
commencement  of  the  attack,   Suworow,  who  had  re- 
connoltered  the  country,  and   formed  the  plan  of  the 
battle,  called  out  to  his  Ruffians,   "  My  fiiends,  look 
not  at  the  eyes  of  your  enemies,  but  at  their  brealls  ; 
it  is  there  that  you  muft.  thruft  your  bayonets."     No 
quarter  was  given  to  the  Turks  ;  and  on  this  account 
the  Ruffian  General  has  been  charged  with  favage  fe- 
rocity :  but  the  charge,  if  not  groundlefs,  muft  be  (hared 
equally  between  him  and  the  Prince  of  Cobourg.     The 
commanders  of  the  allied  army,  aware  of  the  immenfe  fu- 
periority  of  their  enemies,  had  refolved,  before  the  en- 
gagement,  not  to  encumber  themfelves  with  prifoners, 
whom  they  could  not  fecure  without  more  than  hazard- 
ing the  fate  of  the  day :  And  where  is  the  man,  who 


admits  the  lawfulnefs  of  war,  that  will  condemn  fuch  Soworow. 
conduft  in  fuch  critical  circumftances  ?  w 

The  taking  of  Bender  and  Belgrade  were  the  im- 
mediate confcqucnces  of  the  viftory  of  Rymnic  ;  and 
fo  fenfible  was  the  Emperor  Jofeph  how  much  the  ra- 
pid movements  and  military  Ikill  of  Suworow  had  con- 
tributed to  that  viftory,  that  he  immediately  created 
him  a  Count  of  the  Roman  empire,  and  accompanied 
the  dipUima  with  a  very  flattering  letter.  Similar  ho- 
nours were  conferred  upon  him  by  his  own  fovereign, 
who  fent  him  the  diploma  of  Count  of  the  empire  of 
Ruffia,  with  the  title  of  Rymnikiki,  and  the  order  ot 
St  Andrew  of  the  tirft  clafs. 

In  the  autumn  of  1790,  Prince  Potemkin  wrote  to 
Count  Suworow,  requefting  a  particular  conference. 
The  General,  who  conjeftured  the  object  of  it,  fent 
him  the  following  anfwer  :  "  The  flotilla  of  row-boats 
will  get  polTeffion  of  the  mouths  of  the  Danube  ;  Tul- 
cia  and  Ifaccia  will  fall  into  our  power;  our  troops, 
fuppirted  by  the  veflels,  will  take  limailow  and  Brahi- 
low,  and  make  Tchiftow  tremble."  He  was  perteftly 
right  in  his  conjetlure  :  it  was  to  concert  with  him 
ineafures  for  the  taking  of  limailow  that  the  Prince 
had  requcrted  the  conference.  He  did  not,  however, 
receive  orders  to  undertake  that  defperate  enterpriie  till 
the  beginning  of  November,  when  he  rapidly  approach- 
ed towards  the  fortrefs.  His  army,  by  fea  and  land,^ 
confifted  of  23,000  men  ;  of  whom  one-half  were  Cof- 
facs,  and  of  thefe  many  were  fick.  The  troops  of  the 
garrifon,  which  were  under  the  orders  of  feven  Sultans, 
amounted  to  43,000  men,  of  whom  nearly  one-half 
were  Janiftaries  ;  the  fortrefs  was  by  much  the  ftrongeft 
of  any  on  the  Turkilh  frontier :  it  was  under  the  com- 
mand of  an  old  warrior,  who  had  twice  refuted  the 
dignity  ot  Grand  Viiier,  and  had  difplayed  againft  the 
Aurtrians  coniiderable  abilities,  as  well  as  the  moft  in- 
tiepid  courage  ;  .-aid  the  Grand  Seignior  had  publiflied 
a  iiiman,  forbidding  the  garrilon,  on  pain  of  death 
without  trial,  to  furrender  on  any  terms  whatever. 

Potemkin,  knowing  that  S\iworow  had  wnh  him  no 
battering  cannon,  and  dreading  the  confequences  of  a 
repulfe,  wrote  to  the  General,  that  it  he  was  not  cer- 
tain of  fuccefs,  he  would  do  well  not  to  rife  an  atfault. 
The  laconic  reply  was  ;  "  My  plan  is  fixed.  The  Ruf- 
fian army  has  already  been  twice  at  the  gates  of  Ifmai- 
low ;  and  it  would  be  fhameful  to  retreat  from  them  the 
third  time  without  entering  the  place."  To  fpare  the 
effuf'ion  of  blood,  however,  if  poffible,  he  fent  a  note 
to  the  Serafliier  who  commarjded  in  Ifmailow,  to  afture 
him,  upon  Count  Suworow's  word  of  honour,  that  it 
he  did  not  hang  out  a  white  flag  that  very  day,  the 
place  would  be  taken  by  alTault,  and  all  the  garrilon 
put  to  the  fword.  The  Seralkier  returned  no  anfwer 
to  the  note  ;  but  another  commander  was  pleaftd  to 
fay,  that  "  The  Danube  would  ceafe  to  flow,  or  the 
heavens  bow  down  to  the  earth,  before  Ifmailow  would 
furrender  to  the  Ruffians!" 

Having  concerted  with  the  Admiral  proper  meafures 
for  the  affault,  Suworow  paffed  the  night  with  fome 
officers  of  his  fuite,  in  impatient  vigilance  for  the  ap- 
pointed hour  when  the  fignals  were  to  be  given.  Thefe 
were  the  tiring  of  a  mufliet  at  three,  four,  and  five  in 
the  morning,  when  the  army  ruflied  upon  the  place  ; 
and  notwithftanding  the  defperate  oppofition  of  the 
Turks,  the  depth  of  the  moat,  and  the  height  of  the 

ramparts, 
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raiiiparts,  tliey  were  compk-ttly  mailers  of  Ifinallow  by 
four  o'clock  P.  M.  In  this  one  dreadful  day  the  Ot- 
toMians  loll  3^,000  men  killed  or  dangcroufly  wounded  ; 
10,000  who  wcte  taken  prifoners ;  btfidea  6000  women 
and  children,  and  2000  Chrillians  of  Moldavia,  who  fell 
in  the  general  niaflacre.  The  place  wjs  given  np  to 
jjlunder  for  three  days,   according  to  agreement  with     entrenchment.      Of  the  Pi.ks   13,000  lay  deao  on  the 


There  are  but   few  examples  of  a  military  operation  Suwor.-w. 
fo  bololy  conceived,  fo  licilinlly  performed,  or  fo  iinpor-  ~~^ 
tant  in  its  confequenccs,  as  the  taking  of  Praga.      The 
affault  was  made  at  once  in  fevi-n  dilfeveiit  places  at  five 
in  the  morning ;  and  at  nine  the  Ruflians  were  mailers 
of  the  place,   having  penetrated   by  pure   torce  a  triple 


tl*e  army  before  tiie  alfault  ;  but  we  have  authority  to 
lay,  that  no  perfon  was  nundered  in  cold  blood,  who 
did  not  prefer  his  property  to  his  life. 

The  Rulfians  found  in  Ifmailow  232  pieces  of  can- 
non, many  large  and  fmnll  magazines  of  gunpowder,  an 
imnienfe  quantity  of  bombs  and  balls,  345  tlandards  al- 
moll  all  llained  with  blood,  provilions  tor  the  Turkiill 
army  for  lix  n.onths,  and  about  io,oco  horles,  of  which 


tielii  ot  bdttle,  one  third  ot  whom  were  the  liower  of 
the  youth  ot  Warfuw  ;  above  2000  were  drowned  in 
the  Villula  ;  and  14,680  were  taken  prifoners,  of  whom 
8000  were  difarmcd  and  iinmediately  fct  at  liberty,  and 
the  remainder  the  next  day.  We  mention  theie  cir- 
cumll.uices,  bcc;uife  they  completely  refute  the  tales  of 
thole  Jacobin  ierlbblers,  vvlio  have  fo  ftrenuoully  en- 
deavoured  to  tar.iilh  the  laurels  of  the  Ruffian  hero,   by 


many  were  extremely   beautiful.      Suworow,  who  was  reprclenting  him  as  lia\ing  ordered  a  general  malfacre 

inacceilible  to  any  views  of  private  intercil,  did  not  ap-  ot  men,  women,  and  children.    The  artillery  taken  from 

propriaie  to  himftlf  a  tingle  article,   not   fo  much  as  a  the  enemy  confiiled  of   104  pieces  of  cannon  and   mor- 

liorfe  ;   but   having,   according  to  his  cullom,  rendered  tars,  chiefly  of  large  calibre.     The  RutTians  had   580 

tulemn  thanks  to  God  for  his  viilorv,  wrote  to  Prince  men  killed,  of  whom  eight  were  fuperior  and  ilaff  offi- 

Potemkin  the  following  Spartan  letter:   "  The  RuiFian  cers,  and  900  wounded,  of  whom  23  were  officers, 

colours  wave  on  the  ramparts  of  Ifmailow."  Soon  after  the   ftorming  of  Praga,  Warfaw  capitula- 

Peace  being  concluded  with  the  Turks  in  December  ted,  and  Suworow  v^'as  received  into  the  city   by  the 

I  79 1,   no  political  events  occurred  from  that  period  to  magillrates  in  a  body,  and  in  their  ceremonial  habits, 

call  forth  the  military  talents  of  Suworow  till    1794.  When  the  prefident  prefentcd  to  him  the   keys  of  the 

In  the  beginning  of  that  year  mutinies  having  broken  city,  he  preifed  them  to  his  lips,  and  then,  holding  them 

out  among  the  Polifh  troops  in  the  fervice  of  RuiTia,  up  towards  heaven,  he  faid,   "  Almighty  God,   I  ren- 

and  the  Emprels,  with  her  two  potent  allies,  having  di-  der  tiiec  thanks,  that  I  have  not  been  compelled  to  pur- 

geiled  the  plan  for  the  partition  of  Poland,   Count  Su-     chafe  the  keys  of  this  place  as  dear  as "     Turn- 

worow  received  orders,  in  the  month  of  May,  to  pro-  ing  his  face  towards  Praga,   his  voice  failed  him,  and 

ceed,  by  forced  marches,  into  Red  Ruflia,  with  a  corps  his  cheeks  were   inllantly  bathed  with   tears.     As    he 

of  15,000  men,  and  to  difarm  all  the  Polilh  troops  in  rode  through  the  ilreets,  the  windows  were  filled  witii 

that  province.     This  fervice  he  performed  without  the  fpedlators,  who  were  delighted  with  the  return  of  or- 

tfTufion  of   blood,    difarming  in  lefs  than  a  fortnight  der,  and  the  affurance  of  peace ;   and  the  air  refounded 

800c  men,  difperfed  over  a  country  of  150  miles  in  cir-  with  the  exulting  exclamations  of  "  Long  live  Catha- 

cuit.      Soon  afterwards  he  was  ordered  to  march  into  rine  !   Long  live  Suworow  !" 

the  interior  of  Poland  ;  the  King  of  PrulFia  having  been  Tlius  did  Count  Suworow,  in   the  courfe  of  a  very 

obliged  to  raife  the  fiege  of  Warfaw,  and  the  Emprefs  few  months,  overturn  the  kin;;dom  and  republic  of  Po- 

perceiving  that  more  vigorous  meafures  than  had  hither-  land.      It  is  not  our  bulinefs,   in  this  article,  to  decide 

to  been  purfued,  were  necelTary  to  accomphlli  her  de-  on  the  jutlire  of  the  caufe  in  which   he  was  embarked, 

figns.  Of  the  Pollfli   revolution,   which   gave  rife  to  the  war 

To  give  a  detailed  acccunt  of  his  route  to  Warfaw,  that  fubverted  the  republic,  and  fvvcpt  it  from  the  num- 

■would  be  to  write  the  hiftory  of  the  Poliih  war,   and  ber  of  fovereign  flates,  the  reader  will  find  fome  account 

not  the  memoirs  of  Count  Suworow.     It  has  been  ralh-  under  the  title  Poland  in  the  Encyclopjilia  ;  but  it   is 

ly  fuppofed,    that  he   had  to  contend  only   with  raw  here  proper  to  acknowledge,  that  we  do  not  now  think 

troops,  commanded  by  inexperienced  leaders,  who  were  fo  favourably,  as  when  we   wrote  that  article,  of  the 

not  cordially  united  among  themfelves  ;   but  the  fadl  is  views  and   principles  of  thofe  who  framed  the  conilitu- 

otherwife,  and  Suworow  never  difplayed  greater  rcfource  tion,  which  brought  upon  them  the  Ruffian  and  Pruf- 

jn  the  day  of  danger,  than  in  the  numerous  battles  and  iian   arms.      Subfequent   events    feem   to    have    proved 

fkirmifhes  in  which  he  was  engaged  on  his  march  to  the  completely,  that  if  Poland  had  not  been  conquered  by 

capital  of  Poland.     At  lail,  after  furmounting  every  ob-  the  allied  powers,  it  would  fnon  have  been  involved,  un- 

ftacle,  he  fat  down,  on  the  2 2d  of  October,  before  Pra-  der  Koflviuilco  and  his  Jacobiiical  adherents,   in  all  the 

ga,  a  flrongly  fortified  luburb  of  Warfaw,  defended  by  horrors  of  revolutionary  France  ;  and  the  unhapnv  king, 

a  formidable  artillery,  and   a  garrifon  of  30,000  men,  inftead  of  being  carried  captive  into  Ruffia,  would  pro- 

rendtred  defperate  by  their  fituation.      The  RulTian  ar-  bably  have  finilhed  his  courfe  on  a  fcaffold.      Suworow, 

jny  exceeded  not  22,000  ;   and  with  that  comparative-  who   never    concerned    himfelf   with  the    intrigues    of 

ly  fmall  force  he  refolved  to  ftorm  Praga,  as  he  had  courts,   and  exprefTed  on  all  occafions  the  moll  fove- 

ftormed  Ifmail.      Having  erefted  fome  batteries  to  de-  reign  contempt  of  thofe  Generals  who  affefted  to  pof. 

ceive  the  garrifon  into  a  belief  that  they  were  to  be  re-  fefs  the  fecrets  of  flatefmen,  probably  never  enquired 

gularly  belieged,  he  concerted  with  tlie  other  Generals  into  the  final  objeft  of  the  war,  but  thought  it  his  du- 

the  mode  of  alTault ;  and  when  every  thing  was  ready,  ty  to  execute,  in  his  own  fphere,  the  orders  of  his  Im- 

he  gave  his  orders  in  thefe  words  :  "  Storm,  and  take  perial  miilrefs.     So  fenfible  was  Catharine  of  the  pro- 

the  batteries,  and  cut  down  all  who  refill ;  but  fpare  priety  of  this  conduft,    and  of  the  zeal  and  abilities 

the  inhabitants,  unarmed  perfons,  and  all  who  Ihall  alk  which  he  had  difplayed  in  the  Popilh  campaign,  that 

for  quarter."  immediatdy  oa  receiving  accounts  of  the  ftorming  of 
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Suworow.  Praga  and  the   fubmliTion  of  Warfaw,   (lie  announced 
»  to  him,  in  a  letter  written  with  her  own  hand,  his  well- 

earned  advancement  to  the  rank  of  Field-mardial  Ge- 
neral. Nor  did  her  munificence  Itop  there  ;  Ihc  load- 
ed him  with  jewels,  and  prcfented  him  with  an  eftate  of 
7000  peafants,  in  the  dillric\  of  Kubin,  which  had  been 
the  fcene  of  his  firll  battle  in  the  courfe  of  the  cam- 
paign. 

From  the  fiibjugation  of  Poland  we  hear  little  more 
of  FielJ-niarihal  Suworow  till  he  entered  upon  his  glo- 
rious career  in  Italy.  He  is  laid,  indeed,  to  have  given 
offence  to  tlte  prcient  Enperor  foon  after  his  acceffion 
to  the  throne,  by  alTording  proteftion  to  fome  merito- 
rious officers,  whom  his  Majelly  had  in  an  arbitrary 
manner  difmi/fed  from  his  fervice  ;  but  that  offence  was 
overlooked,  and  Suworow  called  again  into  aftion,  when 
Paul  joined  the  coalition  agjinft  France. 

Of  the  exploits  of  the  Fitld-marfhal  in  Italy,  where, 
to  life  his  own  words,  he  deftroyed  armies  and  overturn- 
ed ftates,  we  have  given  a  full  account  under  the  title 
Revolution  in  this  Supplement.  In  his  former  cam- 
paigns, the  wifdom  of  his  meafnres,  the  diftribution  of 
his  forces,  the  undaunted  charafter  of  his  operations, 
and  the  progreflive  continuance  of  his  fucceffes,  furnifh 
proofs  of  the  fuperiority  of  his  talents  hardly  to  be  pa- 
ralleled in  the  annals  of  modern  war  ;  but,  animated  by 
the  noblenefs  of  his  caufe,  and  confiding,  as  he  faid,  in 
the  God  of  battles,  he  feems  i.  his  laft.  campaign  to 
have  furpaffed  himfelf.  It  would  appear,  however,  that 
his  own  Sovereign  thought  otherv/ife  ;  and  if  he  did,  he 
■was  certainly  as  Angular  in  that  opinion  as  he  is  faid  to 
have  been  in  many  others.  Confidering  the  Field-mar- 
Ihal  as  the  conqueror  of  Italy,  he  had  indeed  created 
him  a  Prince  by  the  ilyle  and  title  of  Prince  Suworow- 
Itjli/ii ;  but  how  did  he  receive  him,  when  he  returned 
into  the  Ruflian  dominions  at  the  head  of  his  veteran 
and  viftoriouB  bands  ? 

Though  the  old  warrior  thought  himfelf  almoft  be- 
trayed at  the  end  of  the  campaign  by  the  crooked  po- 
licy of  the  court  of  Vienna,  he  donlnlefs  hoped  to  be 
received  at  the  Court  of  St  Peterlburgh,  if  not  with 
triumphal  arches,  at  lead  with  the  mod  public  teilimo- 
nies  of  his  Sovereign's  approbation.  It  is  faid  that  he 
expefted  to  be  fent  back  at  the  head  of  a  large  army, 
v.'ith  full  powers  to  aft  as  he  Ihould  judge  proper  for 
bringing  the  war  to  a  happy  termination,  and  reiloring 
peace  and  order  to  Europe  ;  and  he  certainly  exprefled, 
in  letters  to  different  correfpondents,  his  earneft  wilh  to 
conclude  his  military  career  with  contributing  to  the 
accomplifhment  of  fo  defirable  an  object.  What  then 
muft  have  been  his  difappointment,  when  the  Ruffian 
Emperor  would  not  fee  him,  and  pofitively  forbad  his 
appearance  at  court  ?  To  the  meffcnger  who  brought 
the  order,  the  Field-marfhal  gave  a  purfe  of  money, 
turned  his  carriage  another  way,  and  drove  to  a  wooden 
houfe,  at  a  dlftance  from  the  court,  and  from  his  former 
friends,  "  where  burfl.  his  mighty  heart  ;"  and  the  con- 
queror of  the  Turkc,  the  Poles,  and  the  French  republi- 
cans, died,  almoll  unattended,  on  the  i8th  of  May  1800. 
The  fovereign,  who  thus  difgraced  him  at  the  end  of 
his  life,  gave  him  a  magnificent  funeral ! 

In  his  perfon  Suworow  was  tall,  confiderably  exceed- 
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ing  fix  feet,  and  full  chefted.  His  countenance  was  Suworow. 
ftern  ;  but  among  his  friends  his  manners  were  pleafant,  *"^~v— 
and  his  difpofitions  were  kind.  His  temper  was  na- 
turally violent  ;  but  that  violence  he  conftantly  labour- 
ed to  moderate,  though  he  was  never  able  completely 
to  extinguifh  it.  According  to  M.  Anthing,  an  effer- 
vefcent  fpirit  of  impatience  predominated  in  his  cha- 
rafter;  and  it  perhaps  never  happened  (fays  that  Au- 
thor) that  the  execution  of  his  orders  equalled  the  rapi- 
dity  of  his  wifiies.  Though  he  difliked  all  public  eii- 
tertainmerits,  yet  when  circumftances  ted  him  to  any  of 
them,  he  appeared  to  partake,  and  endeavoured  to  pro- 
mote, the  general  pleafure.  Sometimes  he  condefcend- 
ed  even  to  dance  and  play  at  cards,  though  very  rarely, 
and  merely  that  he  might  not  interrupt  the  etiquette 
of  public  manners,  to  which,  when  not  in  the  field,  he 
was  very  attentive.  In  the  field  he  may  be  faid  to  have 
fpent  the  whole  of  his  life  from  the  period  at  which  he 
firft  joined  the  army  in  the  feven  years  war  ;  for  during 
the  time  that  he  was  not  engaged  in  aftual  warfare, 
and  that  time,  taken  altogether,  did  not  exceed  twelve 
years,  he  was  always  placed  at  the  head  of  armies  fta- 
tioned  on  the  frontier  of  fome  enemy's  country.  He 
was  therefore  a  mere  warrior,  and  as  fuch  had  no  fixed 
habitation.  With  rcfpeft  to  bis  table  and  lodging,  he 
contented  himfelf  with  whatever  he  found,  requiring 
nothing  but  what  abfolute  neceffity  demands,  and  what 
might  be  tranfported  with  eafe  from  one  place  to  an- 
other. Frequently  he  caufed  the  window-fafhes  to  be 
taken  away,  and  fometimes  the  doors  :  faying,  on  the 
former  occafion,  that  he  was  not  cold  ;  and,  on  the  lat- 
ter, that  he  was  not  afraid.  His  couch  confided  of  a 
heap  of  frefh  hay  fiifficiently  elevated,  and  fcattered  in- 
to confiderable  breadth,  with  a  white  fheet  fpread  over 
it,  with  a  cufhion  for  his  pillow,  and  with  a  cloak  for 
his  coverlid.  He  has  been  reprefented  as  dirty  (c)  ; 
but  the  reprefentation  is  falfe.  M.  Anthing  afferts,  that 
he  was  clean  in  his  perfon,  and  that,  when  not  on  ac- 
tual fervice,  he  walhcd  himfelf  frequently  during  the 
courfe  of  the  day.  It  is  among  the  fingular,  though 
unimportant  circumftances  of  his  life  (tays  the  fame  au- 
thor), that,  for  the  laft  twenty  years,  he  had  not  made 
ufe  of  a  looking-glafs,  or  incumbered  his  perfon  with 
either  watch  or  money. 

He  was  fincerely  religious  ;  took  every  opportunity 
of  attending  the  offices  of  public  devotion  ;  and  has 
been  known,  on  Sundays  and  fellivals,  to  deliver  lec- 
tures on  piety  to  thofe  whom  duty  called  to  attend  on 
him.  We  are  told  by  an  anonymous  writer,  in  a  mif- 
ccUany  not  very  forward  to  praife  Inch  men  as  Suwo- 
row, or  indeed  to  praife  piety  in  men  of  any  defcription, 
that  chancing  one  evening  to  overhear  a  captain  abridge 
the  prayer  wiiich  his  duty  required  him  to  repeat  at  the 
guard,  the  Field-marfhal  called  out  to  him,  "Thou 
imconfcionahle,  abominable,  impious  man,  thou  wouldft 
cheat  Heaven  !  Thou  wouldft,  no  doubt,  cheat  like- 
wife  the  Emprcfs  and  me  !  I  Ihall  difmifs  thee."  His 
regard  for  facred  things  is  indeed  very  apparent  in  the 
elegant  letter  which,  on  the  1  ft  of  Oclober  1795,  he 
wrote  to  Charette,  the  hero  of  Vendee,  whom  he  con- 
gratulates upon  taking  up  arms  to  reftore  the  temples 
of  the  God  of  his  fathers.     Alluding  to  this  trait  of 

his 


(c)  By  the  anonymous  author  of  the  life  of  Catharine  II. 
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Suworow   liis  cliaracler,  and  to  his  deteftation  of  Jacobinifm  under 
II        every  form,  a  late  writer  in  a  moft  refpctlable  mifcella- 
^"'^"^     ny  has  well  charafterifcd  him  as  the 

"  Foe  to  rilii^ion's  foe  ;  of  Ruffia's  throne 
The  prop,  th'  avenger,  and  tlie  pride  in  one  ; 
Whofe  conquering  arms,  in  hold  dtliancc  hurl'd, 
Crufhed  the  rude  monller  of  the  wellern  world." 

We  have  already,  when  we  thought  not  that  we 
fhould  fo  foon  be  called  upon  to  write  his  life,  obferved, 
that  he  was  a  fcholar,  a  man  of  fcience,  and  a  poet. 
M.  Anthing  afTures  us,  that  from  his  earlieil  years  he 
was  enamoured  of  the  fciences,  and  improved  hlmlL-lt  in 
them  ;  but  that  as  the  military  fcience  was  the  lule  ob- 
jeit  of  his  regard,  thofe  authors  ot  every  nation  who 
invetligate,  illuilrate,  or  improve  it,  engroffcd  his  lite- 
rary leilure.  Hence  Cornelius  Nepos  was  with  him  a 
favourite  clafTie  ;  and  he  ead,  with  great  avidity  and 
attention,  the  hillories  of  Montecucidi  and  Turenne. 
Caelar,  however,  and  Charles  XII.  (i-iys  the  fame  au- 
thor) were  the  heroes  whom  he  mod  admired,  and 
whofe  adivity  and  courage  became  the  favourite  objects 
of  his  imitation. 

With  refpeft  to  his  moral  charafler,  we  have  every 
reafon  to  believe  that  he  was  a  man  of  the  molt  incor- 
ruptible prubity,  immoveable  in  Ins  purpofes,  and  in- 
violable  in  his  promifes  ;  that  the  cruelties  of  which  he 
has  been  accufcd  were  the  cruelties  of  Potemkin,  and 
that  by  thofe  who  knew  him  he  was  confidered  as  a 
man  of  unqueftionable  humanity.  The  love  of  his 
country,  and  the  ambition  to  contend  in  arras  for  its 
glory,  were  the  predominant  paffions  of  his  aftive  life; 
and  to  them,  like  the  ancient  Romans,  he  facrificed 
every  inferior  fentiment,  and  confecrated,  without  re- 
ferve,  all  the  powers  of  his  body  ai'.d  mind.  His  mili- 
tary career  was  one  long  and  uniform  courfe  of  fuccefs 
and  triumph,  produced  by  his  entcrprifing  courage  and 

i  extraordinary  prefence  of  mind  ;  by  his  perfonal  intre- 

pidity and  promptitude  of  execution  ;  by  the  rapid  and 
unparalltled  movements  of  his  armies  ;  and  by  their  per- 
feft  affuiance  of  victory  when   fighting   under  his  ban- 
Secret       ners.      T  know  not,  fays  a  writer  *,  by  no  means  partial 
■Im'>lrs  of  to  him  or  to   the  caufe   for  which  he   lait  fought,  whc- 
1' E  l"^',-     'her  Suworow  was  invincible;   but  it  is  certain  that  he 
"^      died   unconquered.      No  general   can    boaft   of  having 
beaten  Suworow  ;  and  very  tew.  like  him,  have  carried 
that  reputation  to  the  grave,  after  having,  hke  him,  wa- 
ged war  for  the  fpace  of  fourty  years,  fometimes  againft 
the   moil  barbarous  people,   and  fometimes   againft  the 
moft  civilized  nations.    Such  was  Alexander  Betilovitch 
Count  Suworow.    In  the  year  1774  lie  married  a  daugh- 
ter of  the  General  Prince  IwanProlorowiki,  by  whom  he 
had  two  children,  now  living  :   Natalia,  married  to  Ge- 
neral Count  Nicolal  'Zubow  ;   and  Arcadius  Count  Su- 
worow, a  youth  of  great  promile,  who  accompanied  his 
father  in  his  unparalleled  march  from  Italy  to  Switzer- 
land. 

SWALLOW's-Tail,  in  fortification,  is  a  Cngle 
tenaille,  which  is  narrower  towards  the  place  than  to- 
wards the  country. 

SWAN  (See  Anas,  Enrycl.).  It  is  now  afcertain- 
ed,  beyond  the  poffibility  of  doubt,  that  there  are  black 
fwans,  of  equal  fize,  and  the  fame  habitudes,  with  the 
common  white  fwan  of  this  ifland.  Thefe  fowls  have 
been  feen   chiefly  in   New  Holland  ;  and  Captain  Van- 
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couver.  when  there,  faw  fcveral  of  them  in  very  (lately  .Swinton. 
attitudes,  iwimming  on  the  water;  and,  when  flying,  """V"—^ 
difcovering  the  under  part  of  their  wings  and  brealls 
to  be  white.  Black  fwans  were  likewife  feen  in  New 
Holland  by  Governor  Philips,  Captain  White,  and  by 
a  Dutch  navigator,  fo  long  ago  as  in  1697.  Gover. 
nor  Phihps  defcribes  the  black  fwan  as  a  very  n(;ble 
bird,  larger  than  the  common  fwan,  and  equally  beau- 
tiful in  form.  Mr  White  indeed  fays,  that  its  h/  •  is 
not  quite  equal  to  that  of  the  European  fwan  ;  but 
both  thefe  authors  agree  with  Captain  Vancouver  in 
mentioning  fonie  white  featliers  in  its  wings. 

SWINTON  (John),  a  very  celebiatcd  Englilh  an- 
tiquary, was  a  native  of  the  county  of  Chcfter,  the  fon 
of  John  Swinton  of  Bexton  in  that  county,  gent.  He 
was  born  in  1703.  The  circumftances  of  his  parents  B/oj.  DiV?  . 
were  probably  nut  affluent,  as  he  was  entered  at  Ox- 
ford in  the  rank  of  a  fervitor  at  Wadham  college.  This 
was  in  Ottober  17 19.  It  may  be  prefumed  that  he 
recommended  himfelf  in  that  fociety  by  his  talents  and 
behaviour,  as  on  June  7,0.  I  723  he  was  elefted  a  fchclar 
on  a  Chefhire  foundation  in  tiie  college.  In  the  De- 
cember following,  he  took  his  firft  degree  in  arts.  Be- 
fore  he  became  mailer  of  arts  (which  was  on  December 
I.  1726),  he  had  chofen  the  church  for  his  profefTion, 
and  was  ordained  deacon  by  the  bilhop  of  Oxford,  JVIay 
30.  1725  ;  and  was  afterwards  admitted  to  priell's  or- 
ders on  May  28.  ,1727.  He  was  not  long  without 
fome  preferment,  being  admitted  to  the  reftory  of  St 
Peter  le  Bailey  in  Oxford  (a  living  in  the  gift  of  the 
crown),  under  a  ftqueftration,  and  inftituted  to  it  in 
February  1728.  In  June  the  fame  year,  he  was  eleft- 
ed  a  fellow  of  his  college  ;  but,  deiircus  probably  to 
take  a  wider  view  of  the  world,  he  accepted,  not  long 
after,  the  appointment  of  chaplain  to  the  Englifh  fac- 
tory at  Leghorn,  to  which  he  had  been  chofen.  In 
this  fituation  he  did  not  long  enjoy  his  health;  and 
leaving  it  on  that  account,  he  was  at  Florence  in  April 
1733,  where  he  attended  Mr  Coleman,  the  Englilh  en- 
^voy,  in  his  laft  moments.  Mr  Swinton  returned  thro' 
Venice  and  Vienna ;  and,  in  company  with  fome  Eng- 
lilh  gentlemen  of  fortune,  vifited  Prefhurgh  in  Hunga- 
ry, and  was  prefent  at  one  of  their  aflcmblies. 

It  is  puffible  that  be  luid  not  quitted  England  in  the 
fummer  of  1730,  for  he  was  elc6tcd  a  fellow  of  the 
Royal  Society  in  June  that  year,  and  admitted  about 
three  months  later.  It  was  probably  while  he  was  a- 
broad  that  he  was  admitted  into  fome  foreign  focieties  ; 
namely,  the  academy  de^^l'i  MpaUjii  at  Florence,  and  the 
Etrufcan  Academy  of  Corton.a.  On  his  return,  he  teems 
to  have  taken  up  his  abode  at  Oxford,  where  he  relided 
all  tile  latter  part  of  his  life,  and  was  for  many  year* 
chaplain  to  the  gaol  in  that  city.  It  nuiny  be  prefumed 
that  he  married  in  1743  ;  it  was  then,  at  leail,  that  he 
gave  up  his  fellowfhip.  In  i  59  he  became  bachelor 
of  divinity  :  in  1767,  he  was  eleded  Ciiflos  Archmnrum, 
or  keeper  of  the  univerlily  records  :  and,  on  April  4, 
1777,  he  died  ;  leaving  no  children.  His  wife  lurvived 
till  1784,  and  both  were  burit-d,  with  a  very  (hort  and 
plain  infcription,  In  the  chapel  of  Wadham  college. 

It  remains  to  take  notice  of  the  moft  important  mo- 
numents of  a  literary  man's  life,  his  publications.  Thefe 
were  numerous  and  learned,  but  not  of  great  magni- 
tude. He  publifhed,  ..  "  Dc  Lingux  Etrurix  Regalis 
vernacula  Diflertatio,"   410,    19   pages,   Oxon,    173K. 

2.  "A 
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Swinton.    2.    "  A  critical  eflay  concerning  the  words  ^"'h-"'  and    quell  of  Sir  Robert  Chambers,  or  of  niyfelf,   gave  the    Swintor. 
*—~~^~~'  ^a,„,,,,,„  occafioned  by  two  late  inquiries  into  the  mean-     account  which  I  now  trani'mit  to  you  in  his  own  hand,  *~~V^-- 
ing  of  the    demoniacs   in    the   New  Tellament,"    8vo,     being  willing,  that  of  fo  great  a  work  the  hiftory  ihould 
London,   1739.      3.    "  De    prifcis    Romanorum    literis     be  known,  and  that  each  writer  (hould   receive  his  due 
difTcrtatio,"  4to,  20  pages,  Oxon,  1746.     4.  "  De  Pri-     proportion  of  praife  from   pofterity.      I  recommend  to 
roogenio   Etriifcorum  Alphabcto,   dilTertatio,"     Oxon,     you   to  prcferve  this   fcrap   of  literary   intelligence,  in 
1746.      5.  "  Infcriptioncs  Citieae  :  live  in  binas  Infcrip-     Mr  Swinton's  own  hand,  or  to  depofite   it   in  the  Mu- 
fiones  Phoenicias,  inter  rudera  Citii  nuper  rcpertas,  con-     feum,  tliat  the  veracity  of  the    account    may  never  be, 
jefturs.     Accrdit   de   nunv.nis  quibufdam    Samaritanis     doubted. — I  am.  Sir,  your  raoft  humble  fervant, 
ft  Phceniciis,  vel  infolitam  prifc  literaturam  ferentibus,         Dec.  6.  1784.  Sam.  Johnson." 

•vel  in  lucem  haftenus  non  editis,  differtatio,"  4to,  87  The  paper  alluded  to,  befides  fpecifying  fome  parts 
pages,  Oxon,  1750.  6.  "  Infcriptiones  Citiese  :  five  written  by  other  perfons,  affigns  the  following  divifions 
in  binas  alias  Infcriptioncs  Phoenicias,  inter  rudera  Citii  of  the  hillory  to  Mr  Swinton  himfclf.  "  The  hiftory 
nuper  repertas,  conjedlurse,"  4to,  19  pages.  7.  "  De  of  the  Carthagians,  Numidians,  Mauritanians,  Gatu- 
nummis  quibufdam  Samaritanis  et  Phoeniciis,  vel  infoli-  lians,  Garamantes,  Melano-Gstulians,  NigritiE,  Cyre- 
tam  prx  fe  literaturam  ferentibus.  vel  in  lucem  hade-  naica,  Marmarica,  the  Regio  Syrtica,  Turks,  Tartars, 
nus  non  editis,  difTcitatio  fecuiida,"  410,  36  pages.  8.  and  Moguls,  Indians,  and  Chinefe,  a  differtation  on  the 
"  Metilia  :  five  de  quinario  Gentis  Metilije,  e  nummis  peopling  of  America,  and  one  on  the  independency  of 
■vetuftis  cseteroquin  minimum  notae,  differtatio,"  4to,  22    the  Arabs. 

pages,    Oxon,  1750.      9.  Several  differtations  publiftied  In  the  year   1740,   Mr  Swinton   was  involved  in    a 

in  the  Philofophical  Tranfaftions  of  the  Royal  Society,  law  fuit,  in  confequence  of  a  letter  he  had  publilhed. 
As,  "  A  differtation  upon  a  Parthian  Coin  ;  with  clia-  It  appears  from  a  paper  of  the  time*,  that  a  letter *rfoCA«»» 
rafters  on  the  reverfe  refembling  thofe  of  the  Palmy-  from  the  Rev.  Mr  Swinton,  highly  reflefting  on  Mrj^»»'.»<- 
renes,"  vol.  xlix.  p.  593.  "  Some  remarks  on  a  Par-  George  Baker,  having  fallen  into  the  hands  of  the  lat- ^X"w/;r 
thian  Coin,  with  a  Greek  and  Parthian  legend,  never  be-  ter,  the  court  of  King's  Bench  made  the  rule  abfolute  j^nj  j-jj^* 
fore  publifhed,"  vol.  1.  p.  16.  "  A  dilTertation  upon  for  an  information  againft  Mr  Swinton.  Thefe  two  1740. 
the  Phoenician  numeral  charafters  anciently  ufed  at  Si-  gentlemen  were  alfo  engaged  for  fome  time  in  a  con- 
don,  vol.  1.  p.  791.  "  In  nummum  Parthicum  hadle-  troverfy  at  Oxford  ;  which  took  its  rife  from  a  matter 
nus  ineditum  conjefturae,"  vol.  li.  p.  683.  "  A  differ-  relative  to  Dr  Thiftlethwaite,  fome  time  warden  of 
tation  upon  a  Samnite  Denarius,  never  before  pnblifli-  Wadham,  which  then  attrafted  much  attention.  _  Mr 
ed,"  vol.  lii.  p.  28.  "  An  account  of  a  fubasrated  De-  Swinton  had  the  manners,  and  fome  of  the  peculiarities, 
narius  of  the  Plxtorian  family,  adorned  with  an  Etruf-  often  feen  in  very  reclufe  fcholars,  which  gave  rife  to 
can  infcription  on  the  reverfe,  never  before  publilhed  or  many  whimfical  ftories.  Atnong  the  reft,  there  is  one 
explained,"  vol.  kii.  p.  60.  "  Obfervations  upon  five  mentioned  by  Mr  Bofwell,  in  the  Life  of  Johnfon,  as 
ancient  Perfian  Coins,  ftruck  in  Paleftine  or  Phoenicia  having  happened  in  the  year  1754.  Johnfon  was  then 
before  the  diffolution  of  the  Perfian  empire,"  vol.  Ixii.  on  a  vifit  in  the  univerfity  of  Oxford.  "  About  this 
p.  345.  Other  papers  by  him  may  be  found  in  the  ge-  time  (he  fays)  there  had  been  an  execution  of  two  or 
neral  index  to  the  Philofophical  Tranfaaions.  10.  A  three  criminals  at  Oxford,  on  a  Monday.  Soon  after- 
part  of  the  Ancient  Univerfal  Hiftory,  contained  in  the  wards,  one  day  at  dinner,  I  was  faying  that  Mr  Swin- 
fixth  and  feventh  volumes  of  that  great  work.  The  ton,  the  chaplain  of  the  gaol,  and  alfo  a  frequent 
particulars  of  this  piece  of  literary  hiftory  were  commu-  preacher  before  the  univerfity,  a  learned  man,  but  often 
nicated  by  Dr  Johnfon  to  Mr  Nichols,  in  a  paper  print-  thoughtlefs  and  abfent,  preached  the  condemnation  fer- 
ed  in  the  Gentleman's  Magazine  for  December  1784,  mon  on  repentance,  before  the  conviAs,  on  the  prece- 
p.  8q2.  The  original  of  that  paper,  which  affords  a  ding  day,  Sunday  ;  and  that,  in  the  clofe,  he  told  his 
ft'rong  proof  of  the  fteady  attachment  of  Johnfon  to  audience,  that  he  fhould  give  them  the  remainder  of 
the  interefts  of  literature,  has  been,  according  to  his  de-  what  he  had  to  fay  on  the  fubjeft  the  next  Lord's  day. 
fire,  depofited  in  the  Britifii  Mufeum.  The  letter  is  as  Upon  which,  one  of  our  company,  a  doftor  of  divinity, 
follows  :  ^"'^  ^  P^^'"  matter-of  fa<ft  man,  by  way  of  offering  an 

"  To  Mr  Nichols.  apology  for   Mr  Swinton,    gravely   remarked,    that  he 

"  The  late   learned  Mr  Swinton  \of  Oxford  having    had  probably  preached  the  fame  fermon  before  the  uni- 
one  day  remarked,  that  one  man,  meaning,  I  fuppofe,    verfity.     Yes,  Sir  (fays  Johnfon)  ;  but  the  univerfity 
no  man   but  himfelf,  could  affign  all  the  parts  of  the    were  not  to  be  hanged  the  next  morning  ! 
Univerfal  Hiftory   to  their  proper  authors,  at  the  re- 
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et   'T"'ACQUET  (Andrew),  a  Jefuit  of  Antwerp,  who 
■»■    died  in  i6''5o.   He  was  a  mod  laborious  and  volumi- 


,  nous  writer  in  mathematics.  His  works  were  collected, 
and  printed  at  Antwerp,  in  one  large  volunne  in  tolio, 
1669. 

TALLOWTree.  See  Croton  {Enrycl.),  where, 
however,  we  have  fallen  into  a  millake,  whicii  it  is  here 
our  duty  to  correct.  We  learn  from  Sir  George  Staun- 
ton, that  the  candles  made  of  the  vegetable  tallow  are 
firmer  than  thole  made  of  animal  tallow,  and  free  from 
all  offenfive  fnicll,  contrary  to  what  was  rartily  faid  in 
the  article  referred  to.  They  are  not,  however,  equal 
to  thofe  of  wax  or  ipermaceti  ;  but  the  latter  of  thefe 
fubllances  is  not  within  the  reach  of  the  Chlnefe,  and 
the  art  of  blanching  the  former  is  little  known  to  them. 
The  tallow  tree  is  faid  to  have  been  tranfphnted  to 
Carolina,  and  to  flourifh  there  as  well  as  in  Cliina. 

TALOOK,  an  Arabic  word,  which  fignifies  lite- 
rally attachment,  connection,  dependence.  In  Bengal, 
however,  where  It  occurs  perpetually  in  the  enumera- 
tion of  the  dilliifts,  and  lubdivifions  of  that  province 
contained  in  the  inflitutes  of  Akber,  it  fignifies  a  te- 
nure of  land.  Hence  the  talooi  of  Calliinat,  the  talook 
of  Meheys  the  headman,  the  talook  of  Ahmed  Khan, 
&c.  See  A  Differ  tat  ton  concerning  the  Landed  Properly 
of  Bengal,  by  Sir  Charles  Roufe  Boughton. 

TALOOKD  AR,  the  polfefTor  of  a  talook. 

TALOOKDARY,  tenure  of  a  talookdar. 

TALUS,  or  Talud,  in  architedlure,  the  inclination 
or  flope  of  a  work  ;  as  of  the  outfide  of  a  wall,  when  its 
thicknefs  is  diminiilied  by  degrees,  as  it  riles  in  height, 
to  make  it  the  firmer. 

Talus,  in  fortification,  means  alfo  the  /lope  of  a 
work,  whether  of  <arth  or  mafonry. 

TAMASCA.L,  the  name  given  in  California  to  a 
kind  of  fand-bath  employed  by  the  natives  in  the  cure 
of  the  venereal  difeafe.  It  is  prepared  by  fcooping  a 
trench  in  the  fand,  two  feet  wide,  one  foot  deep,  and 
of  a  length  proportioned  to  the  fize  of  the  patient  ;  a 
fire  is  then  made  through  the  whole  extent  of  it,  as 
well  as  upon  the  fand  which  was  dug  out  of  the  hollow. 
When  the  whole  is  thoroughly  heated,  the  fire  is  re- 
moved, and  the  fand  Itirred  about,  that  the  warmth 
may  be  equally  diffufed.  The  fick  perfon  is  then  ftrip- 
ped,  laid  down  in  the  trench,  and  covered  up  to  his 
chin  with  heated  fand.  In  this  pofition  a  very  profufe 
fweat  foon  breaks  out,  which  gradually  dimini(hes  ac- 
cording a*  the  fand  cools.  The  patient  then  rifes  and 
bathes  in  the  fea,  or  the  neareft  river.  This  procefs  is 
repeated  till  a  complete  cure  is  obtained.  While  the 
patient  is  undergoing  the  operation  of  the  tamafcal,  he 
drinks  a  confiderable  quantity  of  a  warm  fudorific,  pre- 
pared by  the  decodlion  of  certain  herbs,  chiefly  of  the 
[hrub  called  by  the  Spaniards  Gouvernante,  which 
fee  in  this  Supplement. 

TAN  is  a  fubftance  found  in  mod  vegetablus,  which 
not  having  hitherto  been  refolved  into  component  parts, 
is  therefore  confidered  as  fimple.  See  Fegetable  and 
Animal  Substances  in  this  Suppl. 

TANNING  is  an  art,  of  which  a  full  account,  ac- 
cording to  the  general  praftice  in  London  and  its  vici- 
nity, has  been  given  under  the  proper  title  in  the  Ett' 


iyclopad'ta.     But  fince  that  article  was  written,  the  fu 
perior  knowledge  which   has  been  obtained  of  the  tan- 
ning principal,   as  well  as  of  the  compofition   of  the 
llvins  of  animals  (See  Vegclahle  and  Animal  Sl'Iht/incfs, 
Suppl.).   has   fuggefted   to  fcientific   artiUs   various   me- 
thods of  fliorteniiig  the  procefs  by  which  leather  is  ma- 
niifaftured.      M.  Stgtiin   is  faid   to  have   thrown   much 
light   upon   the  art  of  the  tanner  as  it   is  pra(^tifcd   in 
France;   and  in    i':9,-  Mr  William   Defmond  obtained 
a  patent   for  praftifing   Seguin's  method   in   England. 
He  obtains  the  tanning  principle  by  digeillng  oak  bark, 
or  other  proper  material,  in  cold  water,  in  an  apparatus 
nearly  fimilar  to  that  ufed  in  the  faltpetre  works.  That 
is  to  lay,  the  water  which  has  remained  upon  the  pow- 
dered bark  for  a  certain  time,  in  one  vefTtl,  is  drawn  off 
by  a  cock,  and  poured  upon   frelh  tan.      This  Is  again 
to  be  drawn  off,  and  poured  upon  other  frefli  tan  ;  and 
in  this  way  the  procefs  is  to  be  contijuied   to  the  fiftli 
vefTel.      The  liquor  Is  then  highly  coloured,  and  marks, 
as  Mr  Defmond  fays,   from  fix  to  eight  degrees  on  the 
hydrometer  for  falts.      He  calls  this  the  tanning  lixi- 
vium.     The  criterion  to  diilinguiili  its  prefcnce  is,  that 
It  precipitates  glue  from  Its  aqueous  folution,  and  is  alfo 
ufeful  to  examine  how  far  other  vegetable  fuliftances, 
as  well  as  oak  bark,  may  be  fuitable  to  the   purpofe  of 
tanning.      The  llrong  tanning  liquor  is  to  be  kept   by 
itfelf.      It   is  found   by  trials  with   the  glue,  that   the 
tanning  principle  of  the  firfl  digeller  which  receives  the 
clear  water,   Is,  of  courfe,    firlt  exhanfted.       But   the 
fame  tan  will  ftill  give  a  certain  portit)n  of  the  aftrin- 
gent  principle,  or  gallic  lixivium,   to  water.      T'he  pre- 
fence  of  this  principle   Is  afcertained  by  Its   llriking  a 
black  colour  when  added  to  a  fmall  quantity  of  the  fo- 
lution of  vitriol  of  iron  or  green  copperas.      As  foon  as 
the  water  from  the  digefter  ceafes  to  exhibit  this  fign, 
the  tan  is  exhaufted,   and   mull  be  replaced  with   new. 
The  gallic  lixivium  Is  refervcd  for  the  purpofe  of  taking 
the  hair  off  from  hides. 

Strong  hides,  after  wafhing,  cleaning,  and  flcfliing, 
In  the  ufual  way,  are  to  be  immerfed  for  two  or  three 
days  in  a  mixture  of  gallic  lixivium  and  one  thoiifandth 
part  by  meafure  of  denfe  vitriolic  acid.  By  this  means 
the  hair  is  detached  from  the  hides,  fo  that  It  may  be 
fcraped  off  with  a  round  knife.  When  fwelling  or  rai- 
fing  Is  required,  the  hides  are  to  be  immerfed  for  ten 
or  twelve  hours  in  another  vat  filled  with  water  and  one 
five-hundredth  part  of  the  fame  vitriolic  acid.  The 
hides  being  then  repeatedly  wafhed  and  drrffed,  are 
ready  for  tanning  ;  for  which  purpofe  they  are  to  be 
Immerfed  for  fome  hours  in  a  weak  tanning  tiy.Ivium  of 
only  one  or  two  degrees  ;  to  obtain  which,  the  latter 
portions  of  the  Infufions  are  fet  apart  ;  or  tife  fome  of 
that  which  has  been  partly  exhaufted  by  ufe  in  tanning. 
The  hides  are  then  to  be  put  Into  a  ilronger  lixivium, 
where  in  a  few  days  they  will  be  brought  to  the  fame 
degree  of  fatnration  with  the  liquor  in  which  they  are 
Immerfed.  The  ftrength  of  the  liquor  will  by  this 
means  be  confiderably  diminiflied,  md  muft  therefore  be 
renewed.  When  the  hides  are  by  this  means  complete- 
ly faturated,  that  is  to  fay,  perfectly  tanned,  they  are 
to  be  removed,  and  (lowly  dried  in  the  fliaje. 

Calf  ikins,  goat  ikins,  and  the  like,  are  to  be  fteeped 
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Tannirg,  Jn  l[nie- water  after  the  iifual  flcfliing  arj  wathing.  Thefe 
'^'^'^-     are  to  remain  iii  the  lime  water,   which  contains  more 
*  lime  than  it  can  diflolve,  and  requires  to  he  iHn  e<i  feveral 

times  a  day.  After  two  or  three  dajs,  the  fltiiisare  to  he 
removed,  and  perftftly  cleared  of  their  lime  by  waihing 
and  preffing'in  water.  The  tanning  procefs  is  then  to 
be  acconiphiled  in  the  fame  manner  as  for  the  ilrong 
hides,  but  the  lixivium  iruiR  be  conliderably  weaker.  Mr 
Defmord  remarks,  that  lime  is  ufed  initead  of  the  gallic 
lixivinm  for  fuch  hides  as  are  rcqnired  to  have  a  clofe 
grain  :  becaufe  the  acid  mixed  with  that  lixivium  al- 
ways fwells  the  fkins  more  or  lefs  ;  hut  that  it  cannot 
with  the  fame  convenience  be  ufed  with  thick  fkins,  on 
account  of  the  confiderable  labour  required  to  clear 
them  of  the  lime  ;  any  part  of  which,  if  left,  would 
render  them  harlh  and  liable  to  crack.  He  recom- 
irerds,  likewife,  as  the  belt  method  to  bring  the  whole 
furface  cf  the  hides  in  contaft  with  the  lixivium,  that 
they  fnouid  he  fufpended  vertically  in  the  fluid  by  means 
of  tranfverfe  rocs  or  bars,  at  fvich  a  diftance  as  not  to 
touch  each  other.  By  this  praflice  much  of  the  labour 
of  turnirg  and  handling  n.ay  be  favcd. 

Mr  Defmoi.d  coiicludes  his  ipecilication,  by  obler- 
>ing,  that  in  feme  cafes  it  will  be  expedient  to  mix  frelh 
tan  with  the  lixivium  ;  and  that  various  modifications 
of  flrength,  and  other  cirtumftances,  will  prefent  thein- 
fclvcs  to  the  operator.  He  afSrms  that,  in  addition  to 
the  CTieat  feving  of  time  and  labour  in  this  method,  the 
leather,  being  more  completely  tanned,  will  weigh 
heavier,  wear  better,  and  be  lefs  fufceptible  of  moillure 
than  leather  tanned  in  the  ufual  way  ;  that  cords,  ropes, 
and  cables,  made  of  hemp  or  fpeartery,  impregnated 
with  the  tat^ning  principle,  will  fupport  much  greater 
weight?  without  breaku.g,  be  lefs  liable  to  be  worn  out 
by  frifiion,  and  will  run  more  fmoothly  on  pulleys  ;  in- 
fomuch  that,  in  his  opinion,  it  will  render  the  ufe  of 
tar  in  many  cafes,  particularly  in  the  rigging  ot  ihips, 
unnecefiary  ;  and,  laiUy,  that  it  may  be  iubftituted  fur 
the  pvefcrvation  of  animal  food  ir.ficad  of  lalt. 

Mr  Nichollon,  from  whofe  Philofophlcal  Journal  we 
have  taken  this  account  of  Mr  Befmond's  method  of 
tanninq,  made  fome  very  proper  enquiries  at  one  of  the 
firfl  manufacturing  houfcs  in  the  borough  of  South- 
teark,  concerning  its  value.  He  was  told  by  one  of 
the  partners,  that  the  piincipie  upon  which  the  new 
procefs  is  founded  had  been  long  known  to  them  ;  but 
that  they  preferred  the  old  and  (lower  method,  becaufe 
the  hides  are  found  to  feed  and  improve  in  their  quality 
bv  remaming  in  the  pit.  He  could  gain  no  fatistaftory 
information  of  what  is  meant  by  this  feediug  and  im- 
proving ;  and,  without  taking  upon  us  to  decide  be- 
t^veen  the  advantages  peculiar  to  Defmond's  'method 
and  thofe  of  the  common  prattice,  we  cannot  help  fay- 
ing that  this  objettion  of  the  tanner  at  Southwark  ap- 
pears to  us  to  be  tliat  of  a  man  w  ho  either  underilands 
not  the  principles  of  his  own  art,  or  has  fome  rcafon 
for  oppoling  the  progrels  of  improvement,  if  it  do  not 
originate  in  riis  own  houle. 

TASSIE  (James)  modeller,  whofe  hlftory  is  iiiti- 
matelv  connefted  with  a  branch  of  the  fine  arts  in  Bri- 
tain, was  born  in  the  neighbourhood  of  Glafgow 
of  obfcure  parents  :  and  began  liis  life  as  a  country 
flone-mafon,  without  the  expe&ation  of  ever  rifing 
hit;her.  Going  to  Gbfgow  on  a  fair  day,  to  enjoy 
himfelf  with  his  companions,  at  the  time  when  the 
Fuulis's  were  attempting  to  ellablifh  an  academy  for 


the  fine  arts  in  that  city,  he  faw  their  coUeflion  of  Taflie. 
paintings,  and  felt  an  irrefiftible  impuMe  to  become  a  — -v— ■ 
painter.  He  removed  to  Glafgow  ;  and  in  the  academy 
acquired  a  kikiwlsdge  of  dra.ving,  which  inifolded  and 
improved  bis  natural  tafle.  He  was  frugal,  induftrioup, 
and  perfevering  ;  but  he  was  poor,  ?fi)d  was  under  the 
necelfity  of  devoting  hlmtelf  to  itonecutting  for  his  fup- 
port :  not  without  the  hopes  that  he  might  one  day  be 
a  ilatuary  if  he  could  not  be  a  painter.  Refortiug  to 
Dublin  for  employment,  he  became  known  to  Dr  (^in,  i 

who  was  amufuig  himfclt   in   his  leifnrc  hours  with  en-  J 

deavouring  to  imitate  the  precious  Hones  in  coloured 
partes,  and  take  accurate  impreflions  of  the  engravings 
that  were  on  them. 

That  art  was  known  to  the  ancients  ;  and  many  fpe- 
cimens  from  them  are  now  in  the  cabinets  of  the  cufi- 
ous.  It  fecras  to  have  keen  lort  in  the  middle  ages; 
was  revived  in  Italy  under  Leo  X.  and  the  Medici  fa- 
mily at  Florence  ;  became  more  perfect  in  France  under 
tlie  regency  of  the  Duke  of  Orleans,  bv  his  labours  and 
thofe  of  Homberg.  By  thofe  whom  they  intlructed  as 
ntlillants  in  the  laboratory  it  continued  to  be  pradifed 
in  Paris,  and  was  carried  to  Rome.  Their  art  was 
kept  a  ficret,  and  their  collettions  were  fmall.  It  is 
owing  to  Quin  and  to  TafTie  that  it  has  been  carried  to 
fuch  high  perfctfion  in  Britain,  and  attradled  the  atten- 
tion of  E'.irope. 

Dr  Quin,  in  looking  out  for  an  afiillant,  foon  difcove- 
red  TaiTie  to  be  one  in  whom  he  could  place  peifeft  con- 
fidence. He  was  endowed  with  finetalle:  he  was  miO- 
deft  and  unafTuming  :  he  was  patient  ;  and  poffcired  the 
highell  integrity.  The  Dodor  committed  his  laboratory 
and  experiments  to  his  care.  The  affociates  were  fully 
fuccefsfid  ;  and  found  themfelves  able  to  imitate  all  the 
gems,  and  take  accurate  impreflions  of  the  engravings. 

As  the  Doftor  had  followed  the  fubjeft  only  for  his 
amufeinent,  when  the  dilcovcry  was  completed,   he  en- 
couraged Mr  Tiiflle  to  repair  to  London,  and  to  dtvote  ' 
hiniftlf  to  the  preparation  and  fale  of  thofe  palles  as  his 
profeffion. 

Ill  I'-^'y  he  arrived  in  the  Capital.  But  he  was  dif- 
fident and  modelt  to  exccfs  ;  very  unfit  to  introduce 
hinfcit  to  the  attention  of  perfcns  of  rank  and  of  af- 
fluence :  befides,  the  number  ot  engraved  gems  in  Bri- 
tain was  fmall  ;  and  thofe  tew  were  little  noticed.  He 
long  ftruggled  under  difficulties  which  would  have  dif- 
couraged  any  one  who  was  not  poffeffed  of  the  greatcft 
patience,  and  the  warmcll  attachment  to  the  fubjcdt. 
He  gradually  emerged  from  obfcurity,  obtained  com- 
petence ;  and  wliat  to  hiin  was  much  more,  he  was  able 
to  incrcafe  his  colleftion,  and  add  higher  degrees  of  per. 
feftion  to  his  art.  His  naine  foon  became  refpeded, 
and  the  llrft  cabinets  in  Europe  were  open  for  his  ufe; 
and  he  uniformly  prclerved  the  greatell  attention  to  the 
cxaftnets  of  the  imitation  and  accuracy  of  the  engra- 
ving, fo  that  many  of  his  partes  were  fold  on  the  Con- 
tinent by  the  fraudulent  for  real  gems.  His  fine  taile 
led  him  to  be  peculiarly  careful  of  the  imprcfilon  ;  and 
he  uniformly  deftroyed  thofe  with  which  he  was  in  the 
leaft  diffatitfied.  The  art  has  been  praftifed  of  late  by 
others  ;  and  many  thoufands  of  partes  have  been  fold  as 
TalTie's,  which  he  would  have  confidered  as  injurious 
to  his  fame.  Of  the  fame  of  others  he  was  not  envious  ; 
for  he  uniformly  fpake  with  franknefs  in  praife  of  thofe 
who  executed  them  well,  though  they  were  endeavour- 
ing to  rival  himfelf. 

To 
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To  the  ancient  engravings  he  added  a  niimeious  col- 
leflion  of  the  moft  eminent  modern  ones  ;  many  of 
which  approach  in  excellence  of  workmanOiip,  if  not  in 
fimplidty  of  defign  and  chaftity  of  expreffion,  to  the 
moft  celebrated  of  the  ancient.  Many  years  before  he 
died  he  executed  a  commiflion  for  the  late  Kmprefs  of 
Rullia,  coiififting  of  about  15,000  different  engravings 
.  (See  Gem,  £nryc/.).  At  his  death,  In  1799,  they 
amounted  to  near  20,000  ;  a  collection  of  engravings 
unequalled  in  the  world.  Every  lover  of  the  tine  arts 
muft  be  fenfible  of  the  advantage  of  it  for  improvement 
in  knowledge  and  in  tafte.  The  colledlion  of  Feloix  at 
Paris  confilled  of  1800  articles  ;  and  that  of  Dehn  at 
Rome  of  2500. 

For  a  number  of  years,  Mr  Taflle  praftifed  the  mo- 
delling of  portaits  in  wax,  which  he  afterwards  mould- 
ed and  call  in  pafte.  By  this,  the  exaft  likeuefs  of 
many  eminent  men  of  the  prefent  age  will  be  tranfmit- 
ted  to  pofterity  as  accurately  as  thofe  of  the  philofo- 
phers  and  great  men  have  been  by  the  ancient  ftatuaries. 
In  taking  Hkenefles  he  was,  in  general,  uncommonly 
happy  ;  and  it  is  remarkable,  that  he  believed  there  was 
a  certain  kind  of  infpiration  (like  that  mentioned  by 
the  poets)  neceflary  to  give  him  full  fuccefa.  The  wri- 
ter of  this  article,  in  converfmg  with  him  repeatedly 
on  the  fubjeft,  always  found  him  fully  perfuaded  of  it. 
He  mentioned  many  inftances  in  which  he  had  been  di- 
refted  by  it  ;  and  even  'ome,  in  which,  after  he  had  la- 
boured in  vain  to  realize  his  ideas  on  the  wax,  he  had 
been  able,  by  a  fudden  flafh  of  imagination,  to  pleafe 
himfelf  in  the  likenefs  feveral  days  after  he  had  laft  feen 
the  original. 

He  poffefFed  alfo  an  uncommonly  fine  tafte  in  archl- 
tefture,  and  would  have  been  eminent  in  that  branch  if 
he  had  followed  it. 

In  private  life  Mr  Taffie  was  univerfally  efteemed  for 
his  uniform  piety,  and  for  the  fimplicity,  the  modefty, 
and  benevolence,  that  ftione  In  the  whole  of  hischarafter. 

TASTELESS  Earth  [agujl  erdi),  the  name  given 
by  ProfelTor  TrommfdorfF  to  a  new  fimple  earth,  which 
he  difcovered  in  the  Saxon  beryl.  It  Is  diftinguiflied 
(he  fays)  from  other  earths  by  the  following  proper- 
ties :  It  is  white,  and  totally  infoluble  In  water.  In 
a  frefh  ftate,  when  moiftened  with  water,  it  is  fome- 
what  duftile.  In  the  fire  it  becomes  tranfparent  and 
very  hard,  fo  as  to  fcratch  glafs,  but  remains  infipid 
and  infoluble  in  water.  The  burnt  earth  difTolves  very 
eafily  In  acids,  and  produces  with  them  peculiar  falts, 
which  are  entirely  devoid  of  tafte;  and  hence  he  gave  it 
the  name  of  iaftekfs  earth.  Fixed  alkalies  do  not  dif- 
folve  this  earth  either  in  the  dry  or  in  the  wet  way  j 
and  it  is  equally  infoluble  with  the  carbonic  acid  and 
with  cauftic  ammonia.  It  has  a  greater  affinity  to  the 
oxalic  than  to  other  acids.  Profcftbr  TrommfdorfF  in- 
forms us,  that  a  full  account  of  this  earth,  accompanied 
with  an  accurate  defcrlption,  by  Dr  Bernhardi,  of  the 
foffil  In  which  it  is  foinid,  will  appear  in  the  firll  part 
of  the  eighth  volume  oi  his  yournal  of  Pharmacy. 

TEETH,  of  various  forts  of  machines,  as  of  mill 
wheels,  &c.  Thefe  are  often  called  cogs  by  the  work- 
men ;  and  by  working  in  the  pinions,  rounds  or  trundles, 
the  wheels  are  made  to  turn  one  another.  Mr  Emerfon 
(in  his  Mechanics,  prop.  25.)  treats  of  the  theory  of 
teeth,  and  ftiews  that  they  ought  to  have  the  figure  of 
epicycloids,  for  properly  working  in  one  another, 
SuppL.VoL.  II.  Part  II. 
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TEKAWY,  in  Bengal,  money  advanced  by  govern-  Tckawy 
ment  to   the  proprietors  or  cnltivators  of  land  to  alfilt         II 
them  under  circumllances  of  diftrefs.  Tempera. 

TELESCOPE,  is  an  inftrumcnl  which  has  been  fo  Scale  of 
completely  defcribed  in  the  Encyclopivliii,  that  it  is  in-  Mulic. 
trodiiced  into  this  place  merely  to  notice  an  ingenious ' '  v  * 
fnggeftion  of  Mr  Nicholfon's  for  improving  the  achro- 
matic  tclefcope,  by  adding  an  artificial  iris  to  the  objeft 
glafs.  Suppofe  (fays  he)  a  brafs  ring  to  furround  the 
objeft  end  of  the  telefcopc,  and  upon  this  let  eight  or 
mure  triangular  flips  of  brafs  be  fixed,  fo  as  to  revolve 
on  equl-diftant  pins  pafting  through  each  triangle  near 
one  of  its  corners.  If  the  triangles  be  Aided  inward* 
upon  each  other,  it  may  readily  be  apprehended  that 
they  will  clofe  the  aperture  ;  and  if  they  be  all  made  to 
revolve  or  Aide  backwards  alike,  it  is  clear  that  their 
edges  will  leave  an  oftagonal  aperture,  greafer  or  lefs 
according  to  circumftances.  The  equable  motion  of 
all  the  triangles  may  be  produced  either  by  pinions  and 
one  concave  toothed  wheel,  or  by  what  is  called  fnall- 
work.  Another  kind  of  iris,  more  compaft,  may  be 
made,  by  canfing  thin  elaftic  flips  of  brafs  to  Aide  along 
parallel  to  the  tube,  and  be  condufled  each  through  a 
flit  in  a  brafs  cap  which  fliall  lead  them  acrofs  the  aper- 
ture in  a  radial  dircdion.  It  is  probable  alfo  that  the 
artift,  who  fliall  carry  thefe  hints  into  effcft,  may  alfo 
think  of  feveral  other  metliods. 

This  thought  occurred  to  the  author,  from  contem- 
plating the  contradiou  and  dilatation  of  the  iris  of  the 
eye,  according  as  we  look  at  an  objeft  more  or  lefs  luml- 
nous.  Thefe  variations  are  fo  great,  that  in  the  obfer- 
vable  variations  of  the  human  eye,  the  aperture  it  thirty 
times  as  large  at  one  time  as  at  another,  whilft  in  the 
cat  the  proportion  is  greater  than  a  hundred  to  one. 

TEMPERAMENT  of  the  scale  of  Music.i„,rod«- 
When  the  confiderate  reader  reflefts  on  the  large  andtion. 
almoft  numberlefs  diftertations  on  this  fubjeft,  by  the 
moft  eminent  philofophers,  mathematicians,  and  artifts, 
both  of  ancient  and  modern  times,  and  the  important 
j)oints  which  divided,  and  ftill  divide,  their  opinions, 
he  will  not  fnrely  exped,  in  a  Work  like  our's,  the  de- 
cifion  of  a  queftion  which  has  hitherto  eluded  their  re- 
fearches.  He  will  rather  be  difpofed,  perhaps,  to  won- 
der  how  a  fubjeft  of  this  nature  ever  acquired  fuch  im- 
portance in  the  minds  of  perfons  of  acknowledged  ta- 
lents (for  furely  no  perfon  will  refufe  this  claim  to  Py- 
thagoras, to  Ariftotle,  Euclid,  Ptolemy,  Galileo,  Wallis, 
Euler,  and  many  others,  who  have  written  elaborate 
treatifes  on  the  fubjcft);  and  his  furprife  will  increafe, 
when  he  knows  that  the  treatifes  on  the  fcale  of  mufic 
are  as  numerous  and  voluminous  in  China,  without  any 
appearance  of  their  being  borrowed  from  the  ingenious 
and  fpeculative  Greeks. 

The  ingenious,  in  all  cultivated  nations,  have  remark- 
ed the  great  influence  of  mufic;  and  they  found  no  dif- 
ficulty in  perfuading  the  nations  that  it  was  a  gift  of 
the  gods.  Apollo  and  his  facred  choir  are  perhaps  the 
moft  refpedable  inhabitants  of  the  mythological  heavens 
of  the  Greeks.  Therefore  all  nations  have  confidered 
mufic  as  a  proper  part  of  their  religious  worfliip.  We 
doubt  not  but  that  they  found  it  fit  for  exciting  or 
fupporting  thofe  emotions  and  fentiments  which  were 
fuited  to  adoration,  thanks,  or  petition.  Nor  would  the 
Greeks  have  admitted  mufic  into  their  ferious  dramas. 
If  they  had  not  perceived  that  It  heightened  the  effeft. 
4N  The 
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The  fame  experience  made  them  employ  it  as  an  aid  to 

military  enthufiafm  ;  and  it  ip  recorded  3S  one  of  the 
refpedlable  accomplifliinents  of  Epaiiinondas,  that  he 
liad  the  mufical  iiiitruftions  of  the  firlt  mailers,  and  was 
eminent  as  a  performer. 

Thus  was  the  iludy  of  mufic  ennoHcd,  and  recom- 
mended to  the  attention  of  tliC  greattll  philolophers. 
Its  cultivati(>n  was  held  an  objetl  of  national  concern, 
and  its  profclTors  were  not  allowed  to  corrnpt  it  in  or- 
der to  gratify  the  favlidious  tafte  of  the  luxurious  or 
the  fenfualill,  who  fought  from  it  nothing  but  amnfe- 
ment.  But  its  influence  was  not  contined  to  thefe  pub- 
lic putpofes;  and,  white  the  men  of  fpeculation  found 
in  mufic  an  inexhauftible  fund  of  employment  for  their 
genius  and  penetration,  and  their  poets  felt  its  aid  ia 
their  compofitions,  it  was  hailed  by  perfons  of  all  ranks 
as  the  foother  of  the  cares  and  anxieties,  and  iweetener 
of  the  labours  of  life,  0  Phabe  deciis  ! — Lilorum  duke 
knimen.  Poor  Ovid,  the  viftim  of  what  remained  of 
good  in  the  cold  heart  of  Ocfavius,  found  its  balm. 

£xul  eram  (fays  he)  :  requiefque  mihi,  non  fama  pet'tta  cjl. 

Mens  intenia  fills  nefartt  ufque  midis. 
Hoc  ejl  cur  cantel  vinSus  qiioque  conipejr  fojfor, 

Iiidoiili  numcro  cum  grave  mollii  ofius. 
Cantet  et  iniii.'rtis  /iii;of,e  proniis  arenie 

jridvirfo  turdum  qui  irahit  amne  ratem, 
^lique  fereiis  pii'  iter  lintos  ad peBora  remos, 

In  itumerum  p:dj'u  Irachia  verfat  aciud. 
Fejfus  ut  incubu'it  baiulo,  Jaxove  refedit 

Pajlor  ;   arundineo  carmine  muh  et  oves. 
Canlantis  fariter,  pariler  data  pen/a  trahentis 

Fallitur  ancidis,  decipiturqua  labor. 

It  is  chiefly  in  this  huinblc  department  of  mufical  in- 
fluence that  we  propofe  at  prefent  to  lend  our  aid. 
What  has  been  faid  in  the  article  Music,  Eticycl.  is 
fufiicient  for  informing  the  reader  of  what  is  received 
as  the  fcale  of  mufic,  and  the  inequality  of  its  ditferent 
Aeps,  the  tones  major  and  minor,  femitone,  comma,  &c. 
We  (hall  only  obferve,  thst  what  is  there  delivered  on 
temperament  by  M.  d'Alemberl,  after  Ramean,  bears 
the  evident  ma'-k  of  uncertainty  or  want  of  confidence 
in  the  principle  adopted  as  the  rule  of  temperament  ; 
and  we  have  learned,  fince  the  priming  of  t-'vat  article, 
that  the  inftruftions  there  delivered  have  not  that  per- 
fpicuity  and  precifion  that  are  neceflary  for  enabling  a 
perfon  to  execute  the  temperament  recommended  by 
Kameau  ;  that  is,  to  tunc  a  keyed  inllrnment  with  cer- 
tainty, according  to  tur.t  fyllem  or  conftruftion  of  the 
icale. 

If  fuch  be  the  cafe,  we  are  in  fome  meafure  difap- 
pointed  ;  becaufe  we  felefted  that  treatife  of  D'Alem- 
bcrt  as  the  performance  of  a  man  ot  great  eminence  as 
a  mathematician  and  phdofopher,  aiming  at  public  in- 
ftruftion  more  than  his  own  fame,  by  this  elementary 
abftratl  of  the  great  work  of  the  moll  eminent  muficiaii 
in  France. 

To  be  able  to  tune  a  harpfichord  with  certainty  and 
accuracy,  feems  an  indifpenfable  qualification  of  any  per- 
fon worthy  of  the  name  of  a  mujician.  It  would  cer- 
tainly be  thought  an  unpardonable  deficiency  in  a  violin 
performer  if  he  could  not  tune  his  inilrunient  ;  yet  we 
are  well  informed,  that  many  profeffional  performers  on 
the  harpfichord  cannot  do  it,  or  cannot  do  it  any  other 
■way  than  by  uncertain  and  painful  trial,  and,  as  it  were. 
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groping   In  the  dark  ;  and   that  the  tuning  of  harpfi.  Tempera-  ' 
chords  and   organs  is  committed   entirely  to  tuners  by  ""'"'"'^ 'J"* 
profefTion.     This  is   a  great   incoriTenience   to  perfons     j^yf,? 
refiding  in  the  country;  and  therefore  many  take  leffonsv 
from  the  profeded  harpfichord  tuners,  who  alfo  profefs 
to  teach  this  art.     We  have  been  prefent  during  fome 
of  thefe  lefTons  ;  but  it  did  not   appear  to   us  that  the 
inftriiflions  were  fuch  as  could  enable   the  fcholar  to 
tune  an  inftrument  when    alone,   unlefs  the  lefTons  had 
been  fo  frequent  as  to  form  the  ear  to  an  inftantaneous 
judgment  of  tune  by  the  fame  habit  that  had  inftrufted 
the  teacher.     There  feemed   to  be  little  principle  that 
could  be  treafured  up  and  recoUefted  when  wanted. 

Yet  we  cannot  help  thinking  that  there  are  pheno-yetNa- 
mena  or   fa£ls  in   mufic,  fufficlently  precife  to   furnifh  ture  fur- 
principles  of  abfolute  certainty  for  enabling  us  to  pro-"^^'*" 
dnce  temperaments  of  the  fcale  which  (liall  have  deter- ^,^31,5  ^f 
mined    charadlers,  and   among   which  we    may  choofe  Joing  this, 
fuch  a  one  as  fliall  be  preferable  to  the  others,  accord- 
ing to    the  purpofcs  we   have    in  view  ;  and  we  think 
that  thefe  principles  are  of  fuch   eafy  application,  that 
any  perfon,  of  a  moderate  fenfibilily  to  jull  intonation, 
may,  without   much  knowledge  or  pradilice   in   mufic, 
tune  his  harpfichord  with  all  defirable  accuracy.     We 
propofe   to   lay  thefe   before  the  reader.      We    might 
content  ourfelves  with  fimply  giving  the  pra6lical  rules, 
deduced  from  the  principles  ;  but  it  is   furely  more  de- 
firable to  perceive  the  validity  of  the  principles.     This 
will  give  us  confidence  in  the  deduced  rules  of  praftice. 
In  the  employment  of  facred  mufic,  an   infpired  writer 
counfels  us  to  fing,  not  only  "  with  the  heart,  but  with 
the  underftanding  alfo."    Wc  may,  without  irreverence, 
recommend  the  fame  thing  here.      Let  us  therefore  at- 
tend a  little  to  the  diftate  of  untutored  Nature,  and  fee 
how  fhe  teaches  all   mankind  to  form  the  fcale  of  me- 
lody. ^ 

It  is  a  mofl  remarkable  faft,  that,  in  all  nations,  how- All  nation! 
ever  they  may  differ  in  the  llrufture  of  that  chaunt ("'S ''Y W 
which  we  call  the  accent,  or  tone,  or  twang,  in  the  col-  ' 
loquial language  ot  a  particular  nation,  or  in  the  favourite 
phrafes  or  pallages  which  are  moft  frequent  in  their 
fongs,  all  men  make  ufe  of  the  fame  rifes  and  falls,  or 
■infleclions  of  voice,  in  their  mufical  language  or  airs. 
We  have  heard  the  fongs  of  the  Iroquois,  the  Cherokee, 
and  the  Efquimaux,  of  the  Carib,  and  the  inhabitant  of 
Paraguay  ;  of  the  African  of  Ncgroland  and  of  the 
Cape,  and  of  the  Hindoo,  the  Malay,  and  the  native  of 
Otaheite — and  we  found  none  that  made  ufe  of  a  diffe- 
rent fcale  from  our  own,  although  feveral  feemed  to  be 
very  forry  performers  by  any  fcale.  There  mull  be 
fome  natural  foundation  tor  this  uniformity.  We  may 
never  difcover  this;  but  we  may  be  fortunate  enough  to 
difcover  fafts  in  the  phenomena  of  found  which  invari- 
ably accompany  certain  modifications  of  mufical  fenti- 
mcnt.  If  we  fucceed,  we  are  intitled  to  fuppofe  that 
fuch  inieparable  companions  are  naturally  connefled  ; 
and  to  conclude,  that  If  we  can  infure  the  appearance  of 
thole  fafts  In  found,  we  (hall  alio  give  occafion  to  thole 
mufical  fentiments  or  imprefiions.  j 

There  is  a  quality  in  lengthened  or  continued  found  Mufical 
which  we  call  its  pitch  or  note,  by  which  it  may  be  ac-P'''^*»j 
counted  (hrill  or  hoarfe.     It  may  be  very  hoarfe  in  the 
beginning,  and   during    its  continuance   it   may   grow 
more  and  more  fltriU  by  imperceptible  gradations,     in 
this  cafe  we  are  fenfible  of  a  kind  of  piogrefs  from  the 

one 
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i  T«mper»-  one  {late  of  found  to  the  other.    Thus,  while  we  gently  je£lure  about  it,  has  been  of  <rrcat  fcrviee  in  the  fcienee 

meut  of  thejj|.3^^  the  bow  acrofs  the  ftring  of  a  bafs  viol,  if  we  of  mufic,  by  making  us  fcarcli  for  fome  prccife  meafure 

Mufic.     ^'  "^''^  '^"^^  '""^  ''■'^^  '^"^  fingsr  (lowly  along  the  ftring,  of  thofc  manifeft  intervals  of  mufical  founds. 
i_i_y-_^  from  the  nut  toward  the  bridge,  the  found,  from  being  It  mult  now  be  remarked,  that  it  is  in  this  refpcft 

hoarfe,  becomes  gradually  acute  or  ilirill.     Hoarfe  and  alone  that  founds  are  fufceptible  of  mufic.     Nor  arc  all 

/hrill  therefore  are  not  different  qualities,  although  they  founds  poffcflcd  of  this  quality.      The  fmack  of  a  whip, 

have  different  names,  but  are  different  ftates  or  degrees  the  explofion  of  a  muflcet,  the  rufliing  of  water  or  wind, 

of  the  fame  quality,  like  cold  and  heat,   near  and  far,  the  fcream  of  fome  animals,  and  many  other  founds, 

early  and  late,  or,  what  is  common  to  all  thcfe,  little  both  momentary  and  continuous,  are  mere  noifes ;  and 

and  great.     A   certain    ftate  of   the  air  is    accounted  can   neither  be  called  hoarfe  nor  (hrill.     But,  on  tlie 

neither  hot  nor  cold.     All  ftates  on  one  fide  of  this  are  other  hand,  many  founds,  which  differ  in  a  thoufand. 

called  warm,  or  hot  ;  and  all  on  the  other  are  cold.    In  circumttances  of  loudnefs,  fmoothnefs,  mcllownefs,  &c. 

like  manner,  a  certain  found  is  the  boundary  between  which   make  them  pleaiant   or  difagreeable,  have  tiiis 

thofe  that  are  called  hoarfe  and  thofe  called  (hrill.  The  quality  of  mufical  pitch,  and  may  thus  be  compared, 

chemift  is  accuftomed  to  fay,  that  the  temperature  of  a  The  voice  of  a  man  or  woman,  the  found  of  a  pipe,  a 

body  is  higher  when    it  is  warmer,    and    lower  when  bell,  a  ftring,  the  voice  of  an  animal,   nay,  the  fingle 

colder.     In  like  manner,  we  are  accuftomed  to  fay,  that  blow  on  an  empty  cafl'C — may  all  have  one  pitcli,  or  we 

a  perfon  raifes  or  depreffes  the  pitch  of  his  voice  when  may  be  fenfible  of  the  interval  between  them.    We  can, 

it   becomes  more  flirill  or  more  hoarfe.     The  ancient  in  all  cafes,  tighten  or  (lacken  the  ftring  of  a  violin,  till 

Greeks,  however,  called  the  (hvillcr  founds  low,  and  the  the  moft   uninformed   hearer  can   pronounce  with   cer- 

hoarfer  {o\in&5  high  ;  probably  bccaufe  the  hoaHer  founds  tainty  that  the  pitch  is  the  fame.     We  are  indebted  to 

are  generally  ftronger  or  louder,  which  we  are  alfo  a(;cur-  the  celebrated  Galileo  for  the  difcoveiy  of  that  phyfi- 

tomed  to  confider  as  higher.      In  common  language,   a  cal  circumftance  in  all  thofe  founds  whlih  communicatee 

low  pitch  of  voice  means  a  faint   found,   but  in  mufical  this  remarkable  quality  to  them,  and   even  enables  us 

language  it  means  a  boarfcr  (ouiid.      The  found  that  is  to  induce  it  on   any  noife  whatever,  and  to  determine, 

neither  hoarfe  nor  (hrill  is  fome  ordinary  pitch  of  voice,  with   the  utmoft    preeifion,    the  mufical  pitch  of   the 

but  without  any  precife  criterion.  found,  and  the  interval  between  any  two  fuch  founds. 

*•  The  change  obferved  in  the  pitch  of  a  violin  ftring,  Of  this  we  (hall  fpeak  fully  hereafter  ;  and  at  prefent  we 

when  the  finger  is  carried  along  the  finger-board  with  only  obferve,  that  two  founds,  having  the  fame  pitch, 

a  continued  motion,  is  alfo  continuous;  that  is,  not  by  are  called  unisons  by  muficians,  or  are  faid  to  be  in 

ffarts  :  we  call  it  gradual,  for  want  of  a  better  term,  al-  unifon  to  one  another. 

though   gradual  properly  means  gradatim,  by  degrees.  When  two   untaught  men  attempt  to  fing  the  fame 

fleps,  or  ftarts,  which  are  not  to  be  diftinguifhed  in  this  air  together,  they  always  fing  in  unifon,  unlefs  they  ex- 

f  xperinient.      But  we  may  make  the  experiment  in  an-  prefsly  mean  to  fing  in  different  pitches  of  voice.     Nay, 

other  way.      After  founding  the  open  ftring,  and  while  it  is  an  extremely  difficult  thing  to  do  otherwife,  except 

the  bow  is  yet  moving  acrofs  it,  we  may  put  down  the  in  a  few  very  peculiar  cafes.      Alfo,   when  a  man  and 

linger  about  ly  inches  from  the  nut.     This  will  change  woman,   wiioUy  uninftrufted  in  mufic,  attempt  to  fing 

the    found    into  one  which  is  fenfibly   Ihriller  than  the  the  fame  air,  they  alfo  mean  to  fing  the   fame  mufical 

former,  and  there  is  a  manifeft  ftart  from  the  one   to  notes  through  the  whole  air  ;  and  they  generally  ima- 

the  other.     Or  we  may  put  down  the  finger  ai  inches  gine  that  they  do  fo.     But  there  is  a  manifeft  diffe- 

from  the  nut ;  the  found  of  the  open  ftring  will  change  rence  in  the  founds  which  they  utter,  and  the  woman  is 

to  a  fliriller  lound,  and  we  are  fenfible  that  this  change  faid  to  fing  more  shrill,  and  the  man  more  hoarse. 
or  ftep  is  greater  than  the  former.  Moreover,  we  may, 
while  drawing  the  bow  acrofs  the  ftring,  put  down  one 
imger  al  i-j-  inches,  and,  immediately  after,  put  down 
another  finger  at  24-  inches  from  the  nut.  We  fliall 
have  three  founds  in  fiicceffion,  each  more  (hrill  than 
the  preceding,  with  two  manifeft  fleps,  or  fublultory 
changes  of  pitch. 
7.  Now  fince  the  laft  found  is  the  fame  as  if  the  fecond 
had  not  been  founded,  we  muft  conceive  the  fum  of  the 
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A  very  plain  experiment,  however,  will  convince  them 
that  they  are  miftaken.  A^.  B.  We  are  now  fuppofing 
that  the  performers  have  fo  much  of  a  mufical  car,  and 
flexible  voice,  as  to  be  able  to  fing  a  common  ballr.d,  or 
a  pfalm  tunc,  with  tolerable  exaftnefs,  and  that  thiy  can 
prolong  or  dwell  upon  any  particular  note  when  defired. 
Let  them  fing  the  common  pfalm  tune  tailed  St  Da- 
vid's,  in  the  fame  way  that  they  praftife  at  cliurch  ; 
and  when  they  have  done  it  two  or  three  times,  in  or- 
two   fucceffive    changes   as  equivalent   or  equal  to  the      der  to  fix  their  voices  in  tune,  and  to  feel  the  general 


change  from  the  firft  to  the  third.      This  change  feems 

fomehow  to  include  the  other  two,  and  to  be  made  up 

of  them,  as  a  whole  is  made  up  of  its  parts,  or  as  24 

inches  are  made  up  of  i\  and   ^  ot  an  inch,  or  as  the 

g  fum  ij  is  made  up  of  10  and  j. 

Vt  have  a       Thus  it  happens  that  thinking  perfons  conceive  fome- 

otion  of     thing  like  or  analogous  to  a  diftance,  or  interval,  be- 

'^a*^'"^   tween  thefe  founds.     It  is  plain,  however,  that  there 

can   be  no  real  diftance  ox   fpace  iiiterpofed   between 

them  ;  and  it  is  not  eafy  to  acquire  a  diftindl  notion  of 

the  bulk  or  magnitude  of  thefe  intervals.    This  concep 
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inipreffion  of  the  tune,  let  tlie  woman  hold  on  in  the 
firft  note  of  the  tune,  which  we  fuppofe  to  be  g,  while 
the  man  fings  the  firft  three  in  fucceffion,  namely  g,  d,  g] 
He  will  now  perceive,  that  the  laft  note  fung  by  him- 
felf  is  the  fame  with  that  fung  by  the  woman,  and  which 
(he  thinks  that  (he  is  ftlU  holding  on  in  the  firft  note 
of  the  tune.  Let  this  be  repeated  till  the  performance 
becomes  eafy.  They  will  then  perceive  tlie  perfeA 
lamenefs,  in  refpeft  of  mufical  pitch,  of  the  woman's 
firft  note  of  this  tune  and  the  man's  third  note.     Some 


difference,  however,  will  ftill  be  perceived  ;  but  it  will 
tion  IS  purely  iigurative  and  analogical ;  but  the  ana-  out  be  in  the  pitch,  but  in  the  fmoothnefs,  or  clearnefs, 
logy  IS  very  good,  and  the  obfervation  of  U,  or  con-    pr  other  agreeable  quality  of  the  woman's  note. 
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Tempera-       When  this  is  plainly  perceived,  let  tlie  man  try  by 
nient  of  the  ^-l^^t^  continued  fteps  he  mull  raile  his  pitch,  in  order 
^Miffic'    to  arrive  at  the  woman's  note  from  his  own.     If  he  is 
■       ""'   .  accuftomed  to  conmion  ballad  fingiiig,  he  will  have  no 
II  great  difBculty  in  doing  this;  and  will  find  that,  be- 

There  are  ginning  with  his  own  note,  and  fmging  gradually  up, 
inThe'ii'a'"  '"^  eighth  note  will  he  the  woman's  note.  In  (hort,  if 
'turaKc'a'le,  two  flutes  be  taken,  one  of  which  is  twice  as  long  as 
and  eight'  the  other,  and  if  the  man  fing  in  unil'on  with  the  large 
notes.  flme^  the  woman,  while  fingiiig,  as  (he  thinks,  the  fame 

notes  with  the  man,  will  be  found  to  be  Jnging  in  uni- 
fon  with  the  fmaller  flute. 

This  is  a  remarkable  and  mod  important  faft  in  the 
phenomena  of  mufic.  This  interval,  comprehending 
and  made  up  of  feven  fmaller  intervals,  and  requiring 
eight  founds  to  mark  its  fteps,  is  therefore  called  an 
OCTAVE.  Now,  fince  the  female  performer  follows  the 
fame  diftates  of  natural  ear  in  finging  her  tune  that  the 
man  follows  in  finging  his,  and  all  hearers  are  fenfihle 
that  they  are  finging  the  fame  tune,  it  neceffarily  fol- 
lows, that  the  two  ftriefes  of  notes  are  perfeftly  fimilar, 
though  not  the  fame  :  For  there  muil  be  the  fame  in- 
terval of  an  oftave  between  any  ilep  of  the  lower  oftave 
and  the  fame  ftep  of  the  upper  one.  In  wliatever  way, 
therefore,  we  conceive  one  of  thefe  odlaves  to  be  parcelled 
out  by  the  different  fteps,  the  partition  of  both  muft  be 
fimilar.  If  we  reprefent  both  by  lines,  thefe  lines  muft 
be  fimilarly  divided.  Each  partial  interval  of  the  one 
muft  bear  the  fame  relation  to  the  whole,  or  to  any  o- 
ther  interval,  as  its  fimilar  interval  in  the  other  oftave 
bears  to  the  whole  of  that  oftave,  or  to  the  other  cor- 
refponding  interval  in  it. 

Farther,  we  muft  now  obferve,  that  although  this  fl- 
are finular.  j„jiarity  of  the  odaves  was  firft  obferved  or  difcovered 
by  means  of  the  ordinary  voices  of  man  and  woman, 
and  is  a  legitimate  inference  from  the  perfetl  fatisfac- 
tion  that  each  feels  in  finging  what  they  think  the  fame 
notes,  this  is  not  the  only  foundation  or  proof  of  the 
fimilarity.  Having  acquired  the  knowledge  of  that 
phyfical  circumftance,  on  which  the  pitch  of  mufical 
founds  depends,  we  can  demonftrate,  with  all  the  ri- 
o-our  of  geometry,  that  the  feveral  notes  in  the  man  and 
woman's  oftave  muft  have  the  fame  relation  to  their  re- 
fpeftive  commencements,  and  that  thefe  two  great  in- 
tervals are  fimilarly  divided.  But  farther  ftill,  we  can 
demonftrate  that  this  fimilarity  is  not  confined  to  thefe 
two  oftaves.  This  may  even  be  proved,  to  a  certain 
extent,  by  the  fame  original  experiment.  Many  men 
can  fing  two  oftaves  in  fucceffion,  and  there  are^fome 
rare  examples  of  perfons  who  can  fing  three.  This  is 
more  common  in  the  female  voice.  This  being  the  cafe, 
it  is  plain  that  there  will  be  two  oftaves  common  to 
both  voices ;  and  therefore  four  oftaves  in  fucceffion, 
all  fimilar  to  each  other.  The  fame  fimilarity  may  be 
obferved  in  the  founds  of  inftruments  which  differ  only 
by  an  oftave.  And  thus  we  demonftrate  that  all  oc- 
taVes  are  fimilar  to  each  other.  This  fimilarity  does 
not  confift  merely  in  the  fimilarity  of  its  divifion.  The 
found  of  a  note  and  its  oftave  are  fo  like  each  other, 
that  if  the  ftrength  or  loudnefs  be  properly  adjufted,  and 
there  be  no  difference  in  kind,  orother  circumftances  of 
clearnefs,  fmoothnefs,  &c.  the  two  notes,  when  founded 
together,  are  indiftinguilhable,  and  appear  only  like  a 
more  brilliant  note.  They  coalefce  into  one  found.  Nay, 

moft  clear  mellow  notes,  fuch  a9  ^ofe  of  a  fine  bunwn 


All  odlaves 


voice,  really  contain  each  two  notes,  one  of  which  is  oc-  Tempwa. 

tave  to  the  other.  mentof  th« 

We  faid  that  this  refemblance  of  oftaves  is  an  im-     j?r      ' 

portant  faft  in  the  fcience  of  mufic.     We  now  fee  why  ■  '  f 

it  is  fo.     The  whole  fcale  of  mufic  is  contained  in  one      14 

oftave,  and  all  the  reft  are  only  repetitions  of  this  fcale.  ^"  "J^Cc 

And  thus  is  the  doftrine  of  the  fcale  of  melody  brought  5""!^ "«* 

...  ,  r  ,    1  ,■',        .  fc      in  the  oc-     ,. 

withm  a  very  moderate  compals,  and  the  problem  is  re-ove-  hence 

duced  to  that  of  the  repartition  of  a  fingle  oftave,  and  called  du- 

fome  attention  to  the  junftion  with  the  fimilar  fcales  of ''^'<"'- 

the  adjoining  oftaves.     This  partition  is  now  to  be  the 

fubjeft  of  difcuflion.  ,j 

In  the  infancy  of  fociety  and  cultivation,  it  is  pro-  Melodies, 
bable  that  the  melodies  or  tunes,  which  delighted  the  T '"""'"' 
fimple  inhabitants,  were  equally  fimple.  Being  thej^"'(;"(f'* 
fpontaneous  eflfufions  of  individuals,  perhaps  only  occa-muQc. 
fional,  and  never  repeated,  they  would  perifli  as  faft  as 
produced.  The  airs  were  probably  connefted  with 
fome  of  the  rude  rhimes,  or  gingles  of  words,  which 
were  banded  about  at  their  feftivals  ;  or  they  were  af- 
fociated  with  dancing.  In  all  thefe  cafes  they  muil 
have  been  very  Ihort,  confifting  of  a  few  favourite  paf- 
fages  or  mufical  phrafes.  This  is  the  cafe  with  the  com- 
mon airs  of  all  fimple  people  to  this  day.  They  feldom 
extend  beyond  a  (hort  ftanza  of  poetry,  or  a  fliort 
movement  of  dancing.  The  artift  who  could  compofe 
and  keep  in  mind  a  piece  of  confiderable  length,  muft 
have  been  a  great  rarity,  and  a  minftrel  fit  for  the  en- 
tertainment of  princes;  and  therefore  much  admired, 
and  highly  rewarded  :  his  excellencies  were  almoft  in- 
communicable, and  could  not  be  preferved  in  any  other 
way  but  by  repeated  performance  to  an  attentive  hear- 
er,  who  muft  alfo  be  an  artift,  and  muft  patiently  liften, 
and  try  to  imitate  ;  or.  In  (hort,  to  get  the  tune  by 
heart.  It  muft  have  been  a  long  time  before  any  di- 
ftlnft  notion  was  formed  of  the  relation  of  the  notes  to 
each  other.  It  was  perhaps  Impoflible  to  recolleft  to- 
day the  precife  notes  of  yefterday.  There  was  nothing 
in  which  they  were  fixed  till  inftrumental  mufic  was  In- 
vented. This  has  been  found  in  all  nations  ;  but  it  ap- 
pears that  long  continued  cultivation  is  neceflary  for 
raifing  this  from  a  very  fimple  and  iniperfeft  llatc.  The 
moft  refined  inftrument  of  the  Greek  muficians  was 
very  far  below  our  very  ordinary  inllruments.  And, 
till  fome  method  of  notation  was  invented,  we  can 
fcarcely  conceive  how  any  determined  partition  of  the 
oftave  could  be  made  generally  known.  15 

Accordingly,  we  find  that  It  was  not  till  after  a  long  ket-ko* 
while,  and  by  very  rude  and  awkward  fteps,  that  theo' Fw^oj 
Greeks  perceived  that  the  whole  of  mufic  was  comprl- "***'"'* 
fed  in  the  oftave.  The  firft  Improved  lyre  had  but  four 
ftrings,  and  was  therefore  called  aTETRACHORu;  and 
the  firft  flutes  had  but  three  holes,  and  four  notes ;  and 
when  more  were  added  to  the  fcale,  It  was  done  by  joining 
two  lyres  and  two  flutes  together.  Even  this  is  an  in- 
ftruftive  ftep  in  the  hiilory  of  mufical  fcience  :  For  the 
four  founds  of  the  inftrument  have  a  natural  fyftem, 
and  the  awkward  and  groping  attempts  to  extend  the 
mufic,  by  joining  two  inftruments,  the  fcale  of  the  one 
following,  or  being  a  continuation  of  that  of  the  other, 
pointed  out  the  diapason  or  totality  of  the  oftave,  and 
the  relation  of  the  whole  to  a  principal  found,  which 
we  now  call  the  fundamental  or  key,  it  being  the  loweft 
note  of  our  fcale,  and  the  one  to  which  the  other  notes 
bear  a  continual  reference.     It  would  far  exceed  the 

limits 
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Tempers-  limits  of  this  Work  to  narrate  the  fucccffive  changes 
nient  oftjicgnjj  ^(jcJitions  made   by  the   Greeks  in  their  lyre  ;  yet 
would  this  be  a  very  fure   way  of  learning  the'  natural 
formation  ofour  mufical  fcale.   We  muft  refer  our  readers 
to  Dr  Wallis's  Appendix  to  his  edition  of  the  Commen- 
tary of  Porphyrins  in  Ptolemy's  Harmonics,  asby  far  the 
moll  perfpicuous  account  that  is  extant  of  the   Greek 
mufic.  We  (hall  pick  out  from  among  their  different  at- 
tempts fuch  plain  obfervations  as  will  be  obvious  to  the 
,y         feelings  of  any  perfon  who  can  fing  a  common  tune. 
The  o(£l3ve      Let    fuch    a   perfon  firft   fing  over  fome  plain  and 
'f  ff"^*';^  cheerful,  or  at  lead  not  mournful,  tune,  feveral  times, 
fo  as  to  retain  a  lafling  imprcffion  of  the  chief  note  of 
the  tune,  which  is  generally  the  laft.     Then  let  him 
begin,  on  the  fame  note,  to  fing  in  fucceffion  the  rifing 
fteps  of  the   fcale,  pronouncing  the  fyllables  do,  re,  mi, 
fa,foU  1^1  fh  <fo.     He   will   perhaps  obferve,  that  this 
chaunt  naturally  divides  itfelf  into  two  parts  or  phrafes, 
as  the  mutlciaiis  term  it.      If  he  does  not,   of  himfelf, 
make  this  remark,   let   him   fing  it,  however,  in  that 
manner,  paufing  a  little  after   the  note  fa.     Thus,  do, 
re,  mi,  fa  ;  fol,  la,  ft,  do. — Do,  re,  mi,  fa  ;  fol,  la,fi,  dn. 
Having  done  this  feveral  times,  and  then  repeated  it 
without  a   paufe,  he  will   become  very  fenfible  of  the 
propriety  of  the  paufe,    and  of  this  natural  divifion  of 
the  oftave.     He  will  even  obferve  a  confiderable  fimila- 
rity  between  thefe  two  mufical  phrafes,  without  being 
able,  at  firft,  to  fay  in  what  it  confifts. 

Let  him  now  fludy  each  phrafe  apart,  and  try  to 
compare  the  magnitude  of  the  changes  of  found;  or  (leps 
which  he  makes  in  rifing  from  do  to  re,  from  re  to  mi, 
-  and  from  mi  to  fa.  We  apprehend  that  he  will  have 
no  difficulty  in  perceiving,  after  a  few  trials,  that  the 
fteps  do  re,  and  re  mi,  are  fenfibly  greater  than  the  ftep 
mi  fa.  We  feel  the  laft  flep  as  a  fort  of  flide  ;  as  an 
attempt  to  make  as  little  change  of  pitch  as  we  can, 
Once  this  is  perceivet'.  it  will  never  be  forgotten.  This 
will  be  ftill  more  clearly  perceived,  if,  Inltead  of  thefe 
fyllables,  he  ufe  only  the  vowel  a,  pronounced  as  in  the 
word  hall,  and  if  he  fing  the  fteps.  Aiding  or  flurring 
from  the  one  to  the  other.  Taking  this  method,  he 
cannot  fail  to  notice  the  fmallnefs  of  the  third  ftep. 

Let  the  finger  farther  confider,  whether  he  does  not 
feel  this  phrafe  mufical  or  agreeable,  making  a  fort  of 
tune  or  chaunt,  and  ending  or  clofing  agreeably  after 
this  flide  of  a  fmall,  or,  as  it  were,  half  ftep.  It  is  ge- 
nerally  thought  fo  ;,  and  is  tlierefore  called  a  close,  a 
CADENCE,  when  we  end  with  a  half  ftep  afcending. 

Let  the  finger  new  refume  the  whole  fcale,  iinging 
the  four  laft  notes  fol,  la,fi,  do,  louder  than  the  other 
four,  and  calling  off  his  attention  from  the  low  phrafe,. 
and  fixing  it  on  the  upper  one.  He  will  now  be  able 
to  perceive  that  this,  like  the  other,  has  two  confider- 
able fteps;  namely, yo/,  la,  and  lafi,  and  then  a  fmaller 
ftep,^^  do.  A  few  repetitions  will  make  this  clear,  and 
he  will  then  be  fenfible  of  the  nature  of  the  fimilarity 
between  thefe  two  phrafes,  and  the  propriety  of  this 
great  divifion  of  the  fcale  into  the  intervals  </o,_/a,  and 
fol,  do,  with  an  interval _/a,yo/  between  them. 

This  was  the  foundation  of  the  tetrachords,  or  lyres 
of  four  ftrings,  of  the  Greeks.  Their,  earlieft  mufic  or 
modulation  feems  to  have  extended  no  farther  than  this 
phrafe.  It  pleafed  them,  as  a  ring  of  four  bells  pleafes 
many  country  parifhes. 

The  finger  will  perceive  the  fame  fatisfaftion  with 
the   clofe  of  this   fccond  phrafe  as  with  that  of  the 


is 

The  Oeps 
jf  the  Scales 
ire  ure- 
]tial,  and 
:he  (W.J  te- 
Tachords 
ire  finii. 
.ar. 


»?. 


Mufic, 


.1      ..u-  J  «ep  "6  the 
the  third  f^^^,ft_ 


I.0S2  Of 

kOENCE, 


T     E     M 

former:  and  if  lie  now  fing  them  both,  in  immediate  Tempera, 
fucceffion,  with  a  flight  pauf«  between,  we  imagine  that '"^""'f'^* 
he  will  think  the  clofe  or  cadence  on  the  upper  do  even  ' 
more  fatisfaftory  than  that  on  ihcfa.  It  feems  to  us  i 
to  complete  a  tune.  And  this  impreffion  will  be  great- 
ly heightened,  if  another  perfon,  or  an  inftrument, 
fhould  found  the  lower  do,  while  he  clofes  on  the  up- 
per do  its  oflave.  Do  feems  to  be  expefted,  or  looked 
for,  or  fought  after.  We  take  ft  &s  ?l  ftep  to  do,  and 
there  we  reft.  ^i 

Thus  does  the  oftave  appear  to  be  naturally  compo- The  third 
fed  of  fcven  fteps,  of  which  the  fiift,  fecond,  fourth, ^"<1 'f_*_f^^f> 
fifth,  and  fixth,  are  more  confiderable,  and 
and  feventh  very  fenfibly  fmaller.  Having  no  direft 
meafures  of  their  quantity,  nor  even  a  very  diftinft  no- 
tion of  what  we  mean  by  their  quantity,  magnitude,  or 
bulk,  we  cannot  pronounce,  with  any  certainty,  whe- 
ther the  greater  fteps  are  equal  or  unequal  ;  and  we 
prefume  them  to  be  equal.  Nor  have  we  any  diftin6k 
notion  of  the  proportion  between  the  larger  and  fmaller 
fteps.  In  a  loofe  way  we  call  them  half  notes,  or  fup- 
pofe  the  rife  from  mi  to  fa,  or  homfi  to  do,  to  be  one- 
half  of  that  from  do  to  re,  or  from  re  to  mi.  jj 

Accordingly,  this  feems  to  have  been  all  the  mufical  The  Pjrths. 
fcience  attained  by  the  Greek  artifts,  or  thofe  who  didK""^"  ^'^- 
not  profefs  to  fpeak  philofophically  on  the  fubjed.  And  notYJ^    ''^ 
even   after  Pythagoras  publiflied  the  difcovery  which  heprove  the 
had  made,  or  more  probably  had  picked  up  among  the  Greek  mu- 
Chaldeans  or   Egyptians,  by  which  it  appeared,  thatf"^' 
accurate  meafures  of  founds,  in  refpeft  to  gravity  and 
acutenefs,  were  attainable,  it  was  affirmed  by  Ariftoxe- 
nus,  a  fcholar  of  Ariftotle,  and  other  eminent  philofo- 
phers,   that   thefe   meafures  were   altogether  artificial, 
had  no  conneftion   with  mufic,  and  that  the  ear  alone 
was  the  judge  of  mufical  intervals.     The  artift  had  no 
other  guide  in  tuning  his   inftrument  ;   becaufe  the  ra- 
tios, which  were  faid    to  be  inherent    in    the    founds 
(though  no  perfon  could  fay  how),  were  never  percei- 
ved by  the  ear.     The  juftice  of  this  opinion  is  abun- 
dantly confirmed  by  the  awkward  attempt  of  the  Greeks 
to  improve  the  lyre  by  means  of  thefe   boafted   ratios. 
Inftead  of  illuftrating   the  fubjeft,   they  feem  rather  to 
have  brought  an  additional  obfcurity  upon  it,  and  threw 
it  into  fuch  confution,  that  although  many  voluminous 
difiertations  were  written  on  it,  and  on  the  compofition 
of  their  mufical  fcale,  the  account  is  fo  perplexed  and 
confufed,  that   the   firft  mathematicians  and  artifts  of 
Europe  acknowledged,  that  the  whole  is  an  impene* 
trable  myftery.     Had  the  philofophers  never  meddled 
with  it,  had  they  allowed  the  practical  muficians  to  con- 
ftruft  and   tune  their  inftruments  in  their  own  way,  fo 
as  to  pleafe  their  ear,  it  is  fcarcely  pofSble  that  they 
fhould  not  have  hit  on   what  they  wanted,  without  all 
the    embarraftment  of  the  chromatic  and   enharmonic 
fcales  of  the  lyre.     It  is  fcarcely  poffible  to  contrive  a 
more  cumberfome  method  of  extending  the  fimple  fcale 
of  Nature  to  every  cafe  that  could  occur  in  their  mufi- 
cal compofitions,  than  what  arofe  from  the  employment 
of  the  mufical  ratios.   This  feems  a  bold  afTertion  ;   but 
we  apprehend  that   it  will  appear  to  be  juft  as  we  pro»- 

The  praftical  muficians  could  not  be  long  of  finding  The  tranC. 
the  want  of  fomething  more  than  the  mere  diatonic  poCt'on  of 
fcale  of  their  inftruments.  As  they  were  always  ac-!"  i^*^' 
companied  by  the  voice,  it  would  often  happen  that  a  notes^neVtf. 
lyre  or  flute,  perfeftly  tun«d,  was  too  low  or  too  high  fary  in  tj»e* 

foi  oftjvc. 


MuQc 


T     E    M  [     654    1  T    E    M 

Tempera    for  tfie  voice  that  was  to  accompany  it.     A  finjrer  can  diateffaron  muft  be  nine  inches,  which  is  three-fourthsTcmpera- 

jneiit  of  the  pjjj,^,  |^|g  j^^g  ^j,  ^^y  found  as  a   key  ;   and    if  this   be  of  twelve.      If  we  now  compare  the  diapcnte,  nut   with  "^f"'  vfthe 

Mufic.     '°°  ^''gh  ^°''  '^'^  finger  who  is  to  accompany  him,  he  the  graved  firing,  but  with  the  oftave  of  fix  inches,  we      "^^'^  « 

W> — ,     ■ '  can  take  it  on  a  lower   note.     But   a  lyrifl  cannot  do  fee  that  they  arc  in   the  ratio  of  4  to  3,  or  the  ratio  v 

this.      Suppofe  his  inftrument  two  notes  too  low,  and  of  diateffaron.     And  if  we  compare  the  diattfiaron  with 

that  his  accompanyift  can  only  fing  it  on  the  key  which  the  oftave,    we  fee  that  their   ratio  is  that  of  9  :  6,  or 

is  they?  of  the  lyre.     Should  the  lyrift  begin  it  on  that  of  3  :  2,  or  the  ratio  of  diapente.     Thus  is  the  oAave 

key,  his  very  firft  ftep  is   wrong,  being  but  a  half  ftep,  divided  into  a  lifth  and  a  fourth,    do  Jul,  zui^fol  do,   in 

whereas  it  fliould   be   a   whole  one.      In   fhort,  all   the  fucceffion.     Alfo  the  fourth  do  fa,  and  the  fifth  fa  do, 

fteps  but  one  will  be  found  wrong,   and    the  lyrift  and  make  up  the  oAave.     The  note  which   ftands  as  a  fifth 

finger  will  be  perpetually  jarring.     This  is  an  evident  to  one  of  the  extreme  founds  of  the  oftave,  ftands  as  a 

coniequence  of  the  inequality  of  the  fourth  and  feventh  fourth   to  the  other.     And,  laftly,  the  two  fourths  do 

fteps  to  the  reft.     And  if  the    other  fteps,  which   we  fa,  and  fol  do,  leave  an   interval  fa  yb/ between  them  ; 

imagine  to  be  equal,  be  not  exaftly  fo,  the  difcordance  which  is  alfo  determined   by  nature,    and  the  ratio  cor- 


If 


will  be  ftlll  greater. 
h  p'-^h"  T-he  method  of  remedying  this  is  very  obvii 
eorean-ai.d'^''^  intervals  mi  fa  anA  Ji  do,  are,  half  notes,  we  need 
Ariftcxe-  only  to  interpofe  other  founds  in  the  middle  between 
ncansab'iuteach  of  the  whole  notes  ;  and  then,  in  place  of  feven  un- 
mulical  ra-  pq^aj  fteps,  we  fhall  have  twelve  equal  ones,  or  twelve 


•>■! 


refponding  to  it  is  evidently  that  of  9  to  8. 

This  is  all  that  was  known  ol  the  connexion  of  mu-xhe  dirco- 
fie  with  mathematical  ratios.   It  is  indeed  faid  by  lam- very  of  Py. 
blichus,  that  Pythagoras  did  not  make  this  difcovery  by 'l^'K°f « 
means  of  ftrings,  but  by  the   founds  made  by  the  ham-r'!.^'  * 
mers  on  the  anvil  in  a  fmith's  ftiop.     He   obferved  the  fajf^iy  nar« 
intervals,  each  of  them  equal  to  a  femitone.     The  lyre  founds  to  be  the  key,  the  diateffaron,  and  the  diapente  rated, 
thus  conftrufted  will  now  fuit  any  voice  whatever.     It  of   mufic  ;    and    he    found,    that  the  weights  of  the 
will  perfeflly  refemble  our  keyed  inftrnments,  the  harpfi-  hammers  were  in  this   proportion;  and  as  foon   as  he 
chord,  or  organ,  which  have  twelve  feemingly  equal  in-  went  home,   he  tried  the  fouru;is  made  by  cords,  when 
tervals  in  the  odlave.     Accordingly,  it  appears  that  fuch  weights,  in  the  proportions  above-mentioned,  were  ap- 
additions   were   praftifed   by  the  muficians  of  Greece,  pendcd  to  them.     But  the  whole  flory  has  the  air  of  a 
and  approved  of  by  Ariftoxenus,  and  by  all  thofe  who  fable,  and  of  ignorance.  The  founds  given  by  a  fmith's 
referred  every  thing  to  the  judgment  of  the  ear.     And  anvil  have  little  or  no  dependence  on  the  weight  of  the 
we  are  confident  that  this  method   would  have  been  a-  hammers  ;  and  the  weights  which  are  in  the  proportions 
dopted,  if  the  philofophers  had  had  lefs  influence,  and  of  the  numbers  mentioned  above  will  by  no  means  pro- 
if  the  Greeks  had  not  borrowed  their  religious  ceremo-  duce    the   founds  alleged.     It  requires  four  times  the 
nies  along  with  their   mufical  fcience.     Both  of  thefe  weight  to  make  a  ftring  found  the  oftave,  and  ttuice  and 
came  from  the    fame  quarter  ;  they  came  united  ;   and  a  quarter  will  produce  the  diapente,  and  one  and fcven- 
Jt  was  facrilegious  to  attempt  innovations.      The  doc-  ninths  will   produce  the  diateffaron.      It  is  plain,  there- 
trine  of    mufical    ratios    was    an   occupation   only   for  fore,  that  they  knew  not  of  what  they  were  fpeaking  : 
the  refined,  the  philofophers  ;   and  by  lubjefting  mufic  yet,  on    this   flight    foundation,   they  ereifed  a  vail  fa- 
to  this  myfterious   fcience,    it  became  myfierious   alfo,  brie  of  fpeculation  ;  and  in  the  courfe  of  their  refearch- 
and  fo  much  the  more    venerable.     The   philofophers  es,  thefe  ratios  were  found  to  contain  all  that   was  ex- 
faw,  that  there  was  in  Nature  a  certain  infcrutable  con-  cellent.     The   attributes   of  the  Divinity,  the  fymme- 
neftion  between  mathematical  ratios  and  thofe  intervals  try  of  the  univerfe,  and  the  principles  of  morality,  were 
which  the  ear  relifhed  and  required  in  melody  ;    but  all  refolvable  into  the  harmonic  ratios.  jg 
they  were  ignorant  of  the  nature  and  extent  of  this  cou-         In  the  attempts  to   explain,  by  means  of  the  myfte- Conjoined 
ne<ftion.  rious   properties   of  the  ratios  2:  i,  5  :  2,  4  :  J,  and ^""^ '''^i"'"! 
Ratios  pf          What  is  this  connexion,  or  what  is  meant  when   we  9:8,  which    were  thus  defined  by   Nature,  it  was  ob-^v   V  " 
octave,  di-  jpjjjj  of  the  "-atios  of  founds?  Simply   this:  —  Pytha-  ferved,  that  their   favourite   lyres  of  four  ftrings  could 
diateffaron  g°''^^  '^  ^^''^  '"  have  found,  that   if  two   mufical  cords  be  combined  in  two  principal  manners,  fo  as  to  produce 
be  ftrained  by  equal  weights,   and  one  of  them  be  twice  an  extcnfivc  fcale.     One  lyre  may  contain  the  notes  do, 
the  length  of  the   other,   the   fliort   one  will  found  the  re,  mi,  fa  ;   and   the   acuter  lyre  may  contain  the  notes 
oftave  to  the  note  of  the  other.   If  it   be  two-thirds  of  fol,  la,Ji,  do  ;   and,  being  fet  in  fucceffion,   having   the 
the  length  of  the  long  ftring,  it  will  found  the  fifth  to  interval _/j /o/ between  the  highelt   note  of  the  one  and 
it.    If  the  long  ftring  found  do,  the  fhort  one  will  found  the  loweft  of  the   other,  they  make  a  complete  o(Save. 
fol      II  it  be  three-fourths  of  the  length,   it  will  found  Thefe  were  called  disjoined  tetrachords.     Again,  a  third 
the  fourth  or  fa.     Thus  the  ratio  of  2  :  i    was  called  tetrachord   may  be  joined    with   the  upper  tetrachord 
the  ratio    of  the   diapason  ;   that  of  3  :  2   was  called  laft  mentioned,  in  fucli  fort,  that  the  loweft  note  of  the 
the  diapente;  and  that   of  4;3   tiie   diatessaron.  third  tetrachord  may  be  the  fame  with  the  higheft  of  the 
Moreover,  if  we  now  take  all  the  four  ftrings,  and  make  fecond.      Thefe  were  called  conjoined  tetrachords  (a). 
that  whicii  founds   the  gravcft  note,  and  is  the  longeft,          By  thus  confidering  the  fcale  as  made  up  of  tetra-  ihe  lyre» 
twelve  inches  m  length  ;  the  fhort  or  oftave  ftring  muft  chords,   the   tuning  of  the  lyre   was  reduced  to  great  were  tuned 
be  fix  inches  long,  or  one-half  of  twelve  ;  the  diapente  fimplicity.      The  mufician  had  only  to   make    himfelf '-""'■^'y  ■'? 
muft  be  eight  inches,  or  two-thirds  of  twelve  ;  and  the  pcrfedt  in  the  fhort  chant  do,  re,   mi,  fa,  or  to  get  it     •^*''* 

by 

(a)  This  is  the  principle,  but  not  the  precifcybrm,  of  the  disjoined  and  conjunct  tetrachords.  The  Greeks 
did  not  begin  the  tetrachord  with  what  we  make  the  firft  note  of  our  chaunt  of  four  notes,  but  began  one  of 
them  witii  mi,  and  the  other  withy/;  to  which  they  afterwards  added  a  note  below.  This  beginning  feems  to 
have  been  diiefted  by  forae  of  their  favourite  cadences  ;  but  it  would  be  tedious  to  explain  it. 


Mufic. 
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Tempera-  by  heart,  and  to  fing  it  exaftly.  This  intonation  would 
Blent  of  the  ^pply  equally  to  the  othtr/o/,  la,Jt,  do.  We  are  well 
Scalecf    i  j^„.,„j;^|  [[,3t  this  was  really  the  praiftice.     The  direc- 

XT'  3  1  r 

_  tions  given  by  Anltoxenus,  Micanor,  and  others,  tor 
varyiiig  the  tuning,  according  to  certain  occalional  ac- 
commodations, Ihew  dillinttly  that  they  did  not  tune 
as  we  do,  founding  the  two  Itrings  together,  except  in 
the  cafe  of  the  diapafon  or  oftavc.  It  was  all  done  by 
the  judgment  of  the  ear  in  melody.  The  mod  valu- 
able circumftance  in  the  difcovery  of  Phythagoras  was 
the  determination  of  the  interval  between  the  fourth 
and  the  tifth,  by  which  the  tetrachords  were  fcparated. 
The  filling  up  of  each  tetrachord  was  left  entirely  to 
the  ear  ;  and  when  the  doftrine  of  the  mathematical  ra- 
tios fhewed  that  the  large  intervals  do  re,  re  mi,  fa  fol, 
fol  la,  lafi,  (hould  not  be  precifely  equal,  Arilloxenus 
refufed  the  authority  of  the  realons  alleged  for  this  m- 
equality,  bccaufe  the  ear  perceived  none  of  the  ratios  as 
ratios,  and  could  judge  only  of  founds,  lie  farther  af- 
feited,  that  the  inequalities  which  the  Pythagoreans  en- 
joined, were  fo  trifling,  that  no  ear  could  polhbly  per- 
ceive them.  And  accordingly,  the  theorifts  dii'puted 
about  the  refpedive  fituations  of  the  greater  and  fmaller 
tones  (fo  they  named  the  great  itcps)  fo  much  fpoken 
of,   and  had  different  fyftems  on  the  fubject. 

But  the  (\rongeft  proof  of  the  indillincl  notion  that 
the  theorills  entertained  about  the  influence  of  thefe 
ratios  in  mufic  is,  that  they  would  admit  no  more  but 
thole  introduced  by  Pythagoras  ;  and  their  reafons  for 
the  rejection  of  the  ratio  of  5  to  4,  and  of  6  to  5,  were 
either  the  molt  whlmfical  fancies  about  the  perfections 
of  the  facred  ratios,  or  aifumptions  exprcfsly  founded 
on  the  iuppofition,  that  the  ear  perceives  and  judges  of 
the  ratios  as  ratios  ;  than  which  nothing  can  be  more 
falfe.  Had  they  admitted  the  ratio  of  5  to  4,  they 
would  have  obtained  the  third  note  of  the  fcale,  and 
-would  at  once  have  gotten  the  whole  fcale  of  ouv 
muiic.  The  ratios  of  6  :  5,  and  16  :  15,  follow  of 
courfe  ;  and  every  found  of  the  tetrachords  would  have 
been  determined.  For  5  :  4  being  the  ratio  of  the  ma- 
jor third,  which  is  perfedfly  pleafing  to  the  ear,  as  the 
mi  to  the  note  do,  and  j  :  2  being  tne  latio  ot  the  fifth 
do  fol,  there  is  auother  interval  mi  fol  determined  ;  and 
this  ratio,  beiiip'  the  difference  between  do  fol  and  do  mi, 
or  between  3:2  and  5  :  4,  is  evidently  6:5.  In  like 
manner,  the  interval  mi  fa  is  determuied,  and  its  ratio, 
being  4  :  3—5  ;  4,   is   .6  :  15.  - 

But  farther;  we  (hall  find,  upon  trial,  that  if  we  put 
in  a  found  above  y'o/,  having  the  relation  5  :  4  to  fa,  it 
will  be  perfeftly  fatisfaftory  to  the  ear  if  fung  as  the 
note  la.  And  if,  in  like  manner,  we  put  in  a  note  a- 
bove  la,  having  the  relation  5  :  i\  to  fol,  we  find  it  fa- 
tisfaftory  to  the  ear  when  uled  as  /;.  If  we  n^^w  exa- 
mine the  ratios  of  thefe  artificial  notes,  we  ihall  find 
the  ratio  of  the  notes  fol  /<j  to  be  10  ;  9,  and  that  of  la 
Ji  to  he  g  :  8,  the  fame  with  that  fa  fol ;  alio  Ji  do  will 
appear  to  be  16  :  15,  Jike  that  of  mi  fa. 

We  have  no  remains  of  the  mufic  of  the  Greeks,  by 
which  we  can  learn  what  were  their  favourite  paffages 
or  mufical  phrafes  ;  and  we  cannot  fee  what  caufed 
them  to  prefer  the  fourth  to  tiie  major  third.  Few 
muficians  of  our  times  think  the  fourth  in  any  degree 
comparable  with  the  major  third  for  melodioufnefs,  and 
ftill  fewer  tor  harmonioufnefs.  The  piece  or  tune  pub- 
lilhed  by    Kircher  from  Alypius  is  very  fufpicious,  as 
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no  other  perfon  has  fecn  the  MS.  ;  and  the  coUeftion  Tempera, 
found  at  Buda  is  too  much  disfigured,  and  probably  of  "**"' "^ ''^* 
too  late  a  date,  to  give  us  any  folid  help.      In  all  pro-     M^ufic^ 
bability,  the  connuon  melodies  of  the  Greeks  abounded  v_—^_l_» 
in  eafy  leaps  up  and  dov.-n  on  the  third  and  fifth,  and 
on  the  fourth  and  fixth,  jufl  as  we  obferve  in   the  airs 
for  dancing  among   all   fimple   people.      Tlieir   accora- 
plifhed  performers   had  certainly  great  powers  both  of 
invention  and  execution  ;   and  the  chromatic  and  enhar- 
monic  divifions  of  the   fcale  were  certainly  praftifed  by 
them,  and   not  merely  the   fpeculations   of  mathemati- 
cians.     To  us,   the  enharmonic  fcale    appears  the  moil 
jarring  difcord  ;   but  this  is  certainly  owing  to  our  not 
feeing  any  pieces  of  the  mufic  fo  compofed,  and  becaufe 
we  cannot  in  the  leaft  judge  by  harmony  what  the  ef- 
feft  of  enharmonic   melody   would   be.      But   we   have 
fufficient   evidence,   from   the  writings    of  the  ancient 
Greeks,   that  the  enharmonic  mufic  fell  into  difufe  even 
before  the  time  of  Ptolemy,  and  was  totally  and  irreco- 
verably  lofl;  before  the^uh  century.      Even  the  chroma- 
tic was  little  pradlifed,  and  was  chiefly  employed  for  ex- 
tending the  common  fcale   to  keys   which  were  feldom 
ufed.     The  uncertainties  rcfpecling   even   the  common 
fcale  remained  the  fame  as  ever  ;  and  although  Ptolemy 
gives  (among  others)  the  very  fame  that  is  now  admitted 
as  the  only  perfeift  one,  namely,  his  dialonicum  intenfum, 
his  reafons  of  preference,   though  good,  are  not  urrred 
with  ftrong  marks  of  his  confidence  in    them,   nor  do 
they  feem  to  have  prevailed. 

Thefe  obfcrvations  fhew  clearly,  that  the  perception  But  me- 
of  melody  alone  is  not  fufficiently  precife  for  enabling  l"dy  is 
us  to  acquire  exaft  conceptions  of  the  fcale  of  mufic.  *'"'"'  '"" 
The  whole  of  the  practicable   fcience  of  the  ancients^     """' 
fcems  to  amount  to  no  more  than  this,  that  the  octave 
contained  five  greater  and  two  finaller  intervals,  which 
the  voice  employed,  and  the  ear  reliflitd.      The  greater 
intervals  feemed  all  of  one  magnitude  ;   and  the  fmaller 
intervals  appeared  alfo  equal,  but  the  ear  cannot  judge 
what  proportion  they    bear  to   the  larger   ones.     The 
muficians    thoujjht    them    larger   than   one-half  of  the 
great  interval-,  (and  indeed  the  ratio   16:15  "^  ^''^  3''- 
tificial  mi  fa  2.\\<Sfi  do,  is  greater  than  the  half  of  C;  :   S 
or  10  :  9).     Therefore  they   allowed  the  thcorilis  to 
call  them  limmas  infiead  of  hemuones  ;  but  they,   as  well 
as  the  theorifts,   diftVred  exceediiigly  in  the  magnitudes 
which  they  aifit^neri  them. 

The  bed  way  that  we  can  think  of  for  exprefiing  the  citcuUr  re- 


I.),   in  the  proportion    we   think  molt  fuitable   to   the 
natural   icale   of  nulodv.      According  to  the  pradical 


fcale  ot  the  odtave  is,   by  dividing  the  circumference  of  irtfcrta- 
a  circle  in  the  puints  C,  D,  E,  F,  G,  A,  and   B,    (n?  ''""  "f 'he 

w..\.A.   ._   .uJi-ale 

Plate 
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notion  now  under  our  confidcration,  the  arches  CD, 
DE,  FG,  GA,  and  AB,  arc  equal,  containing  nenly 
59"  ;  and  the  arches  EF  and  DC  are  alfo  equal,  but 
fmaller  than  the  others',  containing  about  ^3!.  Noiv, 
fuppoie  anothir  circle,  on  a  piece  of  card  paper,  divi- 
ded  in  the  fame  manner,  to  move  round  their  common 
centre,  but  inllead  of  having  its  points  of  divifion  mark- 
ed C,  D,  E,  &c,  let  them  be  m.arked  do,  re,  mc,fa,fo!, 
la, ft.  It  is  plain,  that  to  whatever  point  of  the  outer 
circle  we  fet  the  point  do  of  the  inner  one,  the  other 
points  of  the  outer  circle  will  fhew  the  common  notes 
which  are  fit  for  thofe  Heps  of  the  fcale.  The  fimilari- 
ty  of  all  oftave?  makes  this  fimple  oftave  equivalent  to 
a  redtilineal  fcale  fiinilarly  divided,  and  repeated  as  often 

as 
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Ariftoie- 
nean  fcale 
of  mean 
tones  and 
liminas, 


Tempera-  as  we  pleafe.  Fig.  i.  reprcfents  this  inftrum«nt,  and 
ment  ofthe^^jjij  jjp  often  referred  to.  A  fort  of  fymmctry  may  be 
'  obferved   in   it.     The   point   D  feems   to   occupy  the 

middle  of  the  fcale,  and  re  feems  to  be  the  middle  note 
of  the  odtave.  The  oppofile  arch  GA,  and  tlie  corre- 
fponding  interval /o/ A/,  feems  to  be  the  middle  interval 
of  the  ottave.  The  other  notes  and  intervals  are  fimi- 
larly  difpofed  on  each  fide  of  thefe.  This  circumftance 
feems  to  have  been  obferved  by  the  Greeks,  by  the  in- 
habitants of  India,  by  the  Chinefe,  and  even  by  the 
Mexicans.  The  note  re,  and  the  interval  fol  la,  have 
gotten  diftingullhed  fituations  in  their  inilruments  and 
fcales  of  mufic. 

With  refpeft  to  the  divifion  of  the  circles,  we  Iliall 
only  obferve  at  prefent,  that  the  dotted  lines  are  con- 
formable to  the  principles  of  Ariftoxenus,  the  whole 
oftave  being  portioned  out  into  five  larger  and  equal 
intervals,  and  two  f mailer,  alio  equal.  The  larger  are 
called  mean  or  medium  tones  ;  and  the  fmaller  are  called 
llmmas  or  femi/ones.  The  full  lines,  to  whichthe  let- 
ters and  names  are  affixed,  divide  the  oftave  into  the 
artificial  portions,  determined  by  means  of  the  mufical 
ratios,  the  arches  being  made  proportional  to  the  mea- 
fures  of  thofe  ratios.  Thus  the  arches  CD,  FG,  AB, 
are  proportional  to  the  meafure  or  logarithm  of  the  ra- 
tio 9  :  8  ;  GA  and  DE  are  proportional  to  the  loga- 
rithm of  10:9;  and  the  arches  EF  and  BC  are  pro- 
portional to  the  logarithm  of  16  :  15.  We  have  alrea- 
dy  mentioned  the  way  in  which  thofe  ratios  were  ap- 
plied, and  the  authority  on  which  they  were  felefted. 
We  fliall  have  occafion  to  -return  to  this  again.  The 
only  farther  remark  that  is  to  be  made  with  propriety 
in  this  place  is,  that  the  divifion  on  the  Ariftoxenean 
■principles,  which  is  exprefled  in  this  figure,  is  one  of 
an  indefinite  number  of  the  fame  kind.  The  only  prin- 
ciple adopted  in  it  is,  that  there  (hall  be  five  mean  tones, 
and  two  fmall  equal  femitones  ;  but  the  magnitude  of 
thefe  is  arbitrary.  Wc  have  chofen  fuch,  that  two  mean 
tones  are  exadly  equal  to  the  arch  CE,  determined  by 
the  ratio  5  :  4.  The  reafons  for  this  preference  will  ap- 
pear as  we  proceed  (b). 

By  this  little  inllrument  (the  invention,  we  believe, 
of  a  Mr  D'Ormiffon,  about  the  beginning  of  laft  cen- 
tury), we  fee  clearly  the  infufficiency  of  the  feven  notes 
of  the  oftave  for  performing  mufic  on  different  keys. 
Set  the  flower  de  luce  at  the  Ariftoxenean  B,  and  we 
ftiall  fee  that  E  is  the  only  note  of  our  lyre  which  will 
do  for  one  of  the  fteps  of  the  oftave  in  which  we  in- 
tend to  fing  and  accompany.  We  have  no  founds  in 
the  lyre  for  re,  mi,  fol,  la,Ji.  The  remedy  is  as  clear- 
)y  pointed  out.  Let  a  fet  of  ftrings  be  made,  having 
t  l.c  fame  relation  to/  which  thofe  of  the  prefent  lyre 
have  to  do,  and  infeit  them  in  the  places  pointed  out 
by  the  Ariftoxenean  divifions  of  the  moveable  oftave. 
We  need  only  five  of  them,  becaufe  tlie_/  and/a  of  the 
prefent  lyre  will  anfwer.  Thefe  new  founds  are  marked 
-J  by  a  -f . 
round  Im-  But  it  was  foon  found,  that  thefe  new  notes  gave  but 
pcrfcd,  and  indifferent  melody,  and  that  either  the  ear  could  not 
required  Jetermine  the  equality  of  the  tones  and  femitones  exaA- 
enough,  or  that  no  fuch  partition  of  the  oftave  would 
aiilwer.     The  Pytlwgoreans,  or  partifans  of  the  mufi- 


TEMFSIIA 
MINT, 


cal  ratios,  had  told  them  this  before.     But   they  were  Temrers- 
in  no  better  condition  themfelvcs  ;  for  they  found,  that""*"' of  tin 
if  a  feries  of  founds,  in  perfeft  relation  to  tlie  oftave,   "l^  r 
be  inferted  in  the  manner  propofed,  the  melody  will  be  ," 

no  better.  They  put  the  matter  to  a  very  fair  trial.  It 
is  eafy  to  fee,  that  no  fyftem  of  mean  tones  and  limmas 
will  give  the  fame  mufic  on  every  key,  unlefs  the  tones 
be  increafed,  and  the  limmas  diminiHied,  till  the  limma 
becomes  juft  half  a  tone.  Then  all  the  intervals  will 
be  perfeftly  equal.  The  mathematicians  computed  the 
ratios  which  would  produce  this  equality,  and  defired 
the  Ariftoxcneans  to  pronounce  on  the  mufic.  It  ia 
faid,  that  they  allowed  it  to  be  very  bad  in  all  their 
moft  favourite  pafiages.  Ntithing  now  remained  to  the 
Ariftoxcneans  but  to  attempt  occafional  methods  of 
tuning.  They  faw  clearly,  that  they  were  making 
the  notes  unequal  which  Nature  made  equal.  The  Py- 
thagoreans, in  like  manner,  pointed  out  many  altera- 
tions or  correftions  of  intervals  which  fuited  one  tetra- 
chord,  or  one  part  of  the  oftave,  but  did  not  fuit  ano. 
ther.  Both  parties  faw  that  they  were  obliged  to  de- 
viate from  what  they  thought  natural  and  perfeft  : 
therefore  they  called  thefe  alterations  of  the  natural  or 
perfeft  fcale  temperament. 

The  accomplilhed  performers   were  the   beft  judges  ■ 

of  the  whole  matter,  and  they  derived  very  little  aflift-  | 

ance  from  the  mathematicians  :  For  although  the  rigid 
rules  delivered  by  them  be  acknowledged  to  be  perfeft- 
ly exaft,  the  execution  of  thofe  rules  is  not  fufceptible 
of  the  fame  exaftnefs.  Their  lyres  are  tuned,  not  by 
mathematical  operations,  but  by  the  ear.  It  does  not 
appear  that  they  had  mufical  inftruments  with  divided 
finger-boards,  like  our  bafs  viols  and  guitars  ;  and  even 
on  thefe,  it  is  well  known  that  the  preffure  and  touch 
of  the  finger  may  vary  fo  much,  that  the  moft  exaft 
placing  of  the  frets  will  not  infure  the  nice  degrees  of 
the  founds.  The  flutes  are  the  only  inftruments  of  the 
ancients  that  are  capable  of  accurate  founds.  But 
flutemakers  know  very  well,  that  they  cannot  be  tuned 
by  mathematical  operations,  but  by  the  ear  alone.  This 
accounts  for  the  great  prices  paid  for  a  wcU-tuned  flute. 
Some  have  coft  L.  700,  and  L.  50  was  a  very  common 
price.  _  ^j 

Such  feems  to  have  been  the  ftate  of  the  ancient  mu-ThcGrceii 
fic.     There  was  little  or  no  fcience  in  it.     There  was,  did  not  cul- 
indeed,  a  moft  abftrufeand  refined  fcience  coupled  with  J"'*'^ '"'"' 
it;  but  by  a  very  flight  conneftion  :   and  it   feems  to gniX^^e^ 
have  been  nothing  more  than  an  amufement  for  the  in-ousfoundil; 
genious  and  fpeculative  Greeks.     Nor  could  it,  in  our 
opinion,  be  better,  fo  long  as  they  had  no  guide  in  tu- 
ning but  the  judgment   of  the  ear  in  melody.     Many 
writers  infift  that  the  Greeks  had  a  knowledge  of  what 
lue  call  harmony  alfo.      The  word  afM"""  is  conftantly 
ufed  by  them  :   but  it  does  not  mean  what  we  call  har- 
mony, the  pleafant  coalefcence  of  fimultaneous  founds. 
It  comes  from  «'f z^'^,  or  from  af^^i",  and  fignifies  ap- 
titude, Jilnefs,  and  would,  in  general,  be  bettw  tranflated 
by  fynnnctry.     But  we  cannot  conceive  that  they  paid 
any    marked   attention    to    the  effeft  of  fimultaneous 
founds,  fo  as  to  enjoy  the  pleafure  of  certain  confonan- 
ces,  and  employ  them  in  their  compofitions.     We  judge 
in  this  way  from  the  rank  which  they  gave   them  in 

their 


(b)  We  (hall  te  abundantly  exaft,  if  we  make  CD  =  6i°,72  ;  CE=ii5°,9  ;  CF=:149'',42  ;  CG=2iQ°,S^  ; 
CA  =  26j°,3  ;  and  CB  =  326m8. 
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•em"<-ra.  theii'  fcak.     To  prefer  th-'  fourth  to  the  major  tliird     inftrument  mud  have  c( 
ent  of  the  Cegnig  to  yj  to  be  impofllble,  if  it  be  meant  of  iimulta-     of  mulic,  and  inlliuitcd 


neous  fouiids.  And  tlie  reafon  which  is  afligned  for 
,  the  preference  can  have  no  value  in  the  opinion  of  a 
mufician.  It  is  becaufe  the  ratio  of  4  :  J  is  fimpler  than 
that  of  J  :  4.  Fur  the  fame  reafon,  the  fifth  is  prefer- 
red to  botli,  and  the  oftave  to  all  the  three,  and  unifon 


T     E     M 

u(l  have  contributed  to  the  improvement  T^/mfcM- 
nicii  in  the  nature  of  the  feale. "";'", ""I'« 
The   pipes  are   all  tuned  by  their  lengths ;  and  thefc 
lengths  are  in  the  ratios  of  the  llrings  which  give  the  ■ 
fame  notes,  when  all  are  equally  llrettlied.     This  mull 
have  revived  the  iludy  of  the  niulical  ratios.     The  tu- 
ning  of  the  organ   was  pBrforni.'d  by  confoiiance,  aiul 


fucceffion.  The  diiUcIl  ear,  even  with  total  ignorance 
of  mufic,  can  judge,  without  the  ifmallelt  error,  of  an 
exact  oi^tave,  fifth,  third,  or  other  concord  ;  and  a  ve- 
ry mean  mulkian  could  now  tune  an  organ  more  accu- 
rately than  Timothcus  could  tunc  his  lyre.  Other 
keved  inftrunients,  relcmbling  our  h  irpfichord,  were 
invented,  and  iullruments  with  fretted  finger-boards. 
Thefe  foon  fupplantcd  the  lyres  and  harps,  being  much 


I 


to  every  other  confonance.     They  would  not  allow  the  no  longer  depended  on  the  nice  judgmtiit  v(  fjunds  in 

major  third   j  :  4  to   be  a   concord  at  all.     We  have  '         " 

made-  uuniberlefs  trials  of  the  dill'erent  concords  with 

perfons  altogether  ignorant  of  muhc.      We  never  law 

an  inllance  of  one  who  thought  that  mere  \miron  gave 

any  pofitive  pleafure.      None  of  all  whom  we  examined 

had  much  pleafure  from  an   oftave.      All,  without  ex- 
ception, were  deliglited  with   a  fifth,  and  with  a  major 

third;  and  many  of  them  preferred  the  latter.     All  of 

them   agreed  in   calling  the  pleafure  from   the  fifth  a  more  compendious,  and  allowing  a  much  greater  variety 

fweetntfs,  and   that   from  the  major  third  a.  cL'erfuhic/s,  and  rapidity  of  modulation.    All  thefe  Inftruments  were 

ov/martnefs,  or  by  names  of  fimiiar  import.    The  great-  the  fruits  of  harmony,  in  the  modern  fenfe  of  that  word. 

er  part  preferred  even  the  major  iixtli  to  the  fourth,  The  deficiences  of  the  old  diatonic  fcale  were  now 
and  fome  felt  no  pleafure  at  all  from  the  fourth.  Few  more  apparent,  and  the  neceflity  of  a  number  of  inter- 
had  much  pleafure  from  *he  minor  third  or  ininor  fixth.  calary  notes.  The  fingerboard  of  an  organ  or  harpfi. 
A'^.  B.  Care  was  taken  to  found  thefe  concords  with-  chord,  running  through  a  ferles  of  oftaves,  and  admit- 
out  any  preparation — merely  as  founds— but  not  as  ma-  ting  much  more  than  the  accompanyment  of  one  note, 
king  part  of  any  mufical  palfage.  This  circumllance  pointed  out  new  fources  of  mulical  pleafure  arifing  from 
has  a  great  effetl  on  the  mind.  When  the  minor  third  the  fulnefs  of  the  harmony  ;  and,  above  all,  the  praflice 
and  fixth  were  heard  as  making  part  of  the  minor  of  choral  finging  fuggeiled  the  pofiiLility  of  a  pleafure 
mode,  all  were  delighted  with  it,  and  called  it  fweet  altogether  new.  While  a  certain  number  of  the  choir 
and  mournful.  In  like  manner,  the  chord  J  never  fail-  performed  the  Cantus  or  Air  of  the  nuific,  it  was  irk- 
ed to  give  pleafure.  Nothing  can  be  a  ftronger  proof  of  fome  to  the  others  to  utter  mere  founds,  fupporting  or 
the  ignorance  of  the  ancients  ofthe  pleafures  of  harmony,  compofing  the  harmony  of  the  Cantus,  without  any  me- 
We  do  not  profefs  to  know  when  this  was  difcover-  lody  or  air  in  their  own  parts.  It  was  thought  pro- 
ed.  We  think  it  not  unlikely  that  the  Greeks  and  Ita-  bable  that  the  harmonic  notes  might  be  fo  portioned 
tohe  ^'^"'  S"'  "■  f''°™  fome  of  the  northern  nations  whom  out  among  the  reft  of  the  choir,  that  the  fucceffion  of 
modern  they  called  Barbarians.  We  cannot  otherwife  account  founds  uttered  by  each  individual  might  alfo  conftitute 
ifcovery.  for  its  prevalence  through  the  whole  of  the  Ruffian  em-  a  melody  not  unpleafant,  and  perhaps  highly  grateful, 
pire — the' ancient  Slavi  had  little  commerce  with  the  On  trial  it  was  found  very  prafticable.  Canons,  mo- 
empire  of  Rome  or  of  Conftantit^le  ;  yet  they  fung  tets,  fugues,  and  other  harmonics,  were  compofed,  where 
in  parts  in  the  moil  remote  periods  of  their  hillory  of  the  airs  performed  by  the  different  parts  were  not  infe- 
which  we  have  any  account  ;  and  Wi  this  day,  the  moll  rior  in  beauty  to  the  principal.  The  notes  which  could 
uncultivated  boor  in  the  Ruffian  empire  would  be  aflia-  not  be  thrown  into  this  agreeable  fucceffion,  were  left 
med  to  fing  in  unifon.  He  liftens  a  little  while  to  a  to  the  organill,  and  by  him  thrown  into  the  bafs. 
new  tune,  liolding  his  chin  to  his  breall ;  and  as  foon  By  all  thefe  pradlices,  the  imperfeflions  of  the  fcale 
as  he  has  got  a  notion  of  It,  he  burfts  out  in  concert,  of  fixed  founds  became  every  day  more  fenfible,  efpe- 
throwing  in  the  harmonic  notes  by  a  certain  rule  which  cially  in  full  harmony.  Scientific  mufic,  or  the  pro- 
he  feels,  but  cannot  explain.  His  harmonics  are  gene-  perties  of  the  ratios,  now  recovered  the  high  eftimation 
rally  alternate  major  and  minor  thirds,  and  he  feldom  in  which  they  were  held  by  the  ancient  theorills ;  and 
niiffes  the  proper  cadences  on  the  fifth  and  key.  Per-  as  the  mufieians  were  now  very  frequently  men  of  let- 
haps  the  invention  of  the  organ  produced  the  difcovery.  ters,  chiefly  monks,  or  fober  cliaradlers  and  decent  man- 
We  know  that  this  was  as  eaj-ly  as  the  fecond  centu-  ners,  mufic  again  became  a  refpedlable  Iludy.  The  or- 
ry  (c).  It  was  hardly  poffible  to  make  much  ufe  of  ganift  was  generally  a  man  of  fcience,  as  well  as  a  per- 
that  ioftrument  without  perceiving  the  pleafure  of  con-  former.  At  the  firft  revival  of  learning  in  Europe,  we 
cordant  founds.  find  mufic  ftudied  and  honoured  with  degrees  in  the 
The  difcovery  of  the  pleafures  of  harmony  occafion-  univerfities,  and  very  loon  we  have  learned  and  excel- 
ed  a  total  change  in  the  fcience  of  mufic.  During  the  lent  diifertations  on  the  principles  of  the  fcience.  The 
dark  ages  of  Europe,  it  was  cultivated  chiefly  by  the  inventions  of  Guido,  and  the  dlflertations  of  Salinas, 
e  fcience  monks:  the  organ  was  foon  introduced  into  the  church-  Zarlino,  and  Zoni,  are  among  the  moft  valuable  pub- 
mufic.  es,  and  the  choral  fervice  was  their  chief  and  almoft  locations  that  are  extant  on  muflc.  The  imporvements 
their  only  occupation.  The  very  conftruftion  of  this  introduced  by  Guido  are  founded  ou  a  very  refined 
SuppL.  Vol.  II.  Part  11.  4  O                   _             examina- 
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(c)  It  is  faid  that  the  Chinefe  had  an  inftrument  of  this  kind  long  before  the  Europeans.  Caufeus  fays,  that 
it  was  brought  from  China  by  a  native,  and  was  fo  fmall  as  to  be  carried  in  the  hand.  It  is  certain  that  the 
Emperor  Conftantine  Copronymus  fent  one  to  Pepin  king  of  France  in  757,  and  that  his  fon  Charlemagne  got 
another  from  the  Emperor  Michael  Paleologus.  But  they  appear  to  have  been  known  in  the  Englilh  churches 
before  that  time. 
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Tempera- examination  of  the  Tcale  }.  and  the  temperaments  pro- 
"'"'"f 'i"^^ poled  by  tlic  other  two  Iiave  fcarctly  bci-n  improved 
by  any  labo\irs  of  modern  date.  Both  thefe  authors 
had  Ihidied  the  Greek  writers  with  great  care,  and  their 
improvements  proceed  on  a  complete  knowledge  of  the 
doAriiics  of  Pytha'joras  and  Ptolemy. 

At  l.ill  the  celebrated  Galileo  Galilei  put  the  finifh- 
ing  hand  to  the  doftrines  of  thofe  ancient  philofophers, 
by  the  difcovery  of  the  connection  which  lubhfts  in  na- 
ture between  the  ratios  of  numbers  and  the  miiilcal  in- 
tervals of  founds.  He  difcovered,  that  thefc  numbers 
exprefs  the  frequency  of  the  recurring  pulies  or  un- 
dulations of  air  which  excite  in  us  the  fenfation  of  found. 
He  demonllrated  that  if  two  firings,  of  the  fame  mat- 
ter and  thicknefs,  be  ftretched  by  equal  weights,  and 
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noife  produces  a  tolerably  fmooth  found  when  fufficient-  Tempera 
ly  frequent.      Nothing  can   be   more  abrupt  than   the'"'"' °*^'* 
fnap  jutl  now  mentioned  ;  yet  the  g  produced  by  it  has     Mufic 
the  fmoothnefs  of  a  bird's  chirrup.  An  experiment  was  ' 
made,  which  was  lefs  promifing  of  a  found  than  any  that  ] 

can  be  thought  of.  A  Ilop-oock  was  fo  conftruftcd, 
that  it  opened  and  (hut  the  palfage  through  a  pipe  720 
times  in  a  fccond.  This  apparatus  was  fitted  to  the  pipe 
of  a  conduit  leading  from  the  bellows  to  the  wind-cliclt 
ot  an  organ.  'I'he  air  was  finiply  allowed  to  pafs  gen- 
tly along  this  pipe  by  the  opening  of  the  cock.  When 
this  was  repeated  720  times  in  a  lecond,  the  found  g  in 
alt.  was  moll  fmoothly  uttered,  equal  in  fweetnefs  to  a 
clear  female  voice.  When  the  frequency  was  reduced 
to  360,  the  found  was  that  of  a  clear  but  rather  harlli 


be  twanged  or  pinched  fo  as  to  vibrate,  the  times  of  man's  voice.  The  cock  was  now  altered  in 
their  vibrations  will  be  as  their  lengtlis,  and  the  frequen- 
cy or  number  of  ofcillations  made  in  a  given  time  will 
be  inverfely  as  their  lengths.  The  frequency  of  the  fo- 
norous  undulations  of  the  air  is  therefore  inverfely  as 
the  length  of  the  ftring.  When  therefore  we  fay  that 
2  :  I  is  the  ratio  of  the  oftave,  we  mean,  that  the  un- 
dulations which  produce  the  upper  found  of  this  in- 
terval are  twice  as  frequent  as  thofe  which  produce 
its  fundamental  found.  And  the  ratio  3  :  2  of  the  dia- 
pente  or  fifth,  indicates,  that  in  the  fame  time  that 
the  ear  receives  three  undulations  from  the  upper  found, 
it  receives  only  two  from  the  lower.  Here  we  have 
a  natural  connexion,  not  peculiar  to  the  founds  pro- 
duced by  firings ;  for  we  are  now  able  to  demon- 
Urate,  that  the  founds  produced  by  bells  are  regulated 
by  the  fame  law.  Nay,  the  improvements  which  have 
been  made  in  the  fcience  of  motion  fmce  the  days  of 
Galileo,  (hew  us  that  the  undulations  of  the  air  in 
pipes,  where  the  air  is  the  only  fubftance  moved,  is  re- 
gulated by  the  fame  law.  It  feems  to  be  the  general 
property  of  founds  which  renders  them  fufcaptible  of 
mufical  pitch,  of  acutenefs,  or  gravity  ;  and  that  a  cer- 
tain  frequency  of  the  fonorous  undulations  gives  a  de- 
termined and  unalterable  mufical  note.  The  writer  of 
this  article  has  verified  this  by  many  experiments.  He 
finds,  that  any  noife  -whatever,  if  repeated  240  limes  in 
a  fecond,  at  equal  intervals,  proc'i  ces  the  note  C  fol  fa 
vt  of  the  Gindonian  gamut.  If  it  be  repeated  360  times, 
it  produces  the  G  fol  re  ut,  &c.  It  was  imagined,  that 
only  certain  regidar  agitations  of  the  air,  fuch  as  are 
produced  by  the  tremor  or  vibration  of  elallic  bodies, 
are  fitted  for  exciting  in  us  the  fenfation  of  a  muficd 
note.  But  he  found,  by  the  moll  dillinft  experiments, 
that  any  noife  whatever  will  have  the  fame  effed,  if  re- 
pcated  with  due  frequency,  not  lefs  than  30  or  40  times 
in  a  fecond.  Nothing  furely  can  have  lefs  pretenfion  to 
the  name  of  a  mufical  found  than  the  folitary  fnap  which 
a  quill  makes  when  drawn  from  one  tooth  of  a  comb  to 
another:  but  when  the  quill  is  held  to  the  teeth  of  a 
wheel,  whirling  at  fuch  a  rate,  tint  720  teeth  pafs  un- 
der it  in  a  fecond,  the  found  of  g  in  alt.  is  heard  molt 
difti«ftly  ;  and  if  the  rate  of  the  wheel's  motion  be  va- 
ried in  any  proportion,  the  noife  made  by  the  quill  is 
mixed  in  the  mod  diftinft  manner  with  the  mufical  note 
correfponding  to  the  frequency  of  the  fnaps.  The  kind 
of  the  original  noife  determines  the  kind  of  the  conti- 
nuous found  produced  bv  it,  making  it  harlli  and  fret- 
ful, or  fmooth  and  mellow,  according  as  the  original 
Boil'e  is  abrupt  or  gradual :  but  even  the  moft.  abrupt 
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manner,  that  it  never  (hut  the  hole  entirely,  but  left 
about  one  third  of  it  open.  When  this  was  repeated 
720  times  in  a  fecond,  the  found  was  uncommonly 
fmooth  and  fweet.  When  reduced  to  360,  the  found 
was  more  mellow  than  any  man's  voice  at  the  fame 
pitch.  Various  changes  were  made  in  the  form  of  the 
cock,  with  the  intention  of  rendering  the  primitive  noife 
more  analogous  to  that  produced  by  a  vibrating  llring. 
Sounds  were  produced  which  were  pleafant  in  the  ex- 
treme. The  intelligent  reader  will  fee  here  an  opening 
made  to  great  additions  to  praftical  mufic,  and  the 
means  of  producing  mufical  founds,  of  which  we  have 
at  prefent  fcarcely  any  conception  ;  and  this  manner  of 
producing  theni  is  attended  with  the  peculiar  advan- 
tage,  that  an  inftrument  fo  conftruiled  can  never  go 
out  of  tune  in  the  fmallcil  degree.  But  of  this  enough 
at  prefent.  „ 

This  difcovery  of  Galileo's  completed  the  Pythago-Thi^fre- 
rean  theories,  by  (upplying  the  only  thing  wanted  forquency  is 
procuring  confidence  in  them.     We  now  fee  that  the^P*!^""^ 
mufic  of  founds  depends  on  principles  as  certain  and  asflj^i  ^^^\f^ 
plain  as  the  elements  of  Euclid,  and   tliat  every  thingof  Pytha^ 
relating  to  the  fcale  of  mufic  is  attainable  by  matliema-gora?. 
tics.      It  is  very  tr«e  that  we  do  not  perceive  the  ratio 
3  :  2  in  the  diapente,  as  having  any  relation  to  the  num- 
bers 3  and  2.     But  we  perceive  the  fweetnefs  of  found 
which  charadlerifes  this  concord.     This  is  undoubtedly 
the  perception  of  a  certain  phyfical  faft  involving  this 
ratio,  as  much  as  the  fweetnefs  on  our  tongue  is  the  per- 
ception of  a  certain  manner  of  afting  of  the  particles  ^ 
of  lugar  during  their  diffolution  in  the  faliva.  s 

The  pleafure  arifing  from  certain  confonances,  fuchCoNco«D,>i 
Zh  do  fol,   is  not   more  diftindlly   perceived  than  is  the'"^'^°'"'>  \ 
difagreeable  feeling  which  other  confonances  produce,  [j^j^f^j,^ 
fuch  as  do  re  ;  and  it  was  a  fair  field  of  difquifitlon  toticularra. 
difcover  why  the  one  pleafed  and  the  other  diipleafed.''"'  of  fre- 
We  cannot  fay  that   this  queilion  has  been  completely 'J"'"'!'' 
decided.     It  has  been  afcribed  to  the  coincidence  iti  vi- 
brations.      In  the  oClave,  every  fecond  vibration  of  the 
treble  note  may  be  made  to  coincide  with  every  vibra- 
tion of  the  bafs.     But  the  pleafure  arifing  from  the  dif- 
ferent  confonances  does  by  no  means  follow  the  pro- 
portions of  thofe  coincidences  of  vibrations  ;  for  when 
two  notes  are  infinitely  near  to  the  ftate  which  would 
produce  a  complete  coincidence,  the  aftual  coincidence 
is  then  exceedingly  rare  ;  and  yet  we  know  that  fuch 
founds  yield  very   fine  harmony.     In  tuning  any  con- 
cord, when  the  two  notes  are  very  difcordant,  the  co- 
inciding vibrations  recur  ?ery  frequently;  and  as  we  ap- 
proach 
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near  to  perfcA  concord,  the  coincidences  of  vibration 
will  be  intinitcly  diftant  from  each  other.  This,  and 
many  other  irrefragable  arguments,  demonftrate  that 
coalefcence  of  found,  which  makes  the  pleafing  harmo- 
ny of  a  fifth,  for  example,  does  not  arifc  from  the  co- 
incidence of  vibrations  ;  and  the  only  thing  which  we 
can  dcmonllrate  to  obtain  in  all  the  cafes  where  we  en- 
joy till!:  pleafure,  is  a  certain  arrangement  of  the  com- 
ponent pulfes,  and  a  certain  law  of  lucceffion  of  the 
didoeations  or  intervals  between  the  non-coinciding 
puhes.  We  are  perUcUy  able  to  demonllrate  that 
when,  bv  continually  fcrewing  up  one  of  the  notes  of 
a  confonance,  wciender  the  real  coincidence  of  pull'es 
Icfs  frequent  ;  the  diflucations,  or  deviations  from  per- 
feA  coincidence,  approach  nearer  and  nearer  to  a  cer- 
tain defineable  law  of  fucceffion  ;  and  that  this  law  ob- 
tains completely,  when  the  perleCl  ratio  of  the  duia- 
tion  of  the  pulie  is  attained,  although  perhaps  at  that 
time  not  one  pulfe  of  the  one  found  coincides  with  a 
pulfe  of  the  other.  Suppofe  two  organ  pipes,  found 
ing  the  note  C/o/fa  ut,  at  the  dillance  of  ten  feet  from 
each  other,  and  that  tlieir  pulfes  begin  and  end  at  the 
fame  inftant,  making  the  mofl  perfect  coincidence  of 
pulfes — there  is  no  doubt  but  that  there  will  be  the 
iJioR  perfeft  harmony  ;  and  we  learn  by  experience 
that  this  harmony  is  perfeftly  the  fame,  from  whatever 
part  of  the  room  we  hear  it.  This  is  an  unqueftionable 
fad.  A  perfon  fjtuated  exaclly  in  the  middle  between 
them  will  receive  coincident  pulfes.  But  let  him  ap- 
proach one  foot  nearer  to  one  of  the  pipes,  it  is  now 
demonllrable  that  the  pulfes,  at  tlieir  arrival  at  his  ear, 
will  be  the  mod  diftant  from  coincidence  that  is  pof- 
fible  ;  for  every  pulfe  of  one  pipe  will  bilcft  the  pulfe 
from  the  other  :  but  the  law  of  fucceffion  of  the  devia- 
tions from  coincidence  will  then  obtain  in  the  muft  per- 
feU  manner.  A  mufical  found  is  the  fenfation  of  a 
certain  form  of  the  aerial  undulation  which  agitates  the 
auditory  organ.  The  perception  of  harmonious  lound 
is  the  fenfation  produced  by  another  definite  form  ot 
the  agitation.  This  is  the  compofition  of  two  other 
agitations  ;  but  it  is  the  compound  agitation  only  that 
affefts  the  ear,  and  it  is  its  form  or  kind  which  deter- 
mines the  fenfation,  making  it  pleafant  or  unplealant. 

Our  knowledge  of  mechanics  enables  us  to  defcribe 
this  form,  and  every  circumftance  in  which  one  agita- 
latufeoftion  can  differ  from  another,  and  to  difcover  general 
thema-  f^jtyres  or  circumftances  of  refemblance,  which,  in  fa  A, 
'  accompany  all  perceptions  of  harmony.  We  are  furely 
intitled  to  fay  that  thefe  circumftances  arc  fure  lefts  of 
harmony;  and  that  when  we  have,  enfured  their  pre- 
fence,  we  have  enfured  the  hearing  of  harmony  in  the 
adjutled  founds.  We  can  even  go  farther  in  fome  cafes: 
We  can  explain  fome  appearances  which  accompany  im. 
perfeA  harmony,  and  perceive  the  connexion  between 
certain  diftindl  refults  of  imperfeft  coincidences,  and 
the  magnitude  of  the  deviations  from  perfedt  harmony 
which  are  then  heard.  Thus,  we  can  make  ufe  of  thefe 
phenomena,  in  order  to  afcertain  and  meafure  thofe  de- 
viations ;  and  if  any  rules  of  temperament  fhould  re- 
quire a  certain  determinate  deviation  from  perfeft  har- 
mony  in  the  tuning  of  an  inftrument,  we  can  fecure  the 
appearance  of  that  phenomenon  which  correfponds  to 
the  deviation,  and  thus  can  produce  the  prccife  tempe- 
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rament  fnggefted  by  our  rules.  Wo  i  ,in,  for  example,  t'fMprrn. 
deftroy  the  perfect  harmony  of  the  lifth  C^,  and  Hdtten  " 
the  note  j-  till  it  deviates  from  a  perfcd  htth  in  the  ex- 
a(fl  ratio  of  320  to  321,  which  the  muficians  call  the 
one-fourth  of  a  comma.  The  moll  exquilite  ear  for 
melody  is  alinott  inlenfible  of  a  deviation  four  times 
greater  than  this;  and  yet  a  perfon  who  has  no  mufical 
ear  at  all,  can  execute  this  temperament  by  the  rules  of 
harmony  without  the  error  of  the  fortieth  part  of  a 
comma. 

For  this  moft  v.iliiable  piece  of  knowledge  we  are  in-  Beatinc 
debted  to  the  lale  Dr  Robert  Smith  of  Cambridge,  a  ■  f '"'•P^''- 
vcry   eminent   geometer   and  philofopher,   and   a  good  ^^    ^°' "" 
judge  of  niufic,  and  very  plealing  pertormer  on  the  or- 
gan and  harpficliord.     This  gentleman,  in  lils  DilTcrta- 
tion  on  the  Priiiciples  of  Harmonics,   publillicd  for  the 
firlt  time  in  1749,  has   paid   particular  attention  to  a 
phenomenon  in  coexillcnt  iounds,  called  a  beating.    This 
is  an  alternate  enforcementaiid  diminution  of  tiie  ftrengili 
of  found,  fomcthing   like  what  is  called   a  clofe  rtiake, 
but  differing  from  it  in  having  no  variation  in  the  pitch 
of  the  founds.      It  is  a  fort  of  undulation  of  the  found, 
in  which  it  becomes  alternately  louder  and  fainter.      It 
may  be  otten  perceived  in  the  iound  of  bells  and  muli- 
cal  glaffes,   and  alfo  in  the  founds  of  particular  ilrings. 
It  is  produced  in  this  way  :   Suppofe  two  unifons  quite 
perfeft  ;   the  vibrations  of  each  are  either  perfeftly  co- 
incident, or  each  puUe  of  one  lound  is  interpofed  in  the 
fame  fituation  between  each  pulfe  of  the  other.      In  ei- 
ther cafe  they  fucceed  each  other  witii  fuch  rapidity, 
that  we  cannot   perceive  them,  and  the  whole  appears 
an  uniform  found.     But  fuppofc  that  one  of  the  founds 
has  240  pulfes  in  a  fecond,  which  is  the  undulation  that 
is  produced  in   a  pipe  of  24  inches  long  ;   fuppofe  that 
the   other   pipe  is   only  23  inches  and  -r'sths  long.      It 
will  give    243  pulfes  in   a  lecond.      Therefore  the  ift, 
the  80th,  the  160th,  and   the  240th  pulfe  of  the  liril 
pipe  will  coincide  with  the  ift,  the  81ft,  the  i62d,  and 
the  243d  puUe  of  the  other.      In  the  incidents  of  coin- 
cidence, the  agitation  produced  by  one  pulfe  is  increafed 
by  that  produced  by  the   other.       The  commencement 
of  the  next  two  pulfes  is  feparated  a  little,  and  that  of 
the  next  is  feparated  ftill  more,   and  fo  on  continually  : 
the  dijlocations  of  the  pulfes,   or  their  deviations  from 
perfedt  coincidence,  continually  increafing,  till  we  come 
to   the  40th  pulfe  of  the  one  pipe,   which  will  com- 
mence  in    the   middle  of  the    41ft  pulfe  of  the  other 
pipe  ;  and  tiie  pullcs  will  now  biieft  each  other,  fo  that 
the  agitations  of  the  one  will  counteraft  or  weaken  thofe 
of  the  other.     Thus   the  compounded   found   will   be 
ftronger  at  the  coincidences  of  the  pulfes,  and  fainter 
when   they   bifed  each  other.     This  reinforcement  of 
found  will  therefore  recur  thrice  in  every  fecond.     The 
frequency  of  the  pulfes  are  in  the  ratio  of  a  comma,  or 
81  :  8d.     Therefore  this  conltitutes  an  unifun  imperj'eit 
by  a  comma.      If  therefore   any  circumftance  Ihould  re- 
quire that  thefe  two  pulfes  (hould  form  an  unifon  ini- 
perfeft  by  a   comma,  we  have  only  to  alter  one  of  the 
pipes,  till  the  two,  when  founded  together,   beat  thrice 
in  3  fecond.     Nothing  can  be  plainer  than  this      Nov^ 
let  us  fuppofe  a  third  pipe  tuned  an  exaft  fifth  to  the 
firft  of  thefe  two.    There  will  be  no  beating  obfervable  ; 
becaufe  the  recurrence  of  coincident  pulfes  is  fo  rapid 
as  to  appear  a  continued  found.     They  recur  at  every 
fecond  vibration  of  the  bafs,  or  120  times  in  a  fecond. 
4  O  *  But 
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Temperi-  But  now,  inftead  of  founding  tlie  third  pi 

"'.Sclle^of"'  the  firft,  let  it  found  along  with  the  fecond.      Dr  Smith 

demonftrates,  that  they  will  beat  in  the  fame  manner  as 

the  unilons  did,   but  thrice  as  often,   or  nine  times  in  a 

fecond.     When  therefore  the  fifth  C  g  beats  nine  times 

in  a   fecond,   we    know  that  it  ij  too  fharp  or  too  flat 

(very  neaily)  bv  a  comma. 

~  Dr  Smith    (liews,   in  like  manner,   what   number  of 

beats  are  made  in  aiiv  given  time  by  any  concord,   iin- 

the  fcicnce  pefft^ft  "i"  teinpered,  In  any  afligned  degree.     We  hum- 

and  prac-    bly  think  that  the  moll  inattentive  perfon  muft  be  fen- 

tice  of  mu-  lible  of  the  very  great  value  of  this  difcovery.      We  are 

w"h       obliced  to  call  it  his  difcovery.    Merfennus,  indeed,  had 
great  effea.         &  •'.  ,,•,••  ,-  ,1 

Pulfes  of     taken  particular  notice  or  this  undulation  ot  impertcct 

—  confonances,  a.id   had  oflercd   conjcchires   as   to   their 

—  _  caufe  ;  conjeftures  not  unworthy  of  his  great  inge- 
Z  ~  nuity.  Mr  Sauveur  alfo  takes  a  ftill  more  particular 
■"-  notice  of  this  phenomenon  *,  and  makes  a  mod  inge- 
*ip'"  nious  ufc  of  it  lor  the  folution  of  a  very  important  mu- 
1701  170J  '""-''^  problem  ;  namely,  to  determine  the  precife  num- 
1707,  and  ber  of  pulfes  which  produce  any  given  note  of  the  ga- 
I7'3'  niut.     His  method  is  indeed  operofe  and  delicate,  even 

a«  fimplified  and  improved  by  Dr  Smith.  The  follow- 
ing mav  be  fubftituted  for  it,  founded  on  the  mechanifm 
of  founding  chords.  Let  a  violin,  guitar,  or  any  fuch 
inftrument,  be  fixed  up  againft  a  wall,  with  the  finger. 
board  downward,  and  in  fuch  a  manner,  that  a  violin 
firing,  ftrained  by  a  weight,  may  prefs  on  the  bridge,  but 
hang  free  of  the  lower  end  of  the  finger-board.  Let 
another  ftring  be  (trained  by  one  of  the  tuning  pins  till 
it  be  in  unifon  with  fome  note  (fuppofe  C)  of  the  harp- 
liehord.  Then  hang  weights  on  the  other  firings,  till, 
upon  drawing  the  bow  acrofs  both  firings,  at  a  fmall 
diflance  below  the  bridge,  they  are  perfect  unifons, 
without  the  fmalleft.  beating  or  undulation,  and  taking 
care  that  the  preffure  of  the  bow  on  that  ftring  which 
is  tuned  by  the  pin  be  fo  moderate  as  not  to  affedl  its 
tenfion  fenlibly.  Note  exatlly  the  weight  that  is  now 
appended  to  it.  Now  increafe  this  weight  in  the  pro- 
portion of  the  fquare  of  80  to  the  fquare  of  81  ;  that 
is,  add  to  it  its  40th  part  very  nearly.  Now  draw 
the  bow  again  acrofs  the  ftrings  with  the  fame  caution 
as  before.  The  founds  will  now  beat  remarkably  ;  for 
the  vibrations  of  the  loaded  ftring  are  now  accelerated 
in  the  proportion  of  80  to  81.  Count  the  number  of 
undulations  made  in  fome  fmall  number  (fuppofe  10) 
of  feconds.  This  will  give  the  number  of  beats  in  a 
fecond  ;  80  times  this  number  are  the  fingle  pulfes  of  the 
loweft  found  ;  and  81  times  the  fame  number  gives  the 
pulfes  of  the  higheft  of  thefe  impterfeft  unifons. 

If  this  experiment  be  tried  for  the  C  in  the  middle  of 
'  our  harpfichords,  it  will  be  found  to  contain  240  pulfes 
very  nearly  ;  for  the  ftrings  will  beat  thrice  in  a  fecond. 
The  beats  are  beft  counted  by  means  of  a  little  ball 
hung  to  a  thread,  and  made  to  keep  time  with  the 
beats. 

Here,  then,  is  a  phenomenon  of  the  moft  eafy  ob- 
fervation,  and  requiring  no  (kill  in  mufic,  by  which  the 
pitch  of  any  found,  and  the  imperfeftion  of  any  con- 
cord, may  be  difcovered  with  the  utmoft  precifion  ;  and 
by  this  method  may  concordant  founds  be  produced, 
which  are  abfolutely  perfeft  in  their  harmony,  or  ha- 
ving any  degree  of  imperfeftion  or  temperament  that 
we  pleafe.  An  inftrument  may  generally  be  tuned  to 
perfect  harmony,  in  forae  of  its  notes,  without  any  dif- 
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pe  along  with     ficulty,  as  we  fee  done  by  every  blind  Crouder,     But  if  Tenip«fa. 
a  certain  determinate  degree  of  imperfeftion,  different "'•';'■' «'  'ht 
perhaps  in   the  different  concords,  be  neceffaiy  for  the     vj  c"^ 
proper  performance  of  mufical  compofitions  on  inftru-  ■  '  . 

ments  of  fixed  founds,  fuch  as  thofe  of  the  organ  or 
harpfichord  kind,  we  do  not  fee  how  it  can  be  diiputed 
that  Dr  Smith's  theory  of  the  beating  of  imperfect  con- 
fonances is  one  of  the  moft  important  difcoveries,  both 
for  the  practice  and  the  fclence  of  mvfic,  that  have  been 
offered  to  the  public.  We  are  inclined  to  coiifider  it 
a^  the  moft  important  that  has  been  madefiuce  the  days 
of  Galileo.  The  only  rivals  zre  Dr  Brook  Taylor's 
mechanical  demonftration  of  the  vibrations  of  an  elaftic 
cord,  and  its  companion,  and  of  the  undulations  of  the 
air  in  an  organ  pipe,  and  the  beautiful  invcftlgatiuns  of 
Daniel  Bernoulli  of  the  harmonic  foonds  which  fre- 
qtiently  accompany  the  fundamental  note.  Tne  mufical 
theory  of  Rameau  we  coniider  as  a  mere  whim,  not 
founded  in  any  natural  law;  and  the  theory  ot  the  grave 
harmonics  by  Tartini  or  Romieu  is  included  in  Dr 
Smith's  theory  of  the  beating  of  imperfect  conlonances. 
This  theory  enables  us  to  eiecute  any  harmonic  h  ftem 
of  temperament  with  precifion,  and  certainty,  and  eafe, 
and  to  decide  on  its  merit  when  done. 

We  are  therefore  furprifed   to  fee  thh  work  of  Dr 
Smith  greatly  undervalued,  by  a  moft  ingenious  gentle- 
man in  the  Philoiophical  Traniaftions  for  ibloo,  and  call- 
ed a  large  and  obfcure  volume,  which  leaves  the  matter 
juft  as  it  was,  and  its  refults  ufelefs  and  imprafticable. 
We  are  forry  to  fee  this  ;  becaufe  we  have  great  expec- 
tations from  the  future  labours  of  this  gentleman  in  the 
field  of  harmonics,  and  his  late  work  is  rich  in  refined 
and  valuable  matter.     We  prefnme  humbly  to  recom- 
mend to  him  attention  to  his  own  admonitions  to  a  ve- 
ry  young  and  ingenious  gentleman,   who,  he  thinks, 
proceeded  too  far  in   animadverting  on  the  writings  of 
Newton,   Barrow,  and  other  eminent   mathematicians. 
We  alfo  beg  his  leave  to  obferve,  that  Dr  Smith's  ap- 
plication of  his   theory  may  be   very  erroneous  (we  do 
not  fay  that  it  is  perfeft),  in  confequence  of  his  notion 
of  the  proportional  effefts  produced  on  the  general  har- 
mony by  equal  temperaments  of  the  different  concords.' 
But  the  theory  is  untouched  by  this  improper  ufe,  and 
(lands  as  firmly  as  any  propofition  in  Euclid's  Elements. 
We  are  bound  to  add  to  thefe  remarks,  that  we  have 
oftener  than  once  heard  mufic  performed  on  the  harp, 
fichord  defcribed  in  the  fecond  edition  of  Dr  Smith's 
Harmonics,  both  before  Ic  was  fent  home  by  the  maker 
(the  firll  in  his  profeflion),  and  afterwards  by  the  au- 
thor himfelf,  who  was   a  very  pleafing  performer,  and 
we  thought  its  harmony  the  fined  we  ever  heard.      Mr 
Watt,  the   celebrated   engineer,  and  not  lefs  eminent 
philofopher,  built   a  handlxime  organ   for  a  public   fo- 
ciety,  and,  without  the  lead  ear  or  relilh  for  mufic,  tu- 
ned  three  ottaves  of  the  open   diapafon  by  one  of  Dr 
Smith's  tables  of  beats,  with  the  help  of  a  variable  pen- 
dulum.    Signior  Doria,  leader  of  the  Edinburgh  con- 
cert, tried  it  in  prefence  of  the  writer  of  this  article,  and 
faid,    "  BellifTima — fopra   modo  belliffima!"      Signior 
Doria  attempted  to  fing  along  with  it,  but  would  not 
continue,  declaring  it  impoffible,  becaufe  the  organ  was 
ill-tuned.     The  truth  was,  that,  on  the  major  key  of 
E*,  the  tuning  was   exceedingly  different  from  what 
(he  was  accuftomed  to,  and  (he  would   not  try  another 
key.     We  mention  this  particular,  to  fhew  bow  accu-  ^ 

rately 
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Temptra-  rately  Mr  Watt  had  been  able  to  execute  the  tempera-     miift  be  adapted  to  one  (In'ii 
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meiit  he  intended; 

This  theory  ij  valuable,  therefore,  by  giving  us  the 
management  of  a  phenomenon  intimately  connefted 
with  liarmony,  and  affording  us  preciie  and  pradlicable 
meafares  of  all  deviations  from  it.  It  bids  fair,  for  this 
reafon,  to  give  vis  a  method  of  executing  any  fyllem 
of  temperament  which  we  may  find  reafon  to  prefer. 
But  we  have  another  ground  of  eftimation  of  this  theo- 
ry. By  its  afiidance,  we  are  able  to  afcertain  with  cer- 
tainty  and  precifion  the  true  untempered  fcale  of  mufic, 
which  eluded  all  the  attempts  of  the  ingenious  Greeks  ; 
and  we  determine  it  in  a  way  fuitcd  to  the  favourite 
mufic  of  modern  times,  of  which  almoft  all  the  excel- 
lencies  and  pleafurcs  are  derived  from  harmony.  We 
do  not  fay  that  this  Irjtal  innovation  in  the  principle  of 
mufical  pleafure  is  unexceptionable  ;  we  rather  think  it 
very  defective,  believing  that  the  thrilling  pleafures  of 
nuilic  depend  more  upon  the  melody  or  air.  We  ap- 
peal even  to  inftruSed  muficians,  whether  the  heart  and 
affeftions  are  not  more  affecled  (and  luilh  much  more 
dijlind  variety  of  emotion)  by  a  fine  melody,  fupported, 
but  not  obferved,  by  harmonics  judicioufly  chofen  ?  It 
appears  to  us  that  the  effect  of  harinony,  always  fdled 
up,  is  more  uniformly  the  fame,  and  lefs  toucliing  to 
the  foul,  than  fome  limple  air  fung  or  played  by  a  per. 
foiTner  of  fenfibility  and  powers  of  utterance.  We  do 
not  wonder,  then,  that  ihe  ingenious  Greeks  deduced 
all  their  rules  from  this  department  of  mulic,  nor  at  their 
being  fo  fatistied  with  the  pleafures  which  it  yielded, 
that  they  were  not  felicitous  of  the  additional  fupport 
of  harmony.  We  fee  that  melody  has  fuffered  by  the 
change  in  every  country.  There  is  no  Scotchman, 
Irifliman,  Pole,  or  Rufhan,  who  does  not  lament  that 
the  fkill  in  compofing  heart-touching  airs  is  degenera- 
ted in  his  refpeftivc  nation  ;  and  all  admire  the  produc- 
tions of  their  mufe  of"  the  days  that  are  pall."  They 
are  "  pleafant  and  mournful  to  the  foul." 

But  we  ftill  prefer  the  harmonical  method  of  forming 
the  fcale,  on  account  of  its  precilion  and  facility  :  and 
we  prefer  the  theory  of  beat?,  becaufe  it  alfo gives  us  the 
mojl  J'atisfaBory  fcale  of  melody  ;  and  this,  not  by  repeat- 
ed corrections  and  rccorreftions,  hut  by  a  direct  pro- 
cefs.  By  a  table  of  beats,  every  note  may  be  fixed  at 
once,  and  we  have  no  occafion  to  return  to  it  and  try 
new  combinations  ;  for  the  beatings  of  the  different  con- 
cords to  one  bafs  being  once  determined,  every  beating 
of  any  one  note  with  any  other  is  alfo  fixed. 

We  therefore  reqnell  the  reader's  patient  attention 
to  the  experiment  which  we  have  now  to  propofe.  This 
experiment  is  beft  made  with  two  organ  pipes  equally 
voiced,  and  pitched  to  the  note  C  in  the  middle  of  our 
harpfichords.      Let  one  of  th 

pipe,  its  pifton  being  made  extremely  accurate,  and  at 
the  fame  time  ealily  moved  along  the  pipe.  Let  the 
(hank  of  it  be  divided  into  240  tqual  parts.  The  ad- 
vantage of  this  form  of  the  experiment  is,  that  the 
founds  can  be  continued,  with  perfect  uniformity,  for 
any  length  of  time,  if  the  bellows  be  properly  con ftruCi- 
ed.  In  default  of  this  apparatus,  the  experiment  may 
be  made  witli  two  harpfichord  wires  in  perfeft  unifon, 
and  touched  by  a  wheel  rubbed  with  rofin  initead  of  a 
bow,  in  the  way  the  founds  of  the  vielle  or  hurdvgurdy 
are  produced.  This  contrivance  alfo  will  continue  the 
founds  uniformly  at  pleafure.     A  fcale  of  240  parts 
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and  numbered  from  that  Tcoipera- 
end  of  the  firing  wliere  the  wheel  or  bow  is  applied  to  •"'"■  "^^  ■''•' 
Great  care  muft  be  taken  that  the  (hiftin;;  of  the 
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moveable  bridge  do    not   alter  the  ilrain  on  the  wire.  ■  '  • 

We  may  even  do  pretty  well   with   a   bow  in  place  of 

the  wheel ;  but   the   found  cannot  be  long  held   on   in 

any  pitch.     lu  defcribing  the  phenomena,  we  Ihall  ra- 

tuer  abide  by  the  firing,  becaufe  the  numbers  of  the 

fcale,  or  length  of  tiie  founding  part  of  the  wire,  cor- 

refpond,   in    faft,  much  more  exactly  with  the  founds. 

The  deviations  of  the  fcale  of  the  pipe  do  not  in   the 

lealt  affedt  the  conclulions  we  mean  to  draw,  but  would 

require  to  be  mentioned  in  every  inflancc,  which  wouW 

greatly  complicate  the  procefs. 

Having  brought  the  two  open  firings  into  perfefl 
luiifon,  fo  that  no  beating  whatever  is  obferved  in  the 
confonance,  flide  the  moveable  bridge  flowly  along  the 
firing  while  the  wheel  is  turning,  beginning  the  motioa 
from  the  end  moll  remote  from  the  bow.  All  the  notes 
of  the  oiSave,  and  all  kinds  of  concords  and  difcords, 
will  be  heard  ;  each  of  the  concords  being  preceded 
and  followed  by  a  ruffling  beating,  and  that  fucceeded 
by  a  grating  difcord.  After  this  general  view  of  the 
whole,  let  the  particular  harmonious  flations  of  the 
bridge  be  more  carefully  examined  as  follows. 

I.  Shift  the  moveable  bridge  to  the  diviiion  120.     IfDetem.ina. 
it  has  been  exactly  placed,  we   fhall  hear  a  perfedt  oc-tionof  tfie 
tave  without  any  beating.      It  is,   however,   feldom  fo <"^ave,  and  . 
exaftly  fet,   and  we  generally  hear  fome  beating.     By'f*  .  , 

gently  fhifting  the  bridge  to  either  fide,  this  beating 
becomes  more  or  lefs  rapid  ;  and  when  we  have  found 
in  which  diredtion  the  bridge  mud  be  moved,  we  can 
then  flide  it  along  till  the  beating  ceafe  entirely,  and 
the  founds  coalefce  into  one  found.  We  can  fcarcely 
hear  the  treble  or  odave  note  as  diflinguifltable  from 
the  oafs  or  fundamental  afforded  by  the  other  firing. 
If  the  notes  are  duly  proportioned  in  loudnefs,  we  can- 
not hear  the  two  as  diflinCt  founds,  but  a  note  feem- 
ingly  the  fame  with  the  fundamental,  only  more  bril- 
liant. {^N.  B.  It  would  be  a  great  improvement  of 
the  apparatus  to  have  a  micrometer  fcrew  for  produ- 
cing thofe  fmall  motions  of  the  bridge.) 

Having  thus  produced  a  fine  oCtave,  we  can  now 
perceive  that,  as  we  continue  to  (hift  the  bridge  from 
its  proper  place,  in  either  direftion,  the  beating  be- 
comes more  and  more  rapid,  changes  to  a  violent  rat- 
tling flutter,  and  then  degenerates  into  a  moil  difagree- 
able  jar.  This  phenomenon  is  obferved  in  the  deviation 
of  every  concord  whatever  from  perfedt  harmony,  and 
mufl  be  carefuUy  kept  in  remembrance.  .5 

Before  we    quit  this  concord,  the  odtave,  produced  Harmony 
bv  the  bifeftlon  of  the  pipe  or  firing-   we  muft  obferve. ''"""'e 

^^  ^  -  'ttridtthaa.. 


at   leall  be  a  flopped     that,  with  refpedt  to  ourfelves,  the  oftave  c  c  mull  beat  n,j[(,(j„ 
'  ■  '  almoll  twice  in  a  fecond,  before  we  can  obferve  clearly 

any  mis-tune  in  it,  by  founding  the  notes  in  fuccefTion, 
or  as  fleps  in  the  fcale  of  melody.  We  never  knew  any 
ear  fo  nice  as  to  difcover  a  mis-tuning  when  it  beats  but 
once  in  three  feconds.  We  think  ourfelves  intitled 
therefore  to  fay,  that  we  are  infenlible  of  a  temperament 
in  melody  amounting  to  one-third  of  a  comma  ;  and  we 
never  knew  a  perfon  fenfible  of  a  temperament  half  this 
bulk. 

When  the  imperfeftion   of  the   o<Save  is  clearly  fen. 
fible  by  founding  the  notes  in  fucccffion,  it  is  extremely 
difagrecable,  fctling  like  a  ftruggk  or  endeavour  to  at- 
tain 
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tain  a  certain  note,  and  a  failure  in  the  attempt.     This  nut,  we  (hall  hear  the  heatlnjfs  return   again  ;  and  after   Tcnipfr* 

feL-ms  owing  to  the  famiJiar  fiiiiilarity  of  oftavtfs,  in  the  liuttering  and  degenerating'  to  ajarrinj  noifc,  by  a  very'"  "'"ftlv 

habitual  tallting  and  iingiiig  of  men  and   women   tugc-  Iniall    motion  of  the   bridge,   they  will  again  be  heard,     ivi"';,^"* 

ther.     But  when  the  notes   are   founded   together,  al-  will  grow  flower,  accompanied  with  a  fort  of  angry  ex-          ._!_ 

though  we  are  not  much  more  fenlible  of  the  imperfec-  prefTion,  and  will  ceal'e  entirely  when  the  bridge  reaches       hO 

tion  of  the  harmony  direftly,  .as  a  failure  in  the  fweet-  the  iy2d  divilioh  of  our  fcale.      Here  we  have  another '^"^'T'"' 

nefs  of  the  concord,  we  arc  very  fenfible  of  this  pheno-  concord  of  very  peculiar  character,  being  remarkably  [J','j 

inenon  of  beating  ;  and  any   perfon  who  can  diftinguilh  enlivening  and  gay.     Tliis    found  gives  perfeil  fat isfac- 

a  weak  found  from  a    llrongcr  one,  can  eafily  perceive,  tion  to  the  ear,  if  employed  as  the  third  llep  in  the  fcale 

in  this  indired  manner,   any  fraction  of  a  comma,  how-  of  melody,  being  the  note  wi  of  that  feiies,  at  leaft  in 

ever  minute.   This  makes  the  tuning  by  harmony  much  all  gay  or  cheerful  airs. 

more  exad  than  by  melody  alone.    It  is  alfo  much  more  VI.  As  we  move  the  bridge   from    192   to   200,  we 

accommodated  to  the   genius  of  modern    mufic.      The  hear  again  the  fame    beatings,  which,  in  the  immediate 

ancients   had  favourite   paflages,  which  were  frequently  vicmity  to   192,    have  a    peevilh   fretful  exprelfion,   in- 

introduced   into  their  airs,  and  they  were  folicitous  to  ftead  of  the  angi-y  wafpilli  cxpreffion  before  mentioned, 

have  thefe  in  good  tune.      It  appears  from  pafTages  in  When  the  bridge  has  palfed  that  fituation  whicli  prjdu- 

the  writings  of  Galen,  that  different  performers  excelled  ces  only  grating  difcordance,   we   hear   the  beatings  a- 

chiefly  in  their  Ikill  in  making  thofe   occafional   tempe-  gain,  and    they    become    flower,  and    ceafe   altogether 

raments  which  their  mufic    required.       Our    mufic   is  when  the  bridge  arrives  at    loo.      Here    we  have  an- 

much  more  ibid,  by  reafon  of  our  harmonic  accompa-  other  confonance,   which   muft   be  caflcd  a  concord,  bc- 

nyments,  which  are  an  abominable  noife  when  mis-tuned  cauie  it  is  rather  agreeable  than  otherwife,  but  ftrongly 

in  a  degree,  which  would  have  palfed  wn'th  the  ancients  marked  by  a  mournful  melancholy  in  the  exprefhon.   In 

for  very  good  mehidy.     Arilloxenus  fays,   that  the  car  the  fcale  of  melody,  it  forms  the  third  ilep  in  thofe  airs 

cannot  difcover  the  error  of  a  comma.  This  would  now  which  cxprefs  lamentation  or  grief.      It   is  called  the 

be  intolerable.  minor   third,  to  diilinguilh  it   from  the  laft   enlivening 

But    another   advantage  attends  our  method.     We  concord,  which,  being  a  larger  interval,  is  called  the  nja- 

obtain,  by  its  afiiltance,  the  moll  perfed  fcale  of  melo-  jor  tl/rd. 

dy  ;   perfed  in  a  degree  attainable  only  by  chance  by  It  is  well  known,  that  thefe  two  thirds  give   the   di-DefermiM-i 

the  Greeks.     This  is  now  to  be  our  buflnefa  to  un-  ftinguifliing  charaders  to  the  only  two  modes  of  mclo-"<"'of  t^e  j 

fold.  dious  compofition  that  are  admitted  into  modern  mufic.'             , 

II.  Set  the  moveable  bridge  at  158,  and  found  the  The  feries  containing  the  major  third  is  called  the  ma- 
two  Rrings.  They  will  beat  very  difagrceably,  being  jor,  and  that  containing  the  minor  third  is  called  the 
plainly  out  of  tune.  Slide  it  gradually  toward  160,  minor  mode.  It  is  worthy  of  remark,  that  the  fanatical 
and  the  beats  will  grow  flower  and  flower  ;  will  change  preachers,  in  their  conventicles  and  field  fermons,  affed 
to  a  gentle  and  not  unpleafant  undulation  ;  and  at  Kill,  this  mode  in  their  harangues,  which  are  often  diftindly 
when  the  bridge  is  at  160V  will  vanifli  entirely,  aiij  the  mulical,  modulating  entirely  by  inulical  intervals,  and 
two  founds  will  coalefce  into  one  fweet  concord,  in  keeping  the  whole  of  their  chaurit  in  fubordination  to 
which  neither  of  the  component  founds  can  be  dillin-  a  fundamental  or  key  note.  This  is  not  unnatural, 
guifhed.  If  the  found  given  by  the  flioit  itring  be  now  when  we  confidcr  the  general  fcope  of  their  dilcouifes, 
examined  as  a  ilep  in  the  Icale  of  melody,  it  will  be  namely,  to  inijine  melancholy  and  humiliating  thoughts, 
found  a  fifth  to  the  found  of  the  long  tiring  or  funda-  awakening  forrow,  and  the  like.  It  is  not  fo  eal'y  to 
mental  note,  perfetlly  fatisfadory  to  the  nicell  ear.  account  for  the  ul'ual  whine  of  a  beggar,  who  generally 
Thus  one  ftep  of  the  icale  has  been  afcertained.  craves  charity   in  the  major  third.      This  is  the  cafe,  at 

III.  Slide  the  bridge  flowly  along  the  llring.  The  leall,  in  the  northern  parts  of  this  ifland. 
beating  will  recommence,  will  become  the  flutter,  and  It  we  continue  to  ihift  the  bridge  Hill  nearer  to  the 
then  a  jarring  nolle  ;  and  viill  again  change  to  an  angry  end  of  the  llring,  we  ihall  hear  nothing  but  a  I'ucceflion 
flutter,  beating  about  eight  times  in  a  fecond,  when  the  of  vile  difcordant  noifes,  fomewhat  lefs  offenlive  when 
bridge  (lands  at  169  nearly.  Pulhing  it  Hill  on,  but  the  bridge  is  about  the  diviiions  213  and  216,  but  even 
very  flowly,  the  flutter  will  become  an  indidind  jarring  there  are  very  unpleafant. 

noife  ;  which,  by  continuing  the  motion,  will  again  be-  VII.   Let    us  therefore   change  our  manner  of  pro-r'et=rnn'"- 

come  a  flutter,   or   beat  about  fix  in  the  fecond.     The  ceeding  a  little,  and  again   place    the  bridge  at    1 60, ^'"j"  "  "'* 

bridge  is  now  about  17  r.  which  will  give  us  the  pleafing  concord  of  the  fifth.    In- 

IV.  Still  continuing  the  motion,  the  flutter  becomes  (lead  ol  pulhing  it  from  that  place  toward  the  nnt,  let 
a  jarring  noife,  which  continues  till  the  bridge  is  near  it  be  moved  toward  the  wheel  or  bow.  Without  re- 
to  I  So,  when  the  rapid  flutter  will  again  be  heard,  peating  what  we  have  faid  of  the  appearance  of  the 
This  will  become  flower  and  (lower  as  we  approach  to  beatings,  their  acceleration,  and  their  degenerating  in- 
180;  and  when  the  bridge  reaches  that  point,  all  beat-  to  a  jarring  difcord,  to  be  afterwards  fucceeded  by  an- 
ing  vaniflies,  and  we  have  a  foft  and  agreeable  concord,  other  beating,  &c.  &c.  we  (hall  only  obferve,  that  when 
but  far  inferior  to  the  former  concord  in  that  cheering  we  place  the  bridge  at  150,  we  have  no  beatings,  and 
fweetnefs  which  charaderifes  the  fifth.  When  this  note  we  litar  a  confonance,  which  is  in  a  flight  degree  plea- 
is  compared  with  that  of  the  fundamental  ftring  as  a  fant,  and  may  therefore  be  called  a  concord.  It  has  the 
ftep  in  the  fcale  of  melody,  it  is  found  to  correfpond  to  other  marks  of  a  concord  which  we  have  been  making 
the  note /a,  or  the  fourth  ftep  in  the  fcale,  and  in  that  fo  much  ufe  of;  for  the  beatings  recommence  when  we 
employment  to  give  complete  fatisfadion  to  the  ear.  fltift  the  bridge  to  either  fide  of  150.     This  note  makes 

V.  Still  advancing  the  moveable   bridge  toward  the  the  fixth  ftep  in  the  defcending  fcale  of  mournful  me- 

lody ; 
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rempfri    lody  ;  that  is,  when  we  are   palTinp  from   the  acute  to     of  this  difFercncc  :  There  was  a  great  fimplitity  in  theTcmpfr 
nentdf  the  (j,j,  g^jy^r  notes,  with  the  intention  of  putting  an  em-     voice  parts  :   the   fyllables    were  not   drawled   out   into'"™"''^ '^' 
^■^r  nl      phafis  on  the   third    and   the  fundamentah      A'  "      ' 


Miilic. 


Scale  of 
Mufic. 


SJ 


5? 
haraiflers 
the  dif- 
reiit  con- 
rdi. 


Si' 


Ahhough  long  nuiGcal  jjhrafes,  but  pronouncid  nearly  accordinir 
not  eminent  as  a  concord  with  the  fundamental  alone,  to  their  proper  quantities  ;  fo  that  the  fcntiment  of  the 
it  has  a  muft  pleafing  effeft  when  iillentd  to  in  fnhor-  Ipeaker  was  exjjrefTed  with  all  the  force  of  good  de- 
dination  to  the  whole  ferics,  or  when  founded  along  clamatioii,  and  the  harmony  of  the  acoompanyment  then 
with  other  proper  aceompanyments  of  the  fundamental,  ilrengthened  the  appropriate  effedl  of  the  melody.  We 
Vni  Placing  the  bridge  at  144,  we  obtain  another  mean  not  to  eftcr  thcfc  obfrrvations  as  of  much  autho- 
)ctermlna- very  plcafing  concord,  diffuing  in  its  expreflion  from  rity,  but  merely  to  mention  fome  fadts,  and  to  affien 
ion  ot  the  ^^^  ^f  ^1,^.  foregoing.  We  find  it  diflicidt  to  exprcfs  what  we  felt  to  be  their  caufes,  in  order  to  promote,  in 
its  charaftcr.  It  ii  greatly  inferior  to  the  fifth  In  fweet-  fome  degree,  however  infignificant,  the  cultivation  of 
nefs,  awl  to  the  major  third  in  gaiety,  but  fcems  to  mulical  fcience.  With  this  vitw,  we  venture  to  fay 
polTefs,  in  a  lower  degree,  both  of  thefe  qualities.  In  that  fome  of  the  belt  conipnfitlons  of  Knapp  of  York 
the  fcale  of  cheerful  melody,  it  is  tlic  lixth  note,  which  uniformly  afFert  us  more  than  the  more  admired  anthems 
we  have  dillinguifhed  by  the  fyllible  la.  It  is  alio  uied  ot  Bird  and  Taliis.  A  cadence,  which  Knapi)  (jives 
even  in  mournful  melody,  when  we  are  afcending,  with  almoft  entirely  to  the  melody,  is  laboured  by  Bird  or 
the  intention  of  doling  with  tlie  oftave.  Taliis  with  all  the  rules  of  art  ;   and   you  have  its  cha- 

^6  In  fliifting  the    bridge  from   14410   120,   we  obtain     ratters  of  perfed  or  imperfect,  full  or  difappointed,  ca- 

cale  ot"  the  nothing  but  dilcordant,  or  at  lead  difagreeable  confo-  denccs,  and  fucli  an  apparatus  of  preparation  and  re- 
pper  oc-  nances.  And,  laftly,  if  we  move  the  bridge  beyond  folution  of  difcords,  that  yon  forefee  it  at  the  diftance  of 
120,  to  divifions  which  are  refpeflively  the  halves  of  feveral  bars,  and  then  the  part  afligned  to  the  voice 
thofe  numbers  which  produced  the  concords  already  feems  a  very  trifle,  and  nierely  to  fill  up  a  blank  in  the 
treated  of,  we  obtain  the  fame  fteps  in  the  fcale  of  the  harmony.  Such  compolitions  fmell  of  the  lamp,  and 
upper  oftave.  Thus  if  the  bridge  be  at  80,  we  have  fail  of  their  purpofe,  that  of  charming  the  learned  c?lt. 
the  fifth  to  the  oftave  note,  or  twelfth   to  the  funda-     But  enough  of  this  digrefTion. 

mental.     If  it  be  at  Co,  we  obtain  the  double  o6tavc,         Thus  have  we  found  a  natural  relation  between  cer- 
&c.  &c.  &c.  tain  founds  ftrongly  marked  by  very  precife  charadiers. 

We  have  perhaps  been  rafh  in  affixing  certain  moral  The  concordance  of  found  is  marked  by  theabfenceof 
or  fentimental  charafters  to  certain  concords;  for  we  all  undulation,  and  the  deviations  from  this  harmony  are 
have  feen  inflances  of  perfons  who  gave  them  different  fhevvn  to  be  meafurable  by  the  frequency  of  thofe  un- 
denominations  ;  but  thefe  were  never  contradiftory  to  dulations.  We  have  alfo  found,  that  the  notes,  which 
ours,  but  always  expreflcd  fome  lentiment  allied  to  that  are  thus  harmonious  along  with  the  fundamental,  are 
which  we  have  affigned.  We  never  met  with  an  in-  fteps  in  the  fcale  of  natural  mullc  (for  we  muft  ac- 
ftance  of  a  perfon  capable  of  a  little  dilcriminatiiig  re-  knowledge  melody  to  be  the  primitive  mufic,  diftated 
fleftion,  who  did  not  acknowledge  a  manifeft  fentimen-  by  nature).  We  have  got  the  notes — do  — mi,  fa,  /hi 
tal  diftinftion  among  the  different  concords  which  could  la  —  do,  afcertained  in  a  way  that  can  no  longer  be  mif- 
iiot  be  confounded.  We  doubt  not  but  that  the  Greeks,    taken. 

a  people  of  exquifite   fenlibility  to   all  the  beauties   of         Let  us  now  examine  what  phy  Ileal  or  mechanical  re-       .^''1, 
tafte  and  fentiment,  paid  much  attention  to  thefe  cha-     lations  thefe  founds  Hand  into  each  other.      Our  mono-i  ^"°'    fo 
raders,  and  availed  themfelves  of  them  in  their  compo-    chord  gives  us  the  lengths  of  the  filings  ;  and  the  dif. thecon 
litions.      We  do  not  think  it  at  all  unlikely,  that  great-     covery  of  Galileo  fhews  us,  that  thefe  are  alfo  the  du- cords,  &c. 
er  efFefts    have   been   produced  by  their  mullc,   which     rations  of  the  aerial  pulfes  which  produce  the  fenfations 
was  ftudied  with  this  exprcfs  view,  than  have  ever  been     of  mulical  notes.      Their  ratios  may  therefore  be  truly 
produced  by  the  modern  mulic,  with  all  the  addition  of    called  the  ratios   of  the  founds.      Now  we  fee  that  the 
harmony.      We  have   allowed   too  great  a  fhare  of  our     ftrings  which  produce   the   founds  do  fol  are  240  and 
attention  to   mere   harmony.     Our   great   authors   are     160.      Thefe  are  in  the  ratio  of  3  to  2.      In  this  man- 
much  lefs  iolicitous  to  compofe  an  enchanting  air,  than     ner  we  may  ftate  all  the  ratios    obferved  in  our  expert- 
to  conftruft  a  full  fcore  of  rich  and  well  condufted  har-     ment,  wa. 

mony.      We  do  not  profefs  to  be  nice  judges  in  mulical     Do  :  mi  have  the  ratio  of  240  to  lQ2,orofct04 
compofition,  but  we  may   tell  what  we  ourfelves  expe-    Do  :  fa 
rience.     Wc  find  our  minds  worked  up  by  a  continu-     Do  :  fnl 
ance  of  fine  harmony   into  a  general  fenlibility  ;   into  a     Do  :  la 
frame  of  mind  which  would  prepare  and  fit  us  for  re-     Mi  :  fol 
ceiving  ftrong  imprefTions  of  moral  fentiment,  if  thefe     Fa  :  fol 
■were  diftinftly   made.      But   we  have   llldom  felt  any     Sol  :  la 
diftindl  emotions  excited  by  mere   inftrumental  mulic.     Mi  -.fa 

And  when  the   harmonies  have  been  merely  to  fupport  Here  we  get  the  fight  of  all  the  ratios  which  the  in- 

t he  performance  of  a  voice,  the  words  have  been  either  genious  and  unwearied  fpeculations  of  the  Greek  ma- 
fo  frittered  by  mufical  divifions,  as  to  become  in  fome  thematicians  enlifted  into  the  fervice  of  mufic,  without 
meafure  ludicrous  —  or  have  been  fo  indillinft,  and  made  being  able  to  give  a  good  reafon  why.  The  ratio  5  :  4, 
fo  trifling  a  part  of  the  mufic,  that  there  was  nothing  which  their  failidious  metaphyficiansrejefted,  and  which 
done  to  give  a  particular  fhape  to  the  moral  impreflion  others  wilhed  to  introduce  from  motives  of  mere  necef- 
on  our  mind.  We  have  generally  been  ftrongly  afFeft-  fity  to  fill  up  a  blank,  is  pointed  out  to  us  by  one  of 
ed  by  fome  of  the  anthams  which  were  in  vogue  in  for-  the  fineft  concords.  The  interval  between  the  fourth 
»cr  times ;  and  we  think  that  we  perceived  the  caufe    and  fifth  is,  very  fortunately)  a  ftep  of  tfae  fcak, . 
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The  next  flcp/V  la  is  more  important.  For  tlie  ear  re  a  major  tone,  ar.d  other  fytkms  make  it  miiior.  E- Tempera 
for  melody  would  have  bcm  very  well  iV^ti^^led  with  an  ven  in  modern  times  it  has  been  confidered  as  uncertain  ;m«r.tcft 
interval  equal  to  j'aJoU  or  9  :  8  ;  but  if  the  moveable  and  the  only  reafon  which  we  have  to  offer  for  a  prefer-  ^"'^  " 
bridge  be  fet  at  the  divil'ion  142I,  correfpondlng  to  encc  of  the  major  tone  for  the  firft  fiep  is,  that,  fo  far  as 
fuch  a  ftep,  we  fliould  have  a  very  offenlive  flutter-  we  can  jud^'e  by  our  own  feelings,  the  founds  in  the  re- 
ing.  It  is  reafonable  therefore  to  coriclnde,  from  ana-  lation  of  9  :  8  are  lefs  difcordant  than  founds  in  the  re- 
logy,  that  the  interval  70/  la  does  not  correfpor.d  to  lation  of  10  :  9,  and  becaufe  all  the  other  ftcps  have  been 
the  ratio  9:8;  and  that  10:9,  which  is,  at  leail,  determined  by  means  of  concords  with  the  key.  Were- 
equally  fatisfaftory  to  the  ear,  is  the  proper  ftep,  even  fer,  for  a  more  particular  CKaininatiun  of  the  principles 
in  the  fcale  of  melody.  If  we  confider  what  may  be  on  which  thefe  anangements  are  valued,  to  Dr  Smith's 
called  the  fcale  of  harmony,  there  is  no  room  kft  for     i/drm/j/i/V/,  Prop.  I.  w'here  he  (hews  how  one  is  preferable 

to  another,  in  proportion  as  it  affords  a  greater  number 
of  perfeft  concords  among  tlie  neighbouring  notes, 
v.'hich  is  the  favourite  object  in  all  modern  mufic.  Upon 
tliis  principle  our  arrangement  is  by  far  the  bell,  becaufe 
it  admits  five  more  concords  in  the  odfave  than  the  o- 
ther.    But  \vc  have  confidered  the  fubjeCl  in  a  difftrent 


doubt.  To  enjoy  the  grcateft  poffible  plcafure  of  har 
mony,  we  muft  not  only  take  each  note  as  it  is  related 
to  the  fundamental,  but  alfo  as  it  is  related  to  other 
notes  of  the  fcale.  It  may  chance  to  be  convenient  ti 
aflTume  for  the  fnndamental  of  our  occafional  fcale  of 
modulation,  the  firing  of  the  lyre  which  is  tuned  asy"^ 


61 

Betermina' 
tion  of  the 
Vllth. 


to  Its  proper  fundamental ;  or  it  may  increafe  the  har- 
mony (and  we  know  that  it  does),  if  we  accompany  the 
note  do  with  both  of  the  notesyW  and  la.  To  have  the 
fine  concord  of  the  maj.or  third,  it  is  neceflary  that  the 
intervalyi  la  be  equivalent  to  the  ratio  5  :  4.  How  fa 
is  180,  and  5:4=  180  :  144.  Therefore,  by  making 
the  Rep  fol  la  equal  to  9  :  8,  we  fliould  lofe  this  agree- 
able concord,  and  get  difcord  in  its  place. 

And  thus  is  evinced,  in  oppolition  to  Ariftoxenus, 
the  propriety  of  having  both  a  major  and  a  minor  tone  ; 
the  firft  exprcffed  by  9  :  8,  and  the  laft  by  10  :  9.  The 
difference  between  thefe  fteps  is  the  ratio  81  :  80,  called 
a  comma  by  the  Greek  theorifts. 

We  flill  want  two  ifeps  of  the  fcale,  and  two  founds 
or  notes  correfpondlng  to  them,  namely  re  and Jl ;  and 
we  wirti  to  eilablifli  them  on  the  fame  authority  with 
the  reft.  We  fee  that  this  cannot  be  done  by  a  con- 
cordance with  the  fundamental  do.  The  ear  fufUcient- 
ly  informs  us  that  the  fteps  do  re  and  la/i  muft  be 
tones,  and  not  femitones,  like  mi  fa.  The  fenfible  fimi- 
larity  of  the  two  tetrachords,  do  re  mi  fa  and  fol  laji  do, 
alfo  teaches  lis  that  the  ftep^;  do  fliould  be  a  fcmitone 
like  mi  fa.  This  feems  to  be  all  that  mere  melody  can 
teach  us.     But  we  have   little  information  whether  we 


manner,  merely  to  avail  ourfelves  of  the  phenomenon  by 
which  all  the  tfeps,  except  one,  feem  to  be  naturally 
afcertained,  and  by  which  the  connexion  between  har- 
mony and  melody  feems  to  be  pointed  out  to  us. 

It  will  be  convenient  to  repreient  the  tones  major 
and  minor  and  the  hemitone,  by  the  fvmbols  T,  /,  and 
H.  Alfo  to  mark  the  notes  by  the  Roman  numerals, 
or  by  cyphers  according  as  they  are  the  extremes  of 
major  or  minor  intervals.  By  this  notation  the  ottave 
may  be  reprefented  thus: 


6i 


VI  vri  VIII IX  X  &c. 


The  reader  will  remark,  that  the  primary  divifions 
which  we  affigned  to  the  reprefentation  of  an  oftave  in 
fig.  I.  by  the  circumference  of  a  circle,  are  in  conformi- 
ty to  this  Ptolemaic  partition  of  the  oiftave.  He  will 
alfo  be  fenfible,  that  the  divifion  into  five  equal  mean 
tones  and  two  equal   hemitones,  which  is  e.^preffed  by 


fhall  make  lafi  a  major  or  a  minor  tone.      If  we  copy     the  dotted  lines,  agreeing  with   the  Ptolemaic  divifion 


the  tetrachord  d'j  re  nu  fa  exactly,  we  Ihall  make  the 
ftepy?  do  like  mi  fa,  and  equivalent  to  the  ratio  16  :  15. 
This  requires  the  moveable  bridge  to  be  placed  at  128. 
The  found  produced  by  this  divifion  is  perfeelly  fatis- 
fatlory  to  the  ear  as  a  ftep  of  the  fcale  of  melody. 
Moreover,  our  fatisfadlion  is  not  confined  to  the  com- 
paril'on  of  it  with  the  note  do,  into  which  we  Aide  by 
this  gentle  ftep.  It  makes  agreeable  melody  when  ufed 


only  at  C  and  E,  is  effefted  by  bifefting  the  arch  CE; 
and  therefore  the  deviation  of  the  found  fubftituted  for 
the  Ptolemaic  D  is  half  the  difterence  of  CD  and  DE, 
that  is,  half  a  comma.  The  deviations  therefore  at  F, 
G,  A,  and  B,  are  each  a  quarter  ot  a  comma. 

It  is  well  known,  that  if  the  logarithm  of  the  length  Lorarith 
of  one  firing  be  fubtrafted  from  that  of  another,  the  mic  mea 
difference  is    a    meafure  of    the  ratio  between    them.f'Jr^."'.' f 
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as  the  third  to  the  note  fol.     If  we  examine  it  mathe-     Therefore  30103  is  the  meafure  of  the  mufical  interval"^"  ?^ ' 
matically,  we  find  it  a  perfeft  major  third  to  fol ;  forfol    called  the  oftave,  and  tUen  the  meafures  of  the 
requires  the  1 60th  divifion.     Now    160  :  I  28  =:  5  :  4,  ~ 

which  is  the  ratio  of  the  pulfes  of  a  major  third.  All 
thefe  realons  feem  enough  to  make  us  adopt  this  deter- 
mination of  the  note^. 

It  remains  to  confider  how  we  fhall  divide  the  inter- 
val do — mi.  It  is  a  perfeft  major  third.  So  Is^a  la, 
and  fo  isfolji.  But  in  the  firft  of  thefe  two,  we  have 
fecn  that  it  muft  be  compofed  of  a  inajor  tone  with  a 
minor  tone  above  it;  and  in  the  fecond  we  have  a  minor 
tone  folloki'cd  by  a  major  tone  above.  We  are  left  un- 
certain therefore  whether  do  re  fhall  refembleyi  la  or 
folfi  in  the  pofition  of  its  two  parts       Ariftoxenus  and 

his  followers  declared  the  ear  to  be  equally  pleafed  with         This  is  a  very  convenient  circumftance.     If  we  take 
both.     Ptolemy's  Sterna  Diatonicum  Intenfum  mekes  do     only  the   four  firft   figures  as  integers,  and  make  the 

oftave 


Comma 

540  or 

54 

Hemitone 

.    J  80.? 

280 

Minor  tone 

457(5 

458 

Major  tone 

•      5"5 

5«2 

3d          .      .    . 

•      79>8 

792 

Illd 

.  9691 

969 

4th 

•   12494 

1249 

Vth       . 

.    17609 

]  761 

6th 

.       20.JI2 

2041 

Vlth      . 

•       22185 

2219 

VlUh 

27300 

2730 

Vlllih 

.^0103 

3010 

u:it  of  the 
«.Cile  ot 
Mulic. 
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odav?  confift  of  3010  parts,  we  have  a  fcale  more  cxaft     ^^^^j  .^ 


<4 


than  the  niccll  hdrmony  requires,  'i'he  circumference 
of  a  circle  may  be  fo  divide  J  into  301  degrees,  and  tlie 
moveable  circle  have  a  nonius,  fnbdividing  each  into  10 
Or  it  may  be  divided  into  55,8  degrees,  each  of  which 
will  be  a  comma.  Either  of  thele  divifioiis  will  make 
it  a  mod  convenient  inftrument  for  expeditioully  exa- 
mining all  temperaments  of  the  fcale  that  can  be  propo- 
fed.  Or  a  llraight  line  may  be  fo  divided,  and  repeat- 
ed thrice.  Then  a  fliding  ruler,  divided  in  liie  fame 
manner,  and  applied  to  it,  will  aiifwer  the  fame  purpofe. 
We  (hall  fee  many  ufeful  employments  of  thefe  inflrii- 
ments  by  and  by. 

Having  thus  endeavoured  to  communicate  fome  plain 
notion  of  the  formation  and  fmgular  nature  of  that  gra- 
dation of  founds  which  produces  all  the  plealures  of 
mufic,  and  of  the  manner  of  obtaining  the  Heps  ot  this 
gradation  with  certainty  and  preciiion,  we  proceed  to 
r.onfider  how  thofe  mufical  paffages  may  be  performed 
on  fuch  keyed    inilruments  as  the  organs  and  liarph- 


it    be 
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tempered    ilat,  then  li   z=    — — 


'  ^  "  ^      (Smith's  Harm.  2d  edit.  p.  82,  &c.) 
i6r  p  —  7 

It  is  impofilble,  therefore,  to  have  perfcdl  Vths  and 
perfeft  Illds  at  the  fame  time.  And  it  will  be  found, 
that  the  3d  f  _f  refulting  from  this  procefs,  and  the  Vlth 
c  a,  are  llill  more  difcordant,  rattling  at  no  intolerabh 
rate.  Now  the  major  and  minor  thirds,  alternately 
fuccetding  each  other,  torni  the  greatcfl  part  of  our  har- 
monies ;  and  tiie  Vlth  is  alio  a  very  frequent  accom- 
panyment.  It  is  neceffary  therefore  to  facrifjce  fomc- 
v.'liat  of  the  perfedt  harmony  of  the  Vths,  in  order  that 
we  may  not  be  diigulled  with  the  difcord  of  thofe  other 
linrmonies:  and  it  is  this  mutud  accommodation,  and 
not  the  changes  made  neceffary  by  the  iiitrodudtion  of 
intercalary  notes,  which  is  properly  called  tempera- 
MENT.  It  will  greatly  affilt  us  in  uiiderftandmg  the 
eifccts  of  the  temperaments  of  the  different  concords,  if 


,  orinent  of  the 

Scale  of 
Mufic. 


we  examine  all  the  divifions  of  the  circular  rcprefenla- 
chords,  as  they  are  now  conilruded.  Thefe  mllruments  j;^_j  ^^r  ^^^  ^q^^^^  ^^^^  mulical  fcale  given  in  fig.  i.  by 
have  twelve  founds  and  mtervals  m  every  oaave,  in  or-  pijj.;,,^  ^^^  ;,,^^^  ^f  jj,^.  moveable  circle  on  that  note  of 
der  that  an  air  may  be  performed  m  any  pitch;  that  is,  j[,g  q^,^^  ^Jj.^,^  j-^j.  ^.^^^^  ^^^  ^^^^^  ^,,^.  ,„.„p^,.  i,armo- 
taking  any  one  of  the  founds  as  a  key  note.  It  is  plain  ^;^,^  or  accompanyments,  which  are  either  the  Illd 
that  this  cannot  be  done  with  accuracy;  for  we  have  now  ^^^j  y^j^^  ^^  j,,^  ^^j,  ^^j  y j^j^^  -^y^  j,^^,i  jj^^g  j^.^^,,^ 
leen  that  the  interval  mi  fa  is  bigger  than  half  of  do  if  j„  j,,^.  ^^^  p,,^.^^  j,,^  deviations  of  the  different  perfeA 
or  re  mi.  Sec.  and  therefore  the  intercalary  found  for-  ^^j^,  '^f  jj^^,  ^^-^Ae  from  the  notes  required  for  this  new 
merly  mentioned  to  be  inferted  between  C  and  D,  D  f„„aamental;  and  we  muft  then^lludy  what  effeft  the 
and  E,  &c.  will  not  do  mdifcrimmately  for  the  fliarp  of  f^^^  temperament  produces  on  the  agreeablenefs  of  the 
the  foun^d  below  and  the  flat  of  Uie  found^above  it.     harmony  of  different  concords  having  the  fame  bafs  or 

the  fame  treble,  taking  it  for  granted  that  the  hurt  to 


,  'hy  tern- 
rament 

ctlT.iry. 


When  the  tones  are  reduced  to  a  mean  fize,  the  ear  is 
fcarcely  fenfible  of  the  change  in  melody,  and  the  har- 
mony of  the  fifths  and  fourths  is  not  greatly  hurt.  But 
when  the  half  notes  are  inferted,  and  employed  to  make 
up  harmonious  intervals,  as  recommended  by  Zarlino, 
the  harmony  is  very  coarfe  indeed. 

But  we  Biull  make  the  reader  fenfible  of  the  neceffity 
of  fome  temperament,  even  independent  of  thofe  arti- 
ficial notes.     Therefore 


the  harmony  of  any  individual  concord  is  proportional 

to  its  temperament.  g.. 

It  is   in  this  delicate  department  of  mufical  fcience  How  this 

that  we  think  the  great  merit  of  Dr  Smith's  work  con-nwy  be  ob- 

fifts.     We  fee  that  the  deviation  from  perfeA  harmony ""'"f    ,'^ 
,  ■    ,       •  ,    ,  J    •  r         1       the  beats, 

is  always  accompanied  with  beats,  and  increales  when 

they  increafe  in  frequency — whether  it  increafes  in  the 


fame  proportion   may  be  a  quelh'on.     We    think   that 
Let^he  fcholar  tune  upwards  the  four  Vths  cg,gd,     pr  Smith's  determination  of  the  equality  of  imperfeft 


d  a,  a  e,  all  perfeft,  admitting  no  beating  whatever. 
This  is  eafily  done,  either  with  the  organ  or  the  wheel 
monochord  already  defcribed.     Then  tune  downwards 

the  perfeft  oftaves  e  e,  e  e.  Now  examine  the  Illd  c  e 
which  refults  from  this  j^rocefs.  If  the  inftrument  be 
of  the  pitch  hitherto  fuppofed  (c  making  240  pulfes  in 
a  fecond,)  this  Illd  will  be  heard  beating  15  times  in 
a  fecond,  which  is  a  difcordance  altogether  intolerable, 
the  note  e  being  too  (harp  in  the  ratio  of  81  to  80, 
which  makes  a  comma.     It  is   eafily    found,  by  calcu- 


harmony  in  his  13th  propofition,  includes  every  mathe- 
matical or  phyfical  circumftance  that  appears  to  have 
any  concern  in  it.  What  relates  immediately  to  our 
fenfations  is,  as  yet,  an  impenetrable  fecret.  The 
theory  of  beatS;  as  delivered  by  this  author,  affords 
very  eafy,  though  fometimcs  tedious,  methods  of  mea- 
furing  and  of  enfuring  all  the  varieties  which  can  ob- 
tain in  the  beating  of  imperfeft  confouances.  It  ap- 
pears to  us  therefore  very  unjufl  to  fay,  with  the  late 
writer  in  the  Philofophical  Tranfactions,  that  this  ob- 
fcure  Volume  has  left  the    matter  where  it  found  it. 


lation,  that  e  makes  303I:  pulfes,  inllead  of  300,  required     r^^^  ^^^^^^^  j^^^     -^  ^^  ^^^,-^,^  principles,  although  he 


for  the  Illd  to  c. 

N.  B.  It  may  not  be  amifs   to  inform  our  readers, 

that  if  any  concord,  whofe  perf6ft  ratio  is  —    [m  being 

n 

the  greatefl  term  of  the  fmalleft  integers  exprefling  that 


may  have  been  millakcn  in  the  application ;  which  how- 
ever we  are  far  from  affirming.  Our  limits  will  not 
allow  us  to  give  any  account  of  that  theory  ;  and  in- 
deed our  chief  aim  in  the  prefent  article  is  to  give  a 
method  of  temperament  which  requires  no  fcientific 
knowledge  of  the  fubjeft.  But  we  could  not  think 
.  of  lofing  the  opportunity  of  communicating,  by  the 
ma,  and  if  M  and  N  be  the  pulfes  made  by  the  acute  way,  to  unlearned  pcrfons,  fome  more  diftinft  notions 
and  grave  notes  of  the  concord  during  any  number  of  of  the  fcale  of  mufical  founds,  and  of  its  foundation  in 
feconds,  the  number  b  of  beats  made  in  the  fame  time  nature,  than  fcholars  ufually  receive  from  the  greater 
_27mN  2ynM         number  of    mere  mufic  mailers.     The  acknowledged 

""^  '      conneftlon  of  the  mufical  ratios  with  the  pleafures  of 


ratio),  be  tempered  fharp  by  the  fraftion  1-    of   a    com- 


by  this  concord  will  be 
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Tempera-  harmony  and  melody,  has  (we  iiope)  been  employed  in 
ment  of  the  ^,,  ^.^f^  ^^j  j^^^  obfcure  manner;  and   the    phenomena 
^Mufic.     whiL-h  ue  have  faithfully  iiairated,  fhew  plainly  that,  by 
<        y        I  diminifliing  the   rattling  undulations  of  tempered  con- 
cords, we  are  certain  of  improving  the  harmony  of  our 
inftruments.     We  fhall   proceed  therefore  on  tliis  prin- 
ciple for  the  ufe  of  the  mere  performer,  but  at  the  fame 
time  introducing  feme    very    fimple  deduflions     from 
Smith's  theory,   for  which  we  expeft  the  thanks  of  all 
fuch  readers  as  wifii  to  fee  a  little  of  the  reafons  on  which 
g3         they  are  to  proceed. 
Method  in        The  experiment,  of  winch  we  have  juft  now  given  an 
proflice.      account,  Ihews  that   four  confecutive   fifths  compofe  a 
greater  interval  than  two  ortavcs  and  a  major   third. 
Yet,  in  the  cbnftruftion  of  our  mulical  inftruments- of 
fixed  founds,   they  muft  be  confidered   as  of  equal  ex- 
tent ;   fince  we   have  7  half  intervals  in   the  Vth,  and 
12  in  the  oftave,  and  four  in  the  llld,  four  Vths  con- 
tain 2?,  and  two  oftaves  contain  24  ;  and  thefe,   with 
the  four  which  compofe  a  I  lid,   make    alfo    28.      It  is 
plain,   therefore,  that  whatever  we   do  with  the  Illds, 
we  mull  leifen  the  Vths.      If  therefore    we    keep   the 
Illd  perfect,  we  miijl  leiTen   each  of  the  Vths  by  ^^th 
of  a  comm.i  ;  for  we  learned,  by  the  beating  of  the  im- 
perfeft  111  J  ce,  that  the  whole  exccfs  of  the  four  Vthi 
■was  a  comma.     Therefore  the  Vth  c  :^  muil  be  flatten- 
ed  jth  of  a  comma.      But  how  is  this  to  be  done  with 
accuracy  .'   Recollect  the    formula    given   a  little  atro, 
where  the  number  of  heats  b  in  any  number  of  feconds 

2crmN  T.L  r.       r 

J3  =:  i In  the  preient  cale  <i  z=   I,  in  =:  -?, 

•^  —   240  per  fecond,  and/  =:  4.     Therefore  the  for- 

mMlo  •         2  X  ^  X  240         1443  •        r  , 

mulais  =  ■       ■•         ^-  =  -ii-=  2,2!  in  a  fecond,  or 

161  X4-+-1         645  ^ 

g  beats  in  four  feconds  very  neaily. 

In  like  manner,  the  next  Vth  o-  d  muft  be  flattened 
^th  of  a  comma,  by  making  it  beat  half  as  fall  again, 
or  134  beats  in  four  feconds  (becaufe  in  this  Vth 
N  :=  360.  But  as  this  beating  is  rather  too  quick  to 
be  eafily  counted,  it  will  be  better  to  tune  downwards 
t!ic  perfedl  oftave  ^  G,  which  will  reduce  N  to  180  for 
the  Vth  G  ^.  This  will  give  us  1,68  per  fecond,  or 
10  beats  in  6  leconds  very  nearly. 

There  is  another  way  of  avoiding  the  employment 
of  too  quick  beai-S.  Inftead  of  tuning  the  oilave  g  G, 
make  c  (i  beat  as  often  as  c- g.  This  is  even  more  exatl- 
!y  an  oftave  to  g  th?n  can  be  eiUaiated  by  a  good  car. 
Dr  Gmith  has  demonllrated,  that  when  a  note  makes  a 
minor  concord  with  another  note  below  it,  and  there- 
fore a  major  concord  with  the  oftave  to  that  note,  it 
beats  equally  vifith  both  ;  but  if  the  major  concord  be 
below,  it  beats  twice  as  fall  with  the  oftave  above. 
Now  in  the  prefent  cafe,  eg  is  a  Vth,  and  c  G  a  4th. 
For  the  fame  reafon  c  f  would  beat  twice  as  fail  as 
cT. 

In  the  next  place,  the  Vth  J  a  muft:  be  made  to  beat 
flat  15  times  in  6  feconds. 

In  like  manner,  inftead  of  tuning  upward  the  Vth  a  e, 
tune  downward  the  oftave  (7  a,  and  then  tune  upward 
the  Vth  ae,  and  flatten  it  till  it  beat  15  times  in  8  fe- 
conds. 

If  we  take  15  feconds  for  the  common  period  of  all 
thefe  beats,  we  Ihall  have 
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The  beats  of  c  g  =  34. 
G  ^/  =  25. 
dZ  =  37|. 

We  fhall  now  find  c  c  to  be  a  fine  Hid,  without  any  ^9 
fenfible  beating  ;  and  then  we  proceed  in  the  fame  way, 
always  tuning  upward  a  perfetl  Vth;  and  when  this 
would  lead  us  too  high,  and  therefore  produce  too 
quick  beating,  we  ftiould  tune  downward  an  oftave^ 
Do  this  till  wc  reach  6  ^.,  which  ihould  be  tiie  fame 
with  c,  or  a  perfcft  oftave  above  c.  This  will  be  a  full 
proof  of  our  accurate  performance.  But  the  bell;  ])rncef3 
ot  tuning  is  to  Hop  when  we  get  to  g  ;^.  Then  we  tune 
Vths  downward  from  c,  and  oftaves  upward  when  the 
Vths  would  lead  us  too  low.  Thus  we  get  c  Y,  ¥ /, 
J h^ ,  I''  i'',  i*  f*,  and  thus  complete  the  tuning  of  an 
oftave.  We  take  this  method,  inftead  of  proceeding 
upwards  \.o  b  %  \  becaufe  thofe  notes  marked  lliarp  or 
flat  are,  when  tuned  in  this  way,  in  the  bell  relation  to 
thofe  with  which  they  are  moft  frequently  ufed  as  I  lids.        ,^ 

This  procefs  of  temperament  will   be  greatly    expe- Ufeff  a  v 
dited  by   employing  a  little  pendidum,   made  of  a  ball ' iaWe  pec 
of  about  two  ounces  weight.  Hiding  on  a  light  deal  rod, ''"'""'• 
having  at  one  end  a  pin   hole   through  it.     To  prepare 
this  rod,  hang  it  upon  a   pin  ftuck  into  the  wainfcoat- 
ing,   and  Hide  the  ball  downward,  till  it  makes  20  vi- 
brations  in  1 5",  by  compariirg   it    with   a  houie  clock. 
In  this   condition  mark  the  rod   at  the   upper  edge  of 
the  ball.      In  like  manner,  adjuft  it  for  54,  28,  32,  36, 
40,  44,  48,  vibrations,  making  marks  for  each,  and  di- 
viding the    fpaces  between  them  by    the  eye,   noticing 
their  gradual  diminuticm.      Then,  having  calculated  the 
beats  of  the  different  Vths,  fet  the  ball  at  the  mark  fuit- 
ed  to  the  particular  concord,  and  temper  the  found  till 
the  beats  keep  pace  exaftly  with  the  pendulum.  ^j 

Eut  previous  to  all  this,   we  mull   know  the  number  Abfolute 
of  pulfes  made  in  a  fecond  by  the  C  of  our  irftrument.""^"^''''' 
For  this  purpofe  we  muft  learn  the  pulfes  of  our  tuning  j""' 
fork.      To  learn  this,  a  harpfichord  wire  muft  be  ftretch- 
ed  by  a  v^-eight  till   it    be  unifon   or  oftave  below   our 
fork  :   then,  by  adding  j'^th  of  the  weight  to  what  is 
now  appended,   it    will  be  tempered    by  a  comma,   and 
will  beat,  when  it  is  lounded  along  with  the  fork  ;  and 
we  muft  multiply  the  beats  by  80  :   The  produft  is  the 
nwmbcr  of  pidfes  required.   And  hence  we  calculate  the 
pulfes  of  the  C  of  our  inllrnment  when   it  is  tuned  in 
perfeft  concord  with  the  fork. 

The  ufual  concert  pitch  and  the  tuning  forks  are  fo 
nearly  confonant  to  240  pulfes  for  C,  that  this  procets 
is  fcarcely  necetl;try,  a  quarter  of  a  tone  never  occafion- 
ing  the  cliange  of  an  entire  beat  in  any  of  our  numbers.        jj 

The  intelligent  reader   cannot  but  obferve,  that  thisSyftemol 

fvftem  of  tuninjr  with  perfeft  II Ids,  which  is  preferred "^"T"'' 

1,       ,         ,  II  ■      1  nieiit  wii 

to  all  others  by  many  great  maltersj  is  the   one  repre-      f^^n 

fented  by  our  circular  figure  of  the  oftave.  The  Hid 
is  there  perfeft,  and  the  Vth  CG  is  deficient  by  a  quar- 
ter of  a  comma.  We  cannot  here  omit  taking  notice 
of  a  moft  valuable  obfervation  of  Dr  Smith's  on  this 
temperament,  and,  in  general,  on  any  divifion  of  the 
oftave  into  mean  tones  and  equal  limmas.  ., 

The  oftave   being  made  up  of  five  mean  tones  and  prnpor- 
two   limmas,  it  is   plain  that,  by   enlarging   the  tones,  tiooal  va , 

we  diminilh  the  limmas,  and  that  the  increment  of  the"*"®"',' 

rr  1       r    1  >■     ■        •         rteinperaj 

tone  IS  two-niths  01  the  contemporaneous  diminution  ot  ^^jnt,   i 

the  . 
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Tempera-  the  liimna.  If,  therefore,  we  employ  tlie  fymbol  v  to  ex- 
prefs  any  minute  variation  of  this  tcmperan\ent,  and  make 
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the  increment  of  a  mean  tone  =  2  v,  the  contempora- 
neous variation  which  this  induces  on  a  hmma  will  be 
zz,  —  5  "y  ;  and  if  the  tone  be  diminiflied  by  the  fame 
quantity  —  2  v,  the  limnia  will  increafeby  the  quanti- 
ty 5  V.  Let  u".  fee  what  are  the  contemporaneous  clian- 
ges  made  on  all  the  intervals  of  the  oclave  when  the 
tone  is  diminiflied  by  2  v. 

I.  A  Vth  is  made  up  of  three  tones  and  a  limma. 
Therefore  the  variation  of  its  temperament  is  := —  6  <v 
+  5  1',  or  is  :=  —  i'.  That  is,  the  Vth  is  flattened  from 
its  former  temperament,  whatever  that  may  have  been, 
by  the  quantity  —  v.     Confequently  the  4th,  which  is 


Sca'e  of 
Miific. 


always  the  complement  of  the  Vth  to  the  oftave,  has  its     the  tlmperer. 
temperament  Iharpened  by  the  quantity  -u. 

2.  A  lid,   being  a  tone  diftant   from  the  fundamen- 
tal, has  its  temperament  changed  by  —  2  v. 

Therefore  a  minor  yth  is  raifed  by         2  v, 

3.  A  minor  3d  is   made  up   of  a  tone  and  a  limma  : 
therefore  its  variation  is  zz  —  2  ii  +  5  i>.  or        =:  3  ai. 

Therefore  a  major  Vlth  (its  complement)  lofes —  3  v. 

4.  A  maj.  llld,  or  two  tones,  has  its  variation  =  — 4f . 
Therefore  a  minor  6th  has  its  variation  =r      4  ■». 

5.  A  maj.  Vllth,  the  coniplementof  alimmalias —  5  v, 

6.  Atritone,  or  I  Vth,  mull  have  the  variation  =  —  6v. 


vals^'  G,  d  D,  &c.  the  temperaments  of  another  fy-  Ttm[era- 
ftem  of  mean  tones  and  limmas.  For  it  is  evident,  that  ""•'^'  "fihc 
the  contemporaneous  variations  _f  ^',  il,/'.  See.  from  the 
former  temperament,  are  in  thejuft  proportions  to  each 
other  igg'  being  =  —  v,  the  variation  proper  for  the 
Vth,  and  the  oppofite  temperament  for  its  complement 
or  4th.  In  like  manner,  a  a'  is  =  3  v,  the  variation 
competent  to  the  Vlth  ;  and  E  f*  is  =  4  -u,  the  proper 
variation  for  the  Illd. 

In  like  manner,  b  b'  is  =  5  -..,  the  variation  of  the 
Vlllh  and  2a.  And,  laftly,  /  /'  is  the  variation  6  -y  of 
thetritone,  and  its  complement,  the  falfe  fifth. 

For  all  thefe  reafons,  any  ilraight  line  C  c'  or  C  e'', 
drawn  from  C  acrols  the  paralleh,   may  juftly  be  called 
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This  is  a  very  ufeful  conflruftion  :  For  it  is  plain, 
that  the  founds  which  can  be  placed  in  our  organs  and 
harpfichords,  which  have  only  twelve  keys  for  an  oc- 
tave, mud  approach  to  a  fyftem  of  mean  tones.  The 
divifion  of  the  oAave  into  twelve  equal  intervals  is  fuch 
_a  fyftem  of  mean  tones  exatlly.  Now,  in  fuch  fytlems, 
when  a  line  is  drawn  from  C  acrofsthe  parallels,  we  fee, 
at  one  glance,  not  only  all  the  temperaments  of  the 
notes  with  the  key  note,  but  alfo  the  temperaments  of 
thofe  concords  which  the  notes  employed  in  full  har- 
mony make  with  each  other.  Tims,  in  the  harmony 
of  K  —  III  —  V,  the  III  and   V   make  a  minor  3d 

■VI, 
Now 


7« 


IS 
:  TiM- 

KM, 


Therefore  the  falfe  5th  mud  have      ...        6 -w 

From  this  obfervation,  Dr  Smith  deduces  the  follow-     with  each  other  ;  and  in  the  harmony  of  K  4 

ing  fiinple  mathematical  conftrudlion  :   In  the  ftrait  line  the  4  and  VI  make  a  major  3d  with  each  other. 

CE  (fig.  2.)  take  the  fix  equal  parts  Cg,g  d,  d  a,  a  E,  the  reader  will  eafily  fee,  that  the  firll  of  thefe  concords 

E  b,  b  t,  and  draw  through  the  points  of  divifion  the  has  its  interval  diminifhed  on  both  fides,  when  the  Hid 

fix  parallel  hues  ^  G,  d  U,  Sec.     Let  thefe  lines  repre-  is  tempered  (harp,  but  only  on  one  lide  when  it  is  tern- 

fcnt  fo  many   fcales  of  the  odave,    fo  placed  that  the  pered  flat.    The  mathematical  reader  will  alfo  eafily  fee, 

points  C,  g,  d.  Sec.  may  reprefent  the  points  C,  g,  d,  that    the   contemporaneous  temperament    A  a'   of  the 

ixc.  of  the  circular  fcale  in   fig.  i    wlicre   it  is  cut  by  Vlth  is  always  equal  to  the  fum  g'  G  and  E  e',  and  that 

the  dotted  lines  reprefenting  the  fyttem  of  mean  tones  A  a''  is  equal  to  the  difference  of  y  G  and  E  f".    There- 

and  limmas.   Then,  i_/?,  take  a  certain  length  ^/G  on  the  fore  the  temperament  of  this  fubordinate  concord,   in 

iirll  line,  to  the  right  hand  of  the  line  CE,  to  reprefent  the   full  harmony  K  —  III  —  V,  is,  in  all  cafes,   the 

a  quarter  of  a  comma.   G  will  mark  the  place  of  the  per-  fame   with    the  contemporaneous  temperament  of  the 

feift  Vth,  while^  leprefents  tliat  of  the  mean  or  tempered  Vlth. 

Vth.      2d/y,   Set  off  <^  D,  double  of^  G,  in  like  man-  In  like  manner,   he  will  perceive   that  the   tempera- 

ner,  to  the  right  hand  on   the   fecond   parallel.      This  ment  of  the  fubordinate    Hid,    in    the    harmony    of 

will  be  the  place  of  the  perfedl  ITd  to  the  key  note  C.  K  —  4  —  VI,  is  equal  to  the  contemporaneous  tempe- 

^d/y,  Alfo  let  off  a  A,  on  the  third  parallel,  to  the  left  rament  of  the  III 

hand,  equal  to  ^G.     This  will  mark  the  place  of  A,  We  alfo  fee,  in   general,  that  the  whole  harmony  is 

the  Vlth  to  the  key   note  C.      H-thly,   Place  E  on   the  more  hurt   when  the  temperer  lies  in   the  angle  ECK, 

point  f,  becaufe,  in  the  fyftem  of  mean  tones  reprefent-  with  the  Illd  tempered  fliarp,  than  when  it  is  in  the  an- 

ed  in  fig.  i.  the  lllds  were  kept  perfect.      f/Wjc,  Make  gle  ACE,  when  the  Illd  is  flat  ;    and  that  the  lum  of 

i  B,  to  the  right  hand  on  the  5th  line,  equal   to  g  G,  all  the  temperaments  of  the  concords  with  the  key  is  the 

to  mark  the  place  of  the  perfeft  Vllth  to  th.e  key  note  fmalleft  when   the   Illds  are  perfect.      This  fyftem  of 

C.     And,  6th/y,  make  /  T,  to  the  right  hand  on  the  mean  tones,  v»,ith  pcrfcft  Illds,  would  therefore  be  the 

lixth  line,  equal  to  twice  ^  G.   This  will  ierve  for  ftiew.  beft,  if  the  harmony  of  different  concords  were  equally 

ing  the  contemporaneous  temperament  of  the  tritone,  hurt  by  the  fame  temperament. 

or  IVth,  contained  between  Fand  B,  as  alfo  of  its  com-  We  do  not  know  any  thing  that  his  been  publifhed  >rtain 

plement,  the  falfe  5th  in  fig.   i.  on   the  fcience  of  mufic  that  gives  more  general  and'^^^'""'^ 

It  is  evident  that  the  temperament  of  all  the  notes  fpeedy  inftrudlion  than   this    fimple  figure.      If  it  be^'^'^'" 
of  the  oftave,  according  to  the  above  mentioned  fyftem,  drawn  of  fuch  a  fize  as  to  allow  the  comma  EK  to  be 
are   properh-   repicfented  in    this   figure.     The  Vth  is  divided   into  a  number  of  equal  parts,  fufficiently  fen- 
tempered  flat  by  the  quarter  comma  G  g  ;  tjie   Ild  is  fible,  all  trouble  of  calculation  will  be  faved. 
tempered   flat   by   the   half  comma  D  d ;   the  Vlth  is  We  would  therefore  propofe  to  accompany  this  fi-          — 
tempered  fharp  by  a  quarter  comma  A  a  ;  the   Illd  is  gure  with  proper  fcales. 

perfecl  ;  the  VI Ilh  is  flat  by  a  quarter  comma  H  b  ;  and  Thcjirjl  fcale  fliould  have.  G^  divided  into  13  J  parts, 

the  4th  is  Iharp  by  a  quarter  comma  G  ^.  This  will  exprefs  the  logarithmic  meafures  of  the  tem- 

Now,  let  any  other  ftralght  line  C  t'  be  drawn  from  peraments  mentioned  in  n°  6^.  a  comma  being  :=  54. 

C  acrofs  thefe  parallels.     This  will  mark,  by  the  inter-  Th.s fecond {cz\i  Ihould  have  j  G  divided  into  36  parts. 

4  P  2  This 
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This  gives  the  beats  made  in  i6  fecoiida  by  the  notes 
' c,  g,   when  tempered  by  any  quantity  G  ^' . 

The  t'jinli'cale  fliould  have^  G  divided  into  6o  parts, 
for  the  beats  made  by  the  notes  c,  c,  or  the  notes  r,  a. 

The  four//.'  fcale  fiiuuld  have^  G  divided  into  7  2  jiarts. 
This  gives  the  beats  made  by  the  key  note  C,  with  its 
minor  third  c''. 

The  Jifi/j  fcale  fliould  ha%;_f  G  divided  into  48  parts, 
for  the  beats  made  by  the  notes  c,  f. 

Thefixth  fcale  fliould  liave^  G  divided  into  89  parts, 
on  which  A  a  is  meafurcd,  to  get  the  beats  of  the  fu- 
bordinate  concord  formed  by  g  and  e  in  the  harmony  of 
K_III  _V 


] 

T 
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^''/downward  —  24  /.  e.  |ths  of  r ^ 

^''  bl'  o,  /.  e.  a  perfeft  odavc 

l>^  e*  downward  —  43,  ;.  e.  ^^ths  oi  c  g 

C  c  o  an  oftave. 


And,  lajlly,  g  G,  divided  into  So  parts,  will  give  the     „f  fj''""  P'r'""^  "7  ^'  ^"'r'T'^'   ""^  P"';='PV''r^ 
ats  mld^  by  /'and  .7  in  the  harmony'^of  K  -  4  -  VI.        "f  '^^T  ^"'^'^    '^'">  ''"-■  P™"'^^   '^  P^P"'^^'^-  ,  Thus, 

**  and  e"  may   be   tuned  as  perfect    lllds  to   d  and  ^ 

downwards.  Alio,  as  we  proceed  in  tuning,  we  can 
prove  the  notes,  by  comparing  them  with  other  notes 
already  tuned,   &c.    &c.    &c. 

We  have  direfted  to   tune   the  two  notes  i*  and  f* 


beats  made  by/and  a  ui  the  harmony  ot  K  —  4 

We  are  ignorant  of  the  immediate  efficient  caufes  of 
the  pleafure  we  receive  from  certain  confonances,  and 
fhould  therefore  receive,  with  fatisfadtion,  any  thing 
that  can  help  us  to  approximate  to  a  meafure  of  its  de- 
grees. AVe  know  that,  in  faft,  the  pleafantnefs  of  any 
individual  concord  increafes  as  the  undulations  called 
iea/s  diminifh  in  frequency.  It  is  probable  that  we 
fliall  not  deviate  very  far  from  the  truth,  if  we  fuppofe 
the  harmonioufnefs  of  an  individual  tempered  concord 
to  be  proportional  to  the  flownefs  of  thefe  undulations. 
But  it  by  no  means  follows,  that  a  temperate  Vth  and 
a  Hid  are  equally  pleafant,  each  in  its  kind,  when  they 
beat  equally  flow.  There  is  a  difference  in  kind  in  the 
pleafures  of  thefe  concords  :  and  this  mnft;  arife  from  the 
peculiar  manner  in  which  the  component  pulfesof  each 
concord  divide  each  other.  We  are  certain  that  this 
is  all  the  difference  that  obtains  between  them  in  Na- 
ture. But  the  harmonioufnefs  here  fpoken  of  is  the 
arrangement  which  produces  this  pleafure.  We  are  in- 
titled  to  fay,  that  this  is  equal  in  two  given  inftances, 
when  the  arrangements  are  precifely  fimilar  ;  and  when 
the  things  arranged  are  the  fame,  nothing  fcems  to  re- 
main in  which  the  inftances  can  differ. 

At  any  rate,  it  is  of  confequence  to  be  able  to  pro- 
portion and  diftributc  thefe  undulations  at  pleafure. 
They  are  unpleafant  ;  and  when  reinforced  by  uniting, 
muft  be  more  fo.  The  theory  puts  it  in  our  power  to 
prevent  this  union  :  perhaps  by  making  them  very  un- 
equal ;  or,  if  this  fliould  give  a  chance  of  periodical  ac- 
cumulation, we  may  find  it  better  to  make  them  all 
equal.  Surely  to  have  all  this  in  our  power  is  very  de- 
firable  ;  and  this  is  obtained  by  the  theory  of  the  beats 
of  imperfeft  confonances. 

But  we  are  forgetting  the  procefs  of  tuning,  and 
have  only  tuned  three  or  four  notes  of  our  oftave.  We 
muft  tune  the  reft  by  confidering  their  relation  to  notes 
already  tuned.  Thus,  \{ g  c  makes  36  beats  in  16  fe- 
conds, F  c  fliould  make  one  third  lefs,  or  about  24  in 
the  fame  time  ;  becaufe  N  in  the  formula  is  now  160 
inftead  of  240.     Proceeding  in  this  way,  we  (hall  tiuie 

the  oftave  C  c  moft  accurately  as  a  fyftem  of  mean 
tones  with  perfeft  Illds,  by  making  the  notes  beat  as 
follows.  A  point  is  put  over  the  note  that  is  to  be  tuned 
from  the  other,  and  a  -f-,  or  a — ,  means  that  the  concord 
is  to  be  tempered  fharp  or  flat.   Thus_g-  is  tuned  from  c, 

Make 


eg  beat  — 

36  times  in  16  feconds 

G.           + 

36 

Qd         — 

27,  i.  e.  ^ths  of  ^  c 

'/           - 

48 

i 


by  taking  the  leading  Vth  downwards.  \<!e  fliould 
have  come  at  the  fame  pipes  in  the  charader  of  a% 
and  d%  in  the  procefs  of  tuning  upwards  by  Vths.  But 
this  would  nut  have  produced  precifely  the  fame  founds, 
although,  in  our  imperfect  inftruments,  one  key  muft 
ferve  for  a%  and  b^'.  By  tuning  them  as  here  direfted, 
they  are  better  fitted  for  the  places  in  which  tliey  will 
be  moft  frequently  employed  in  our  ufual  modulations. 

It  may  reafonably  be  afl^ed,  Why  fo  much  is  facrili- ^„^,^'.j. 
ced  in  order  to  prelerve  the  Illds  perfcft  ?  Were  they  fyflem  ve 
allowed  to  retain  fome  part   of  the  fliarp  temperament  fit  fur  ou 
that   is  neceffary   for  preferving  the  Vths  pcrfedl,   we'"'^''"" 
fliould  perhaps  improve  the  harmony.     And  flnce  enlar-  "'^^  * 
ging  the  Vth  makes  the  tone  greater,  and  therefore 
the  linima  mi  fa  much  fmaller,  it  will  bring  it  nearer  to 
the   magnitude  of  a  half  tone  ;  and  this  will  be  better 
fuited  for  its  double  fervice  of  the  fliarp  of  the  note  be- 
low, and  the  flat  of  the  note  above.  Accordingly,  fuch 
a  temperament  is  in  great  repute,  and  indeed  is  gene- 
rally pratlifed,  although  the  Vlths  and  the  fubordinate 
chords  of  full  harmony  are  evidently  hurt  by  it.     Even 
Dr  Smith  recommends  it  as  well  fuited  to  our  defeftive 
inftruments,  and  gives  an  extremely  eafy  method  of  ex- 
ecuting it  by  means  of  the  beats.     His  method  is   to 
make  the  Vth  and   Hid  beat  equally   faft,  along  with 
the  key,  the  Vth  flat,  and  the  third  fliarp.    He  demon- 
ftrates  (on  another  occafion),  that  concords  beat  equally 
faft  with  the  fame  bafs  when  their  temperaments  are  in- 
verfely  as  the  major  terms  of  theirperfeft  ratios.  There- 
fore draw  EG,  and  divide  it  in  p,  fo  that  E  p  may  be  to 
pQi  as  3  to  5.  Then  draw  Q, p,  cutting^G  in_f',  and  E  K  Fig, :. 
\\\e;  and  this  temperer  will  produce  the   temperament 
we  want.     It  will  be  found,  that  E  e  and  G/  are  each 
of  them  32  of  their  refpeftive  fcales. 

Therefore  make  eg  beat  3 2. times  in  16  feconds 
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harpficlinrds,  or  tJic  note  of  an  open  pipe  eight  feet  Tcropera- 
hcre  is  a  fimilar  (we  may  call  it  the  very  "^'"' "^ '^  ' 
sment  of  found  in  every  concord.    Where     ivT„r,^ 


^1  c  c  o. 

It  may  be  proper  to  add  to  all  thcfe  inRrndions  a 
caution  about  the  manner  of  counting  the  clock  while 
tlic  tuner  is  counting  the  beats.  If  this  is  to  continue 
lor  16  fcconds,  let  the  perfon  who  counts  the  clock 
fay  oils  at  the  beat  he  begins  with,  and  tlien  telling  them 
over /o  h'lmfelf,  let  him  fay  ^ont?  inftead  of  17.  Thus 
16  intervals  will  clapfe  while  the  tuner  is  counting  the 
beats.  Were  he  to  begin  to  count  at  one,  and  flop 
when  he  hears  fixteen,  he  would  get  the  number  of  beats 
in  15  fcconds  only. 
■Si.  We  do  not  hcfitate  to  fay,  that  this  method  of  tu- 

ning  by  beats  is  incomparably  more  exadl  than  by  the 
mere  judgment  of  the  ear.  We  cannot  miftake  more 
than  one  beat.  This  miltake  in  the  concord  of  the  Vth 
amounts  to  no  more  than  Tg-jth  of  a  comma  ;  and  in  the 
IIIJ  it  is  only  t-js- 

It  may  be  objected  that  it  is  fit  only  for  the  organ 
and  inllruments  of  contiiuicd  founds,  but  will  not  do  for 
the  quickly  perilling  founds  of  the  harpiicliord.  True, 
it  is  the  only  method  wortliy  of  that  noble  inllrument,. 
and  this  alone  is  a  title  to  high  regard.  But  farther ; 
the  accuracy  attainable  by  it,  renders  it  the  only  method 
tit  for  the  examination  of  fyftems  of  temperament.  E- 
ven  for  the  harpficliord  it  is  much  more  exaft,  and 
more  certain  in  its  procefs,  than  any  other.  It  does 
not  proceed,  by  a  random  trial  of  a  flattened  feries  of 
Vths,  and  a  comparifon  with  the  refulting  llld,  and  a 
fecond  trial,  if  the  firll  be  unfatisfaClory.  It  fays  at 
once,  let  the  Vth  beat  fo  many  times  in  16  feconds. 
Even  in  the  fecond  method,  without  counting,  and 
merely  by  the  equality  of  the  beats  of  the  Vth  and  I  lid, 
the  progrefs  is  eafy.  Both  are  tuned  pcrfeft.  Tlie  Vth 
ii  then  flattened  a  little,  and  tlie  Hid  fharpened  ; — if 
the  Vth  beat  fafter  than  the  Illd,  alter  it  firil. 

All  difficulty  is  obviated  by  the  fimple  contrivance 
a  variable  pendulum,  already  defcribed.  This  may  be 
made  exatt  by  any  perfon  that  will  take  a  little  pains  ; 
and  when  once  made,  will  ferve  for  every  trial.  When 
the  ball  is  fet  to  the  proper  number,  and  the  pendulum 
let  a  fwinging,  we  can  come  very  near  the  truth  by  a 
very  few  trials. 

N.  B.  In  tuning  a  piano  forte,  which  has  always 
two  firings  to  a  key,  we  mull  never  attempt  tuning 
them  both  at  once  ;  the  back  unifon  of  both   notes  of 


long.      Now  the 

fame)  reinforcement  ot  lound  ui  every  concoru.  vv  nere  jviufic 
the  pulle  of  one  found  of  the  concord  bifeds  the  pulfe  ■ 
of  the  other,  the  two  founds  are  more  uniformly  fpread  : 
but  where  they  coincide,  or  almoft  coincide,  the  con- 
denfation  of  one  undulation  combines  with  that  of  the 
other,  and  there  comes  on  the  ear  a  llronger  condenfa- 
tion,  and  a  louder  lound.  This  may  be  called  a  iioife  ; 
and  the  equable  and  frequent  recurrence  of  this  noife 
fhould  produce  a  mufical  note.  If,  for  inftancc,  c  and 
a  are  founded  together  :  There  is  this  noife  at  every 
third  pulfe  off,  and  every  fifth  pulfe  of  i(;  that  is,  80 
times  in  a  fecond.  This  fliould  produce  a  note  which 
is  a  I  2th  below  c,  and  a  17th  major  below  a;  that  is, 
the  double  oftave  belowy",  which  makes  320  vibrations 
in  a  fecond.  That  is  to  fay,  along  with  the  two  notes 
c  and  a  of  the  concord,  and  the  compound  found, 
which  we  call  the  concord  of  the  Vlth,  we  (hould  hear 
a  third  note  FF  in  the  bafs.  Now  this  is  known  to  be 
a  facl,  and  it  is  the  grave  harmonic  obferved  by  Romieu 
and  Tartini  about  the  year  1754,  and  verified  by  all 
muficians  fince  that  time.  Tartini  prized  this  obferva- 
tion  as  a  mod  important  difcovery,  and  conlidered  it  as 
affording  a  foundation  for  the  whole  fcience  of  mufic. 
We  fee  that  it  is  all  included  in  the  theory  of  beats 
publiflied  five  years  before,  namely,  in  1749;  and  every 
one  of  thefe  grave  harmonics,  or  Tartiiiian  founds,  as 
they  have  been  called,  are  immediate  confequences  of 
this  theory.  The  fyllem  of  harmonious  con\pofition 
which  Tartini  has,  with  wonderful  labour  and  addrefs, 
founded  on  it,  has  therefore  no  folidity.  It  is,  however, 
preferable  to  Rameau's,  becaufe  it  proceeds  on  a  fadt 
founded  on  the  nature  of  mufical  founds;  whereas  Ra- 
meau's is  a  mere  whim,  proceeding  on  a  falfe  affump- 
tion  ;  namely,  ♦'  that  a  mufical  found  is  effentially  ac- 
companied by  its  ottave,  12th,  and  )  7th  In  alto." — 
This  is  not  true,  though  fuch  accompanyment  be  very 
r  frequent,  and  it  be  very  difficult  to  prevent  it.  Mr  Ra- 
meau  ought  to  have  ieen  this.  Are  thefe  acute  har- 
monics mufical  founds  or  not  ?  He  furely  will  not  de- 
ny this.  Therefore  they,  too,  are  effentially  accompanied 
by  their  harmonics,  and  this  abfolutely  and  neceffarily 
ad  bifinitiim  ;  which  is  certainly  abfurd.  We  Ihall  have 
a  better  occafion  for  confidering  this  point  when  we  de- 
fcribe  the  Trumpet  Marhni  in  a  future  article. 
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We  have  taken  notice  of  only  two  fyftems  of  tempe-Dr  Smith's 
rament  ;  both  of  them  are  fyftems  of  mean  tones,  andfyl""  of 
the  concord  muft  be  damped,  by  fticking  in  a  bit  of     are  in  good  repute  as  prafticable  methods.     It  would^''-"'^^ 
foft  paper  behind  it.  be  almoll  an  endlefs  ta(]<  to  mention  all  the  fyftems  of  j,,_ 

We  hope  that  the  inftruftions  now  given,  and  the  temperament  which  have  been  propofed.  Dr  Smith, 
application  of  them  to  two  very  refpeftable  fyftems  of  after  having,  with  great  ingenuity,  appreciated  the 
temperament,  are  fufficient  for  enabling  the  attentive  changes  of  harmonioufnefs  that  are  induced  on  the  dif- 
reader  to  put  this  method  of  tuning  fuccefsfuUy  in  prac-  ferent  concords  by  the  fame  temperament,  and  having 
tice,  and  that  he  perceives  the  efficiency  of  it  for  attain-  affigned  that  proportion  of  temperament  which  renders 
ing  the  defired  end.  But  before  we  take  leave  of  it,  them  equally  harmonious,  each  in  its  kind,  gives  a  fy- 
we  beg  leave  to  mention  another  circumftance,  which  ftem  of  temperament,  which  he  calls  eqiial  harmony. 
evinces  the  juft  value  of  the  general  theory  of  the  beats  Each  concord,  (excepting  the  oftave)  is  tempered  in 
of  imperfeft  confonances  as  delivered  by  Dr  Smith.  the  inverfe  proportion  of  the  produdl  of  the  terms  of  its 

Thefe  reinforcements  of  found,  which  are  called  ^fa/-     perfeft  ratio.      It  is  very  nearly  equivalent   to  a  divi- 

fion  of  the  odlave  into  50  equal  parts.  We  do  not  give 
any  farther  account  of  it  here,  although  we  think  its 
harmony  preferable  to  anv  thing  that  we  have  ever  heard. 
We  heard  it,  as  executed  for  him,  and  under  his  in- 
fpedion,   by  the  celebrated   harplkhord-maker  Kirk- 


tngs,  are  noifes.  If  any  noife  whatever  be  repeated, 
'•with  fufficient  frequency,  at  equal  intervals,  it  becomes 
a  mufical  note,  of  a  certain  determinate  pitch.  If  it 
recur  60  tiines  in  a  fecond,  it  becomes  the  note  C  fa 
■ut,  or  the  double  oftave  below  the  middle  C  of  our 
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both  when  'the  inlb-unient  was  yet  in  the  hands 


670 


mcnt  of  the  ^jf  ^j^j.  niakcr,  and  afterwards  by  the  ingenious  author. 
Scaleof    ^^r^  \^^^^  aJfo  heard  fome  excellent  muhcians  declare, 

,__^"  .;.  that  the  organ  of  Tiinity  college  chapel  at  Cambridge 
was  greatly  improved  in  its  harmony  by  the  change 
made  on  its  temperament  under  the  infpeaion  ot  Dr 
Smith.  When  we  name  Stanlty,  we  prefume  that  the 
imthority  will  not  be  difputed.  We  mention  this,  be- 
caufe  the  writer  in  the  Philofophical  Tranfadtions  fpeaks 
of  this  fyftem,  with  flattened  major  thirds,  as  of  no  va- 


lue.     But  we  do  not   give  any 


farther  account  of  it. 
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btcaufe  it  is  not  fuited  to  our  inftruments,  which  have 
but  twelve  founds  in  the  ottave. 

The  reader  will  pteafe  to  recoUeft,  that  the  great  ob- 
jed  of  temperament  is  twofold.      Firft,   to  enable  us  to 
tranfpofe  mulic  from  one   pitch  to  another,   fo  that  we 
may  inake  any  note  of  the  organ   the  fundamental  of 
the  piece.    This  undoubtedly  requires  a  fyllem  approach- 
ing to  one  of  mean  tones,  becaufe  the  harmony  muit  be 
the  fame  in  every  key.    Tliis  requires  temperament,  be- 
t-aufe  a  found  muft  be  occahonally  confidered,  either  as 
the  fharp  of  the  note  below  it,  or  the  flat  of  the  one 
above.     This  cannot  produce  perfea  harmony,  becaufe 
the  limma  of  the  perfed  diatonic  fcale  is  greater  than  a 
half  tone.     Thus  a  temperament  is  neceffary  merely  tor 
the  fake  of  the  melody.     But,  fecondly,  the  nature  of 
modern  mufic  requires  evfry  note  to  be  accompanied, 
or  confidered  as  accompanied,  with  full  harmony.    This 
is,  in  fad,  the  fame  thing  with  modulating  on  every 
different  note  as  a  fundamental ;  but  it  requires  a  much 
clofer  attention  to  the  perfcdion  of  the  intervals,  be- 
caufe a  defeft  or  excefs  in  an  interval  that  would  fcarce- 
ly  offend  the  ear,  if  the  notes  were  heard  in  fucceflion, 
is  quite   intolerable  when  they  are  founded   together. 
Here  the  difference  between  the  major  and  minor  tone 
is  of  almoft  as  great  moment  as  the  difference  of  the 
limma  from  a  lemitone.      The  fecond  objetf,  therefore, 
is  to  obtain,   in  the  compals  of  three  ottaves,  as  many 
good  concords  of  full  harmony;  that  is,  conlilling  of  a 
fundamental  with  its  major  third  and  its  fifth,  erett  or 
inverted,   as  poffible.     There  is  no  otlier  harmony,   al- 
though our  notes  have  frequently  u  different  htuation 
and  appearance. 
Maxims  of       It  is  no  wonder  that,  in  a  fubjed  where  we  are  yet 
femprra-     ^^  fg^j^   f^^  a  principle,  the  attempts  to  attain  this  ob- 
meiit  very   .^^^  j,^,^^  ^^^^  ^^^^  various,  and  very  gratuitous.      The 
gratui  ous.  j^^jjjj.^^j;g|^^g^    ^^^.^  [^   modern  times,    have  allowed 
themfelves  to  be  led  away  by  fancies  about  the  fimpli- 
city  and  coufequent  peifedion  of  ratios  ;  and  having  no 
clear  principle,  it  is  no  wonder  that  fome  of  their  de- 
dudions  are  contrary  to  experience.    According;  to  Eu- 
ler,  tbofe  ratios  which  arc  n.oll  perfed,  that  is,  moff 
fimple,    admit   of   Icall    temperament.     The   odave  is 
therefore  infinitely  perted  ;  for  it  is  allowed  by  all,  that 
it  mult    not   have  the  finalleil  temperament.      A  Vth 
mull  be  lels  tempered  than  a  llld.     Even  the  pradical 
mulician   thinks  tiiat   he  lias  tempered  thele  two  con- 
cords equally,    when   the  offenfive   quality  of    each  is 
made  equally   fo  ;   but  in   this  cafe  it  is  demon ilrablc, 
that  the  Vth  has  been  much  more  tempered  than  the 
Hid.      But  this  could  not  be  difcovered  till  we  got  the 
theory  ot  beats. 

Moll  of  the  mathematical  muficians  adhered  to  fy- 
ftems  of  mean  tor.ts  ;  or,  which  are  equivalent,  to  fuch 
fyfte^^s,  giving  fimilar  harmonieB  on  every  key  of  the 
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harpiichord.     This  is  furely  the  mofl  natural,  and  is  Tempera' 
peculiarly  luggelled  by  the  tranfpofing  of  mufic  from"'^"'!    '' 
one  pitch  to  another:   but  they  differ  exceedingly,  and     m^Qj 
without  giving  any  convincing  arguments,  in  tlieir  cfli-  «— y_ 
mation  ot   the  effeds  of  the  fame  temperament  on   dif- 
ferent  concords.      Much  of  this,   we  apprehend,  arifes 
fiom  dilpolilion.    Perfons  of  a  gay  difpofition  relifli  the  1 

harmony  of  the  I  lid,  and  prefer  a  ffiarp  to  a  flat  tem- 
perament of  this  concord.  Perfons  of  a  more  penfive 
difpofition,  prefer  fuch  temperaments  as  allow  the  mi- 
nor thirds  to  be  more  perfed.  87 


But  there  are  many,  eminent  both  as  performers  and ^1"^'"*^ 


as  theorifts,  who  rejed  any  fyftem  which  gives  the  '^*'"'^  v.^ted 


harmonies  on  every  note  of  the  odave.     They  obferve, 
that  in  the  progrels  of  the  cultivation  of  mufic  in  Eu- 
rope,  the   melodies  of   all  nations  have  gradually   ap- 
proached to  a  certain   uniformity.      Certain  cadences, 
clofes,   ftrains,   and  phrafes,    are  becoming  every  day 
more  common  ;  and  even  in  the  condud  of  a  confider- 
able  piece  of  mufic,  and  the  gradual  but  flow  paffage  of 
the  modulation  from  one   key  into  another,  there  is  a 
certain  regularity.      Nay,  they  add,  that  this  cannot  be 
greatly  deviated  from  without  becoming  very  offenfive. 
We  may  remain  ignorant  of  the  caufe  of  this  uniformi- 
ty ;  but  its  e.>iilleiice  feems  to  prove  that  it  arifes  from 
fome  natural  principle  ;  and  therefore  it  ought  to  be 
complied  with,  and  our  temperaments  ftiould  be  accom- 
modated to  it.     The   relult  of  this  uniformity  in   the 
mufic  of  our  times  is,  that  the  modulation  on  fome  keys 
is  much  lefs  frequent  than  on  others,  and  this  frequen- 
cy decreafes  in  a  certain  order.     Suppofing  that  we  be- 
gin on  C.     A  piece  of  plain  mufic  feldom  goes  farther 
than  G  and  F.    A  little  more  fancy  and  refinement  leads 
the  compofer  into  D,  or  into  B'',   &c.  &c.      It  would 
therefore   be  defirable  to  adjuft  our  temperaments  fo, 
that  the  harmonies  in  C  (hall  be  the  bell  poffible,   and 
gradually  lefs  perfed  in  the  order  of  modulation.    Thus 
we  fhall,   in  our  general  pradice,  have  finer  harmony 
than  it  it  were  made  equal  throughout  the  o6tave  ;  be- 
caufe the  unavoidable  imperfedions  are  thrown  into  the 
Icall  frequented  places  oi  the  fcale.      The  pradical  mu- 
ficians add  to  this,  that  by  fuch  a  temperament  the  dif- 
ferent keys  acquire  ciiaraders,   which  fit  each  of  them 
more  particularly  for  the  expreffion  of  different  fenti- 
nients,    and    for  exciting  cifferent  emotions.       Fhis  is 
very  perceptible  in  our  harpficliords  as  they  are  gene- 
rally tuned.     The  major  key  of  A  is  remarkably  bril- 
liant ;  that  of  F  is  as  rem:ukably  fimple,  &c. 

We  cannot  fay  that  we  are  altogether  convinced  by 
thele  arguments.  The  violin  is  unqueftionably  the  in- 
ftrumcnt  of  the  greateft  powers.  A  concert  of  inllru- 
ments  of  this  kiiid,  unembarraffed  by  the  harpfichord, 
or  any  inltrumcnts  incapable  of  occafional  temperament, 
is  the  fineft  mufic  we  have.  The  performers  make  no 
fuch  degradations  of  harmony,  but  keep  it  as  perfed  as 
polfible  throughout  ;  and  a  violin  performer  is  fenfible 
of  viulence  and  coiillraint  when  he  accompanies  a  keyed 
infbument  into  thefe  unfrequented  paths.  Let  him 
play  the  fame  mufic  alone,  and  he  will  play  it  quite 
differently,  and  much  more  to  his  own  fatisladion.  We 
imagine,  too,  that  much  of  the  uniformity  fpoken  of  is 
the  refult  of  imitation  and  fafliion,  and  even  of  the  tem- 
peraments that  we  have  preferred.  There  is  an  evident 
illftindion  in  the  native  mufic  of  different  nations.  An 
experienced  muftcian  will  know,  from  a  few  bars,  whe- 
*  ther 
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rfinreri-  tlier  an  air  Is  It  ifh,  Scotch,  or  Polilli.     This  diftiiidion     of  accompanyment  with  each  other  :  thcfe  are  generally  Tempers. 

entiifchejg  j|,  j|,g  niodiilatlon  ;   which,   in  ihofe  nations,   follows     the  moil  faulty. 

^Mufic"      different   courfes,    and    fliould   therefore,   on    the    fame  This   examination    is    neither   difficult    nor    tedious. 

_  principle,  kad  to  different  temperaments.  l.  Write  down,  in  one  column,  the  lencrths  of  the  ftrings 

With  rrfpeft  to  the  variety  of  charatlers  given  to  the  or  divifions  of  the  monochord  ;  in  another  write  their 
difTtrent   keys,  we    mull   acknowledge   the    fad.      We     logarithms;   in  a  third  the  remainders,  after  fubtrai'tlng 

each  from  the  lojrarithm  of  the  fundamental.  3.  Have 
at  hand  a  fimilar  table  for  the  perfeCl  diatonic  fcalc. 
4.  Compare  thefe,  one  by  one,  and  note  the  diflerence, 
+  or  — ,  in  a  ,ith  column.  Thefe  are  the  tempTa- 
ments  of  each  note  of  the  foale,      5.  Compare  every 


the    fad 
have  tuned   a  piano  forte  in  the  ufnal   manner  ;   but 
Head  of  beginning  the  procefs  with  C,  wc  began  it  with 
D.      An  excellent  performer  of  voluntaries  lat  down  to 
the  inflrnmcnt,  and  began   to  indulge  his   rich  fancy  ; 
but  he  was   confounded  at  every  Hep  ;   he  tliought  the 

»inlhtiinent  quite  out  of  tune.  But  when  he  was  in- 
formed  how  it  had  been  tuned,  and  then  tried  a  known 
plain  air  on  it,  he  declared  it  to  be  perfcdly  in  tune. 
It  is  ilill  very   doubtful,   however,  whtther  we  fliould 


niciit  of  ihc 
Scale  of 
IVlufic. 
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couple  of  noti's  which  will  compofe  a  major  or  minor 
third,  or  a  fifth,  by  fnbtrading  the  logarithm  of  the 
one  note  from  that  of  the  other.  The  differences  are 
the   intervals    tempered.      6.  Compare   thefe  with   the 


aufe  of 
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not  liave  mucli  finer  mulic,   by  ciiualifing  the  harmony     perfcft  intervals  of  the  diatonic  fcale,  and  note  the  dif. 

in  the  different   keys,   and  truiling  for  tlie  different  ex-     ferences,    -f-  or  — ,  and   fct   them  down  in  a  fifth  co- 

preflion  fo   much   fpoken  of  to  a  judicious  mixture  of     lumn.      Tliefe  are  all  the  temperaments  in  the  fyllem. 

other  notes  called  difcori/s.  7.  If  we  have  ufed  logarithms  confilh'ng  of  five  decimal 

After  all,  the  great  uncertainty  about  the  moll  pro-     places,  which  is  even  more  than  fufficient,  conlider  thefe 
lisuncer-  per  temperament  has   remained  fo  long  undetermined,     numeral  temperaments  as  the  q  of  the  formula  given  ii^ 
inty  becaufe  we  had  no  method  of  executing  with  certainty     no  65.  for  calculating  the  beats,  and  then/)  is   always 

ove^'hv  ^"y  temperament  that  was  offered  to  the  public.  What  =  540.  Or  we  may  make  another  column,  in  which 
r  Smitli's  fignifies  it  on  what  principle  it  may  be  proper  to  flat-  the  temperaments  are  reduced  to  fome  eafy  fradtion  of 
eory.        ten  a  Vth  one-fifth  of  a  comma,   and  fiiarpcn  a  Vlth     a  comma. 

one-feveuth  of  a  comma,   unlefs  we  are  able  to  do  both  We  fhall  content  ourfelves  with  giving  one  example  ;3>f  om  of 

the  one   and  the  other?     Till  Dr  Smith   publilhed   the     the  temperament  propofed  by  Mr  Young  in  the  Philo- Dr  Young.. 

theory  of  beats,   the  monochord  was  the  only  alTUlance     fophical  Trnnfattions  for  1800.      It  is  contained  in  the 

we  had  :  but  however  nicely    it  may  be   divided,  it  is     following  table  : 

fcarccly  poffible  to  make  the  moveable  bridge  fo  fleady 

and  fo  accurate  in  its  motion,   that  it  will  not  fenfibly 

derange  the  tenfion  of  the  firing.      We  have  feen  iome 

•very  nice  and  coftly  monochords  ;   but  not  one  of  them 

could  he  depended  on  to  one  eighth  of  a  comma.   Even 

if  perfed,   the)'  gave  but  momentary  founds  by  pinch- 
ing.     The  how  cannot  be  trulled,   becaufe  its  preffure 

changes  the  tenfion.      Mr  Watt's  experiments  with  his 

moiiociuird  of  contintied  found  (hewed  this  evidently. 

A  pitch-pipe  with  a  Aiding  pillon  promifes  the  greateil 

accuracy  ;  but  we  are  fadly  dilappointed,   becaufe  the 

graJu.ation  of  the  piflon  cannot  be  performed  by  any 

mathematical  rule.      It  mull  be  pulhtd  more  than  half 

T\'ay  down  to  produce  the  odavc,   more  than  one-third 

to  pioduce  the  Vth,  Sec.   and  tin's  without  any  rule  yet 

dlfcovercd.      Thanks  to  Dr  Smith  we  can  now  produce 

an  intlrument  tuntd  cxadly,  according  to  any  propofed 

fyftem,   and   then   fubmit  it  to  the  fair  examination  of 

niuficians.   Even  the  fpeculatill  may  now  form  a  pretty 

jufl  opinion  of  the  merits  ot  a  fyitem,  by  calculating, 

or  mealuring  by  fuch  fcales  as  we  have  propofed,  the 

beats  produced  by  the  tempered  concords  in  all  parts  of 

the  octave.      No  one  who  has  lillencd  with  attention  to 

the  rattling  beats  of  a  full  organ,   with  its  twelfth  and 

fefquialtcr   flops  all  founding,   will  deny  that  they  are 

holtilc  to   all  harmony  or  good  mufic.      We  cannot  be 

mucii  miftaken   in   preferring  any  temperament  in  pro- 
portion as  it  diminiihes  the  number  of  thofe  beats.    We 

fhould  therefore  examine  them   on  this  principle  alone  ; 

attending  more  particularly  to    the  beats  of  the  third 
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46 
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•       540 

minor  third 

. 

•       7918 
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. 

9(191 
.      176C9 

The  firft  column  of  the  above  table  contains  the  or- 
dinary defigiiations  ot  the  notes.     The  fecond  contain.^ 
the  correfponding  lengths  of  the  monochord.   The  third 
major,  b"ecaufe  thefe  are  in  fad  the  loudetl  and  moll     contains  the  logarithms  of  column  fecond.     The  fourth 


difagreeable  :  and  we  mufl  not  content  ourfelves  with 
the  beats  of  each  concord  with  the  fundamental  of  the 
full  harmony,  whether  K — :1II — V,  or  K — 4 — 'VI,  or 
K — 3 — V,  or  K — 4 — 6,  which  fomctimes  occurs. 
We  mull  attend  equally  to  the  beats  of  the  two  notes 


contains  the  difference  of  each  logarithm  from  the  firfl. 
The  next  column  contains,  firfl,  ttie  temperaments  of  all 
the  major  thirds,  having  for  their  lowefl  note  the  found 

correfponding  to  the  letter.     Thus  494,  or  12-  of  a 

540 

comma,. 
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91 

Syftem  of 
Kirnber. 
gher. 


-Tempera-  comma,  is  the  temperament  of  the  IIKI,  B  —  D:)$,  and 

tiient  of  the  Qjj^ ]7_      Secondly,  it  contains  all  the   minor  thirds 

Iviific"^    fonned  on  the  notes  reprcfented  by  the  letters.     The 
Templak  column  below  contains  the  temperaments  of  the  Vths. 
' V '  A''.  B.   Thefe   temperaments  are  calculated  by  the  au- 
thor.     We  have   found  fome  of  them  a  little  different. 
Thus  we  make  the  temperament  of  C  —  G  only  108. 
Below  this  we  have   fet  down  the  meafurcs  of  the  per- 
•fe£l  interv/ls,  which  are  to  be  compared  with  the  difle- 
rences  of  the  logarithms  in  column  third. 

We  prefnme  not  to  decide  on  the  merits  of  this  tem- 
perament:  Only  we  think  that  the  temperaments  of 
feveral  thirds,  v\'hich  occur  very  frequently,  are  much 
too  great  ;  and  many  inllanccs  of  the  6th,  which  is  fre- 
quent in  the  fiat  key,  are  (till  more  ftrongly  tempered. 
A  temperament,  however,  which  very  nearly  coincides 
with  Dr  Young's,  has  great  reputation  on  the  conti- 
nent. This  is  the  temperament  by  Mr  Kirnbergher, 
publifhed  at  Berlin  in  1771,  in  his  book  called  Die 
Kunjl  des  reinen  Satz.es  in  der  Mufik.  The  eminent  ma- 
thematician Major  TemplehofF  has  made  fome  impor- 
tant obfervations  on  this  temperament,  and  on  the  fub- 
jeft  in  general,  in  an  effay  publiihed  in  1775,  Berlin. 
■  Dr  Young's  is  certainly  preferable. 

The  monochord  is  thus  divided  by  Kirnbergher  : 
C  =   1,0000  F  =  7, -co  B"  z=  5625 

C«       0492  F*     71 II         B         5313 

D         8889  G       6667         c  5000 

E"         8437  G%    6^128 

E  8ooo  A       5963 

We  conclude  this  article  (perhaps  too  long)  by  ear- 
'"neftly  recommending  to  perfons  who  are  not  mathema- 
tically difpofed,  the  Aiding  fcales,  either  circular  or  rec- 
tilineal, containing  the  otlave  divided  into  301  parts  ; 
and  a  drawing  of  fig.  2.   on  card  paper,  of  proper  fiz<, 
having  the  quarter  comma  about  two  inches,  and  a  fe- 
ries  of  fcales  correfponding  to  it.      This  will  fave  al- 
moll  the  whole  of  the  calculation  that  is  required  for 
calculating  the  beats,   and  for  examining  temperaments 
by  this  tell.     To  readers  of  more  information,  we  ear- 
neftly  recommend  a  careful  perufal  of  Smith's  Harmo- 
nics, fecond  edition.     We  acknowledge  a  great  partia- 
lity for  this  work,  having  got   more  information  from 
it  than  from  all  our  patient  Itudy  of  the  mod  celebrated 
writings  of  Ptolemy,  Huygheus,  Euler,  &c.      It  is  our 
duty  alfo  to  fay,  that  we  have  got  more   information 
concerning  the   mufic  of  the  Greeks  from  Dr  Wallis's 
appendix  to  his  edition  of  Porphyrius's  Commentary 
on  Ptolemy's  Harmonics,  than  from  any  other  work. 

TEMPLARS.  In  the  account  of  this  order,  which 
is  publiihed  in  the  Encyclopedia,  we  have,  with  many 
others,  fuppofed  that  the  guilt  of  which  they  were  ac- 
cufed  at  the  fuppreflion  of  the  order  was  lefs  enormous 
than  their  enemies  alleged.  For  the  honour  of  human 
nature,  we  are  Hill  unwilling  to  believe  that  this  was 
not  the  cafe.  Juftice,  however,  compels' us  to  admit, 
that  the  Abbe  Barruel  has  brought  together  fuch  a 
cloud  of  witneffes  againft  the  Templars,  that  we  know 
not  how  to  refill  their  evidence  ;  and  that  he  has  com- 
pletely proved  that  Philip  le  Bel  was  not  influenced  by 
-vfivarlce  when  he  fupprefled  that  order  in  France.     "It 
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has  been  falj  ih.at  he  and  Clement  V.  had  concerted  Templar 
between  them  the  dl'.fohition  of  the  Templars.  The  '"^V"" 
talfity  of  inch  an  affertion  is  evident  on  the  infpeftion 
of  their  letters.  Clement  V.  at  firll  will  give  no  cre- 
dit to  the  accuiations  againil  the  Templars  ;  and  even 
when  he  receives  incontetlable  proofs  from  Philip  le  Bel, 
he  had  ilill  i'o  little  concerted  the  plan  with  that  Prince, 
that  every  Hep  taken  by  the  one  or  the  other  occafions 
dilputes  on  the  rights  of  the  church  or  of  the  throne. 

"  It  was  aUo  laid,  that  the  king  wilhed  to  feize  on 
the  great  riches  of  thefe  knights  :  but  at  the  very  com- 
mencement of  his  proceedings  againil  the  order,  he  fo- 
lemnly  renounced  all  Ihare  in  their  riches  ;  and  perhaps 
no  prince  in  Chrillendom  was  truer  to  his  engagement. 
Not  a  fingle  ellate  was  annexed  to  his  domain  ;  and  all 
hiltory  bears  tellimony  to  the  tatl. 

"  We  next  hear  of  a  fpirit  of  revenge  which  aftua- 
ted  this  prince  ;  and  during  the  whole  courfe  of  this 
long  trial,  we  do  not  hear  of  a  fingle  pcrfonal  offence 
that  he  had  to  revenge  on  the  Templars.  In  their  de- 
fence, not  the  moil  diftant  hint,  either  at  the  revenge- 
ful fpirit,  or  at  any  perfonal  olfence  againil  the  kmg,  is 
given  ;  fo  far  from  it,  until  the  period  of  this  great  ca- 
tallrophe,  the  grand  mailer  of  the  order  had  been  a  par- 
ticular friend  of  the  king's,  who  had  made  him  godfa- 
ther  to  one  of  his  children. 

"  In  fine,  the  rack  and   torture  is  fuppofed  to  have 
forced  confefhons  from  them  which  otherwife  they  ne- 
ver would  have  made  :   and  in  the  minutes,  we  find  the 
avowal  of  at  leail  zoo  knights  all  made  with  the  great- 
ell  freedom,  and  without  any  coercion.     Compulfion  is 
mentioned  but  in  the  cafe  of  one  perfon  ;  and  he  makes 
exaftly  the  fame  avowal  as  12  other  knights,  his  com- 
panions, freely  made  (a).    Many  of  thefe  avowals  were 
made  in  councils  where  the  bifiiops  begin  by  declaring, 
that  all  who  had  confefled  through  fear  of  the  torture 
ftiould  be  looked  upon  as  innocent,  and  that  no  Knight 
Templar  Ihould  be  fubjefted  to  it  (b).    The  Pope  Cle- 
ment V.  was  fo  far  from  favouring  the  king's  profecu- 
tions,  that  he  began  b^  declaring  them  all  to  be  void 
and  null.      He  fulpended  the  archbifhops,  bifhops,  and 
prelates,  who  had  aCled  as  inquifitors  in  France.     The 
king  accufes  the  Pope   in  vain  of  favouring  the  Tem- 
plars ;  and  Clement  is  only  convinced  after  having  been 
prefent  at  the  interrogatories  of  72  knights  at  PoiCliers, 
in  prefence  of  many  bifliops,  cardinals,  and  legates.   He 
interrogated  them,  not  like  a  judge  who  fought  for  cri- 
minals, but  like  one  who  wifhed  to  find  innocent  men, 
and  thus  exculpate  himfelf  from  the  charge  of  having 
favoured  them.   He  hears  them  repeat  the  fame  avowals, 
and  they  are  freely  confirmed.     He  defired  that  thefe 
avowals  Ihould  be  read  to  them  after  an  interval  of  fome 
days,  to  fee  if  they  would  Ilill  freely  perfevere  in  their 
depofitions.      He  hears  them  all  confirmed,      ^ui  per- 
Jcver antes  in   iltis,  eas  exprejfe  el  fponte  prout  recitatx  fue- 
rant  approhdrmU.     He   wifhed   Ilill  further  to   interro- 
gate the  grand  mailer  and  the  principal  fuperiors,  prt- 
ceplores  majores,  of  the  divers  provinces  of  France,  Nor- 
mandy, Poitou,  and  of  the  Tranfmarine  countries.     He 
fent  the  moll  venerable  perlons  to  interrogate  thofe  of 
the   fuperiors,  whofe  age  or  infirmities  hindered  them 

from 


(a)   Layelte,  No.  20.  Inlerrog.  made  at  Caen. 

(bJ   See  the  Coundl  of  Ravenna.     Rubens  H'tjl.  Raven,  lib.  vi. 
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Templars,  from  appearing  before  him.     He  ordered  the  dL-poli-  ny  Scolcli,  I'n  their  refpedti've  countries.   It  *-as  fn  con-  temolar., 

tions  of  their  brethren  to  be  read  to  them,   to  know  if  fcquence  of   thefe   declarations   that   tlie  oid.r  of  the    T"l''<^- 

thej'  acknowledged  the  truth  of  them.      He  required  no  Templars  was  aboi^flied  in  thofe  kingdoms,  and  that  the      "™'- 

other  oath  from  tlum  tlian  to  aniwer  freely  and  witliout  parliament  difpofed  of  their  goods  (d).      Tlie  fame  de-         """^ 

compulfion  ;   and  both  the  grand  mailer  and  the  lupe-  clarations  were  taken  and  proved  in  Italy,  at  Ravenna, 

riors  of  thefe  divers  provinces,  depofe  and  contefs   the  at  Bologna,  at  Pifa,  and  at  Florence,  though  in  all  rhde 

fame  things,  conii;  m  them  fomc  days  after,  and  approve  councils  the  prelates  were  very  ready  to  abfolve  all  iliofe 

of  the  minute?  of  their  depofitions  taken  down  by  pub-  kniVlits  who  coi.hi  fucceed  in  their  jullifieations. 


lie  notaries.  Notiiing  lefs  than  luch  precautions  could 
convince  him  of  his  error:  it  was  then  only  that  he  re- 
voked his  menaces  and  his  fufpenfion  of  the  French  bi- 
fhops,  and  that  he  allows  the  king  to  proceed  in  the 
trials  of  the  Templars. 

"  Let  fuel]  [iietexts  be  forgotten,  and  let  us  only 
dwell  on  the  aviiwals  which  ti  uth  alone  forced  from 
thefe  criminal  knights. 

"Their  depofitions  declare,  that  the  Knights  Tem- 


"  T  would  willingly  affcrt  (continues  the  Abbe),  that 
It  was  the  fmaller  part  of  the  Templars  who  fuffered 
themfelves  to  be  carried  av\ay  l)y  fuch  abominations. 
Some  even  at  Paris  were  declared  innocent.  In  Italy 
a  Hill  greater  number  were  abfulved  ;  of  all  thofe  who 
were  judged  ;it  the  councils  of  Mayencc  and  Salamanca, 
none  were  condemned  :  and  hence  we  may  conclude, 
that  of  the  9.  oo  houfes  bi longing  to  the  order,  many 
had  not  been  tainted,  and  that  wliulc  provinces  were  to 


plars,  on  their  reception,  denied  Chnll,  trampled  on  be  excepted  from  the  general  (lain  of  infamy.  Put  the 
the  crofs,  and  fpit  upon  it  ;  that  Good  Friday  was  a  condemnations,  the  juridical  depolitlons,  the  method  of 
day  which  wa<  pinicularly  coiUecrated  to  luch  outra-  fnitiating  the  knights,  almolt  became  general;  the  le- 
ges; that  they  p.omiled  to  prollitute  themlelves  to  crecy  of  their  receptions,  where  neither  prince,  nor 
each  r)ther  for  the  moil  unnatural  crimes  ;  that  every  k/ng,  nor  any  perfon  whatever,  could  be  prefent  durin^T 
child  begotten  by  a  Templar  was  caft  into  the  hie;  the  laft  half  century,  are  fo  many  tellimonies  which  cor"- 
that  they  bound  themfelves  by  oath  to  obey,  without  roborate  the  divers  accufations  contained  in  the  articles 
exception,  every  order  coming  from  the  gr.md  mailer;  fent  to  the  judges  ;  that  is  to  fay.  that  at  leal!  two- 
to  fpare  neither  facred  nor  prophane  ;  to  look  upon  thirds  of  the  order  knew  of  the  abominations  pradifed 
every  thing  as  lawful  when  the  good  of  the  order  was  without  taking  any  fteps  to  extirpate  them.  ^,od  om- 
in  quellion  ;  and,  above  all,  never  to  violate  the  horrible  „„,  ^^l  ^^ajt  du£  partes  ordinis  fcientes  dklos  errores  cor- 
fecrets  of  their  nofturnal  myiteries,   under  pain  of  the  rigere  neiy/exerint. 

moll  terrible  chaftifements  (c).  .<  Thfs  certainly  cannot  mean  that  two  thirds  of  the 

"  In  making  their  depoiitions,  many  of  them  decla-  knights  had  equally  partaken  of  thefe  abominations.  It 


red  they  had  only  been  forced  into  thefe  horrors  by  ira- 
prlfonment  and  the  moll  cruel  ufage  ;  that  they  wiflied, 
after  the  example  of  many  of  their  brethren,  to  pafs  in- 
to other  tnders,  but  that  they  did  not  d3re,  fearing  the 


is  evident,  on  the  contrary,  that  manydetellcd  them  as 
foon  as  they  were  acquainted  with  them  ;  and  that 
others  only  fubmittcd  to  them,  though  initiated,  after 
the  hariheft  treatment  and  moll  terrible   threats,      l^^"- 


power  and  vengeance  of  their  order  ;    that   they   had  verthelefs,   this  proves,   that  the  greateil  part  of  thefe 

fecretly  confefTed  their  crimes,   and  had  craved  abfolu-  knights  were  criminal,  fome  through  corruption,  others 

tion.   In  this  pnbhc  declaration,  they  tellified,  by  their  through  weaknefs  or  connivance  ;   and  hence  the  dilfo- 

tears,  the  moll  ardent  delirc  of  being  reconciled  to  the  lution  of  the  order  became  neceffary." 
church.  TEMPLEMAN  (Peter)    M.  D.  the  fon  of  an  e- n 

"  All  repeat  the  fame  depofition,  except  three,  who  minent  attorney  at  Dorcheller  in  the  county  of  Dorfet, 
declare  they  have  no  knowledge  of  the  crimes  imputed  by  Mary  daughter  of  Robert  Haynes,  was  born  March 
to  their  order.  The  Pope,  not  content  with  this  in-  17,  17,  ,,  and  was  educated  at  the  Charter-houfe  (not 
formation  taken  by  men  of  religious  orders  and  by  on  the  foundation),  whence  he  proceeded  to  Trinity- 
French  noblemen,  requires  that  a  new  trial  fliould  take  college,  Cambridge,  and  there  took  his  degree  of  B.  A. 
place  in  Puitou  before  cardinals  and  others  whom  he  with  diftinguilhed  reputation.  During  his  relidence  at 
himfelf  nominates  :  Again,  with  the  fame  freedom,  and  Cambridge,  by  his  own  inclination,  in  conformity  with 
for  the  third  time,  the  grand  mailer  and  other  chiefs,  that  of  his  parents,  he  applied  himfelf  to  the  iludy  of 
inprefenceof  Clement  V.  repeat  their  depofitions.  Mo-  divinity,  with  a  defign  to  enter  into  holy  orders  ;  but 
lay  even  requefled,  that  one  of  the  lay  brothers,  who  after  fome  time,  from  what  caufe  we  know  not,  he  al- 
was  about  his  perlon,  (hould  be  heard,  and  this  brother  tered  his  plan,  and  applied  himfelf  to  the  Iludy  of  phyfic. 
confirms  the  declaration.  During  many  years  thefe  in-  l,i  the  year  1736,  he  went  to  Leyden,  where  he  at- 
formations  were  continued  and  renewed  at  Paris,  in-  tended  the  leflures  of  Boerhaave,  and  the  profcfTors  of 
Champagne,  in  Normandy,  in  Quercy,  in  Languedoc,  the  other  branches  of  medicine  in  that  celebrated  uni- 
m  Provence.  In  France  alone,  above  200  avowals  of  verfity,  for  the  fpace  of  two  years  or  more.  About 
the  fame  nature  are  to  be  found  :  nor  did  they  vary  in  the  beginning  of  1739,  ''^  returned  to  London,  with  a 
England,  where,  at  the  fynod  of  London  held  in  131 1,  view  to  enter  on  the  pradice  of  his  proftffion,  fupport- 
78  Enghlh  knights  were  heard  and  two  whole  months  ed  by  a  handfome  allowance  from  his  father.  Why  he 
were  fpent  in  taking  informations  and  in  verifying  their  did  not  fucceed  in  that  line  was  eafy  to  be  accounted 
declarations.     Fifty-four  IrilTi  were  alfo  heard,  and  ma.  for  by  thofe  who  knew  him.     He  was  a  man  of  a  very 

SuppL.  Vol.  II.  Part  II.  4  q^  liberal 
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(c)  See  the  Vouchers  brought  by  Dupuy,  and  Extraa  of  the  Regifiers. 

\v,)  Vide  Valftnger  in  Edvardum  II,  et  Tpodigma  Neujlru  apud  Dupuy.— Effat  de  Fred.  Nkolai. 
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liberal  turn  of  mind,  of  general  erudition,  with  a  large 
acquaintance  among  the  learned  of  different  profelTions, 
but  of  an  indolent,  inadlive  difpofitiun  ;  he  could  not 
enter  into  juntos  with  people  that  were  not  to  his  liking; 
nor  cnltivute  the  ac'-piaintance  to  be  met  with  at  tea- 
tables  ;  but  rather  chofe  to  employ  his  time  at  home  in 
the  pcrufal  of  an  ingenious  author,  or  to  fpend  an  attic 
eveniuT  in  a  feleft  company  of  men  of  fenfe  and  learn- 
ing. In  this  he  rcfembled  Dr  AVmftrong,  whofe  li- 
niite.d  praftice  in  his  profeffion  was  owing  to  the  fame 
caufe.  In  the  latter  end  of  the  year  1750  he  was  in- 
troduced to  Dr  Fothergill  by  Dr  Cuming,  with  a  view 
of  inftituting  a  Medical  Society,  in  order  to  procure 
the  earlieft  intelligence  of  every  improvement  in  phyfic 
from  every  part  of  Europe.  At  the  fame  period  he 
tells  his  friend,  "  Dr  Mead  has  very  generoufly  offi:red 
to  affift  me  with  all  his  interelt  for  fucceeding  Dr  Hall 
at  the  Charter  houfe,  whofe  death  has  been  for  fome 
time  expefted.  Infpired  with  gratitude,  I  have  ven- 
tured out  of  m.y  element  (as  you  will  plainly  perceive), 
and  fcnt  him  an  ode."  Dr  Templcman's  epitaph  on 
Lady  Lucy  Meyrick  (the  only  EngliiTi  copy  of  verfes 
of  his  writing  that  we  know  of),  is  printed  in  the 
eighth  volume  of  the  "  Seledl  Colleftion  of  MifccUany 
Poems,  1781."  In  1753  he  publidied  the  firft  volume 
of  "  Curious  Remarks  and  Obfervatlons  in  Phyfic,  A- 
natomy,  Chirurgery,  Chemiftiy,  Botany,  and  Medicine; 
extrafted  from  the  Hiftory  and  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris  ;"  and  the  feeond  volume 
in  the  fucceeding  year.  A  third  was  promifed,  but 
we  believe  never  printed.  It  appears,  indeed,  that  if  he 
had  met  with  proper  encouragement  from  the  public, 
it  was  his  intention  to  have  extended  the  work  to  twelve 
volumes,  with  an  additional  one  of  index,  and  that  he 
was  prepared  to  publiih  two  fuch  volumes  every  year. 
His  tranflation  of  "  Norden's  Travels"  appeared  in  the 
beginning  of  tiie  year  1757  ;  and  in  that  year  he  was 
editor  of  "  Seleft  Cafes  and  Confultations  in  Phyfic, 
by  Dr  Woodward,"  8vo.  On  the  edabllfhment  of  the 
13riciih  Mufeum,  in  1753,  he  was  appointed  to  the  of- 
fice of  keeper  of  the  reading-room,  which  he  refigned 
on  being  chofen,  in  1760,  fecretary  to  the  then  newly 
inftitutcd  Society  of  Arts,  Manufaftures,  and  Com- 
merce. In  1762,  he  was  elected  a  correfponding  mem- 
ber of  the  Royal  Academy  of  Science  of  Paris,  and  alfo 
of  the  CEconomical  Society  at  Berne.  Very  early  in 
life  Dr  Templeman  was  affiifted  with  fevere  paroxyfms 
of  an  afthma,  which  eluded  the  force  of  all  that  either 
his  own  &iil,  or  that  of  the  moft  eminent  phyficians 
then  living,  could  (uggelf  to  him  ;  and  it  continued  to 
harafs  him  till  his  death,  which  happened  September 
23,  1769.  He  was  efteemed  a  man  of  great  learning, 
particularly  with  refpeft  to  languages  ;  fpoke  French 
with  great  fluency,  and  left  the  character  of  a  humane, 
generous,  and  polite  member  of  fociety. 

TERANE',  a  town  in  Egypt,  fituated  on  what  Mr 
Browne  calls  the  left  of  the  moft  weft ern  mouth  of  the 
Nile,  at  a  very  fmall  diftance  from  the  river.  Its  lati- 
tude is  30^  24'.  The  buildings  are  chiefly  unburned 
brick,  though  there  are  alfo  fome  of  ftone.  The  town 
and  dirtrift,  containing  feveral  villages,  belonged,  be. 
fore  the  French  invafion,  to  Muiad  Beys  who  ufually 
entrufted  its  government,  and  the  colledlion  of  its 
revenue,  to  one  of  his  Cafliefs.  That  revenue  arifes 
principally  from  nation  (See.  Naprum,  Encyc!.),  found 
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in  great  quantities  in  certain  lakes  about  thirty  five 
miles  from  Terane  ;  and  it  is  on  account  of  thefe 
lakes  only  that  the  town  is  worthy  of  notice  in  this  v. 
work  ;  for  though  there  are  many  columns  in  its  neigh- 
bourhood,  which  indicate  the  fite  of  ancient  ftruiftnres, 
none  of  them  have  iafcriptions  afcertaining  their  anti- 
quity. 

The  eaftern  extremity  of  the  moft  weftern  lake  Mr 
Browne  found  to  be  30°  31'  North.  No  vegetation 
appears,  except  reeds,  on  the  margin  of  the  lake,  whieli 
is  very  irregular  in  its  form  ;  fo  that  it  is  not  eafy  to 
fay  what  may  be  the  quantity  of  ground  covered  witli 
water.  It  is  higher  in  winter  than  in  fummer  ;  and 
when  it  was  vifited  by  our  author  its  breadth  did  not 
exceed  a  mile,  though  its  length  was  nearly  four.  Tij- 
wards  the  end  of  the  fummer,  it  is  faid  thefe  lakes  are 
almoft  dry  ;  and  the  fpace  that  the  water  has  retired 
from  is  then  occupied  by  a  thick  depofition  of  fait. 
Not  far  removed  from  the  eaftern  extremity,  a  fpring 
rifes  with  fome  force,  which  much  agitates  the  reft  of 
the  water.  Clofe  to  that  fpring  the  depth  was  far  greater 
than  Mr  Browne's  height  ;  in  other  parts  it  was  obfer- 
vable  that  it  did  not  generally  exceed  three  feet.  The 
thermometer  near  this  fpring  ftood  at  76,  while  in  the 
open  air  it  was  87.  The  more  weftern  lake  differs  not 
materially  trom  the  eaftern  in  fize,  form,  or  produftions. 
The  colour  of  the  water  in  both  is  an  imperfeft  red  ; 
and  where  the  bottom  is  vifible,  it  appears  almoft  as  if 
covered  with  blood.  Salt,  to  the  thicknefs  of  five  or  fix 
inches,  lies  conftantly  in  the  more  fhallow  parts.  The  fur- 
face  of  the  earth,  near  the  lake,  partakes  more  or  lefs  ge- 
nerally of  the  charadler  of  natron,  and,  in  the  parts  far- 
theft  removed,  offers  to  the  foot  the  flight  refiftance  of 
ploughed  ground  after  a  flight  froft.  The  foil  is  coarfe 
fand.  The  water  of  the  lake,  on  the  flighteft  evapo- 
ration, immediately  depofits  fait.  There  is  a  mountain 
not  far  from  the  lakes,  where  natron  is  founcl  in  infu- 
lated  bodies,  near  the  furface,  of  a  much  lighter  colour 
than  that  produced  in  the  lake,  and  containing  a  greater 
portion  of  alkali.  How  thick  the  fubllance  of  natron 
commonly  is  in  the  lake,  our  author  did  not  accurately 
determine  ;  but  thofe  employed  to  collcft  it  report,  that 
it  never  exceeds  a  cubit,  or  common  pike  ;  but  it  ap- 
pears to  be  regenerated  as  it  is  carried  away.  If  ever  it 
fliould  be  brought  to  fuperfede  the  ufe  of  bariUa,  the 
quantity  obtainable  feems  likely  to  anfwer  every  poiEble 
demand. 

TEREBRATUL^  (Anomi^e,  Lin.  fee  that  ar- 
tide  Encycl.)  have  been  fuppofed  not  to  exlft  now  but 
as  petrified  ihells.  This,  however,  is  a  mlftake.  The 
anomia  is  an  inhabitant  of  every  region,  and  has  exirt- 
ed  in  every  age.  As  many  terebratula;  were  caught 
by  Peroufe's  people  during  his  voyage  of  difcovery,  and 
as  Lamanon  the  naturalift  thought  they  ftiould  be  con. 
fidcred  as  a  genus  by  themfelves,  he  has  given  us  the 
following  defcription  of  the  anomia,  or,  as  he  calls  it, 
terebratitia,  on  the  coaft  of  Tarti-.ry  : 

The  length  of  the  fliell  varies  from  fix  to  twenty 
lines,  and  its  breadth  from  five  to  eighteen  ;  there  are, 
however,  conliderable  varieties  of  proportion  between 
different  individuals,  befides  thofe  arifing  from  the  dif^ 
ferent  ages  of  tlie  animal.  It  would  be  improper, 
therefore,  to  diftinguifli  the  various  fpccies  of  anomlse 
by  the  proportion  of  their  (hells.  The  waving  lines 
on  the  edges  of  the  flicU  arc  equally  defcdive,  as  di- 
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Tercbra-  ftiiiftive  cliaraiflers ;  for  our  author  obferved  in  tlie  fame 

tula.      fpecies  the  (hell  approaching  or  receding  indiifereiitly 

""^f^^"'  from  tlie  circular  form,   and,  in  fome,  the  edges  of  tlie 

valves  are  on  the  fame  plaiie  ;  whereas  in  others,  one  of 

the  valves  forms  a  falient  angle  in  tlie  middle  of  its 

curve,  and  the  other  a  re-entering  angle. 

The  (hell  is  of  a  moderate  thicknels,  about  that  of  a 
common  mufcle  ;  it  is  fomevvhat  tranfparent,  convex 
like  the  cockle  :  neither  of  the  (hells  is  more  fcnfibly 
arched  than  the  other  ;  that,  however,  which  has  the 
fpur,  is  rather  the  mod  fo,  efpecially  in  the  fuperior 
part. 

On  the  furff.ce  of  the  /hell  are  feen  a  number  of  flight 
tranfverfe  deprefllons,  of  a  femiclrcul  ir  waved  form, 
which  reach  the  part  where  the  (hell  ccafes  to  be  circu- 
lar, in  order  to  form  the  angle  which  fnpports  the 
fummit. 

Thefe  ftriae  are  covered  with  a  very  thin  and  flightly- 
adhering  periofteum  ;  in  (ome  fpecimens  there  are  from 
one  to  three  (hallow  broad  dcpreflions,  radiating  inl'en- 
fihly  from  the  centre  of  the  (hell,  and  becoming  more 
marked  as  they  approach  the  edges,  where  they  form, 
with  the  correfponding  parts  of  the  other  (hell,  thofe 
falient  and  re-entering  angles  which  have  been  mention- 
ed. The  perioReum  is  rather  more  firmly  fixed  on  the 
latter  angles  than  on  the  former. 

The  (hells  are  equal  in  the  rounded  part  of  their 
edge,  and  clofe  very  exaftly  ;  however,  towards  the 
fummit,  the  fpur  of  one  of  the  fhells  reaches  confider- 
ably  beyond  the  other  (hell,  confequently  they  are  un- 
equal, as  in  oyfters. 

The  fpur,  or  fummit,  is  formed  by  the  folding  from 
within  of  the  edge  of  the  fhell,  and  the  elongation  of 
its  upper  part.  The  folded  edges  form  an  oval  aper- 
ture of  a  moderate  fize,  through  which  the  animal  ex- 
tends the  mufcle,  by  means  of  which  it  attaches  itfelf 
to  other  fubftances.  This  fhell  is  not,  therefore,  per- 
forated, as  its  name  of  terebratula  would  feem  to  imply, 
the  opening  not  being  worked  in  one  of  the  lliells,  but 
formed  by  the  elongation  of  one  (hell,  the  folding  in  of 
its  edges,  and  the  approach  of  the  other  (hell.  The 
fummit  is  not  pointed,  but  round. 

The  ligament,  as  in  the  oyller,  is  placed  betweenjthe 
fummits,  and  does  not  appear  on  the  outfide  ;  it  adapts 
itfelf  to  the  pedicle  ol  the  animal.  As  the  fummit 
takes  up  a  confiderable  part  ot  the  (hell,  the  valves  are 
only  capable  of  opening  a  very  little  without  running 
the  ri(li  of  being  broken.  It  is  very  firm,  though  flen. 
der,  and  not  eafily  to  be  diicovered,  being  fixed  in  a 
fmall  groove,  which  is  filled  up  when  the  (hell  is  (hut 
by  the  correfponding  part  of  the  oppoCte  (hell.  This 
ligament  preferves  its  texture,  even  for  a  confiderable 
time  after  the  (liell  is  emptied  and  become  dry. 

Oyfters  are  without  a  hinge,  the  teeth  which  form 
it  in  many  other  fhells  not  exilting  in  them.  The  ano- 
mia  has  been  conlidered  as  an  oyfler,  becaufe  its  hinge 
or  teeth  have  not  been  examined  :  they  are  not  vifible 
indeed  in  the  foffil  fpecimens  ;  but  in  opening  them 
when  alive,  the  teeth  compofing  the  hinge  are  ("uflfi- 
ciently  vifible,  being  even  much  larger  than  in  the 
greater  part  of  bivalve  lliells.  The  folTil  terebratulae 
arealmofi;  always  found  with  their  fliells  clofed  ;  where- 
as the  other  bivalves  have  ufually  theirs  either  open  or 
feparated  :  the  reafon  of  this  feems  to  arife  from  the 
nature  of  the  hinge,  that  of  the  anomia  not  allowing  it 
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to  feparate,  and  the  ligament,  which  is  very  tight,  con-    Ttrebrx. 
tributing  to  keep  the  two  fliells  united.     The  teeth       '"'f; 
which  form  the  hinge  of  the  anomia  approach  very  near         ' 
to  thofe  of  x\\t  fpondyk,  defcribed  by  M.  Adanfon.      In 
this  lad  they  are  formed  by  two  rounded  projections, 
and  in   the  anomia  by  the  fame  a  little  elongated.      It 
is  above  thefe  teeth  that  the  ligament  is  placed  in  the 
larger  fhell  :  there  are  between  it  and  the  teeth  two  ca- 
vities, one  on  each  fide,  which  ferve  to  receive  the  teeth 
of  the  other  valve.      The  teeth  of  the  larger  fhell  have, 
befides,  a  (light  projeftion,  which  fits  into  a  longitudi- 
nal furrow  in  the  other  fhell  in  front  of  the  teeth. 

The  fubftance  which  covers  the  infide  of  the  fhell 
holds,  as  in  oyfters,  a  middle  place  bi.tween  nacre  and 
the  interior  fubftance  of  (hells,  which  are  deftitute  of  it. 
The  degree  of  its  luftre,  poli(h,  and  thicknefs,  varies 
with  the  age  and  circumftances  of  individuals. 

The  colour  of  the  teeth  is  always  white  ;  that  of  the 
outer  furface  of  the  (hell  verges  more  or  lc(s  to  the 
ochry  red,  efpecially  on  the  border.  The  infide  has  alfo 
a  very  flight  tint  of  this  colour,  on  a  varying  greyifti- 
white  ground. 

There  is  vifible  on  each  fide  of  the  fliell  the  impref- 
fion  of  two  very  diftinft  tendons  ;  a  circumftance  which 
forms  a  very  eflential  difference  between  this  genus  and 
that  of  the  oyfter  :  this  latter  having  only  one  tendoa 
arifing  from  the  middle  of  the  body.  The  impreffions 
of  the  tendon  in  the  largeft  fliell  are  oblong,  fitnatc 
near  the  fummit,  and  hollowed  ;  each  of  them  has  cur- 
ved tranfverfe  ridges,  divided  into  two  parts  by  a  lon- 
gitudinal furrow,  reprefenting  the  wings  of  certain  in- 
ieCts.  In  the  other  valve  the  infertions  have  a  different 
form  ;  their  fituation  is  the  fame,  but  they  are  very  ir- 
regularly rounded  and  encompafl'ed  by  two  fulcations, 
which  are  feparated  from  each  other  by  an  intervening 
ridge,  and  then  are  continued  in  a  right  line  towards 
the  opening  of  the  fliell  as  far  as  about  two  thirds  of 
its  length.  That  part  of  the  fummit  of  the  fliell  along 
which  the  pedicle  of  the  animal  pafTes,  is  longitudinally 
ftriated  in  the  larger  fliell,  of  which  the  middle  ftria  is 
the  deepeft  :  the  longitudinal  ftriae  are  divided  into  equal 
parts  by  a  tranfverfe  deprcflioii.  There  are  no  fimilar 
marks  on  the  other  fhell. 

Our  author  difleded  the  animal  itfelf,  and  found  what 
he  calls  the  manteati  of  the  anomia,  formed  of  a  very  fine 
membrane,  lining  the  infide  of  both  (hells,  and  contain- 
ing the  body  of  the  animal.  Its  origin  is  of  the  fame 
breadth  as  the  hinge  of  the  fliell,  whence  it  divides  into 
two  lobes,  lining  both  the  fliells:  it  forms,  therefore, 
only  a  fingle  aperture,  terminating  at  each  end  of  the 
hinge,  and  of  the  fame  breadth  with  theinteiior  furface 
of  the  fliell :  it  appears  to  have  only  one  trachea,  which 
is  formed  by  the  two  lobes  of  the  manteau. 

Onr  naturalilt  having  opened  the  fliell,  divided  the 
ligament  as  delicately  as  poflible,  unfixed  the  hinge, 
and  detaching  from  the  larger  fliell  the  lobe  of  the  man- 
teau,  turned  over  the  body  of  the  animal.  This  ope- 
ration expofed  to  view  the  large  mufdes  which  adhered 
to  the  fhell  ;  they  are  foft,  membranous,  and,  as  it  were, 
flcftiy  on  the  infide,  being  covered  with  fmall  fanguife- 
rous  glands.  From  the  lower  part  of  each  mufcle  there 
proceeds  a  pretty  flrong  tendon,  which  reaches  to  the 
extremity  of  the  manteau  ;  they  run  parallel  to  the  edge 
of  the  fhell,  and  at  a  confiderable  diftance  from  each 
other ;  and  are  each  enclofed  in  a  fort  of  flatted  fac,  of 
4  Qji  the 
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Terebra-   the  ih.ipe  of  a  ribbon,  which  is  filled  with  a  red  vifcid 
'"'^^     ^matter.      It  appears  that  the  place  of  infertion   of  the 
"~^  mufclcs,   as   well    as  the  mufcles  theinfelves,   which   ex- 

tend along  the  lob  of  the  mantean,  furnilli  real  blood, 
which  is  contained  in  three  ftnidl  flelhy  red  glandular 
bodies  of  unequal  fi/.e,  which  are  vifible  after  having 
taken  off  the  mufclcs ;  perhaps  theic  conftitute  the 
heart  of  the  animal. 

The  mufcles  which  are  inferted  into  the  other  fhell 
are  alfo  divided  into  feveral  parts  ;  fonie  are  fecn  ex- 
tending along  the  correfponding  lobe  of  the  manteau  ; 
many  others  rife  up  in  a  kind  of  tuft,  which  is  fixed 
into  the  ihell  above  :  fome  again  fubdividc  into  fuch 
minute  i-amifications  as  not  to  allow  of  tracing  their 
courfe,  even  with  the  affiftance  of  a  microfcope  ;  but 
others,  more  apparent,  contribute  to  the  formation  of 
the  pedicle  which  paffes  through  the  opening  left  be- 
tween the  two  fhells,  is  connefted  to  each  of  them  by 
feveral  fibres,  and  fixes  itfelf  to  fome  external  body, 
principally  to  other  bivalves.  The  mufcles  of  the  ano- 
mia  have  therefore  three  attachments,  namely,  to  the 
inner  furface  of  each  flicll,  and  to  fome  external  body. 

The  form  of  the  pedicle  is  cylindrical,  being  enclofed 
in  a  mufcular  fubftance,  which  contains  feveral  fibres  ; 
it  is  from  a  line  to  a  line  and  a  half  long,  and  two 
thirds  in  diameter.  It  adheres  fo  forcibly  to  different 
fubftances,  as  that  the  animal,  and  all  the  mufcles  which 
contribute  to  the  formation  of  the  pedicle,  may  more 
eafily  be  torn  through  than  the  pedicle  detached  from 
the  place  of  its  adhefion.  The  gluntinous  fubftance 
which  connefts  them  to  each  other,  refifts  even  the  heat 
of  boiling  water.  It  is  by  means  of  this  pedicle  that 
the  animal  raifes  its  fliell  fo  as  to  be,  while  in  the  water, 
in  a  pofition  inclined  to  the  horizon.  The  fmalleft 
valve  is  always  the  loweft,  being  that  upon  which  the 
animal  refts ;  the  fuperior  one  being  the  larger,  and 
ferving  as  a  covering.  Our  author  thinks  the  animal 
lias  the  power  of  loco-motion. 

After  raifing  the  lobe  of  the  manteau  he  obferved 
the  ears.  They  are  large,  compofed  of  two  membra- 
naceous laminae  on  each  fide,  of  which  the  fuperior  is 
the  narrower.  Thefe  laminae  are  connefted  to  each 
other  by  a  thin  membrane,  fo  as  to  form  only  a  fingle 
pouch.  They  have  on  their  edges  long  fringes,  which 
hang  loofe  upon  the  manteau  ;  but  a  very  remarkable 
circuraftance  is,  that  their  ears  are  fupported  by  little 
bones  hke  thofe  of  fifh.  The  form  of  the  ears  is  that 
of  an  arch  ;  they  are  feparatcd  from  each  other  on  their 
lower  part,  where  the  fringes  are  the  longell  ;  fo  that 
the  two  ears  on  one  fide  are  perfedly  diftinft  from  thofe 
on  the  other  fide.  The  commencement  of  the  ears  is 
at  the  teeth  of  the  hinge. 

Between  the  ears  arc  fituate  ihe  ftomach,  oefophagus, 
and  mouth  ;  the  whole  forming  a  triangle,  of  which  the 
mouth  is  the  bafe.  It  is  placed  at  the  fide  of  the  hinge, 
and  confifts  of  a  large  tranfverfe  opening  without  lips 
or  jaw-bone.  The  osfophagus  is  very  (hort,  but  is  ca- 
pable of  elongation  when  the  animal  opens  its  mouth. 
The  (tomach,  which  is  of  the  Ihape  of  a  pointed  fac, 
is  conneiStcd  by  a  membrane  to  the  bones  of  the  ear. 
Gn  opening  the  ftomach,  he  found  a  fmall  (hrirap  half 
digefted. 

At  the  bottom  of  the  ftomach  is  feen  the  inteftinc, 
of  which  it  is,  as  it  were,  a  continuation.  It  is  ex- 
tremely ftiort,  not  exceeding  half  a  line  in  a.  ftiell  fifteen 
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lines  acrofs,  and   is  compofed  of  a   very  Dender  mem-  Tcrdttan 
brane.     The  excrements  are  difcharged  upon  the  lobes      '"'*.j    ! 
of  the  manteau,  but  they  are  eafily  thrown  out  by  the       ^^""'  . 
motions  of  the  two  lobes. 

The  little  bones  of  the  ears,  already  mentioned,  had 
not  formerly  been  obferved  in  any  of  the  teftaceous  ani- 
mals ;  whence  the  terebratulae  approach  nearer  to  fiih 
than  the  inhabitants  of  any  other  Ihell.  In  the  anomii 
which  are  preferved  in  cabinets,  there  is  found  only  a 
very  fmall  portion  of  thefe  bones,  whence  they  have 
obtained  the  improper  appellations  of  tongue  or  fori, 
which  indicate  only  the  form  of  the  fragments,  and  not 
their  ufe. 

The  fmall  bones  of  the  ears  are  compofed  of  feveral 
pieces,  the  principal  of  which  is  of  an  oval  form  ;  it 
fprings  from  the  fide  of  the  hinge,  of  which  it  appears 
to  be  a  continuation  ;  thence  it  extends  about  two-thirds 
of  the  breadth  of  the  fhell,  where  it  is  reflefted,  and 
refts  againft  the  upper  part  of  the  fork,  to  the  branches 
of  which  it  is  united  by  a  fimple  fuperpofition  ;  a  kind 
of  articulation  very  common  among  the  numerous  fmall 
bones  that  compofe  the  heads  of  filli.  The  fork  ex- 
tends from  the  fummit  a  little  more  than  one-third  of 
the  breadth  of  the  ftiell :  it  is  formed  by  a  pivot  which 
divides  into  two  long  and  pointed  branches  ;  thefe  are 
remarkably  brittle,  and  fupport  the  extremities  of  the 
bones  of  the  larger  ears.  The  lamina,  which  compofes 
a  fecond  fet  of  ears,  refts  upon  a  curved  bone,  which  on 
one  fide  is  attached  to  the  inferior  internal  part  of  the 
bone  of  the  larger  ears,  and  on  the  other  reaches  to  the 
fide  of  the  mouth  of  the  animal,  where  it  is  united  to  an- 
other flat  little  bone,  which  is  applied  to  a  fimilar  bone 
on  the  other  fide.  Thefe  laft  little  bones  are  exadly  below 
the  membrane  which  forms  the  mouth.  All  thefe  bones 
are  flat,  vei-y  brittle,  and  furrounded  with  fibres  and  merar  ■ 
branes.  By  their  articulations  the  ears  are  enabled  to 
move  ;  thev  alfo  fupport  the  body  of  the  animal,  which 
touches  neither  of  the  ftiells,  but  remains  between  them 
as  upon  treffels.  The  fpace  between  the  branches  of  the 
bones  of  the  ears  is  filled  up  with  a  tranfparent  firm 
membrane  ;  at  the  bafe  of  the  fork  is  a  fimilar  one,  and  a 
perpendicular  partitiondividingthe  fpace  occupied  by  the 
body  of  the  animal  from  the  reft  of  the  ftiell.  There  are 
two  orifices  in  this  membrane  communicating  with  the 
fpace  between  the  two  lobesof  the  manteau,  and  which 
ferves  as  a  trachea  ;  for  we  have  remarked,  in  the  de- 
fcription  of  the  manteau,  that  the  two  lobes  are  entire- 
ly feparaled  from  each  other,  and  therefore  do  not  form 
a  real  trachea. 

From  this  defeription,  it  follows  that  the  anomia 
ought  to  be  feparated  from  the  genus  oyfter,  fince  it 
has  a  toothed  hinge,  feveral  ligaments,  and  an  interior 
organization  wholly  different  ;  neither  ought  it  to  be 
confounded  with  the  cockle,  the  Ihells  of  which  are 
both  equal,  and  are  deftitute  of  any  fenfible  periofteum, 
without  reckoning  other  differences.  It  has  ftill  lefs 
analogy  with  the  other  bivalves,  and  therefore  ought 
to  conftitute  a  peculiar  genus;  the  fpecies  of  which,  both, 
foflil  and  living,  are  very  numerous. 

See  Plate  XLIII.  where  fig.  i.  is  a  front  view  of  a 
terebratula  of  middle  fize.  Fig.  2.  is  a  view  of  the  in- 
ternal ftruAure. — A  A,  laminae  of  the  fuperior  ears — 
BB,  lamina;  of  the  inferior — C,  the  ftomach — D,  the 
anus — E  E,  the  manteaa — F,  the  oefophagus. 

TERNAI,  the  name  given  by  Pcroufe.toa  very 
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Ternai.  fine  bay  which  he  diTcovered  on  the  coa/l  of  'I'artary, 
"""V^"'  in  Lat.  45"  13  North,  and  in  Long.  155°  9'  Eall  from 
Paris.  The  bottom  is  fandy,  and  diniinilhcs  g^radually 
to  Gx  fathoms  within  a  cable's  length  of  the  (hore. 
The  tide  riies  five  feet  ;  it  is  high  water  at  8''  15"'  at 
full  and  change  ;  and  the  flux  and  reflux  do  not  alter 
the  diredlion  of  the  current  at  half  a  kague  from  the 
fhore. 

"  Five  fmall  creeks  (fays  La  Peronfe),  fimilar  to 
the  fides  of  a  regular  polygon,  form  the  outline  of  this 
roadllead  ;  thefe  are  feparated  from  each  other  by  hills, 
which  are  covered  to  the  fummit  with  trees.  Never 
did  France,  in  the  freOied  ipring,  offer  gradations  of 
colour  of  fo  varied  and  llrong  a  green  ;  and  though  we 
had  not  feen,  fince  we  began  to  run  along  the  coalt, 
either  a  Angle  lire  or  canoe,  we  could  not  imagine  that 
a  country  fo  near  to  China,  and  which  appeared  fo  fer- 
tile, fliould  be  entirely  uninhabited.  Before  our  boats 
h.^id  landed,  our  ghiifes  were  turned  towards  the  (hore, 
but  we  (aw  only  bears  and  (lags,  which  paflfed  very 
quietly  along  the  fea  tide.  The  fame  plants  whitii 
grow  in  our  chmatcs  carpeted  the  whole  foil,  but  they 
were  (Ironger,  and  of  a  deeper  green  ;   the  greater  part 


which  they  faw  a  great  number  on  the  banks  of  the  n. 
vulets.  They  found,  however,  immenfe  quantities  of 
fmall  onions,  forrel,  and  celery  ;  which,  together  with 
the  frefli  li(h,  ferved  as  antidotes  againlt  the  Icurvy.         v 

TERREPlein,  or  Tkrre-plain,  in  fortification, 
the  top,  platform,  or  horizontal  furfa-ee  of  the  rampart, 
upon  which  the  cannon  are  placed,  and  where  the  de- 
fenders perform  tlieir  office.  It  is  fo  called  bccaufe  it 
lies  level,  having  only  a  little  dope  outwardly  to  coun- 
terai't  the  recoil  of  the  cannon.  Its  breadth  is  from  24 
to  30  feet  ;  being  terminated  by  the  parapet  on  the 
outer  fide,  and  inwardly  by  the  inner  talus. 

TERRELLA,  or  little  earth,  is  a  magnet  turned 
of  a  fphericul  bgurc,  and  placed  fo  as  that  its  poles, 
equator,  3ic.  do  exactly  ovrefpond  with  thole  of  the 
world.  It  was  fo  firft  called  by  Gilbrrt,  as  being  a 
ju(l  re"pie(entation  of  the  great  magnetic  globe  we  in- 
habit. Such  a  terrella,  it  was  fuppofed,  if  nicely  poi- 
fed,.  and  hung  iji  a  meridian  like  a  globe,  would  be  turn- 
ed round  like  tlie  earth  in  24  hours  by  the  magnetic 
particles  pervaiding  it  ;  but  experience  has  diewn  that 
this  is  a  millake. 

TETRAEDRON,  or  Tetrahedros,  in  geome- 
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were  m  flower.      Rofes,  red  and  yellow  lilies,  lilies  of  try,  u;  one  of  the  five  Platonic  or  regular  bodieror  fo- 

the  valley,  and  all  our  meadow  flowers  in  general,  were  lids,    comprehended   under  four  equilateral  and   equal 

met  with  at  every  (\ep.      Pine  trees  covered  the  tops  of  triangles.      Or  it  is  a  triangular  jjyramid  of  four  equal 

the  mountains  ;    oaks  began   only  half  way  down,  and  and  equilateral  faces. 

diminilhed  in  Rrength  and  fize  in  proportion  as  they  TETRAGON,  in  geometry,  a  quadrangle,  or  a 
came  nearer  the  fea  ;  the  banks  of  the  rivers  and  rivu-  figure  having  four  angles.  Such  as  a  (quare,  a  paralle- 
lets  were  bordered  with  willow,  birch,  and  maple  trees,  logram,  a  rhombus,  and  a  trapezium.  It  fometimes  al- 
and on  the  I'cirts  of  the  forefts  we  faw  apple  and  medlar  fo  means  pecuharly  a  fquare. 

trees  in  flower,  with  clumps  of  haz.le  nut  trees,  the  fruit  Tetragon,  in   aftroiogy,  denotes  an  afpeifl  of  two 

of  which   already   made   its  appearance.      Our  furprife  planets  with  regard  to  the  earth,  when  they  are  diftant 

was  redoubled,  when   we   reflected   on  the   population  from  each  other  a  fourth  part  of  a  circle,  or  90  degrees, 

which  overburdens   the  extenfive   empire  of  China,  fo  The  tetragon   is   expreffed   by  the   charaftcr  D,  and  is 

that  the  laws  do  not   punifh   fathers  barbarous  enough  otherwife  called  a  fquare  or  quartile  afpecl. 

to  drown   and   defl:voy  their    children,    and    that    this  THEBES,  in  Egypt.      Having  in  the  Encyclopedia 

people,  whofe  pohty  is  fo  highly  boafled  of,   dares  not  given  Mr  Bruce's  account  of  this   ancient  city,   which 

extend  itfelf  beyond  its   wall,   to   draw   its   fubfillence  reprefents  it  as  having  been  a  paltry  place,   fo  contrary 

from  a  land,  the  vegetation   of  which  it  would  be  ne-  to  the  defcription  of  Homer,  juilice   to   the   father  of 

ceffary  rather  to  check  than  to   encourage.     At  every  poetry  requires  that  we  here  notice   what  has  been  faid 

ftep  after  we  had   landed,   we   perceived    traces  of  men  of  it  by  a  fubfeqiient  traveller,  who  remained  three  days 

by  the  deftruftion  they  had    made  ;   fcveral   trees,   cut  among   its   ruins.      According  to  Mr   Browne,   "  the 

with  (harp-edged   inilruments  ;  the  remains  of  ravages  raalTy  and  magnificent  forms  of  the  ruins  that  remain  of 

by  fire  weve  to  be  feen  in  fevcral  places,  and  we  obler-  ancient  Thebes,  tlie  capital  of  Egypt,  the  city  of  Jove, 

ved  fome  (heds,  which   had  been  ereded  by  hunters  in  the  city  with  too  gatits,   mull   infpire   every  intelligent 

a   corner   of   the  woods.       We  alfo  found  fome  fmall  fpectator  with  awe  and  admiration.     Diffufed   on  both 


ba(]<ets,  made  of  the  bark  of  birch  trees,  fewed  with 
thread,  and  iimiiar  to  thofe  of  the  Canadian  Indians  ; 
rackets  for  walking  on  the  fnow  ;  in  a  word,  every 
thing  induced  us  to  think  that  the  Tartars  approach 
the  borders  of  the  fea  in  the  feafon  for  hunting  and  fifii- 
ing  ;  that  they  affemble  m  colonies  at  that  period  along 
the  rivers  ;  and  that  the  bulk  of  the  nation  hve  in  the 
interior  of   the   country  on  a  foil  perhaps  better  ralcu- 


fidcs  of  the  Nile,  their  extent  confirms  the  clalCcal  ob- 
fervations,  and  Homer's  animated  defcription  ruflies  in- 
to the  memory  : 

'  Egyptian  Thebes,  in  whofe  palaces  vaft  wealth  is 
llorcd  ;  from  each  of  whofe  hundred  gates.iffue  two  hun- 
dred warriors,  with  their  horfes  and  chariots.' 

"  Thefe  venerable  ruins,  probably  the  mod  ancient 
in  the  world,  extend  for  about  three  leagues  in  length 


lated  for  the  multiplication  of  their  immenfe  flocks  and  along  the  Nile.   Ealt  and  well  they  reach  to  the  moun- 

herds."  tains,  a  breadth  of  about  two  leagues  and  a  half.     The 

Our  navigators  caught   in  the  bay  vaft  quantities  of  river  is  here  about   three  hundred  yards  broad.     The 

fine  fifh,  fuch  as  cod,  harp-fi(h,  trout,  falmon,  herrings,  circumference  of  the  ancient  city  mull  therefore  have 

and  plaice  ;    but  though  game    was   plenty   on  (hore,  been  about  twenty-feven  miles. 

they  had  no  fuccefs  in  hunting.     The  meadows,  fo  de-  "  In  failing  up  the  Nile,  the  firft  village  you  come 

lightful  to  the  fight,  could  fcarce  be  crolTed  ;  the  thick  to  within  the  precinfts  is  Kourna,  on  the  weft,  where 

grafs  was  three  or    four  feet    high,   fo  that  they  found  there  are  few  houfes,  the  people  living  moftly  in  the  ca- 

themfelves  in  a  manner  buried  in  it,  and  they  were  un-  verns.     Next  is  Abuhadjadj,   a  village,  and  Karnac,  a 

der  the  perpetual  dread  of  beiiig  bitten  by  ferpents,  of,  fmall  diftria,  both  on  the  eaft.     Far  the  largeft  portion 

of. 
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TheTies,    of  the  city  flood  on  the  cafleni  fide  of  the  river.      On 
Theodolii.>.^]^^  fouth-wert   Medinct-Abu  marks  the  extremity  of 
the  ruins  ;  for  Arment,  which  is  about  two  leagues  to 
the  fouth,  cannot  be  conlidered  as  a  part. 

"  In  defcribing-  the  ruins,  we  fh<ill  begin  with  the 
mofl  confiderable,  which  are  on  the  eafl  of  the  Nile. 
The  chief  is  the  Gi'eat  Temple,  an  oblong  fquare  build- 
ing of  vafl  extent,  with  a  double  colonnade,  one  at  each 
extremity.  The  mafly  columns  and  walls  are  covered 
with  hieroglyphics;  a  labour  truly  ftupendous.  1.  The 
Great  Temple  flands  in  the  dittrift  called  Karnat.  2. 
Next  in  importance  is  the  temple  at  Abuhaiijadj.  3.  Nu- 
merous ruins,  avenues  marked  with  remains  ot  fphinxes, 
o:c.  On  the  well  fide  of  the  Nile  appear,  1.  Two  co- 
loffal  figures,  apparently  of  a  man  and  woman,  formed 
of  a  calcareous  ftone  like  the  reft  of  the  ruins.  2.  Re- 
mains of  a  large  temple,  Vi-ith  caverns  excavated  in  the 
rock.  3.  The  magnificent  edifice  ilyled  the /la/aff  0/" 
Mcmnon.  Some  of  the  columns  are  about  forty  feet 
high,  and  about  nine  and  a  half  in  diameter.  The  co- 
lumns, and  walls  are  covered  with  hieroglyphics.  This 
flands  at  Kourna.  4.  Behind  the  palace  is  the  pafTage 
ftyled  BibJn-el-MoIuk,  leading  up  the  mountain.  At 
the  extremity  of  this  pafFage,  in  the  fides  of  the  rock, 
are  the  celebrated  caverns  known  as  the  fepulchres  of 
the  ancient  kings." 

Though  Mr  Browne  agrees  with  Pococke  and  Bruce, 
that  the  paffage  in  Homer  refers  not  to  the  gates  of 
the  city,  he  is  yet  of  opinion,  contrary  to  them,  that 
Thebes  had  been  a  walled  town.  He  fays,  indeed,  that 
fome  faint  remains  of  its  furrounding  wall  are  vifible  at 
this  day  ;  and  he  thinks  that  he  difcovered  the  ruins  of 
three  of  its  gates,  though  he  does  not  affirm  this  with 
abfolute  confidence. 

THEODOSIUS,  a  celebrated  mathematician,  flou- 
rifhed  in  the  times  of  Cicero  and  Pompey  ;  but  the 
B'Uf.  DiH.  ^jfpj,  aijj  place  of  his  death  are  unknown.  This  Theo- 
dofius  the  Tripolite,  as  mentioned  by  Suidas,  is  pro- 
bably the  fame  v.'ith  Theodofius,  the  philofopher  of  By- 
thinia,  who,  Strabo  fays,  excelled  in  the  mathematical 
fciences,  as  alfo  his  fons  ;  for  the  fame  perfon  might 
have  travelled  from  the  one  of  thofe  places  to  the  other, 
and  fpent  part  of  his  life  in  each  of  them  ;  like  as  Hip- 
parchus  was  called  by  Strabo  the  Bythinian,  but  by 
Ptolemy  and  others  the  Rhodian- 

Theodofius  chiefly  cultivated  that  part  of  geometry 
which  relates  to  the  doctrine  of  the  fphere,  concerning 
which  he  publifhed  three  books.  i  he  firfl  of  thefe 
contains  z_2  propofitions  ;  the  fecond,  23  ;  and  the  third, 
14;  all  demonflrated  in  the  pure  geometrical  manner 
of  the  ancients.  Ptolemy  made  great  ufe  of  thefe  pro- 
pofitions, as  well  as  all  fuceeedirg  writers.  Thefe  books 
were  tranflated  by  the  Arabians,  out  of  the  original 
Greek,  into  their  own  language.  From  the  Arabic  the 
work  was  again  tranflated  into  I,atin,  and  printed  at 
Venice.  But  the  Arabic  verfion  being  very  defeftive, 
a  more  complete  edition  was  publiihed,  in  Greek  and 
Latin,  at  Paris  1558,  by  John  Pena,  Regius  ProfefTor 
of  aftronomy.  And  Vitcllo  acquired  reputation  by 
tranflating  Theodofius  into  Latin.  This  author's  works 
were  alfo  commented  on  and  illuflrated  by  Clavius,  He- 
leganius,  and  Guarinus,  and  laftly  by  De  Chales,  in  his 
Curfus  Mathematicus.  But  that  edition  of  Theodo- 
fius's  Spherics,  which  is  now  moll  in  ufe,  was  tranflated 
and  publifhed  by  our  countryman  the  learned  Dr  Bar- 
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row,  in  the  ytar  167^,  illuflrated  and  demoftrated  in 
a  new  and  concife  method.  By  this  author's  account, 
Theodofius  appears,  not  only  to  be  a  great  mafler  in 
this  more  difficult  part  of  geometry,  but  the  firfl  con-'_ 
fiderable  author  of  antiquity  who  has  written  on  that 
fubjeft. 

'1  heodofius,  too,  wrote  concerning  the  Celeflial 
Houfes  ;  alfo  of  Days  and  Nights  ;  copies  of  which,  in 
Greek,  were  in  the  King's  library  at  Paris.  Of  which 
there  was  a  Latin  edition,  publiflied  by  Peter  Dafypo- 
dy,  in  the  year  1  572. 

THEON,  of  Alexandria,  a  celebrated  Greek  philo. 
foplier  and  mathematician,  who  flouriflied  in  the  4th 
century,  about  the  year  380,  in  the  time  of  Theodofius 
the  Great;  but  the  time  and  manner  of  his  death  are 
unknown.  His  genius  and  difpofition  for  the  lludy  of 
philofophy  were  very  early  improved  by  clofe  application 
to  all  its  branches  ;  fo  that  he  acquired  fuch  a  proficiency 
in  the  fcience  as  to  render  his  name  venerable  in  hii"- 
tory,  and  to  procure  him  the  honour  of  being  prefi- 
dent  of  the  famous  Alexandrian  fchool.  One  of  his 
pupils  was  the  admirable  Hypatia,  his  daughter,  who 
fucceeded  him  in  the  prefidency  of  the  fchool ;  a  truft 
which,  like  himfelf,  fhe  difcharged  with  the  greatefl 
honour  and  ufefulnefs.      See  her  life,  Encycl. 

The  fludy  of  Nature  led  Theon  to  many  jufl  concep- 
tions concerning  God,  and  to  many  ufeful  refleftions  in 
the  fcience  of  moral  philofophy.  Hence,  it  is  faid,  he 
wrote  with  great  accutacy  on  Divine  Providence.  And 
he  feems  to  have  made  it  his  Handing  rule,  to  judge 
the  truth  of  certain  principles,  or  fentiments,  from  their 
natural  or  necefTary  tendency.  Thus,  he  fays,  that  a 
full  perfuafion  that  the  Deity  fees  every  thing  we  do, 
is  the  ftrongefl  incentive  to  virtue  ;  for  he  infifls,  that 
the  mofl  profligate  have  power  to  refrain  their  handsi 
and  hold  their  tongues,  when  they  think  they  are  ob- 
ferved,  or  overheard,  by  fome  perlon  whom  they  fear  or 
refped.  With  how  much  more  reafon  then,  fays  he, 
fliould  the  apprehenfion  and  belief,  that  God  fees  all 
things,  reftrain  men  from  fin,  and  conftantly  excite  them 
to  their  duty  ?  He  alfo  reprefents  this  belief  concern- 
ing the  Deity  as  produftive  of  the  greatefl  pleafure 
imaginable,  efpecially  to  the  virtuous,  who  might  de- 
pend with  greater  confidence  on  the  favour  and  protec- 
tion of  Providence.  For  this  reafon,  he  recommends 
nothing  fo  much  as  meditation  on  the  prefence  of  God  : 
and  he  recommended  it  to  the  civil  magiflrate  as  a  re- 
flralnt  on  fuch  as  were  profane  and  wicked,  to  have  the 
following  infcription  written,  in  large  charafters,  at  the 
corner  of  every  flreet — God  sees  thee,  O  Sinner. 

Theon  wrote  notes  and  commentaries  on  fome  of  the 
ancient  mathematicians.  He  compofed  alfo  a  book,  in- 
titled  Progymnafmata,  a  rhetorical  work,  written  with 
great  judgment  and  elegance  ;  in  which  he  criticlled  on 
the  writings  of  fome  illuflrlous  orators  and  hiflorians  ; 
pointing  out,  with  great  propriety  anJjudgment,  their 
beauties  and  imperfeAi-ns ;  and  laying  down  proper 
rules  for  propriety  of  Ityle.  He  recommends  concife- 
nefs  of  expreifion,  and  perfpicuity,  as  the  principal  or. 
naments.  This  book  was  printed  at  Bafie  in  the  year 
1341  ;  but  the  bell  edition  is  that  of  Ley  den,  in  1626, 
in  8vo. 

THEOPHILANTHROPISTS,  a  feft  of  delfts, 
who,  in  September  1796,  publifhed  at  Paris  a  fort  of 
catechifm  or  diredlory  for  fecial   worlhip,    under  the 

title 
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title  of  Manuel  des  Theanthrophilcs.  This  relijjious  bre- 
viary found  favour  ;  the  congregation  became  nuint- 
^  reus  ;  and  in  the  ftcond  trhiiou  of  their  manuel  they 
affumcd  the  lefs  harlli  denomination  ot  Theoj'hilaiitl.ro- 
pes,  i.e.  lovers  of  Go  1  and  man.  A  book  of  hymns,  a 
liturgy  for  evt-ry  decaJe  of  the  Frencli  year,  and  an  ho 


Firjl  infcriptlon,  "  We  believe  in  the  Exiftence  of 
God,  in  the  immortality  of  the  fou!  " 

HecotiJ  infcription,  "  Worlliip  God,  cherifh  your 
kind,  render  yonrfclves  iifeful  to  the  country." 

77i;Vv/ infcription,  "  Good  is  every  thin^j  which  tends 
to  the  prefervation   or  the  ptrtccilion  ot   man Evil  is 


Thfophi- 
lanthro- 

pifts, 
Thcoj  hi- 


miletical  feUtfion  of  moral  leflbns,  are  announced,  or     every   thing  which  tends   to  dcilroy  or  to  deteriorate 
publifhed,   by   their  unknown  fynod.      Thus  they  pof-     him 


fefs  a  fyllem  of  pious  ferviccs  adapted  to  all  occafions 
which  fome  one  of  the  individuals  who  attend  reads  a- 
loud  ;  for  they  objcft  to  the  employment  ot  a  regular 
letturer,  in  confcqtience  of  their  holtility  to  priells. — 
This  novel  feft  was  countenanced  by  Lareveillere  Le- 
paux,  one  of  the  Directory,  and,  foon  after  its  forma- 
tion, opened  temples  of  Its  own  In  Dijon,  and  in  other 
provincial  towns.  They  had  declamations,  in  the  fpi- 
rit  of  fermons,  which  abounded  with  fuch  phrafes  as 
I'ettrnnl  geomelre,  and  the  like,  and  which  have  long 
fince  been  familiar  to  thofe  who  frequent  the  lodges  of 
free  mafonry.      Whether  the  fett  now  exifts,  or  fell  at 


Fourlh  infcription,  "  Children,  honour  your  fathers 
and  mothers.  Obey  them  with  afleftion.  Comfort 
their  old  age. —  Fathers  and  mothers,  inllrudt  your  chil- 
dren." 

Fiflh  infcription,  "  Wives,  regard  in  your  hufbands 
the  chiefs  of  your  houfcs. —  Hutbands,  love  your  wives, 
and  render  yourlelves  reciprocally  ha])py." 

This  pentalogue  is  chiefly  objettionable  on  account 
of  the  vague  dntt  of  the  tilth  commandment  :  the  whole 
has  too  general  a  turn  for  obvious  practical  application. 
The  introdutlion  of  ceremonies,  of  fculpture,  of  paint- 
ing, and  of  engraving,  is  foil)idden.     If  poetry  and  mu- 


the  lall  revolution  which   annihilated  the  diieitory,   we      fie  may  concur  to   render  the  worflilp  imprcinve,   why 


have  not  learned  ;  but  a  tranflation  of  its  Manuel  into 
Englifh,  for  the  ufe,  we  fuppofe,  of  our  Jacobins,  was 
made  fo  early  as  the  year  1797.  From  this  contemp- 
tible performance,  we  learn  that  the  creed  of  the  Theo- 
philanthropifls  is  comprifed  in  the  four  following  pro- 
pofnions  : 


riot  the  other  fine  arts  i  The  fine  arts  have  never  illuf- 
trated  a  country  which  excluded  them  from  the  pub- 
lic temples.  Are  they  to  be  txtiiiguifhed  in  France  by 
Theophilanthiopic  iconoclafts '. 

At  p.  28.  of  the  Manuel,  this  furprifing  maxim  oc- 
curs :   jlnioid  innovations  I     A  fedt  fifteen    months  old 


The  Theophilanthropifts  believe   in  the  exiftence  of     grown   as  tefty   as   the   church   of  Rome  !      They  ac- 


God,   and  the  immortality  of  the  foul. 

The  fpedlacle  of  the  univerfe  attefts  the  exillence  of 
the  Firft  Being. 

The  faculty  which  we  poffefs  of  thinking,  alFures  us 
that  we  have,  within  ourielves,  a  principle  which  is  fu- 
pen'or  to  matter,  and  which  furvivts  the  difTolntion  of 
the  body. 


knowledge,  that  perhaps  better  infcriptions  may  be 
found  ;  yet  they  foibid  the  exchange.  They  prefer 
munipjinws  to  the  funipjimus  of  genuine  Chriftianity  ! 

TfiEOl'HlLUt),  a  writer  and  bilhop  of  the  primi- 
tive church,  was  educated  a  Heathen,  and  afterwards 
converted  to  Chnltianity.  Some  have  imagined  that 
he  is  the  perfon  to  whom    St  Luke  dedicates  the  Atts 


The   exiftence   of  God,  and  the   immortality  of  the  of  the  ApolUcs  :   but   they  are  giofsly   millaken  ;  for 

foul,  do  not  need  long  dtmonftrations  ;   they  are  fenti-  this   Theophilus  was  fo  far  from   being  contemporary 

mental  truths,  which  every  one  may  find  written  in  his  with  St  Luke  and  the  apollles,  tliat  he  was  not  ordain- 

heart,  if  he  confult  it  with  fincerity.  ed  bilhop  ot   Antloch  till  anno  170;  ''nd   he  governed 

Thus  a  fort  of  religious  inftinft  is  fct  up   as  the  fole  this  church  twelve  or  thirteen  years.      He  was  a  vigo- 

foundation  of  piety,  which  every  one  has  as  much  right  rous  oppofer  of  certain  heretics  of  his  time,  and  com- 

to  dilavow  as  another  to  aflert  ;   and  the  obligations  of  pofed  a  great   number  ot  works  ;  all  of  which  are  loft, 

which,  therefore,  c;m  in  no  way  be  (licwnAo  be  iiicum-  except  three  books  to  Autolycus,  a  learned  Heathen  oi 

bent  on  thoie  to  whom   this  novel  illumination   is  not  his  acquaintance,   who  had  undertaken  to  vindicate  hi-s 


vouchfafed.  Society,  under  Inch  a  fyftcm,  gains  no 
means  of  influencing  the  conduct  of  refraclory  members. 

The  morality  of  the  Theophilantliiopifts  is  founded 
on  one  fingle  precept :  IVorjhip  God,  cherifh  your  kind, 
render  yourfelves  ujeful  lo  your  country  ! 

Among  the  duties  comprehended  under  the  denomi- 
nation of  cherifhing  our  kind,  we  find  that  of  not  lend- 
ing for  ujury  :  the  others  are  chiefly  extrafled  from  the 
gofpels,  and  do  not  interfere  with  the  province  of  the 
civil  magilhate.  The  quefUon  of  monogamy  is  notdif- 
cufTed. 

Among  the  duties  to  our  country  are  placed  thofe 
of  fighting  in  its  defence,  and  of  paying  the  taxes.  It 
was  certainly  prudent  in  the  ftatcfman  to  Aide  thefe  du- 


Biog.  DJS. 


own  religion  againft  that  of  the  Chrilllans.  The  firft 
book  is  properly  a  difeourle  between  him  antl  Autolv- 
cus,  in  antwer  to  what  this  Heathen  had  fald  againft 
CUriflianily.  The  fecond  Is  to  convince  him  of  the 
fallchood  of  his  own,  and  the  trnlh  of  the  Chriflian  re- 
ligion. In  the  third,  after  having  proved  that  the  wri- 
tings of  the  Heathens  are  full  of  ablurditics  and  contra- 
dictions, he  vindicates  the  do6trlne  and  the  lives  of  the 
Chriftians  from  thofe  falte  and  fcandalous  imputatitinB. 
which  were  then  brought  againft  them.  Lallly,  at  the 
end  of  his  work,  tie  adds  an  hifton'cal  chronology  fruia 
the  beginning  of  the  world  to  his  own  time,  to  prove 
that  the  hiitory  of  Mofes  is  at  once  the  moll  ancient 
and  the  trucft  ;   and   it  appears  from  this  little  cpiton 


tics  into  the  catalogue  of  his  cllablillied  maxims  of  mo-  how  well  this  author  was  acquainted  with  profane  hifi 

rality  ;  and  he  ran  thereby  little  ri/li  of  provoking  here-  tory.     Tliefe  three  books  are  hlled  with  a  great  varies 

tical  animadver.'ions  on  his  creed  in  France.  ty  of  curious  difquilitlons  concerning   the    opinions  of 

The  following   infcriptions  are  ordered  to  be  placed  the  poets  and  philolophers,  and  there  are  but  tew  thing* 

above  the  altars  in  the  feveral  temples  or  fynagogues  of  in   them  relating  immediately   to  the  doctrines  of  the 

the  Theophilanthropifts  ;  but  for  what  reafon  altars  are  Chriftian  religion.      Not  that  Theophilus  was  ignorant 

admitted  into  fuch  fynagogues  we  are  not  informed  :  of  thefe  dodlrines,  but,  having  compofed  his  works  for 

the 
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Theripfu   the  converfion  of  a  Pagan,  he  infilled  rather  on  the  ex- 

'*•        ternal  evidence  or  proofs  from  without,  as  better  adapt- 

'  ed,  ia  his  opinion,  to  the  purpofe.   His  ftyle  is  elegant, 

and  the  turn  of  his  thoughts  very  agreeable  ;   and   this 

little  fpecimen  is  fufiicient  to  (liew  that   he  was  indeed 

a  very  eloquent  man. 

The  piece  is  intitled,  in  the  Greek  manufcripts, 
«'  The  books  of 'I'heouhiliis  to  i^utolycus,  conueniing 
the  Faith  of  the  Chriliians,  agauitl  the  malicious  dt- 
tratlors  of  their  religion."  They  were  publifhcd  with 
a  Latin  verlion,  i)y  Coiiradus  Gefner,  at  Zurich,  in 
H46.  Tlvsy  were  afterwards  iubjointd  to  Juftin  Mar- 
tyr's works,  printed  at  Paris  in  1615  and  1636  ;  then 
publidied  at  Oxford,  16S4,  ia  l2mo,  under  the  iufpec- 
tion  of  Dr  FtU  ;  and,  laftly,  by  Jo.  Chriit.  Wolfius,  at 
Hamburgh,  1723,  inSvo. 

It  is  remarkable,  that  this  patriarch  of  Antioch  was 
the  flrft  who  applied  the  term  Trinity  to  exprcfs  the 
Three  Perfoiis  in  the  Godhead. 

THERAPEUTjE,  fo  called  from  the  extraordina- 
ry purity  of  their  religious  worfhip,  were  a  Jewifh  kift, 
who,  with  a  kind  of  religious  phrenzy,  placed  their 
whole  felicity  in  the  contemplation  of  the  Divine  na- 
ture. Detaching  tliemfelves  wholly  from  lecular  allairs, 
they  transferred  their  property  to  their  relations  or 
friends,  and  withdrew  into  folitary  places,  where  they 
devoted  tiiemfelves  to  a  holy  life.  The  principal  io- 
ciety  of  this  kind  was  formed  near  Alexandria,  where 
they  lived,  not  far  from  each  other,  in  feparate  cotta- 
ges, each  of  which  had  its  own  facred  apartment,  to 
which  the  inhabitant  retired  for  the  purpofcs  of  <levo- 
tion.  After  their  morning  prayers,  they  fpent  the  day 
in  ftudying  the  law  and  the  prophets,  endeavouring,  by 
the  help  of  the  commentaries  of  their  anceftors,  10  dil- 
cover  fome  allegorical  meaning  in  every  part.  Befides 
this,  they  entertained  themfelves  with  compofnig  facred 
hymns  in  various  kinds  of  metre.  Six  days  of  the  week 
were,  in  this  manner,  pafl'cd  in  folitude.  On  the  fe- 
venth  day  they  met,  clothed  in  a  decent  habit.  In  a 
public  aflcmbly  ;  where,  taking  their  places  according 
to  their  age,  they  fat,  with  the  right  hand  between 
the  bread  and  the  chin,  and  the  left  at  the  iide.  Then 
fome  one  of  the  elders,  flcppiug  forth  into  the  middle 
of  the  affembly,  difcourfed,  with  a  grave  cauntenance 
and  a  calm  tone  of  voice,  on  the  doctrines  of  the  laft  ; 
the  audience,  in  the  mean  time,  remaining  in  perfcft  fi- 
lence,  and  occalionally  exprefling  their  attention  and  ap- 
probation by  a  nod.  The  chapel  where  they  met  was 
divided  into  two  apartments ;  one  for  the  men,  the 
other  for  the  women.  So  ilrift  a  regard  was  paid  to 
filence  in  thefe  alTemblles,  that  no  one  was  permitted  to 
whifper,  or  even  to  breathe  aloud  ;  but  when  the  dif- 
courfe  was  finiihcd,  if  the  queltion  which  had  been  pro- 
pofed  for  folution  had  been  treated  to  the  fatisfadtiou 
of  the  audience,  they  cxpreffcd  their  approbation  by  a 
murmur  of  applaufe.  'I'hen  the  fpeaker,  rifing,  iung 
a  hymn  of  praife  to  God,  in  the  laft  verle  of  wliicli  the 
whole  affembly  joined.  On  great  fcllivals,  the  meeting 
was  clofed  with  a  vigil,  in  which  facred  mulic  was  per- 
formed, accompanied  with  folemn  dancing  :  and  thefe 
vigils  were  continued  till  morning,  when  the  affembly, 
after  a  morning  prayer,  in  which  their  faces  were  di- 
refted  towards  the  riling  fun,  was  broken  up.  So  ab- 
ftemious  were  thefe  afcetics,  that  they  commonly  ate 
nothing  before  the  fetting  fun,  and  often  failed  two  or 
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three  days.     They  abllaincd  from  wine,  and  their  orji-    Thernin- 
nary  food  was  bread  and  herbs.  nirtric. 

Much  dilpute  has  arifen  among  the  learned  concern-  ' 
ing  this  left.  Some  have  iiTVagiiied  them  to  have  been 
Judaizing  Gentiles  ;  but  Philo  luppoles  them  to  be 
Jews,  by  fpeaking  of  them  as  a  branch  of  the  feft  of 
Eflenes,  and  exprelsly  claffes  them  among  the  followers 
of  Moles.  Others  have  maintained,  that  the  Therapeu- 
tas  were  an  Alexandrian  fe6l  of  Jewifli  converts  to  the 
Chrillian  taith,  who  devoted  themfelves  to  a  monadic 
life.  But  this  is  impoifible  ;  tor  Philo,  who  wrote  be- 
fore Chriltianily  appeared  in  Egypt,  fpeaks  of  this  as 
an  eilablifhed  left.  From  comparing  Phil'i's  account 
of  this  feft  with  the  itate  of  philofophy  in  the  country 
where  it  flouriihed,  we  conclude  tii:it  the  'I  iierapeutae 
were  a  body  of  Jewilli  fanatics,  who  iuffered  themfelves 
to  be  drawn  afide  from  the  fimpllcity  of  their  ancient 
religion  by  the  example  ot  the  Egyptians  and  Pytha- 
goreans. How  long  this  feft  continued  is  uncertain  ; 
but  it  is  not  improbable  that,  after  the  appearance  of 
Chriftianity  in  Egypt,  it  loon  became  extintt. 

THERMOME  TKIC  spectrum,  is  a  name  given 
to  the  fpace  in  which  a  thermometer  may  be  placed,  fo 
that  it  ihall  be  affefted  by  the  fun's  rays  refrafted  by  a 
prilm.  It  is,  in  part,  the  fame  with  the  Prismatic 
Spectrum,  wliich  exhibits  the  diiferent  colours  produ- 
ced by  the  folar  light. 

The  philofophical  inftrument  now  called  a  thermome- 
ter, was  firtt  named  thermoscope  ;  and  was  prized  by 
the  naturalift,  becaule  it  gave  him  indications  of  the 
prefence  and  agency  of  fire  in  many  cafes  where  our 
fenfation  of  warmth  or  heat  was  unable  to  difcover  it. 
It  was  not  long  before  it  was  obferved  that  it  alfo 
affords  us  meafures  of  the  changes  which  take  place 
either  in  the  quantity  or  the  aftivity  of  the  caufe  of 
heat,  and  of  many  other  important  phenomena  ufually 
accompanied  by  heat  They  were  thcH -called  thermu- 
nuters.  But  in  both  of  thefe  offices,  it  is  flill  a  doubt 
whether  it  indicates  and  meafures  any  real  lubllance, 
a  WmgJ'ui  generis,  to  which  we  may  give  the  laiv.e Jire^ 
phlogijion,  caloric,  heat,  or  any  other  ;  or  only  indicates 
and  meafures  certain  flates  or  conditions,  in  which  all 
bodies  may  be  found,  without  the  addition  or  abllrac- 
tion  of  any  material  fubllance. 

We  think  that  this  queftion  has  a  greater  chance 
now  of  being  decided  tlian  in  any  former  time,  in  con- 
fequence  of  a  recent  and  very  important  difcuvery  made 
by  that  unwearied  obferver  of  the  works  of  God,  the 
celebrated  Dr  Herfchel.  Being  greatly  incommoded 
when  looking  at  the  fun,  by  the  great  heats  produced 
in  the  eye-pieces  of  his  telefcopes,  he  thought  that  the 
laws  of  refraftion  enabled  him  to  diminifh  them  by  a 
proper  conftruftion  of  his  eye-pieces.  He  began  his 
attempts  like  a  philolopher,  by  examining-  the  heat  pro- 
duced in  the  various  parts  ot  the  prifmatic  fpeftrura. 
Comparing  the  gradation  of  heat  with  that  of  illumi- 
nation, he  found  that  they  did  not,  by  any  means, 
follow  the  fame  law.  The  illumination  increafed  gra- 
dually from  the  violent  end  of  the  fpeftrum,  where  it 
was  exceedingly  faint,  to  the  boundary  of  the  green  and 
yellow,  where  it  was  the  mod  remarkable;  and  after  this 
it  decreafed  as  the  illuminated  objeft  approached  the 
red  extremity  of  the  fpeftrum.  But  the  calorific  power 
of  the  refrafted  light  increafed  all  the  way  from  the 
extreme  violet  to  the  extreme  red;  and  its  laft  augmen- 
tations 
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riieitno-  tations  were  confidtrable,  and  therefore  unlike  the  ufual  the  effc(f\s  of  the  fun's  light  on  vegetable  colours,  on   Thsrmo- 

approaches  of  a  quantity  to  its  maximum  (late.      I'liis  the  nitric  and  nitrous  aciJs,  on  maiij^anefu,  on  the  calces     "  '""-• 

made  him  think  of  placing  the  thermometer  a  little  way  or  oxides   of  metals,    and   numljerlefs  other   inltances,  * 

beyond  the  extremity  of  the  vifible  fpetlrum.      To  his  which  all  concur  in  rendering  it  almoil  unqueftionable 

great  aftonilhment,  he  found  that  the  thermometer  was  that  the  fun's  rays,  and  thofe  of  other  fliining  bodies,. 

more  affefted  there  th-iii   in  the  hottcft  part  of  the  illu-  may  be,  and  daily   are,  combined  with  the  other  fub- 

m/'naW  fpeftrum.      Expofmg  the  thermometer  at   va-  ftances  of  which  liodies  are  conipofed,  and  may  be  tigain 

rious  dirtances  beyond  the  extreme  red,  but  in  the  plane  feparated  from  them.     And,  flionld  any  doubts  reniain, 

of  refrattiun,  he   found   that   it   was  moll  llrongly   af-  it  would  feem  that  the  theory  of  combnllion,  lirll  con- 


fefted  when  placed  beyond  that  extremity,  about  one- 
fiftli  of  tlie  whole  length  of  the  fptdtrum  ;  from  thence 
the  calorific  influence  of  the  fun  gradually  diminifiicd, 
but  was  ftill  very  coufidcrable,  at  a  diflance  from  the  ex- 
treme red  equal  to  three  fifths  of  the  length  of  the  lu- 


ceived  and  impcrfeftly  pulililhed  by  Dr  Hooke  in  his 
Micrography,  p.  103.  and  in  his  Lompus,  p.  I.  &c.  a- 
dopted  by  Mayow  (fee  Hooke  and  Mayow  In  this 
SuppL),  forgotten,  and  lately  revived  and  contirmed  by 
Mr  Lavoificr,  removes  them  entirely.     In  tlie  beautiful 


minous  fpedtrum.     Thefe  firll  fuggelled   modes  of  trial     and  wtll-contrived  experiments  of  the  lall  gentleman, 

appeared  to  Dr  Herfdiel   to  be  too  rude  to  iutitle  him  the  light,  accompanied  by  its  heat,  which  had  been  ab- 

to  fay  that  the  warming  influence  did  not  extend  ilill  forbcd  in  the  prcjccfs  of  growth  or  other  natural  ope- 
farther.  Indeed  the  inltrument  Icarcely  performed  the  rations,  re-appeared  in  their  primitive  form,  and  might 
part  of  a  thermomiter,   but  merely  that  of  an  indicator     again  be  abforbed  and  made  to  undergo  the  fame  round 

of  heat,  or  a  thermofcope.  of  changes. 

Here  is  a  very  new,   and  wonderful,  and   important,  Scheele,  not  inferior  to  Newton  in  caution,  patience, 

piece  of  information.    We  apprehend  that  all  the  philo-  and  accuracy,  and  attentive    to   every    thing  that  oc- 

fophers  of  Europe,   as  well  as  the  unlearned  of  all  na-  curred  in  his  experiments,  difcovered  the  feparabilii  y  of 

tions,  believe  that  the  warming  influence  of  the  fun,  and  the  illuminating  and   ihe  warming  influences  of  fliininir 

of  other  luminous  bodies,  is  conjoined  with  their  power  bodies.      He  remarked,   that  a  plate  of  glafs,   the  moil 

iil  illumination.      Moll  of  the  philofophcrs  adnutted  the  colourlefs  and  pellucid  that  can  be  procured,  v>'hen  fud- 

emiflion  of  a  matter  called  light,   projedled  from  the  (hi-  denly  interpoled  between    a  glowing   lire  and  the  face, 

ning  body,  and  moving  with    a(loni(ln'ng  velocity,  in  inftantly  cuts  oif  the  warming  power  of  the  fire,   with- 

thofe   lines  which  the  mathematicians  called  rays,  be-  out  cauling  any  fenfible  diminution   of    its  brilliancy. 

caufe  they  diverged  from  the  fhining  point,  as  the  radii  He  followed  this  difcovery   into  many   obvious  confe- 

or  fpokes  of  a  wheel  diverge  from  the  nave.      This  no-  quences,   and  found  them  all  fully  confirmed    by  obfer- 

tion  feems  to  be  the  fimple  fuggellion  of  Nature  j  and  vation  and  experiment.     The  writer  of  this  article,  im- 

it  alfo  feems  to  be  the  opinion  entertained  by  Sir  Ifaac  mediately  on  hearing  of  Schcele's  experiments,  repeated 

Newton.      His  demondration  of  the  laws  of  refledtion  them  with  complete  fuccefs  ;   but  he  found,  that  when 

and  refradlion  proceeds  on   this  fuppofition  alone,    and  the   glafs  plate   had  acquired   the  highelV  temperature 

the  particles  of  light  are  held  by  him  to  be  afiefted  by  which  it  could  acquire  in  that  fituation,  it  did  not  any 

accelerating  and  deflecting    forces,  in  the  fame  way  as  longer  Intercept  the  heat,  or  at  leaf!  in  a  very  fmall  and 

a  (lone   thrown   from  the   hand  is  affeiled  by  gravity,  almofl;  infenfiule  degree.     It  feemed  to  abforb  the  heat, 

Huyghens,  indeed,  Dr  Hooke,  and    Euler,  imagined  till  faturated,   without  abforbing  any  conliderable  por- 

that   vifion   and  illumination  were  efFefted  in   the  fame  tion  of  the  light. 

way  that  hearing,  and  refonance,   and  echo,  are  effecSt-  This  feparability  of  heat  from  light  does  not  feem  to 

ed — that  there  is  no  matter  projefted  from  the  (hining  have  met  with  the  attention  it  deferved.     Dr  Schcele's 

body;  but  that  we  are  furrounded  by  an   eladic  fluid,  unienable   theories  on   thefe  fubjedts  turned  away  the 

which  is  throvfn    into  vibrations   by  certain    tremors  of  attention  of  the  chemilts   from  this  difcovery,  and   the 

the  vifible  objeft — and  that  thofe  vibrations  of  this  fluid  mathematical  philofophers  feem   not  to  have  licaid  of  it 

affeft  our  eye  in  the  fame  way  as  the  undulation  of  elaf-  at  all.      The  late  Dr  Hutton  of  Edinburgh  was  more 

tic  air,  produced   by  the  tremors  of  a  firing  or  a  bell,  fenfible  of  its  importance  ;  and  in  his  lall  endeavours  to 

aff'edl  our  ear.     According  to  thefe  philofophers,  a  ray  fuppoit  the  falling  caufe  of  phlogiflon,  makes  frequent 

of  vifion   is  merely   the   line  which  pafTes  through   all  allulions  to  it.      But  in  his  attempts  to  explain  the  curi- 

thefe  undulations  at  right  angles.  ous  obfervations  of  Meflrs  SaufTure  and  Pidlet,  in  which 

Thefe  two  opinions  ftill  divide  the  mathematical  phi-  there  are  unqueftionable    appearances  of  radiated  heat, 

lofophers  of  Europe  ;   but  the  majority,  and  particu-  he  reafons   fo   unconfequentially,  that  few  readers  pro- 

larly  the  moft  eminent  for  mathematical  and  mechanical  ceed  farther,  fo  as  to  notice  fevei  al  obfervations  of  ladls 

fcicnce,  are  (with  the  exception  of  Huyghens  and  Eu-  where  the  illuminating  and  warming  influences  are  plain- 

ler)  on  the  (ide  of  the  vulgar.     This  opinion  has  been  ly  feparated.     In  all  thefe  inftances,  however,  Dr  Hut- 

greatly  ftrengthened  of  late  years  by  the  difcoveries  in  ton  confiders  the  invifible  rays  as  light,  but  not  as  heat ; 

chemiftry.     The  influence  of  light  on   the  growth  of  maintaining  that   they  are  invifible,   or  do   not   render 

plants,  the  total  want  of  aromatic  oils  in  fuch  as  grow  bodies  vifible,  only  becaufe  our  eyes  are  infenfiblc  to 

in  the  dark,  and  their  formation  and  appearance  in  the  their  feeble  adlion. 

very  fame   plant,  along  with  the  green  colour,  as  foon  It  was  referved   for  Dr  Herfchel  to  put  this  matter 

as  the  plant  is  placed  in  the  light  (even  that  of  open  day  beyond  difpute  by  thefe  valuable  experiments.    For  did 

without  funftiine,  or  in  the  light  of  a  candle),  is  a  ftrong  the  invifibility  of  any  of  the  light  beyond  the  extreme 

indication  of  fome  fubftance  being  obtained  from  the  red  of  the  prifmatic  fpedlrum  arife  from  the  infcnfibility 

light,  abforbed  by  the  plant,   and  combined   with  its  of  our  organs,  the  fpeftrum  would  gradually  fade  away 

other  ingredients.     The  fame  conclufion  is  drawn  from  beyond  the  red  ;  but  it  ceafes  abruptly.    Thefe  thoughts 

SupPL.  Vol.  II.  Pirt  II.  4  R                                  could 
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Thermo-  could  not  efcape  this  attentive  obferver, 
^  '^'etric.  examined  more  particularly  thofe  invifible  rays,  caufing 
^°~*'~~'  them  to  be  refltdtd  by  mirrors,  and  refratted  through 
knfes  ;  and,  in  iliort,  he  fubjcClcd  them  to  all  the  fub- 
fequent  treatments  which  Newton  applied  to  the  colour- 
ing rays.  He  found  them  retain  their  fpecific  refran- 
gibilitics  and  refiexibililies  with  as  much  uniformity  and 
obftinacy  as  Newton  had  obferved  in  the  colour-making 
rays.  They  were  made  to  pafs  through  lenfes  while 
the  illuminating  rays  were  intercepted  by  an  opaque 
body,  and  the  invifible  rays  were  then  collefted  into  a 
fociis.  They  were  refletted,  both  by  the  anterior  and 
pofterior  furfaces  of  tranfparent  bodies.  In  all  thefe 
trials  they  retained  their  power  of  expanding  the  li- 
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He  therefore    and  he  endeavours  to  (hew  that  thefe  differences  in  fre-   Thermo 
quency  produce  a   difference  in   refranglbility.      It   is    ™""<^ 
evident  that  this  reafoning  is  equally  conchifive  with         ' 
refpedl  to  the  calorific  or  heating  power  of  the  rays. 
The  light  and    the  heat   are   both   undulations ;    thefe 
differ  only  in  frequency  ;  and.  this  frequency  is  indicated 
(according  to  Euler)  by  the   refrangibility.     Theie  is 
a  certain   frc<juency  therefore  which  excites  the  ienfa- 
tion  of  yellow.      The  fame  frequency,  indicated  by  the 
fame  reirangibility,  produces  lieat  ;  therefore  the  fre- 
quency whicli  produces  this  degree  of  heat  alfo  pro- 
duces the  fenfation  of  yellow.      We  muil  not  fiay  that 
the   momentum  of  the  undulation   may   produce  heat, 
but  is  infufficient  for  the  produftion  of  liglit,  as  a  firing 


quor  of  a  thermometer,  and  exciting  the  fenfation  of   may  vibrate  too  feebly  for  being  heard  ;  for  we  fee,  by 
?  T^..   T_r„.-r„i,.i'„   ..,_„_;„„„.„     .u-.     ...:.i,   - „..,..,„, 


beat. 

Thefe  trials  were  not  confined  to  the  folar  ligkt  or 
the  folar  rav"!  :  They  were  alio  made  on  the  emanations 
from  a  candle,  from  an  open  fire,  and  from  red-hot 
iron  ;  then  they  were  made  with  bodies  not  hot  enough 
to  fhine  ;  with  the  heat  of  a  common  ftove,  and  the 
heat  from  iron  which  was  not  vifible  in  the  dark.  The 
event  was  the  fame  in  all ;  and  it  was  clearly  proved 
that  heat,  or  the  caufe  of  heat,  is  as  fufceptible  of  rs- 


Dr  Herfchtl's  experiments,  that,  with  a  momentum 
fufiiciciit  for  making  the  moll  brilliant  fpeflrum,  there 
are  rays  (and  thofe  which  have  the  greateil  momentum) 
which  produce  heat,  and  yet  are  invifible. 

It  does  not  follow,  from  any  of  Dr  Herfchcl's  expe- 
riments, that  the  rays  emitted  by  iron,  which  is  not  hot 
enough  to  (hine  in  a  dark  room,  have  all  the  different 
degrees  of  refrangibility  obferved  by  him.  Perhaps 
none  of  them  would  fall  on   the  chromatic  fpeclrum. 


diation  as  light  is  ;  and  that  this  radiation  is  performed    We  think,  however,  that  this  is  not  probable.      It  may 
in  both  according  to  the  fame  laws. 

We  look  with  impatience  for  the  fubfeqaent  expe- 
riments of  this  celebrated  philofopher  on  this  fubjtft  ; 
for  we  confider  them  as'of  the  greatefl  and  mofl  exten- 
five  importance  for  explaining  the  operations  of  Na- 
ture. We  fee,  with  indifputable  evidence,  that  there 
are  rays  from  the  fun,  and  other  bodies,  which  do  not 
illuminate.  It  does  not  follow,  however,  that  there  are 
rays  which  do  not  warm  ;  for  the  thermometer  was  af- 
fefted  in  every  part  of  the  coloured  fpeftrum.  Dr 
Herfchel  feems  to  think  that  the  power  of  affedling 


be  tried  by  collefting  them  to  a  focus  by  a  lenfe, 
tercepting,  however,  all  thofe  which  are  lefs  refrangible 
than  the  red-making  rays.  We  truft  that  the  thermo- 
meter in  the  focus  will  tlill  be  affected. 

This  Is  but  a  very  imperfect  account  of  this  import- 
ant difcovery  :  but  we  thought  that  it  would  be  highly 
interefting  to  our  readers.  The  prefs  was  employed  on 
this  very  fheet  when  we  received  the  information  from 
a  friend,  who  had  feen  Dr  Herfchel's  Differtation, 
which  will  appear  in  the  firft  volume  publilhed  by  the 
Royal   Society.      We  trull  that  the  ingenious  author 


the  organ  of  fight  depends  on  the  particular  degrees  of    will  foon  follow  it  up  with  the  inveftigation  of  the  fub- 
mechanical  momentum  which  are  indicated  by  the  dif-    jeft  in  all  its  confequences. 


ferent  degrees  of  refrangibility.  We  confefs  that  we 
think  it  unhkely  that  fuch  a  power  (liould  terminate 
abruptly.  We  do  not  obferve  this  in  analogous  phe- 
nomena :  the  evanefcence  of  our  fenfations  of  found,  of 
mufical  pitch,  of  heat,  &c.  are  all  gradual.  We  think 
it  more  likely  that  illuminating  and  warming  are  fpeci- 
fic effetls  of  different  things.  We  (hould  have  enter- 
tained this  opinion  independent  of  all  other  experience  : 
and  we  think  it  ftrongly  confirmed  by  the  experiments 
of  Dr  Scheele  already  mentioned.  We  are  difpofed 
therefore  to  believe  that  there  are  rays  which  illumi- 
nate, but  which  do  not  warm  ;  and  rays  which  warm 
without  illuminating.  We  have  experiments  in  profpeft, 
by  which  we  hope  to  put  this  to  the  teft. 

Thefe  experiments  of  Dr  Herfchel  afford  another 
good  argument  for  the  common  opinion  concerning 
light,  namely,  that  it  is  a  matter  emitted  from  thejbining 
body,  and  not  merely  the  undulations  of  an  eladic 
medium  ;  for  if  it  were  undulation,  then,  fince  there  is 
heat  in  the  yellow  light,  it  would  follow  that  a  certain 
frequency  of  undulation  produces  both  the  fenfation  of 
heat  and  the  fenfation  of  a  yellow  colour.  In  this  cafe 
they  fhould  be  infeparable. 

This  follows,  in  the  ilriclefl  manner,  fiom  the  prin- 
ciples or  affumptions  adopted  by  Euler  in  his  mecha- 
nical theory  of  undulations.  The  chromatic  differences 
in  the  rays  of  light  are  affirmed  to  arife  entirely  from 
the  different  frequencies  of  the- ethereal  undulations  j 


We  hope  that  he  will  examine  wliat  will  refult  from 
mixing  fome  of  the  invifible  rays  with  fome  of  the  co- 
loured ones.  We  know  that  the  yellow  and  the  blue, 
when  mixed,  produce  the  fenfation  of  green.  Perhaps  the 
invifible  rays  may  alfo  change  the  appearance.  We  do 
not,  however,  expeft  this. 

We  alfo  iiupe  that  Dr  Herfchel  will  examine  whether 
the  invifible  rays  of  the  fun  produce  any  effeft  on  ve- 
getable colours  ;  whether  they  blacken  tlie  calces  of  fil- 
ver  and  bifmuth,  luna  cornea,  and  decompofe  the  nitrous 
and  the  oxygenated  muriatic  acid,  &c.  &c.  We  fhould 
thus  get  more  infight  into  the  nature  of  caloric  and  of 
combullion.  Combullion  may  perhaps  be  reftored  to  its 
rank  in  the  phenomena  of  Nature,  and  no  longer  be  funk 
in  the  general  gulph  of  oxygenation,  and  thus  obliterated 
from  the  memory  of  chemifls.  It  is  perhaps  the  mofl 
remarkable  phenomenon  of  material  Nature  ;  and  Jire- 
and  burning  will  never  go  out  of  the  language  of  plain 
men.  Fire,  and  all  its  concomitants,  have,  in  all  times, 
been  confidered  as  even  the  chief  oh]e&.i  of  chemical  at- 
tention ;  and  an  unlearned  perfon  will  flare,  when  a  che- 
mift  tells  him  that  there  is  no  fuch  thing,  and  that  what 
he  calls  the  burning  of  a  piece  of  coal  is  only  the  ma- 
king it  four.  He  will  perhaps  fraile  ;  but  it  will  not  be 
a  fmile  of  affent. 

It  was  one  darling  objeft  of  the  Revolutionary  Com. 
mittee  of  Chemifls,  affembled  at  Paris  in  1787,  to  ba- 
nilh  from  our  minds,  by  means  of  a  neiu  language,  all 

remembrance 
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remembrance  of  any  tiling  vvhicli  we  did  not  derive 
from  the  philufuplitis  of  France.  Wo  think  ourRlvcs 
in  a  condition  to  prove  this  by  letters  to  this  country 
fr(;in  the  fcene  of  aflion  ;  in  which  the  expeilted  vitlory 
is  fpoken  of  in  terms  of  exultation,  and  with  fo  b'ttle 
i-eftraint,  tliat  the  writer  forgers  that  it  is  Da  Black 
whom  he  is  iLiforming  that  I'uir  Jixe'nuA  la  pauwe  plilo- 
gijli'jiie  will  foon  be  forgotten  ;  and  yet  the  writer  was 
a  gentleman  of  uiiconmu;!!  modelly  and  wortli,  and  fiii- 
cerely  attached  to  Dr  Black.  We  give  this  as  a  re- 
markable inllancc  of  the  efprit  de  curps,  and  of  the 
nature  and  towering  ambition  of  that  nation.  From 
tiiis  they  have  not  fwerved  ;  and  they  hope  to  gain  this 
fumiiJt  of  fcientific  dominion  in  the  fame  way  as  the 
fame  pht'.ufophers  hope  to  banifli  Chriftianity  by  means 
of  their  new  kalendar.  It  may,  however,  turn  out  that 
both  Dr  Houke  ajid  Mr  Lavoilicr  are  miftaken,  when 
they  make  the  oxygen  gas  the  fole  tource  of  both  the 
light  and  the  heat  which  accompany  combullion.  One 
of  them  may  perhaps  be  furrillied  by  the  body  which 
all,  except  the  new  phiU)fophers,  call  combuftible. 

The  objetiious  which  may  be  made  to  the  theory  of 
Hnvghens  and  Euler,  on  the  acknowledged  principles 
of  mechanics,  appear  to  us  unanfwerable.  Euler  has 
never  attempted  to  anfwer  thole  taken  from  the  dif- 
ferent dlfperllng  powers  of  diiTerent  fubllances.  'i  he 
objedlious  made  to  the  Newtonian,  or  vulgar  theory  of 
emifiion,  are  not  fuch  as  imply  abfurdity  ;  they  are  only 
difBculties.  The  chief  of  them,  ma.  the  famenefs  of 
velocity  in  all  lights  whatever,  is  of  this  kind.  It  is 
merely  an  improbability.  But  the  objeftions  to  the 
theory  of  undulation,  deduced  from  the  chemical  effefte 
of  light,  are  not  lefs  llrong  than  thofe  deduced  from 
mechanical  principles.  It  is  quite  inconceivable  that 
the  undulation  of  a  medium,  which  pervades  all  bodies, 
ihall  produce  aromatic  oils  in  fome,  a  green  fsecula  in 
others,  (hall  change  fulphuric  acid  into  fulphur,  &c.  &c. 
No  effedls  are  produced  by  the  undulations  of  air,  or 
the  tremors  of  elaftic  bodies,  which  have  the  moft  dillant 
analogy  or  refemblance  to  the/e. 
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that  whatever  rcafon  wc  hive  for  faying  tiut  the  fiin'a 
rays  bring  light  from  the  fun,  wc  have  the  fame  autho- 
rity for  faying,  that  they  bring  heat,  fire,  caloric,  phlo- ' 
gliton,  or  by  whatever  other  name  we  choofe  to  dlllin- 
giiifli  the  caufc  of  warmth,  cxpanfion,  liqucfadlion,  cbiil- 
llllon,  &c. 

We  mull  either  fay  that  light  and  heat  arc  not  fuh- 
ftances  of  a  peculiar  kind,  fufceptible  of  union  with  the 
other  ingredients  of  bodies,  but  merely  a  (late  of  u.:- 
dnlation  of  an  clallic  medium,  as  found  is  the  undula- 
tion o(  air;  i  wc  mull  fay  that  the  fun's  rays  con- 
tain  light  and  heat,  in  a  detached  Hate,  fit  for  appear- 
ing in  their  (implell  form,  producing  illumination  and 
expanfion,  and  for  uniting  chemically  with  other  mat- 
ter. Whichever  of  thcfe  opinions  we  adopt,  it  is  pret- 
ty clear  that  all  attempts  ti)  dil'cover  a  difference  in  the 
weight  of  hot  and  cold  bodies  may  be  given  over.  In 
the  lirll  cale,  it  is  lelf-evident  ;  in  the  fecond,  we  have 
abundant  evidence,  that  if  light  an<l  heat,  being  gravi- 
taring  matter,  like  all  other  bodies,  were  added  to,  or 
abftraCled  from  bodies,  in  fnflficient  quantity  to  be  fert- 
fibly  heavy,  the  rays  of  the  fun,  or  even  the  light  of  a 
candle,  would  occafion  inftant  dcftruftion  by  its  mere 
momentum  ;  lirice  every  particle  of  radiated  light  and 
heat  moves  at  the  rate  of  ;oo,oco  miles  in  a  fecond. 

This  difcovery  of  Dr  Hcrfchel's  adds  greatly  to  the 
probability  of  the  opinion  which  we  expre(red  on  ano- 
ther occafion,  that  the  forces  or  powers  of  natural  fub- 
ftances,  which  are  the  immediate  caufes  of  the  chemi- 
cal phenomeHa,  are  no  way  different  from  the  mechani- 
cal forces  which  render  bodies  heavy,  coherent,  elaflic, 
expanlive,  5cc.  ;  in  fhort,  that  they  are  what  we  call  accele- 
raling forces.  We  deduced  this  from  the  fadl,  that  mecha- 
nical force  can  be  oppofed  to  them,  fo  as  to  prevent  their 
aflion  in  circumdances  where  it  would  otherwife  cer- 
tainly take  place.  Thus  by  external  preffure,  we  can 
prevent  that  union  of  water  and  caloric  which  would 
convert  it  into  elaftic  fteatn.  We  can  even  difunite  them 
again,  when  fleam  is  already  produced,  by  forcibly  con- 
denfing  it  into  a  fmaJler  fpace.     Now,  the  refraftion 


That  the  fun  and  other  (liining  bodies  emit  the  mat-     and  rcHedlion  of  heat  are  performed  according  to  the 


ter  of  light  and  heat,  feems  therefore  to  merit  the  ge 
neral  reception  which  it  meets  with  from  the  philofo- 
phers.  But  even  of  th!»  clafs  there  are  differences  in 
opinion.  Some  imagine  that  light  only  is  emitted,  and 
that  the  heat  which  we  feel  is  occadoned  by  the  aftion 
of  the  luminous  rays  on  our  atmofphere,  or  on  the 
ground.  Were  the  fun's  calorific  rays  as  denfe  at  the 
furface  of  the  fun  as  his  luminous  raye  are,  the  heat 
ifjere  muft  exceed  (fay  they)  all  that  we  can  form  any 
conception  of.  Yet  we  fee,  that  when  the  nucleus  of 
the  fun  is  laid  bare  by  fome  naturaJ  operation,  which, 
like  a  volcanic  explofion,  throws  afide  the  luminous 
ocean  which  covers  it  to  a  prodigious  depth,  the  na- 
ked parts  of  this  nucleus  arc  black.  Therefore  the  in- 
tenfe  heat  in  that  place  is  not  able  to  make  it  (hining 
hot,  as  it  does  in  all  our  experiments  with  inteiife  heats, 
giving  a  dazzling  glare.  This  is  thuught  highly  Im- 
probable ;  and  it  is  therefore  fuppofed  that  there  is, 
primitively,  no  heat  in  the  fun's  rays,  but  that  they  adl 
on  our  air,  or  other  terreflrial  matter,  combining  with 
it,  and  difengaging  heat  from  it,  or  producing  that  par- 
ticular flate  and  condition  which  we  call  heat. 

We  think   that   Dr   Herfchel's    difcovery    militates 
flrongly  and  irrefiftibly  againll  this  opinion  ;  and  (hews, 


fame  precife  laws  which  we  obferve  in  the  refraftioit 
and  refleftion  of  light  ;  and  Sir  Ifaac  Newton  has  de- 
monftrated  that  thofe  phenomena  arife  from  the  atbon 
of  accelerating  forces,  whofe  diredtion  is  perpendicular 
to  the  adling  (urfaces.  The  matter  of  heat,  therefore, 
is  like  other  matter  in  its  mechanical  properties  ;  and, 
in  the  motion  of  refraftion,  it  is  aded  on  and  dsfleCled, 
jufl  as  a  projeftile  is  aftcd  on  and  defledled  by  gravity. 
It  continues  in  motion  till  its  velocity  and  direction  are 
changed  by  deflefting  forces,  exerted  by  the  particles 
of  the  tranfparent  medium  or  the  refleding  furface.  It 
would  take  up  too  much  room,  but  it  is  a  very  eafy 
proccfs,  to  demonftrate  that  this  regular  refraction  of 
heat  is  altogether  incompatible  with  the  ufually  fuppo- 
fed  notion  of  caloric  ;  namely,  that  it  is  an  expanfive 
fluid  like  air,  but  incomparably  more  elaftfc  :  from  which 
property  very  plaufible  explanations  have  been  given  of 
the  elafticity  of  gafes,  (teams,  and  fuch  like  fluids.  E- 
very  intelligent  mechanician  will  be  fenfible,  that  all 
this  fort  of  chemical  fcience  falls  to  the  ground,  when 
it  is  proved,  by  exhibition  of  the  fadt,  that  radiated 
heat  is  refradted  in  the  fame  way  with  radiated  light. 
We  muft  look  for  the  explanation  of  the  Immenfe  ex- 
plofive  force  of  fuhninating  fJver,  gold,  &c.  in  fome 
4  R  2  very 
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very  different  principles  from  thofc  wliich  are  now  in 
vogue.  We  apprehend,  too,  tluit  the  very  phenome- 
non of  this  refraftion  gives  indication  offon.es  which 
are  fufficienlly  powerful  for  this  explanation  :  For  when 
we  reHeft  on  the  aftonifliing  velocity  of  the  ray  of  heat ; 
on  the  niinnte  fpace  along  which  it  is  deflected,  and 
confetjuently  the  time  of  this  adion,  minute  beyond  all 
imagination;  and  when  we  compare  thefe  circumllances 
with  the  defleftion  produced  by  gravity  in  the  motion 
of  a  projeftile  — it  is  evident  that,  the  defieding  force  of 
refraftion  muft  exceed  the  greatell  force  that  we  have 
any  knowledge  of,  in  a  greater  proportion  than  the 
weight  of  Mount  jEtna  exceeds  that  of^a  particle  of 
fand.  We  would  defire  Mr  de  la  Place  to  fufpend  his 
hopes  of  eftabliftiing  univerfal  fatalifm,  till  he  can  re- 
concile thefe  phenomena  with  his  fundamental  principle, 
"  that  allforcis  ivhlch  are  d'ljufed  from  ajtngk  point,  ne- 
cejfarily  and  efftntially  dimin'yij  In  the  Inverfe  duplicate  ra- 
tio of  the  diflances."  Till  he  can  do  this,  he  had  better 
ilill  allow,  with  Newton,  that  the  feleftion  of  the  du- 
plicate latio  for  the  aftion  of  gravity  (by  which  alone 
the  folar  fyftem  can  be  rendered  permanent  and  order- 
ly) is  a  mark  of  wifdom  and  benevolence.  We  would 
advife  him  to  reconcile  his  mind  to  this  ;  and  perhaps, 
like  the  rnodeft.  and  admiring  Newton,  he  may,  in  good 
time,  find  comfort  in  the  thought. 

It  is  alfo  highly  worthy  of  remark,  that  this  refraft- 
ing  force,  almoft  immenfe,  which  is  fo  plainly  exerted 
between  the  particles  of  bodies  and  light,  when  confi- 
dered  as  of  the  fame  kind  with  thofe  that  produceche- 
mical  union,  appears  abundantly  fufftcient  for  explaining 
feme  of  the  moft  wonderful  phenomena  of  chemifti7  ; 
fuch  as  the  prodigious  elafticity  of  fleam,  of  gunpowder, 
and  the  ftill  more  aftonidiing  explofion  of  fulminating 
gold  and  iilver.  Some  of  the  phenomena  of  defledled 
light  are  produced  by  thefe  optical  forces  aftiiig  at  di- 
ftances  fufficiently  great  to  admit  of  meafurement ;  as  in 
the  Newtonian  obfervations  on  the  paffage  oi  light  near 
the  edges  of  opaque  bodies.  Thefe  dcfledions  enable  us 
to  compare  the  deflefting  forces  with  gravity.  The 
refraaing  force,  however,  is  vaftly  greater  than^  even 
this,  as  may  be  feen  by  the  greater  defleftion  which  is 
produced  by  it ;  and,  being  exerted  along  a  fpace  in- 
comparably fmaller,  it  mult  be  greater  ilill.  Here,  then, 
are  forces  fully  adequate  to  the  phenomena  of  fulmina- 
tion.  And  we  would  again  deiire  Mr  De  la  Place  to 
remark  that,  although  thefe  exploding  forces  are  irre- 
fiftible,  their  aftion  feems  to  vanifii  entirely  beyond  the 
limits  of  mathematical  contaft.  This  is  plain  from  the 
fad,  that  thofe  explohons  do  not  projedl  the  fragments 
to  great  diftances.  This  is  remarkably  the  cafe  in  all 
the  moil  eminent  of  them.  Common  or  nitric  gunpow- 
der  is  perhaps  the  only  great  exception.  This  particu- 
lar circumftance  will  finely  fuggetl  to  this  eminent  a- 
nalyft  the  in-verfe  triplicate  ratio  of  the  dillance  as  more 
likely  to  explain  the  phenomena  than  his  favourite 
law. 

We  truft  that  our  readers  will  not  be  difpleafed  with 
this  fhort  Iketch  of  Dr  Herfchel's  difcovery ,  and  the  few 
refleftions  which  it  naturally  fuggefted  to  our  minds. 
We  fhall  not  be  greatly  furprifed,  although  it  fliould 
produce  a  fort  of  counter-revolution  in  chemical  fcience, 
in  confequence  of  new  conceptions  which  it  may  give 
us  of  the  union  of  bodies  with  light  and  heat.  The 
phenomena  of  the  vegetable  and  animal  economy  fliew 


that  they  arc  fufceptible  of  combination  with  other  fub-  Thtvenot 
fiances  befides  the  bafis  of  vital  air.  Whatever  changes  Thomat. 
this  may  produce  in  the  great  revolution  which  has  al-  • 

ready  taken  place  in  chemical  fcience,  they  will  (in  our 
opinion)  be  favourable  to  true  philofophy  ;  becaufe  Dr 
Herfchel's  difcovery  co-operates  with  other  arguments 
of  found  mathematical  reafoning,  to  overturn  that  prin- 
ciple on  which  De  la  Place  hopes  to  found  his  atheifti. 
cal  dodlrine  of  fate  and  necefTity.  It  contributes  there- 
fore to  reflore  to  the  face  of  Nature  that  fmiling  fea- 
ture of  providential  wisdom  which  Newton  had  the 
honour  of  exhibiting  to  the  view  of  rational  men.  The 
fun  is  the  fource  of  light  and  genial  warmth  tda  vafl 
fyflem,  which  is  held  together,  in  almoll  eternal  order 
and  beauty,  by  a  law  of  attraftion  felefted  by  Infinite 
Wifdom,  as  the  only  one  adequate  to  this  magnificent 
purpofe. 

THEVENOT  (Melchifedec),  librarian  to  the  king 
of  France,  and  a  celebrated  writer  of  travels,  was  born 
at  Paris  in  1621,  and  had  fcarcely  gone  through  his 
academical  fludles,  when  he  difcovered  a  ftrong  padion 
for  vifiting  foreign  countries.  At  firil  he  faw  only  part 
of  Europe  ;  but  then  he  took  great  care  to  procure 
very  particular  informations  and  memoirs  from  thofe 
who  had  travelled  over  other  parts  of  the  globe,  and 
out  of  thofe  compofed  his  "  Voyages  and  Travels." — 
He  laid  down,  among  other  things,  fome  rules,  together 
with  the  invention  of  an  inflrument,  for  the  better  find- 
ing out  of  the  longitude,  and  the  declination  of  the 
needle  ;  and  fome  have  thought  that  thefe  are  the  belt 
things  in  his  works,  fince  travels,  related  at  fecond-hand, 
can  never  be  thought  of  any  great  authority  or  mo- 
ment ;  not  but  Thevenot  travelled  enough  to  relate  fome 
things  upon  his  own  knowledge.  Another  paffion  in 
him,  equally  flrong  with  that  for  travelling,  was  to  col- 
left  fcarce  books  in  all  fciences,  efpecially  in  philofo- 
phy, mathematics,  and  hiftory  ;  and  in  this  he  may  be 
faid  to  have  fpent  his  whole  life.  When  he  had  the 
care  of  the  King's  library,  though  it  was  one  of  the  bell 
furnilhed  in  Europe,  he  found  2000  volumes  wanting 
in  it  which  he  had  in  his  own.  Befides  printed  books,, 
he  bought  a  great  many  manufcripts  in  French,  Eng- 
lifh,  Spanifh,  Italian,  Latin,  Greek,  Hebrew,  Syriac, 
Arabic,  Turkifh,  and  Perfic.  The  marbles  prefented 
to  him  by  Mr  Nointel,  at  his  return  from  his  embalTy 
to  Conflantinople,  uuon  which  there  are  bas-reliefs  and 
infcriptions  almofl  2000  years  old,  may  be  reckoned 
among  the  curiofities  of  his  library.  He  fpent  mofl  of 
his  time  among  his  books,  without  aiming  at  any  poft 
of  figure  or  profit  :  he  had,  however,  two  honourable 
employments  ;  for  he  afTifted  at  a  conclave  held  after 
the  death  of  Pope  Innocent  X.  and  was  the  French 
king's  envoy  at  Genoa.  He  was  attacked  with  what 
is  called  a  flow  fever  in  1692,  and  died  Oftober  the 
fame  year,  at  the  age  of  71.  According  to  the  account 
given,  he  managed  himfelf  very  improperly  in  this  ill- 
nefs  ;  for  he  diminifhed  his  flrength  by  abilinence,  while 
he  fhould  have  increafed  it  with  hearty  food  and  generous 
wines,  which  were  yet  the  more  neceffary  on  account  of 
his  great  age. — Thevenot's  Travels  into  the  Levant, 
&c.  were  publifhed  in  Englifh  in  the  year  1687,  folio; 
they  had  been  pubUfhed  in  French  at  Paris  1663,  folio. 
He  wrote  alfo  "  L'Art  de  Nager,"  the  Art  of  Swim- 
ming,  i2mo,  1696. 

THOMAS  (Chriftian)  was  born  at  Lelpfie  i6ss* 
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1  and  was  well  educated,  firll  under  his  father,  and  aftcr- 
"■  wards  in  the  Leiplic  uiiivcrfity.  At  firlt  he  acquiefced 
in  the  eftablilTied  doftrincs  vf  the  fcliools  ;  but  upon 
reading:  Puffendorf's  "  Apology  for  rcjetling  the  Seho- 
laftic  Principles  of  Morals  and  Law,"  light  fuddcnly 
burit  upon  his  mind,  and  he  determined  to  renounce  all 
implicit  deference  to  ancient  dogmas.  He  read  lectures 
upon  the  fuhjeCl  of  Natural  Law,  iirft  from  the  text  of 
Grotiiis,  and  afterwards  from  that  of  Puftendo;  t,  freely 
txercifmg  his  own  judgment,  and,  where  he  faw  reafon, 
advancing  new  opinions.  Whilll  his  father  was  living, 
paternal  prudence  and  moderation  rellrained  the  natural 
vehemence  and  acrimony  of  the  young  man's  temper, 
which  was  too  apt  to  break  out,  even  in  his  public  lec- 
tures. But  «her>  he  was  left  to  himfelf,  the  boldrefs 
with  which  he  advanced  unpopular  tenets,  and  the  fe- 
verity  with  wiiich  he  dealt  out  his  fatirical  ccnfures, 
foon  brousjht  upon  him  the  violent  refcntment  oi  theo- 
logians and  profeffors. 

An  "  Introduftion  to  PufTendorf,"  which  Tiiomas 
publifhcd  in  the  year  i6S'J,  wherein  he  deduced  the 
ebligation  of  morality  from  natural  principles,  oceafion- 
ed  great  offence.  The  following  year  he  became  Hill 
more  unpopular,  by  opening  a  monthly  literary  journal, 
which  he  intitled  "  Free  fhoughts,  or  Monthly  Dia- 
logues on  various  Books,  chiefly  new  ;"  in  which  he  at- 
tacked many  of  his  contemporaries  with  great  feverity. 
The  raillery  of  this  fatirical  work  was  too  provoking  to 
be  endured  :  complaints  were  lodged  before  the  ecclefi- 
aftical  court  of  Drefden  ;  the  bookfeller  was  called  upon 
to  give  up  the  author  ;  and  it  was  only  through  the  in- 
terell  of  the  Marefchal  that  Thomas  efcaped  punifhment. 
The  title  of  the  work  was  now  changed  ;  but  its  fpirit 
remained.  A  humorous  and  fatirical  life  of  Arillotle, 
and  feveral  other  farcaftic  papers,  kept  alive  the  flame 
of  refentment,  till  at  length  it  again  burll  forth,  on  a 
charge  brought  againll  him  before  the  fame  court  by 
the  clergy  of  Leipfic,  for  contempt  of  religion  :  but  he 
defended  himfelf  with  fuch  ability,  that  none  of  his  ad- 
verfaries  chofe  to  reply,  and  the  matter  was  dropped. 

A  fatirical  review,  which  he  wrote,  of  a  treatife  "  On 
the  Divine  Right  of  Kings,"  publifted  by  a  Danifh  di- 
vine ;  "  A  Defence  of  the  Sed  of  the  Pidifls,"  and 
other  eccentric  and  fatirical  publications,  at  lall  inflamed 
the  refentment  of  the  clergy  againft  Thomas  to  fuch  a 
degree,  that  he  was  threatened  with  imprifonment.  To 
•fcape  the  ftorm  which  thickened  about  him,  he  en- 
treated permiffion  from  the  EleAor  of  Brandtburg,  in 
whofe  court  he  had  feveral  friends,  that  he  might  read 
private  lectures  in  the  city  of  Hall.  This  indulgence 
being  obtained,  Thomas  became  a  voluntary  exile  from 
Leipfic.  After  a  (hort  interval,  he  was  appointed  pub- 
lic profeffor  of  jurifprudence,  fird  in  Berlin,  and  after- 
ward's  at  Hall.  In  theie  (ituations,  he  found  himfelf  at 
full  liberty  to  indulge  his  fatirical  humour,  and  to  en- 
gage m  the  controverfies  of  the  times  :  and  as  h)ng  as 
he  lived,  he  continued  to  make  ufe  of  this  liberty  in  a 
manner  which  fubjefted  him  to  much  odium.  At  the 
fame  time,  he  perfevered  in  his  endeavours  to  correA 
and  fubdua  the  prejudices  of  mankind,  and  to  improve 
the  ftate  of  philofophy.  He  died  at  Hall  in  the  year 
1728. 

Befides  the  fatirical  journal  already  mentioned,  Tho- 
mas wrote  feveral  treatifes  on  logic,  morals,  and  jurif- 
prudence ;  in  which,  he  advanced  many  dogmas  contra- 
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ry  to  received  opinions.  In  his  writings  on  Phyfics,  he  Thoniai, 
leaves  the  ground  of  experiment  and  ratlcuial  invelliga-  Thomion. 
tion,  and  appears  among  the  myflics.     His  later  pieces  ^~~^ 

are  in  many  particulars  inconfillent  with  the  former 

His  principal  philufophical  works  are,  "An  Introduc- 
tion to  Aulic  Philofophy,  or  Outlines  of  the  Art  of 
Thinking  and  Reafoning  ;"  "  Introduftion  to  Ra- 
tional Piiilofophy  ;"  "  A  Logical  Praxis  ;"  "  Intro- 
dudion  to  Moral  Philofophy  ;"  "  A  Cure  for  Irre- 
gular Paflions,  and  the  Doctrine  of  Self  Knowledge  ;" 
"The  new  Art  of  difcovering  the  fecret  Thoughis  of 
Men  ;"  "  Divine  Jurifprudence  ;"  "  Foundations  of 
the  Law  of  Nature  and  Nations;"  "  Diffrrtatinn  on 
the  Ci  ime  of  Magic  ;"  "  Lffay  on  tlie  Nature  and  Ef- 
lence  of  Spirit,  or  Principles  of  Natural  and  Moral 
Science  ;"   "  Hiitory  of  Wildom  and  Folly." 

From  the  fpecimen  given  by  l)r  Entitld  of  his  more 
peculiar  tenets  (for  we  have  read  none  of  his  books), 
Tiiomas  appears  to  have  been  a  man  of  wonderful  in- 
confilK-ncy  in  his  opinions  ;  teaching  on  one  fubjcft  ra- 
tional  piety  and  true  fciencc,  and  on  another  abfurdity 
and  atheilm.  "  No  other  rule  (he  fays)  is  Mceffary  in 
reafoning,  than  that  of  following  the  naturfl  order  of 
inveiligation  ;  beginning  with  thofe  thirgs  which  are 
bell  known,  and  proceeding,  by  eafy  fteps,  to  thofe 
which  are  more  difficult."  This  is  perfcftly  confident 
with  the  foundation  of  the  Bac<.niaa  logic  ;  and  is  in- 
deed the  only  foundation  upon  v/hich  a  fyltem  of  fcience 
can  poflibly  be  built.  Yet  could  the  man,  who  proi- 
feffes  to  proceed  from  a  principle  fo  well  eftablidied, 
gravely  advance,  as  concluljons  of  fcience,  the  following 
abfurdities  :  "  perception  is  a  pafTive  affeftion,  produ- 
ced by  fome  external  objedt,  either  in  the  intellectual 
fenfe,  or  in  the  inclination  of  the  will.  God  is  not  per. 
ceived  by  the  intellectual  fenfe,  but  by  the  inclination 
of  the  will  :  for  creatures  afftcl  the  brain  ;  but  God, 
the  heart.  All  creatures  are  in  God  :  nothing  is  ex- 
terior to  him.  Creation  is  extenCon  produci'd  from 
nothing  by  the  divine  power.  Creatures  are  of  two 
kinds,  paflive  arid  aftive  ;  the  form«r  is  matter,  the  lat- 
ter fpirit.  Matter  is  dark  and  cold,  and  capable  of  be- 
ing aded  upon  by  fpirit,  which  is  light,  warm,  and  ac- 
tive. Spirit  may  fubilil  without  matter,  but  defires  a 
union  with  it.  All  bodies  conlifl  of  matter  and  fpirit, 
and  have  therefore  fome  kind  of  life.  Spirit  attrafts 
fpirit,  and  thus  fenlibly  operates  upon  matter  united  to 
fpirit.  This  attraction  in  man  is  called  /ove  ;  in  other 
hodk?,  Jympa.'iy.  A  finite  fpirit  may  be  confulercd  as 
a  limited  fpherc,  in  which  rays,  luminous,  warm,  and 
adfive,  flow  from  a  centre.  Spirit  is  the  region  of  the 
body  to  which  it  is  united.  The  region  of  finite  fpirits 
is  God.  The  human  foul  is  a  ray  from  the  divine  na- 
ture ;  whence  it  defires  union  with  God,  who  is  love. 
Since  the  elTcnce  of  fpirit  confifts  in  aflion,  and  of  body 
in  paflion,  fpirit  may  exill  without  thought  :  of  this 
kind  are  light,  ether,  and  other  aftlve  principles  in  na- 
ture." Fortunately,  this  jargon  is  as  unintelligible  as 
the  categories  of  Kant,  and  the  blafphemies  of  Spino- 
za ;  for  an  account  of  which,  the  reader  is  referred  to 
Critical  Phiiosofht  in  this  Sujif/.  and  to  Spinoza  in 
the  Encycl. 

TFIORNTON  (Bonnel),  a  modern  poet,  the  mu- ^''S^f^'"^ 


mate  friend  of  Lloyd  and  Colman,  and  juflly  claffed-'^'^""""'-'' 
with  them  in  point  of  talents,  was  born  in  Maiden- 
lane,  London,  in  the  year  1724. .  He  waa  the  fon  of 
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Thornton,  an   apothecary  ;    and  being    educated   at  Weftminiler 

*~~^' '  fchool,  was  eltfted  to  Chrift-Chureli,  Oxford,  in  the 

year  1743.  He  was  thus  eight  years  fcnior  to  Col- 
man,  who  was  cleftcd  off  in  1751.  The  (ird  piibh- 
cation  in  which  he  was  concerned  was,  "  The  Stu- 
dent, or  Oxford  and  Cambridge  Mifecllany,"  which 
appeared  in  monthly  nuir.bers  ;  and  was  colleifted  in 
two  volumes  8vo,  in  174S.  JSmart  was  the  chief  con- 
Hudlor  of  the  work  ;  but  Thornton,  and  other  wits  of 
both  univerfnies,  aflilled  in  it.  He  took  his  degree  of 
•  mailer  of  arts  in  1750  ;  and  as  his  father  wifhed  hinfi  to 
make  pliyfic  his  profeffion,  he  took  the  degree  of  ba- 
chelor of  that  faculty  in  1754.  -In  the  fame  year  he 
undertook  the  periodical  paper  called  The  Cor.iioi/fair, 
in  conjnnSion  witii  Colman,  which  they  continued 
weekly  to  the  30th  of  September  i  7  ?6.  In  the  con- 
cluding paper,  the  different  ages  and  piirfuits  of  the  two 
authors  arc  thus  jocularly  pointed  o\it,  rn  the  defcrip. 
tion  of  tlie  double  author,  Mr  Town.  "  Mr  Town  is  a 
fair,  black,  middle-fized,  very  fliort  man.  He  wears  his 
own  hair  and  a  periwig.  He  is  about  thirty  years  of  age 
(literally  thirty-two),  and  not  more  than  four-and  twen- 
ty. He  is  a  ftudent  of  the  law  and  a  bachelor  of  phyfic. 
He  was  bred  at  the  univerfity  of  Oxford,  where,  ha- 
ving taken  no  Icfs  than  three  degrees,  he  h)oks  down  on 
many  learned  profeffbrs  as  his  inferiors  :  yet,  having 
been  there  but  little  longer  than  to  take  the  firft  degree 
of  bachelor  of  arts,  it  has  more  than  once  happened  that 
the  cenfor-general  of  all  England  has  been  reprimanded 
by  the  cenfor  of  his  college,  for  negle^ing  to  furnifh 
the  ufual  elTay,  or,  in  the  collegiate  phrafe,  the  theme 
of  the  week."  Engaged  in  purfuits  of  this  kind,  Bon- 
nel  Thornton  did  not  very  clofely  follow  the  profeffion 
to  which  his  father  dcftined  him,  but  lived  ratiier  a  li- 
terary life,  employing  his  pen  on  various  fubjefts.  To 
the  daily  paper  called  the  Public  Admerttjcr,  then  in  high 
reputation,  he  was  a  frequent  contributor  ;  and  he  once 
had  it  in  contemplation  to  treat  with  Mr  P^ich  for  the 
patent  of  Covent  Garden  theatre.  In  1764,  Mr  Thorn- 
ton married  Mifs  Sylvia  Brathwaite,  youngeft  daughter 
of  Colonel  Brathwaite,  who  had  been  governor  of  a 
fort  in  Africa.  In  1766,  encouraged,  as  he  fays  him- 
felf,  by  the  fuccefs  of  his  friend  Colman's  Terence,  he 
publiihed  two  volumes  of  a  tranflation  of  Plautus  in 
blank  verfe  ;  propoll  ;g  to  complete  the  whole  if  that 
fpecimen  (hould  he  approved.  Thefe  volumes  contain- 
ed feven  plays,  of  which  the  Captive  was  tranflated  by 
Mr  Warner,  who  afterwards  completed  all  that  Thorn- 
ton had  left  unfinilhcd  ;  and  the  Mercator  by  Mr  Col- 
man. The  remaining  five  are,  the  yiniphitrjoa,  Miles 
Gloriofiu,  Trinumnius,  Aulularia,  Rudens.  Some  parts 
']f  the  remaining  plays  which  Thornton  had  tranflated 
are  prcferved  by  his  continuator.  There  can  be  no 
doubt  that  this  is  the  beft  way  of  tranflating  the  old 
comediet,  and  that  Thornton  was  well  qualilicd  for  the 
talk  ;  but  the  work  has  never  been  in  high  favour  with 
the  public.  Yet  Warburton  faid  of  it,  tl>at  "  he  never 
read  fo  juft  a  tranflation,  in  fo  pure  and  elegant  a  flyle." 
Thornton  publiftied  in  1767,  The  Battle  of  the  Wigi,  as 
Bn  additional  canto  to  Garth's  Difpenfary  ;  the  fubjeft 
i)f  which  was  the  difputes  then  fublifting  between  the 
fellows  and  licentiates. 

The  life  of  Thornton  was  not  deftined  to  attain  any 

great  txtenfion  :   in  the  prime  of  his  days,  while  he  was 

■"     j'uiFounded  by  domeilic  felicity,  the  comforts  qf  for- 
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tune,  and  the  refpeA  of  foclety,  ill  health  came  upon  'n.orntBr 
him  ;  and  medical  aid  proving  inefficient,  he  died,  of  the  JJ^ntler. 
gout  In  his  llomach,  May  9.  1768,  at  only  44  years  of  '  ~ 
age.  His  wife,  a  daughter,  and  two  fons,  furvived 
him.  Bclides  the  produftions  already  mentioned,  he 
wrote  the  papers  in  the  Adventurer  marked  A  ;  "  An 
Ode  to  St  Cecilia's  day,  adapted  to  the  ancient  Britiih 
Mufic,"  a  burlelque  performance  ;  "  The  Oxford  Bar- 
ber ;"  with  rnany  detached  eilays  in  the  public  papers. 
A  few  letters  addrefled  to  his  Sylvia  before  thev  viexi 
married,  difplay  great  teiidernefs,  exprclfcd  with  frank- 
nefs  and  eafe.  A  fmall  edition  of  his  works  might, 
with  much  propriety,  be  prefented  to  the  public,  before 
it  fliall  be  too  late  to  afcertain  them  all.  His  charac- 
ter may  be'taken  trom  his  epitaph,  written  in  Latin  bv 
his  friend  Dr  Warton,  and  placed  on  his  monument  in 
Weftminiler  Abbey.  It  is  to  this  efTetl  :  "His  ge- 
nius, cultivated  niofl  happily  by  every  kiiid  of  polite  li- 
terature, was  accompanied  and  recommended  by  man- 
ners open,  llncere,  and  candid.  In  his  writings  and 
converfation  he  had  a  wonderful  livelinefs,  with  a  vein 
of  pleafantry  peculiarly  his  own.  In  ridiculing  the  fail- 
ings of  men,  without  bitternefs,  and  with  much  hu- 
mour, he  was  Angularly  happy  ;  as  a  companion,  he 
was  delightful." 

THUNDER.  There  is  tiot  one  of  the  appearances  j_ 
of  nature  which  has  fo,  much  engaged  the  attention  of 
mankind  as  thunder.  The  favage,  the  citi7en,  and  the 
philofopher,  have  obferved  It  with  dread,  with  anxiety, 
and  with  curiofity  ;  and  the  philofopher  of  our  times 
treats  the  others  with  a  fmlle  of  condclcenrion,  while  he 
here  enjoys  the  fullefl  triumph  of  his  fuperiority. 

Felix  qui  potuit  refum  cognofcere  caufas, 
At  que  metus  omnes  et  inevitabile  fulmen 
Subject  t  pedibns , 

But  though  this  grand  phenomenon  has  long  engaged 
the  curious  attention  of  philofophers,  it  is  but  veiy  late- 
ly that  they  have  been  able  to  explain  it ;  that  is,  to 
point  out  the  more  general  law  of  nature  of  which  it  is 
a  particular  inilance.  Inflammable  vapours  had  long 
furnlfhed  them  with  a  fort  of  explanation.  The  difco- 
very  of  gunpowder,  and  dill  more  that  of  inflammable 
air,  gave  fome  probability  to  the  exillence  of  extenfive 
ftrata  of  inflammable  vapours  in  the  upper  regions  of 
the  atmofphere,  which,  being  fet  on  fire  at  one  end, 
mlgirt  burn  away  in  rapid  fucceffion,  like  a  train  of 
gunpowder.  But  the  fmalleil  invelllgation  would  fliew 
fuch  a  diffimilarity  in  the  phenomena,  and  in  the  gene- 
ral eflVdls,  that  this  explanation  can  have  no  value  in 
the  eyes  of  a  true  naturalill.  Horrid  exploGon,  and  a 
blaft  which  would  fweep  every  thing  from  the  furface 
of  the  carlii,  muft  b*  the  effefts  of  fuch  Inflammation. 
The  very  limited  and  capricious  nature  of  the  ravages 
made  by  thunder,  render  them  altogether  unlike  explo- 
fions  of  elaftic  fluids.  ^ 

Nofooner  were  the  wonderful  effefts  of  the  charged -pj^y^j^f 
eleflrical  phial  obferved,  than  naturalifts  began  to  think rclembles 
of  this  as  exhibiting  fome  refemblance  to  a  thunder- the  eleftri 
flroke  (iee  Electricity,  Encycl.  n"  12.)  ;  but  it  was"'"'"''' 
not  till  toward  the  year  1750  that  this  refemblance  was 
viewed  in  a  proper  light   by  the  celebrated  Franklin. 
In  a  dliTertation   written  that  year,  he  delivers  his  opi- 
nion at  large,   and  notices  particularly  the  following 
circumllances  of  fimijarity. 

I.  The 
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Thunder.       j,  T'Ke  colour   and  crooked  form  of  lightning',  per- 
""  >'       '  feftly  fimilar  to  that  of  a  vivid  eleiStrical  fpaik  between 
niarkTblc  di'lant   bodies,  and  unlike  every  other  appearance   of 
irticulars.  light.     This  anj;ular,  dcfultory,  capricious  form  of  an 
eleftrical  fpark,  and  of  forked  lightning,   is  very  fingu- 
lar.      No   two   fucceflive   fparks   have   the   fame  form. 
Their  (harp  angles  are  unlike  every  appearance  of  mo- 
tion through  unrtfilling  air.      Such  motions  are  always 
curvilineal.      The  fpark   is   like  the   fimultarieons  exift- 
ence  of  the  light  in  all  its  parts  ;  and  the  faA  is,  that 
no  perfiin  can  pofitivcly  fay  in  which  direiSlion  it  moves. 

2.  Lightning,  like  eleClricity,  always  llrikes  the  moil 
Advanced  objefts — hills,  trees,  iteeplcs. 

3.  Lightning  aff'efts  to  take  the  bell  conduftors  of 
eleSlricity.  Bell  wires  are  very  frequently  deflroyed  by 
it.  At  Leven  houfe  in  Fiftfhire,  in  1733,  it  ran  along 
a  gilded  moulding  from  one  end  of  the  houfe  to  the 
other,  exploding  it  all  the  way,  as  alfo  the  tinfoil  on 
the  backs  of  fcveral  mirrors,  and  the  gilding  of  fcreens 
and  leather  hangings. 

4.  It  burns,  explodes,  and  deftroys  thefe  conduftors 
precifely  as  eleftricity  does.  It  diffolves  metals  ;  melts 
wires  ;  it  explodes  and  tears  to  pieces  bodies  which 
contain  moillure.  When  a  perfon  is  killed  by  light- 
ning, his  fliocs  are  commonly  burll.  When  it  falls  on 
a  wet  furface,  it  fpreads  along  it.  The  Royal  William, 
in  LouifLurgh  harbour,  in  1758,  received  a  thunder- 
llroke,  which  diffipated  the  maintop-gallant  m-aft  in 
dull,  and  came  down  on  the  wet  decks  in  one  fpark, 
which  fprcad  over  the  whole  deck  as  a  fpout  of  water 
would  have  done.  This  is  quite  according  to  eleftrlcal 
laws. 

;.  It  has  fometimes  (Iruck  a  perfon  blind.  Eledlrl- 
city  has  done  the  fame  to  a  chicken  which  it  did  not 
kill. 

6.  It  affefts  the  nervous  fyflem  in  a  way  refembling 
fome  of  the  known  efl'cfts  of  eleClricity.     The  follow. 

ing    is   a   moll   remarkable   inftance  :     Campbell, 

Efq.  of  Succoth,  in  Dnnbartonfliire,  had  been  blind 
for  feveral  years.  The  diforder  was  a  gntta  ferena.  He 
was  led  one  evetiing  along  the  (Ireets  of  Glafgow  by 
his  fervant  Alexander  Dick,  during  a  terrible  thiinder 
ilorm.  The  lightning  foiretimes  fluttered  along  the 
ftreets  for  a  quarter  of  a  minute  without  ceafing.  While 
this  fluttering  lafted,  Mr  Campbell  faw  the  Itreet  dif- 
tinftly,  and  the  changes  which  had  been  made  in  that 
part  by  taking  down  one  of  the  city  gates.  When 
the  ftorm  was  over,  his  entire  blindnefs  returned. — We 
have  from  a  friend  another  inftance,  no  lefs  remarkable. 
One  evening  in  autumn  he  was  fitting  with  a  gentle- 
man who  had  the  fame  diforder,  and  he  obferved  feve- 
ral lambent  flafhes  of  lightning.  Their  faces  were  turn- 
ed to  the  parlour  window ;  and  immediately  after  a 
flafh,  the  gentleman  faid  to  his  wife  "  Go,  my  dear, 
make  them  (hut  the  white  gate  ;  it  is  open,  you  fee." 
The  lady  did  fo,  and  returned  ;  and,  after  a  little,  faid, 
"  But  how  did  you  know  that  the  gate  was  open  ?" 
He  exclaimed,  "  My  God!  1  faw  it  open,  and  two  men 
look  in,  and  go  away  again,"  (which  our  friend  alfo 
had  obferved).  The  gentleman,  on  being  clofe  quef- 
tioned,  could  not  recolleift  having  had  another  glance, 
nor  why  it  had  not  furprifed  him  ;  but  of  the  glimpfe 
itfelf  he  was  certain,  and  defcribed  the  appearance  very 
exaftly. 

7.  Lightning  kills ;  and  the  appearances  perfeiSUy  re- 
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iemble  thofe  of  a  mortal  ftroke  of  eledlrlcity.  The  Thunder, 
miifcles  are  all  in  a  ftate  of  perfeft  relaxation,  even  in  *— — v~-^ 
thofe  fituations  where  it  is  ufuuily  otherwile. 

8.  Jjightning  is  well  known  to  dellroy  and  to  change 
the  polarity  of  the  mariner's  needle.  , 

Dr  Franklin  was  not  contented  with  the  bare  obfer-  Dr  Frank- 
vation  of  thefe  important  refeniblances.  He  availed I'n  difco- 
himfelf  of  many  curious  difcoveiies  which  he  had  madey^"^^  'v^'" 
of  elecflrical  laws.  In  particular,  having  obferved  thatf^m^^ 
eledlricity  was  drawn  off  at  a  great  dillance,  and  with- 
out  the  leall  violence  of  action,  by  a  (harp  metallic 
point,  he  propofed  to  philofophers  to  eredt  a  tall  mad 
or  pole  on  the  hjgheil  part  of  a  building,  and  to  furnifh 
the  top  of  it  with  a  fine  metalline  point,  properly  infu- 
lated,  with  a  wire  leading  to  an  infulatcd  apparatus  for 
exhibiting  the  common  eledlrical  appearances.  To  the 
whole  of  this  contrivance  he  gave  the  name  of  ihundir- 
rod,  which  it  iliU  retains.  He  had  not  a  proper  op- 
portunity of  doing  this  himfelf  at  the  time  of  writing 
his  dilfertation  in  a  letter  from  Philadelphia  to  the 
Royal  Society  of  London  ;  but  the  contents  were  fo 
fcientific,  and  fo  inttrefling,  that  in  a  few  weeks  time 
they  were  known  over  all  Europe.  His  direiitions  were 
followed  in  many  places.  In  particular,  the  French 
academicians,  encouraged  by  the  prefence  of  their  mo- 
narch, and  the  great  fatisfadtion  vvhich  he  expreffed  at 
the  repetition  of  Dr  Franklin's  moil  infti-udlive  experi- 
ments, which  difcovered  and  ellablilhed  the  theory  of 
pofitive  and  negative  eleftricity,  as  it  is  ftill  received, 
were  eager  to  execute  his  orders,  making  his  grand  ex- 
periment, which  promifed  fo  fairly  to  bring  this  tre- 
mendous operation  of  nature  not  only  within  the  pale  of 
fcience,  but  within  the  management  of  human  power. 

But,  in  the  mean  time,  Dr  Franklin,  impatient  of 
delay,  and  perhaps  incited  by  the  honourable  defire  of 
well-defervcd  fame,  ,  put  his  own  fcheme  in  pradlice. 
His  inventive  mind  fuggefted  to  him  a  moll  ingenious 
method  of  prefenting  a  point  to  a  thunder  cloud  at  a 
very  great  diftatUie  from  the  ground.  This  was  by 
fixing  his  point  «n  the  head  of  a  paper  kite,  vvhich  the 
wind  (hould  raife  to  the  clouds,  while  the  wet  llring 
that  held  it  (liould  ferve  for  a  conduflor  of  the  eleftri- 
city.  We  prclume  that  it  was  with  a  palpitating  heart 
that  Dr  Franklin,  unknown  to  the  neighbours,  and  ac- 
companied- only  by  his  fon,  went  into  the  fields,  and 
fent  up  his  mtflenger  that  was  to-bring  him  fuch  news 
from  the  heavens.  He  told  a  perfon,  who  repeated  it 
in  the  hearing  of  the  prefent  writer,  that  when  he  fawr 
the  fibres  oi  the  cord  raife  themfelves  up  like  hogs 
briitles,  he  uttered  a  deep  figh,  and  would  have  wifhed 
that  moment  of  joy  to  have  been  his  laft.  He  obtain- 
ed but  a  few  faint  fparks  from  his  apparatus  that  day  ; 
but  returned  to  his  houfe  in  a  ftate  of  perfcft  liappi- 
nefs,  now  feeling  that  his  name  was  never  to  die.  Thus 
did  the  foap-bubble,  and  the  paper-kite,  from  being  the 
playthings  of  children,  become,  in  the  hands  of  New- 
ton  and  of  Franklin,  the  ir^ans  of  acquiring  immortal 
honour,  and  of  doing  the  moft  important  fervice  to  fo. 
ciety. 

We  may  juftly  confider  this  as  one  of  fhe  greateft  of 
philofophical  difcoveries,  and  as  doing  the  higheft  ho- 
nour to  the  inventor  ;  for  it  was  not  a  fuggeftion  from 
an  accidental  obfervation,  but  arofe  from  a  fcientific 
comparifon  of  fafts,  and  a  fagacious  application  of  the 
doftrine  of  pofitive  wnd  negative  cledtricity  ;  a  doftrine 

wholly 


T    H    U 


Thiitiilei*. 


r  ^8f}  1 


T    H    U 


4 
Eledlrical 
{late  of  the 
ataiofphere, 


Cautions  to 
be  obferved 
in  this  exa- 
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wliolly  Dr  Franklin's,  and  the  itfuk  of  the  mod  acute 
and  dilcn'min.iting  obiervation.  It  was  this  alone  that 
fuggefted  the  whole  ;  and  by  explaining  to  his  fatiifac- 
tion  the  curious  property  of  (liarp  points,  gave  him  the 
courage  to  handle  the  thunderbolt  of  Jove. 

It  is  tlien  a  pornt  fully  afcertamed,  that  thunder  and 
lightning  are  the  eleftric  fnap  and  fpark,  as  much  fu- 
perior  to  our  puny  imitations  as  we  can  conceive  from 
the  immenfe  extent  of  the  inilrnments  in  the  hands  of 
Nature.  If,  fays  Dr  Franklin,  a  conduftor  one  foot 
thick  and  five  feet  long  will  produce  fucli  fnaps  as  agi- 
tate the  whole  human  frame,  what  may  we  not  expeft 
from  a  furface  of  10,000  acres  of  eleftrified  clouds  ? 
How  loud  mull  be  the  explofion  i  how  terrible  the  ef- 
feds  ? 

This  difcovei7  immediately  direfted  the  attention  of 
philofophers  to  the  ftate  of  the  atmofphere  with  re- 
fpeft  to  eleftricity  ;  and  in  this  alfo  Dr  Frai.khn  led 
the  way.  He  immediately  ereCled  his  thunder  rods  ; 
and  they  have  been  imitated  aU  over  the  world,  with 
many  alterations  or  improvements,  according  to  the 
different  views  and  fliill  of  their  authors.  It  is  need- 
lefs  to  infill  here  on  their  conilrutlion.  They  have 
been  defcribed  in  the  article  Electricity,  Encycl.  ; 
and  any  perfon  well  acquainted  with  its  theory,  as  laid 
down  in  the  Supplementary  article  Electricity,  will 
be  at  no  lois  to  accommodate  his  own  conllruAiou  to 
his  fituation  and  purpolcs. 

Dr  Franklin  took  the  lead,  as  we  have  already  ob- 
ferved, in  this  examination  of  the  eleftrical  ftate  of  the 
atmofphere.  He  feldom  found  it  without  giving  figns 
of  eleftricity,  and  this  was  generally  negative.  See 
Phil.  Tranf.  Vol.  XLVIII.  p.  ^s'>^  ^"d  7^5- 

Mr  Canton  repeated  thofe  experiments,  and  found 
the  fame  refults ;  both,  however,  found  that  the  elec- 
tricity would  frequently  change  from  pofitive  to  nega- 
tive, and  from  negative  to  pofitive,  in  very  fliort  fpaces 
of  time,  as  different  portions  of  clouds  or  air  pafied  the 
thunder  rod. 

We  muft  here  remark,  that  our  acquaintance  with 
the  laws  of  eledtricity  fufficiently  informs  us,  that  the 
eleftricity  of  our  thunder-rod  may  frequently  be  of  a 
different  kind  from  that  of  the  cloud  which  excites  the 
appearances  at  our  apparatus.  We  know  that  air,  like 
glafs,  is  a  non-condudtor  ;  and  that  when  it  is  brought 
into  any  ftate  of  ekflricity,  either  by  communication,  or 
by  mere  induftion,  it  will  remain  in  that  ftate  for  fome 
time,  and  that  it  always  changes  its  eleftricity  ^f/-_/?r^- 
tum.  A  pofitive  cloud,  in  the  higher  regions  of  the  at- 
mofphere, will  render  the  air  immediately  below  it  ne- 
gative, and  a  ftratum  below  that  pofitive.  If  the  thun- 
der rod  be 'in  this  pofitive  ftratum,  it  will  exhibit  pofi- 
tive eleftricity  ;  but  if  the  cloud  be  confiderably  nearer, 
the  rod,  by  being  in  the  adjoining  negative  ftratum, 
may  fliew  a  negative  elcftiicity,  which  will  exceed  the 
pofitive  eledtricity  which  the  diftant  pofitive  cloud  would 
have  induced  on  its  lower  end  by  mere  pofition,  had 
the  intervening  air  been  away.  This  excefs  of  negative 
eleftricity  muft  depend  on  the  degree  in  which  the  fur- 
roimding  ftratum  of  air  has  been  rendered  negative.  If 
this  has  been  the  almoft  inftantaneous  effeft  of  the  pre- 
fence  of  the  pofitive  cloud,  it  cannot  be  rendered  fo  ne- 
gative as  to  produce  negative  eleftricity  in  the  lower 
end  of  the  thunder-rod.     But  if  the  ftratum  of  air  has 


for  fome  confiderable  time  accompanied  the  pofttiVe  Ti  unric, 
cloud,  its  negative  eleAricity  has  been  increafing,  and  ■~~v-" 
fome  would  remain,  even  if  the  cloud  were  removed. 
We  muft,  at  all  times,  confider  the  thunder  rod  as  af- 
ftfted  by  a// the  eleftricity  in  its  neighbourhood.  The 
diftant  pofitive  cloud  would  at  any  rate  render  the  lower 
end  of  the  rod  pofitive,  without  communication,  by 
merely  difplacing  the  eleftricity  in  the  rod  itfelf,  juft  as 
the  north  pole  of  a  loadftone  Would  make  the  rem'te 
end  of  a  foft  iron  rod  a  north  pole.  In  like  manner, 
the  negative  ftratum  of  air  immediately  adjoinii^g  to  the 
pofitive  cloud  would  make  the  lower  end  of  the  rod  ne- 
gative, without  communication.  A  pofitive  ftratum  of 
air  below  this  would  have  the  contrary  effcft.  The  ap- 
pearances, then,  at  the  end  of  the  rod,  mull  be  the  re- 
lult  of  the  prevalence  of  one  of  thefe  above  the  others; 
and  many  intervening  circumftances  mull  be  underftood, 
before  we  can  Infer  with  certainty  the  ftate  of  a  cloud 
from  the  appearances  at  the  lower  end  of  the  appara- 
tus. It  would,  therefore,  be  a  moft  inftruftive  additiou 
to  a  thunder  rod  to  have  an  eleftrofcope  at  both  ends. 
If  they  fnevv  the  fame  kind  of  eleftricity,  we  may  be 
alfured  that  it  is  by  communication,  and  is  the  fame 
with  that  of  the  furrounding  ftratum  of  air  :  But  If  they 
ftiew  oppofite  eleftricities  (which  is  generally  the  cafe), 
then  we  learn  that  it  is  by  pofition  or  iuduftion.  We 
recommend  this  to  the  careful  attention  of  the  philofo- 
pher. 

In  this  way  we  perfeftly  explain  an  appearance  which 
puzzled  both  of  the  above-mentioned  obfervers.  When 
a  fingle  low  cloud  approached  the  rod,  the  eleftrofcope 
would  fliew  pofitive  eleftricity,  but  negative  when  tl»e 
cloud  was  in  the  zenith,  and  pofitive  again  when  it  had 
paifed  b)'.  We  alfo  learn  from  this  the  caule  of  Dr 
Fninklin's  difappoliitment  in  his  expeftatlons  of  very 
remarkable  phenomena  by  means  of  his  kite.  He  ima- 
gined that  it  would  be  vaftly  fuperior  to  the  apparatu,* 
which  he  had  recommended  to  the  philofophers  of  Eu- 
rope. But  the  firing  of  the  kite,  travcrfing  leveral  ftra- 
ta  in  different  Hates  of  eleftricity,  ferved  as  a  conduftor 
between  them,  and  he  could  only  obtain  the  fuperpUis  ; 
which  might  be  nothing,  even  when  the  clouds  were 
ftrongly  eleftrlficd. 

The  moft  copious  and  curious  obfervations  on  the 
eleftrical  ftate  of  the  atmofphere  are  thofe  by  Profeffor 
Beccaria  of  Turin.  He  had  coiinefted  the  tops  of  fe- 
veral  fteeples  of  the  city  by  intulated  wires.  He  did 
the  fame  thing  at  a  monaflery  on  a  high  hill  in  the  neigh- 
bourhood.  Each  of  thefe  coUefted  the  eleftricity  of  a 
feparate  ftratum  of  confiderable  extent.  He  frequently 
found  thefe  two  ftrata  iu  oppolite  ftates  of  ftrong  elec- 
tricity, s 

The   following  general   i^bfervations   are    made   out  Beccaria's 
from  a  compaiifon  of  a  vaft  variety  of  more  partlculargeccral 
ones  made  in  different  places  :  '^,"f  heiTc 

1.  The  air  is  almoft  always  eleftrical,  efpeclally  in ^j^ J|.;^ty, 
the   day  time  and  dry  weather  ;  and  the  eleftricity  is 
generally  pofitive.      It  does  not  become  negative,  unlefs 

by  winds  from  places  where  it  rains,  fnows,  or  is  foggy. 

2.  The  moifture  of  the  air  is  the  conftant  conduftor 
of  its  eleftricity  in  clear  weather. 

3.  When  dark  or  wet  weather  clears  up,  the  eleftri- 
city is  always  negative.  If  it  has  been  very  molft,  and 
dries  very  faft,  the  eleftricity  is  very  intenfe,  and  dimi- 
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niflifs  when  tlie  air  attains  its  g;rca'eft  dryncfi.;  and 
may  continue  long  ftationary,  by  a  i'upply  of  air  in  a 
drying  ftate  from  diftant  places. 

4.  If,  while  the  (ley  overcafts  in  the  zenith,  only  a 
high  cloud  is  formed,  without  any  fecondary  clouds  un- 
der it,  and  if  this  cloud  is  not  the  extenfion  of  another 
which  rains  in  fome  remote  place,  the  ele«5lricity  (if 
any)  is  always  pofitive. 

5.  If  the  clouds,  while  gathering,  are  (haped  like 
■locks  of  wool,  and  are  in  a  ftate  of  motion  among  each 
other  ;  or  if  the  general  cloud  is  forming  far  aloft,  and 
Itrctclies  down  like  dcfcending  iniuke,  a  frequent  pofi- 
tive electricity  prevails,  more  intenfc  as  the  changes  in 
the  atmofphere  are  quicker;  and  its  inteiifity  picclifts 
the  great  qu.mtitv  of  fnow  or  rain  which  is  to  follow. 

6.  When  an  extenfive,  thin,  level  cloud  forms,  and 
darkens  the  fky,  we  have  ftrong  pofitive  eleftricity. 

7.  Low  thick  fogs,  rlfing  into  dry  air,  carry  up  fo 
much  eledricity  as  to  produce  I'parks  at  the  apparatus. 
If  the  fog  continues  round  the  apparatus  without  rihng, 
the  electricity  fails. 

8.  When,  in  clear  weather,  a  cloud  paiTcS  over  the 
apparatus,  low  and  tardy  in  its  progrefs,  and  far  from 
any  other,  the  pofitive  eleftricity  gradually  diminifhes, 
and  returns  when  the  cloud  has  gone  over. 

9.  When  many  white  clouds  gather  over  head,  con- 
tinually uniting  with  and  parting  from  each  other,  and 
thus  form  a  body  of  great  extent,  the  pofitive  eleftrici- 
ty  increafes. 

10.  In  the  morning,  when  the  hygrometer  indicates 
drynefs  equal  to  that  of  the  preceding  day,  poiitive  e- 
leftricity  obtains,  even  before  funriie. 

11.  As  the  fun  gets  up,  this  eleftricity  increafes; 
more  remaikably  if  the  drynefs  increafes.  It  diminiflies 
in  the  evening. 

12.  The  midday  eleflricity,  of  days  equally  dry,  is 
proportional  to  the  heat. 

13.  Winds  always  leflen  the  eleftricity  of  a  clear  day, 
cfpecially  if  damp  :  therefore  they  do  not  eledtrify  the 
air  bv  friftion  on  folid  bodies. 

14.  In  cold  feafons,  with  a  clear  (ky  and  little  wind, 
a  confiderable  electricity  arifes  after  funfet,  at  dew  fall- 
ing. 

The  fame  happens  in  temperate  and  warm  weather. 
If,  in  the  fame  circumitances,  the  general  drynefs  of 
the  air  is  lefs,  the  eleftricity  is  alfo  lefs. 

15.  The  eleftricity  of  dew,  like  that  of  rain,  depends 
on  its  quantity.  This  eleftricity  of  dew  may  be  imtita- 
ted  by  eleftrifying  the  air  of  a  clofe  room  (not  too 
dry),  and  fiUing  a  bottle  with  very  cold  water,  and  fet- 
ting  it  in  the  upper  part  of  the  room.  As  the  damp 
condenfes  on  its  fides,  an  eleftrometer  will  fliew  very 
vivid  eleftricity. 

Such  a  coUeftion  of  obfervations,  to  be  fit  for  infer- 
ence, requires  very  nice  difcrimination.  It  is  frequent- 
ly difficult  to  difcover  electricity  in  damp  air,  though  it 
is  then  generally  ftrongeft  ;  becaufe  the  infulation  of  the 
apparatus  is  hurt  by  the  dampnefs.  To  make  the  ob- 
fervation  with  accuracy,  requires  a  portable  apparatus, 
whofe  infulation  can  be  made  good  at  all  times.  With 
fuch  apparatus  we  fliall  never  raifs  obferving  eleftricity 
in  fogs,  or  during  fnow. 

There  is  a  very  curious  phenomenon,  which  may  be 
frequently  obferved  in  Edinburgh,  and  no  doubt  in  o- 
ther  towns  firailarly  fituated.     In  a  clear  day  of  the 
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month  of  May,  an  eafterly    wind   frequently   brings  a   Thiuiilfr. 
fog  with    it,  which  advances  from   the  fca  in   a   denfe  ' 

body  ;  and  when  it  comes  up  the  High  Ibict,  it  chills 
the  body  exceedingly,  while  it  does  not  greatly  affcft 
the  thermometer.  Immediately  before  its  gaining  the 
ftrect,  one  feels  hke  a  ticklirg  on  the  face,  as  if  a  cub- 
web  ha<l  fallen  on  it,  and  naturally  puts  up  his  hand, 
and  rubs  the  face.  We  have  never  found  this  to  fail, 
and  have  often  been  aniufcd  with  feeing  every  perfon 
rubbing  his  face  in  his  turn.  The  writer  ot  this  article 
has  obferved  the  fame  thing  at  St  Peterfliurgh,  in  a 
fummer's  evening  when  n  low  fog  came  on  about  ten 
o'clock. 

The  general  appearances  of  a  thunder  ftorm  are  near- 
h  as  follow  s  :  ,  7 

For  the  moil  part  the  wind  is  gentle,  or  it  is  calm.   A  Phenonie- 
low  denfe  cloud  begins  in  a  place  previouily  clear  :  this"*  °  / 
increafes  fad  in  fize  ;  but  this  is  only  upwards,  and  in  a-'ftoim. 
arched  form,  like  great  bags  of  cotton.  The  lower  fur- 
face  of  the  cloud  is  commonly   level,  as  if  it  relied  on  a 
gl'ifs  plane. 

Soon  after  appear  numberlcfs  fmall  ragged  clou<!s, 
like  (lakes  of  cotton  teazled  out.  Thefe  are  moving  a- 
bout  in  various  uncertain  direftions,  and  contniually 
changing  their  ragged  fhape.  This  change,  however, 
is  generally  by  augmentation.  Whatever  occafions  the 
precipitation  of  the  difiblved  water  feems  to  gain  ground. 
As  thefe  clouds  move  about,  they  approach  eiich  other, 
and  then  fl;retch  out  their  ragged  arms  toward  each 
other.  This  is  not  by  an  augmentation,  but  by  a  real 
bending  of  thefe  tatters  towards  the  other  cloud  They 
feldom  come  into  contaft  ;  but  after  coming  v> -.v  ri:ar 
in  fbme  parts,  they  as  plainly  recede,  either  in  whole, 
or  by  bending  their  arms  away  from  each  other. 

But  during  this  confufed  motion,  the  whole  niufs  of 
fmall  clouds  approaches  the  great  one  above  it ;  and  wiicn 
near  it,  the  clouds  of  the  lower  mafs  frequently  coalcice 
v^'ith  each  other  before  they  finally  coalcfce  w'th  the 
upper  cloud:  But  as  frequently  the  upper  cloud  ircreafes 
without  them.  Its  lower  furface,  from  being  level  and 
fmooth,  now  becomes  ragged,  and  its  tatrers  ftretch 
down  towards  the  others,  and  long  arms  are  extended 
towards  the  ground.  The  heavens  now  darken  apace, 
the  whole  mafs  finks  down  ;  and  arifes,  and  freqiitntlv 
fhifts  in  fqualls  ;  fmall  clouds  are  now  moving  fwiftiy  in 
various  directions  ;  lightning  now  darts  from  cloud  to 
cloud.  A  fpark  is  fometimes  feen  co-exillent  througli  a 
va(t  horizontal  extent,  of  a  crooked  fliype,  and  of  dif- 
ferent brilliancy  in  its  different  parts.  Liglitning  ftrikes 
between  the  clouds  and  the  earth — frequently  in  two 
places  at  once.  A  continuation  of  thefe  fnaps  rarifies 
the  cloud  ;  and  in  time  it  diffipates.  This  is  accompanied 
by  heavy  rain  or  hail  ;  and  then  the  upper  part  of  the 
clouds  is  high  and  thin. 

During  this  progrefs  of  the  ftorm,  the  thunder  rod 
is  ftrongly  eleftrified  ;  chiefly  when  the  principal  cloud 
is  over  head.  The  ftate  of  the  eleftricity  frequently 
changes  from  pofitive  to  negative — almoft  every  flaft, 
however  diftant,  occafions  a  fudden  ftart  of  the  elcftro- 
fcope,  and  then  a  change  of  the  electricity.  When  the 
cloud  is  more  uniform,  the  eleftricity  is  fo  too.  g 

The  queftion  now    is.   In  what   manner  does  the  air  iources  of 
acquire  this  eleftricity  ?   How  come   its   different  parts ".""''■'P''^.- 
to  be  in  different  ftates,  and  to  retain  this  difference  for"*^  eledri. 
a  length  of  time  ?  and  how  is  the  ekftric  equilibrium 
4  S  rcftored 
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Thnnder.  redoreJ  with  tliat  rapidity,   and   that  extent,    that  we 
•  obfeive  in  a  thunder  ftorm  i  For   we  know    that  air  is 

a  very  imperfeft  condatlor,  and  tranfmits  eledricity  to 
fm.-'-ll  diftances  only,  and  very  flowly.  We  {hnl!  mention 
feveral  circnmiHnces,  which  are  kn-.nvn  fafts  in  tlcftri- 
city,  and  nmft  frtquently  concur,  at  lead,  with  the  other 
caiiies  of  this  grand  phenomenon. 

Air  is  rendered  eicctrical  in  a  great  variety  of  ways. 

1.  All  operations  which  excite  eleflricity  in  other 
bodifs  have  the  fame  effcft  on  air.  It  is  eleiSrified  by 
fridlion.  When  blown  on  any  body,  f'.ich  as  gla(s,  Sic. 
that  body  exhibits  ehftricity  by  a  fenfible  ekxlrofcope. 
We  therefore  conch.ide  that  the  air  has  acquired  the  op- 
polite  cledlricity  from  this  rubber.  A  glafs  veffel,  ex- 
haiilled  of  air,  and  broken  in  the  dirk,  gives  a  loud 
crack,  and  a  very  fenfible  fiafh  of  litjht.  An  air-gun, 
dlfcharged  (without  a  ball)  in  the  dark,  does  the  lame. 
Blowing  on  an  clettric  with  a  pair  of  bellows  never 
fails  to  excite  it.  in  fliort,  the  fads  to  this  purpofe 
are  numberlefs. 

2.  Elettricity  is  produced  by  a  number  of  chemical 
operations,  which  are  continually  going  on.  The  melt- 
ing and  freezing  of  eleftric  bodies  in  contaft  with  each 
other,  fuch  as  chocolate  in  its  moulds,  wax-candles  in 
their  moulds,  fcaling  wax,  &c.  Nay,  it  is  highly  pro- 
bable that  anv  body,  in  palling  from  its  fluid  to  its  fo- 
lid  form,  or  the  contrary,  is  eleftrical.  This  is  the  cafe 
■when  a  folution  of  Glauber's  fait,  or  of  nitre,  in  water, 
is  made  to  cryilallize  all  at  once  by  agitation. 

The  folution  of  bodies  in  their  menftrua  is,  in  like 
manner,  pnidudive  of  eleftricity  in  many  cafes.  Thus 
iron  or  chalk,  while  dllfolvlng  in  the  fulphuric  acid,  pro. 
(luce  negative  elcAricity  in  the  mixture,  and  pofitive 
in  the  tleftric  vapours  which  arife  from  them. 

A  mod  copious  fource  of  elcftricity  is  the  converfion 
cf  water  into  elaftlc  fteam  by  violent  heats.  When 
this  is  done  in  a  proper  apparatus,  the  electricity 
cf  the  liquid  is  negative,  and  the  vapour  is  pofitive.  But 
if  this  be  accompanied  by  a  decompofition  of  the  water, 
the  liquid  is  fometiraes  ftrongly  negative.  Thus,  when 
water  evaporates  fuddenly  from  a  red  hot  filver  cup,  the 
cup  is  ftrongly  negative  ;  but  if  from  clean  red  hot  iron, 
fo  that  the  iron  is  c:ilcined,  and  inflammi'ble  air  produ- 
ced, the  i'-on  is  pofitive.  If  the  decompofition  ol  the 
water  is  fuitcieutly  copious  to  do  more  than  coinpeu- 
fate  for  the  negative  elcdrioity  produced  by  the  mere 
expaiifion  of  the  water  into  Ream,  ti\e  eleflricity  is  po- 
fitive ;  but  not  otherv/ife.  Water  expanded  from  a  piece 
of  red  hot  coal  always  gives  negative  el.ftricity,  and 
this  frequently  very  ftrong.  Thefe  experiments  fhould 
always  be  made  in  metalline  velTel.s.  If  made  in  glafs 
■vcfleis,  the  glafs  takes  a  charge,  which  expends  the  pro- 
duced elef;ricity,  and  remains  neary  neutral,  fo  that 
the  produdion  of  ekiTtricity  is  not  obferved.  Thele 
fads  are  to  be  found  among  many  experiments  of  Mr 
liaulTure.  But  there  is  here  a  very  wide  field  ot  new 
inquiry,  which  cannot  fail  of  being  very  inilrucllve,  and 
particularly  in  the  prefcnt  quelUon.  We  fee  fome  ot 
the  effefts  very  dilUnAly  in  feveral  phenomena  of  thun- 
der and  lightning.  Thus,  the  great  eruptions  of  jEtna 
and  Vefuvius  are  always  accompanied  by  forked  light- 
nings, which  are  feen  darting  among  the  volumes  of 
emitted  fmoke  and  fteam.  Here  is  a  very  copious  con- 
verfion of  water  into  elallic  fteam  ;  and  here  alio  it  is 
moft  reafonable  to  exped  a  copious  decompofition  of 


water,  by  the  iron   and  conlly  matters,  which  are  ex-  T!  nn<!er, 
pofed  to  the  joint  aftion  of  fire  and  water.      Thefe  two  — — v— — 
eledricities  will    be    oppofite  ;  or  when   not   oppofite, 
will  not  be  equal :  in  either  of  which  cafes,  we  have  vaft 
mafies  of  fteam  in  ftates  fit  for  fiafi.ing  into  each  other. 

A  fad  more  to  our  purpofe  is,  that  if  a  filk  or  linen 
cloth,  of  a  downy  texture,  be  moiftened  or  dimpcd, 
and  hung  before  a  clea"  fire  to  dry,  the  fibres  briftle  up, 
and  on  bringing  the  fing_er,  or  a  metal  knob,  near  them, 
they  are  plainly  attrnded  by  it.  We  found  them  ne- 
gatively eledric.  This  fhcws  that  the  fimple  folution 
ot  water  in  air  produces  eledricity.  And  this  is  the 
chief  operation  in  Nature  connefted  with  the  Rate  of 
the  atmofphere.  It  is  thus  that  the  watery  vapourj 
from  all  bodies,  and  particularly  the  copious  exfudaiion 
of  plants,  difappear  in  our  atmolphere.  There  can  be  no 
doubt  but  that  the  oppofite  ele6tciclty  will  be  produ- 
ced by  the  precipitation  of  this  vapour;  that  is,  by  the 
formation  of  clouds  in  clear  air.  When  damp,  but  clear 
air  in  one  veifel  expands  into  an  adjoining  veffel,  from 
which  the  air  has  been  exhaulled,  a  cloud  appears  in 
both,  and  a  delicate  eledrometir  is  afteded  in  both 
velTels  ;  but  our  apparatus  was  not  fitted  for  afcertain- 
ing  the  kind  of  eledricity  produced.  Here  then  is 
another  unexplored  field  of  experiment.  We  got  two 
vefiTels  made,  having  diaphragms  of  thin  filk.  Thefe 
were  damped,  and  fet  into  two  tubs  of  water,  of  very 
different  temperatures.  Dry  air  was  then  blown  thro' 
them,  and  came  from  their  fpouls  faturated  with  water. 
The  fpouts  were  turned  toward  each  other.  Being  of 
very  different  temperatures,  the  ilreams  produced  a 
cloud  upon  mixing  together,  and  a  ftrong  negative  c- 
ledriclty  was  produced.  We  even  found  that  an  elec- 
trometer, placed  in  a  vefh-l  filled  with  condenfed  air, 
was  affeded  when  this  air  was  allowed  to  ruih  out  by 
a  large  hole. 

Laftly,  we  know  that  the  tourmaline,  and  many  of 
the  columnar  cryftals,  are  rendered  elcdvical  by  merely 
heating  and  cooling.  Nay,  Mr  Canton  found  that  dry 
air  became  negative  by  heating,  and  pofitive  by  cool- 
ing, even  when  it  was  not  permitted  to  expand  or  con- 
trad. 

When  water  is  precipitated,  and  forms  a  cloud,  it  is 
reafonable  to  exped  that  it  will  have  the  eledricity  of 
the  air  from  which  it  is  precipitated.  This  may  be 
various,  but  in  general  negative  :  For  the  heat  by  which 
the  air  was  enabled  to  dlffolve  the  water  made  it  nega- 
tive ;  and  m\ich  more  the  fridion  on  the  furface  of  the 
earth.  But  as  heat  caufcd  it  to  diffolve  the  water,  cold 
will  make  it  precipitate  it  ;  and  we  fhonld  therefore  ex- 
ped that  the  air  will  be  in  the  ftate  in  which  it  was 
when  it  took  up  the  water.  But  if  it  be  cooled  fo  faft 
as  to  precipitate  it  in  the  form  of  rain,  or  fnow,  or  hail, 
we  may  exped  pofitive  eledricity.  Accordmgly,  in 
fummer,  hall  (bowers  always  fhew  ftrong  pofitive  elec- 
tricity ;  fo  does  fnow  when  falling  dry. 

Here,  then,  are  copious  fources  of  atmofpheric  elec 
tricity.  The  mere  expanfion  and  condenfation  of  the 
air,  and  ftill  more  the  folution  and  precipitation  of  wa- 
tery vapours  in  it,  are  perhaps  fufficient  to  account  for 
all  the  inequahty,of  eledric  ftate  that  we  obferve  in  the 
atmofphere. 

The  maftes  of  air  thus  differently  conftituted  are  evi- 
dently difpofed  in  ftrata.  The  clouds  are  feen  to  be  fo. 
Thefe  clouds  are  not  the  ftrata,  but  the  boundaries  of 

ftrata  ; 
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Thunder,  ftrata  ;  wliicli,  from  the  very  nature  of  things,  are  in 
— -v~— '^Jifferent  ilates  with  refpecl  to  the  fufception  or  preci- 
9  J.  pitation  of  water.  When  two  fuch  llrata  are  tlius  ad- 
'sVm  -  j'J'"'"?'  ^''*y  ^^'"  lo^vly  aft  on  each  other's  tempera- 
,hete  ars  ture,  and  by  mixing  will  form  a  thin  llratum  of  cloud 
idiffsreat  along  their  mutual  confines.  If  the  one  llratum  has 
*'",  any  motion  relative  to  the  other,  and  be  in  the  fmallell 
nd  are  degree  difturbed,  they  will  mix  to  a  gieater  depth  in 
each  ;  and  this  mixture  will  not  be  pcrteftly  uniform. 
The  extreme  mobility  of  air  will  greatly  increafe  thiis 
jumble  of  the  adjoining  parts  of  the  two  llrata,  and  will 
give  the  clouii  a  greater  thiokneis.  If  the  jumble  has 
been  very  great,  io  as  to  pufh  one  of  tl;era  through  the 
other,  we  Ihall  have  great  towering  clouds,  perhaps  per- 
vading the  whole  thicknefs  of  the  Itratuui  of  air.  We 
take  theie  clouds  to  be  like  great  foggy  bladders,  fu- 
perficially  opaque  where  they  have  come  into  contact 
with  the  furrounding  ilratum  of  air,  but  tranfparent 
within. 

When  the  wind,  or  flratum  in  motion,  docs  not  pufh 
all  the  quiefcent  air  before  it,  it  generally  gets  over  it, 
and  then  flows  along  its  upper  fide,  and,  by  a  partial 
mixing,  produces  a  fleecy  cloud,  as  already  defcribed. 
We  may  obfcrve  here,  by  the  way,  that  the  motion  of 
thofe  fleecy  clouds  is  by  no  means  a  juil  indication  of 
the  motion  of  the  flr.itum  ;  it  is  nearly  the  motion  com- 
pofed  of  the  half  of  the  motions  of  the  two. 

This  is  in  all  probability  the  ftate  of  the  atmofphere, 
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confiding  of  ftrata  of  clear  air  many  hundred  yards 
thick,  feparated  from  each  other  by  thin  fleeces  of 
clouds,  which  have  been  produced  by  the  mixture  of 
the  two  adjoining  ftrata.  This  is  no  fancy  ;  for  we  ac- 
tually fee  the  fky  feparated  by  llrata  of  clouds  at  a  great 
diftance  from  each  other.  And  we  fee  that  thefe  Itrata 
maintain  their  fituations,  without  farther  admixture,  for 
a  long  time,  the  bounding  clouds  continuing  all  the  while 
to  move  in  different  directions.  In  the  year  1759,  du- 
ring the  fiege  of  Quebec,  a  hard  gale  blew  one  day  from 
the  wellward,  which  made  it  alnioft  impradlicablc  to 
fend  a  number  of  provifion  boats  to  our  troops  iLitioned 
above  the  town.  While  the  men  were  tugging  hard  at 
the  oars  againll  the  wind,  and  hardly  advancing,  though 
the  tide  of  flood  favoured  them,  the  French  threw  fonie 
bombs  to  dellroy  the  boats.  One  of  thefe  buvfl  in  the 
air,  near  the  top  of  its  flight,  whicli  was  about  a  quar- 
ter of  a  mile  high.  The  round  ball  of  fiiioke  produced 
by  the  explofion  remained  in  the  fame  fpot  for  above 
feven  minutes,  and  difappeared  by  gradual  diffufion. 
The  lower  air  was  moving  to  the  eaftward  at  leaft  30 
feet  per  fecond. 

In  J  783,  when  a  great  fleet  rendezvoufed  in  I.eith 
Roads,  the  fliips  were  detained  by  an  ealterly  wind, 
which  had  blown  for  fix-  weeks  without  intermiflion. 
The  fky  was  generally  clear  ;  fometimes  there  was  a  thin 
fleece  of  clouds  at  a  great  height,  moving  much  more 
flowly  in  the  fame  direftion  witli  the  wind  below.  Du- 
ring the  lall  eight  days,  the  upper  current  was  from  the 
weflward,  as  appeared  by  the  motion  of  the  upper  clouds. 
High  towering  clouds  came  down  the  river,  with  a  little 
rain  ;  the  ftrata  were  jumbled,  and  the  whole  atmo- 
fphere grew  hazy  and  uniform  ;  then  came  thunder, 
:and  heavy  rain,  and  the  wind  below  fliified  to  the  weft- 
ward. 

Thus  it  is  fufiiciently  evinced,  that  tlie  atmofphere 
frequently  confifts  of  fuch  llrata,  well  dillii)guifl;ed  from 


each  other :  their  appearance  and  progrefs  leave  us  no  Thundvr. 
room  to  doubt  but  that  they  come  from  different  quar-  """"^ 
ters,  and  had  been   taken  up  or    formed   at    different 
places,  and  in  difterent  circumtlances,  and  therefore  dif- 
fering in  refpedl  of  their  eleilrical  Hates.  ,, 

The  confequence  of  their  continuing  long  togetlicrThe  clec- 
would  be   a  gradual  but  flow  progrefs  of  their  tkdlri- ""k  ii|ui;i- 

city  to  a  ftate  of  equilibrium.     The  air  is  perh  ips  never  "■'"■"  '* 
■  r  ni      1       ■!  1  •  •,!  -1,         /-      1     rcitorct 

in  a  perfectly  dry  Itate,  and  its   nioilture  will  caule  thc^cry  flow- 

cleftricity  to  difl'uie  itielf  gradually.      It  is  not  beyond  ly  in  ge- 

the  power  of  our  mathematics  to  afcertaiii  the  progrefs '"^f*'- 

of  this  approximation  to  the  cltAric  equilibrium.     V/e 

fee  fomething  very  like  it  in  llie  curious-experiments  of 

Beecaria  with  mirror  plates  laid  together,  and  charged 

by    means   of   a    coating  on   tiic  outer  plates.      Thefe 

plates  were  found  to  confifl  of  alternate  ftrata  of  pofi- 

tive  and  negative  cleftricity,  which  gradually  penetrated 

through  the  plates,  and  coal-'fced  till  they  were  reduced 

to  two  ftrata  ;  perhaps  in  time  the  eledlricity  would  have 

difappeared   entirely  by  thefe  two  alfo  coalefcing.      In 

the  fame  manner  there  would  be  a   flow  tiansfulion  of 

fenfible  eleflricity  through  thefe  ilr:ita  without  any  fen- 

fible  appearances.      If  any  collaleral  caufes  fhould  make 

a  part  more  damp  than  ttie  rell,  there  would  be  a  more 

briflv  transference  through  it,   accompanied  with  faint 

flafhes  of  lambent  lightning.  ^ 

But  thunder  requires  a  rapid  communication,   and  a  A  rapid 
reftoratlon  of  eleftric  equilibrium  in  airinftant,  and  to  ^" '"'"'''■ 
a  vail  extent.      The  means  for  this  are  at  hand,  f^rnifh-j.^^ii^jj  j^  ^ 
ed  by  Nature.      The  ftrata  of  charged  air  are  furnilhed  thunder 
with  a  coating  of  cloud.     The  lower  flratum  is  coated  clap, 
on  the  underlule  by  the  earth.  ,j 

When  a  jumble  is  made  in  any  of  tlve  ftrata,  a  preci- Manner  in 
pitatfon  of  vapour  mull  generally  follow.      Thus  a  con-."''"','V*'''' 
dudor  is  brought  between  the  eltdtrical  coatings.     Thisj^*   ^  cgj^. 
will  quickly  enlarge,  as  we  fee  that   in  our  little  imita-jngof 
tions  the  knobs  of  our  tfondutlors  inilantaneonfly   ar-doud. 
range  any  particles  of  dull  which  chance  to  lie  in  the 
way,  in  fuch  a  manner  as  to  complete    the  line  of  con- 
dudl,  and  occafion  a  fpark  to  fly  to  a  much  greater  dif- 
tance than  it  would  have  leaped  if  no  dull  had  been  in- 
terpofed.  We  have  often  procured  a  difeharge  between 
two   knobs   which   were    too   far   alunder,    by    merely 
breathing  the  damp  air  between  them.      In  this  manner 
the  interpofed  cloud  immeJiately  attrafts  other  clouds, 
grows  ragged  by  the  paffage  of  elcclricity  through  clear 
air,    where  it  caufes  a  precipitation  by  altering  the  na- 
tural equilibrium  of  its  eledlricity;  for  a  certain  quanti- 
ty of  electricity  may  be    neccffary  for  air's  holding   a 
certain   quantity  of  vapour.      Accordingly  we  fee  in  a 
thunder  ftorm  that  fniall  clouds  c<mtinuatly  and  f'uddeu- 
ly  form  in  parts  formerly  clear.    Whatever  caufes  thun- 
der docs  in  fail  promote  this  precipitation. 

Thefe  clouds  have  the  eleftricity  of  the  furrounding 
air,  and  mull  communicate  it  to  others  in  an  oppoliie 
ftate,  and  within  reach.  They  muft  approach  them, 
and  muft  afterwards  recede  from  them,  or  from  any 
that  are  in  the  fame  ftate  of  eltdricity  with  themfelvcs. 
Hence  their  ragged  forms,  ami  the  hnailar  form  of  the 
under  furface  of  the  great  cloud  ;  hence  their  continual 
and  capricious  fliifting  from  place  to  place  :  they  are 
cairiers,  which  give  and  take  between  the  other  clouds, 
and  they  may  become  ftepping  ftones  for  the  general 
difcl.arge. 

If  a  fmall  cloud  form  a  eommunication  with  the 
4  S  2  grouod. 
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Thunler.  ground,  and  the  great  cloud  be  pofitlve  01  negative,  we 
«  muft  have  a   complete  difcliarge,  and  all  the  clcttrital 

phenomena,  with  great  violence  ;  for  this  coating  of  va- 
pour is  abundantly  complete  for  the  purpofe.  It  con- 
fiils  of  fmall  vcficles,  which  are  fufliciently  near  each 
tjther  for  difcharging  the  whole  air  that  in  in  their  in- 
terfticcs.  A  phial  coated  with  amalgam  is  by  no  means 
fully  coated.  If  we  hold  it  between  the  eye  and  the 
light,  we  lliall  fee  that  it  is  only  covered  with  a  number 
of  detached  points  of  amalgam,  which  looks  like  a  cob- 
web. Yet  this  glafs  is  almoit  completely  difcharged 
, ,  by  a  fingle  fpark,  the  refiduum  being  hardly  perceptible. 
The  dif-  The  general  fcene  of  thunder  is  the  heavens;  and  it 

charge  is  Jj  by  ,]o  means  a  frequent  cafe  that  a  dii'charge  is  made 
b'wTen'^  into  the  earth.  The  air  intervening  between  the  earth 
the  clouds  3"*^  the  lowefl  coating  is  commonly  very  much  confu- 
fed  in  confequence  of  the  hills  and  dales,  which,  by  al- 
tering the  currents  of  the  winds,  lofs  up  the  interior 
parts,  and  mix  them  with  thofe  above.  This  generally 
keeps  the  earth  pretty  much  in  the  fame  elctlrical  ftate 
as  the  loweil  ftratum  of  clouds. 

Nor  are  the  great  thunder  ftorms  in  general  inftances 
of  the  reftoration  of  equilibrium  between  two  ftrata  im- 
mediately incumbent  on  each  other.   They  feem,  for  the 
moil  part,  to  be  ftrokes  between  two  parcels  of  air  which 
are  horizontally  diftant.  This,  however,  we  do  not  affirm 
vpith  great  confidence.     Our  chief  reafou  for  thinking 
fo  is,  that  in  thefe  great  ftorms  the  fpark  or  fliaft  of 
forked  lightning  is  dlrefted  horizontally,  and  fometime* 
is  feen  at  once  through  an  extent  of  feveral  miles. 
The  nature  of  this  fpark  has  not,  we  think,  been 
t  of  properly  confidered.     It  is  fimply  compared  to  a  long 
..  ,     .         eleftrical  fpark,  which  we  conceive  to  be  drawn  thro' 
aml'expla^   pure  air,  and  is  confidered  as  marking  the  aftual  trans- 
•natj.nof      ference  of  elcftricity  from  one  end  to  the  other.      But 
ihe  long       this  we  doubt  very  much.     We  are  certain  of  having 
continued    obferved  (hafts  of  lightning  at  one  and  the  fame  inllant 
bling  m^ife  ftretching  horizontally,   though  with   many  capricious 
«f  thunder,  zigzags  and  lateral  fputterings,  at  leaft  five  milts.    We 
cannot  conceive  this  to  have  been  the  ftriking  dillance, 
becaufe  the  greateft  vertical  diftance  of  the  ftrata  is  not 
the  half  of  this.      We  rather  think  that  it  is  a  fimulta- 
neous  range  of  difcharges,  each  accompanied  with  light, 
differently  bright,   according  to  the  electrical  capacity 
4)f  the  cloud  into  which  it  is  made  ;  and  if  there  is  a 
»eal   transference   of    eleflric   matter  on   this  occafion 
(which  we  do  not  affirm),  it  is  only  of  a  fmall  quan- 
tity  from  one  cloud  to  the  next  adjoining.  This  we  think 
sonfirmed  by  the  found  of  thunder.     It  is  not  a  fnap, 
incomparably  louder  than  our  kiudeft  fnap  from  coated 
glafs  ;   but  a   long  continued,   rumbling,  and  very  un- 
equable noife.     There   is  no  doubt  but  that  this  fnap 
was  almoft  fimultaneous  through  the  whole  extent  of 
the  fpark  ;  but   its  different  parts  are  conveyed   to  our 
ear  in  time,  and  are  therefore  heard  17  us  in  fuecefTion  ; 
and  it  is  not  an  uniform  roar,  but  a  rumbling  noife,  un- 
equally loud,  according  as  the  different  parts  of  the 
fnap   are  indeed  differently    loud.     We  fliould  hear  a 
noife  of  the  fame  kind  if  we  Rood  at  one  end  of  a  long 
Kne  of  foldiers,  who  difcharged  their  mulkets  (differ- 
ently loaded)  in   the  fame  inllant.     When  any  part  of 
the  fpar'^  is  very  near  us,  and  is  not  very  diffufe,  the 
fnap  bi-gms  with   great   fmartnefs,  and   continues   for 
fome  lime,  not  unlike  the  violent  tearing  of  a  piece  of 
ftrong  filk  ;  after  which  it  becomes  more  and  more  mel- 
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low  as  it  comes  from  a  greater  diftance.  We  do  not,  Tlmnder. 
however,  allii  m,  that  the  whole  extenfive  fpark  and  fnap  ^~~v~~- 
are  co-exiftent  or  fimultaneous.  The  cloud  is,  iji  all 
probability,  but  an  indifferent  condudlor,  and  even  a 
fenfible  time  may  elapfe  during  the  propagation  of  the 
fpark  to  a  great  diftance.  Beccaria  obierved  this  in  a 
line  of  250  feet  of  chain,  lying  loofely  on  the  ground, 
and  confiiliiig  of  near  6000  links.  He  thought  that  it 
employed  a  full  fecond  ;  but  when  the  chain  was  gently 
ftrctched,  the  communication  feemed  inftantaneous.  17 

We  cannot  help  thinking  that  even  the  eleClrical  9^'^'''*" 
fnap  between  two  metal  knobs  is  of  the  fame  kind.  "°^^°"''^'j 
Not  a  quantity  of  luminous  matter  which  iffues  fromj-  j^,  ' 
the  one  and  goes  to  the  other,  but  a  light  that  is  ex- 
cited or  produced  in  different  material  interjacent  par- 
tides  of  air  or  other  interpofed  matter.  The  angular 
and  iputtering  form  is  qnite  incompatible  with  the  mo- 
tion of  a  fimple  luminous  point.  Nay,  our  chemical 
knowledge  here  comes  in  aid,  and  obliges  us  to  fpecu- 
late  about  the  manner  in  ivhich  this  light  is  produced. 
Whence  does  it  come  ?  It  may  be  produced  by  two 
knobs  of  ice.  We  know  that  water  confifts  of  vital 
and  inflammable  air,  which  have  already  emitted  the 
light  which  made  an  ingredient  of  their  compofition. 
The  fpark  therefore  does  not  come  from  the  ice.  Is 
it  then  from  the  air  ?  If  fo,  perhaps  water  is  produ- 
ced, or  rather  fomething  elfe,  for  there  is  not  always 
inflammable  air  at  hand  to  compofe  water.  Yet  the 
transference  of  cleftricity  has  decompofed  the  air,  or 
has  robbed  it  of  part  of  its  light.  The  remainder  may 
not  be  water  ;  but  it  is  no  longer  air.  Is  not  this  con- 
firmed by  the  peculiar  fmell  which  aKvays  accompanies 
eleftric  fparks?  and  the  peculiar  tafte,  not  unlike  the  tafte 
felt  on  the  tongue  when  it  is  touched  by  the  zuic  in 
the  experinnents  on  Galvanism  r  Even  the  fine  pencil 
of  light  which  flows  from  a  point  pofitively  eleftrified, 
appears  through  a  magnifying  glafs  to  confill,  not  of 
luminous  lines,  but  of  lines  of  luminous  points.  And 
thefe  points  are  of  different  brilliancy  and  different  co- 
lour, both  of  which  are  inceffantly  changing.  And  be 
it  farther  obferved,  that  thefe  lines  are  curves,  diver- 
ging from  each  other,  and  convex  to  the  axis.  This 
circumftance  indicates  a  mutual  repuHion,  arifing,  in  all 
probability,  from  the  expanfion  of  the  air.  And,  laft- 
iy,  no  fpark  nor  light  of  any  kind  can  be  obtained  in  a 
fpace  ptrfeftly  void  of  air. 

All  thefe  circumftances  concur  in  explaining  the  na- 
ture of  the  fiiaft  of  forked  lightning.  It  is  a  feries  of  ^ 
appearances  excited  in  the  intervening  medium,  and 
which  produces  fome  chemical  change  in  it.  Thunder, 
when  it  ftrikes  a  houfe,  aKvays  leaves  a  pecidiar  fmelL 
Inflammable  air  has  alfo  a  peculiar  and  very  difagree- 
able  fmell.  The  fmell  produced  by  eleftrieity  greatly 
refeirblcs  the  fmell  produced  by  ftriking  two  pieces  of 
quartz  together. 

Mr  Dcluc  fuppofes  that  the  eleftrical  fpark,  as  it  'Spjiy^',  „o, 
exhibited  in  thunder,  is  always  accompanied  by  the  de-tjonof 
compofition   of  air  now  fo  familiarly   known,  and  that  thunder  not 
this  is  the  origin  of  the  deluge  of  rain  which  commonly  P'"''''*''' 
finilhes  the  ftorm.     But  this  is  not  in  the  fmalleft  de- 
gree probable.     The  decompofition  extends  furely  no 
farther  than  where  the  light  ii  feparated ;  and  we  ftiould 
no  mere  expeft  a  deluge  of  rain,  even  if  we  had  inflam- 
mable air  ready  at  hand,  than  we  expefl  drops  of  water 
in  our  eleftrical  experiments.    Sonaething  different  from 
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.Timder.  water  follows  this  decompolitioa,  total  or  partial,  of 
-—v  '  "'  the  vital  air  ;  and  the  water  which  we  do  obfevve  to  ac- 
company thunder,  is  no  more  than  wlut  we  (hould  ex- 
pect troai  the  copious  precipitation  of  water  in  a  cloudy- 
form.  Mi-  Saullui-c's  obfervations  alhirc  us,  that  the 
particles  ot  a  cloud  a\e  vificks.  Indeed  no  perfon 
who  lias  looked  narrowly  at  a  fog,  or  has  obfervcd  how 
large  the  particles  are  of  the  cloud  which  tornis  in  a 
receiver  v.heii  we  Uiddcnly  dimijiilh  the  dtnfity  of  the 
air,  and  who  oblervcs  how  flowly  thefe  particles  dtlcend, 
can  doubt  ot  their  being  hoUuw  veCclcs.  We  cannot 
perliaps  explain  their  formatioii  ;  but  there  they  are.  We 
can  hardly  conceive  them  receiving  the  commotion 
which  accompanied  the  fiiap  without  coUapfiug  by  thi; 
agitation.  Perhaps  the  very  celTation  of  their  eleCli-i- 
city  may  produce  this  elfett.  They  will  therefore  no 
longer  llcat  in  the  air,  but  fall,  and  unite,  and  come  to 
the  ground  in  rain.  We  may  expeft  this  rain  to  be 
copious,  for  it  is  the  produce  ot  tvvi)  ilrata  of  clouds. 
It  greatly  contributes  to  the  putting  an  end  to  tiie 
ilorm,  by  paffing  through  the  llrata,  and  helping  to  re- 
ilore  the  equilibrium. 

One  may  at  tiril  expeft  that  a  fingle  clap  of  thunder 
owthun-  will  rellore  the  equilibrium  oi  any  extent  ot  clouds,  and 
cr  may      ^yg  require  an  explanation  of  tlicir  frequent  repetition 

""'""^^"■' before  this  is  accomplilhed.      This  is  not  difficult,   and 
ime  time.    ,      ^   _   .  ,.      '  .         r   i        i  i  i  •  .    ■ 

tlie  taCt  IS  a  conhrraation  ot  the  above  theory,  winch  is 

confiderably  different  from  the  generally  received  no- 
tions of  the  fubjecf.  We  confider  the  llratum  of  clear 
air  as  the  charged  ele&i"ic ;  pofitive  on  one  fide,  and 
negative  on  the  other,  and  coated  with  conducing 
clouds.  When  the  difcharge  is  made,  the  Hate  of  elec- 
tricity is  indeed  changed  through  the  whole  ftratum, 
but  the  equilibrium  is  by  no  means  completed.  The 
ftratum  is  perhaps  a  quarter  of  a  mile  in  thicknefs.  The 
difcharge  does  not  immediately  affeCt  all  this  ;  but  dots 
it  fuperticially,  leaving  the  re  It  unbalanced.  It  is  like 
the  refiduum  which  is  left  in  a  Leyden  phici!  when  the 
difcharge  has  been  made  by  means  of  a  fpark  drawn  at 
a  dillance.  It  is  flill  more  like  the  refiduum  of  the  dil"- 
charge  of  a  Leyden  phial  that  is  coated  only  in  patches 
on  one  fide.  Each  of  thefe  patches  difcharge  what  Is 
immediately  under  it  and  round  it  to  a  certain  finall 
diflance,  but  leaves  a  part  beyond  this  flill  charged. 
This  redundant  eleclricity  gradually- diffules  itfclf  into 
the  fpaces  jull  now  difcharged  ;  and,  attir  fome  confi. 
derable  time  has  elapfed,  another  difcharge  may  be 
made.  In  like  manner,  the  electricity  remaining  in  the 
interior  of  the  ilratuni  diifufes  itfelf,  comes  within  the 
aftion  of  the  coating,  and  may  be  again  difcharged  by 
a  clap  of  thunder.  We  have  a  ftill  better  parallel  to 
this  in  Beccaria's  experiments  with  two  or  more  plates 
of  glais  laid  together.  After  the  firft  difcharge,  the 
internal  furfaces  will  exhibit  certain  elcixricity.  Lay 
the  plates  together,  and,  after  fome  time,  the  electricity 
of  the  inner  furfaces  will  be  diflcrcut,  and  another  dif- 
charge may  be  obtained. 

Magnetifm  affords  the  beft  illuftration  of  this.  If  a 
magnet  be  brought  near  a  piece  of  foft  iron,  lying  be- 
low a  paper  on  which  iron  filings  are  lightly  flrewed, 
it  will  inflantly  induce  a  north  pole  on.  one  end  and  a 
fouth  pole  oil  the  other ;  and  this  will  be  diflinflly  ob- 
ferved  by  th^  way  in  which  thefe  filings  will  arrange 
themfelves.  But  if,  inftead  of  foft  iron,  we  place  a  bar 
of  hard  tempered  fteel,  the  fouth  pole  will  be  but  a 
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fmall  matter  removed  from  the  north  pole  ;  but  by  con-  Thindrr. 
tiuuiiig  the  magnet  long  in  the  fame  place,  the  diflribu-  ""^  -' 
tion  of  magneiifm  in  the  piece  of  hard  fleel  will  gra- 
dually advance  along  the  bar,  and  after  a  long  time  the 
neutral  point  will  be  almoll  ir.  ttie  middle  of  the  bar, 
and  the  fouth  pole  will  be  at  the  farther  end.  See 
Magnetism,  in  this  Suppl.  25 

We  faid  that  the  clouds  were  the  ufual  fccnes  of  the  Moll  tliun. 
violent  cleifric  phenomena.  We  imagine  tliat  the  great- '''=''  ''''o'l':* 
ell  p.irt  of  the  thunder  llrokts  wlili  h   have  been   felt 


TURNlNO 


have  bttn  of  the   kind  which  Lord  Mahon,   no-.v  Lord  strokes. 
Stanhops,  calls  the  returning  flioke.      If  two  clouds  A 
and  B  are   incumbent  over  the  plain  a  and  L ;   and   if  A -1-    — B 
A  be  pofitive  and  B  negative,  the  earth  will  be  main- 


He  ima-^,"""'"'*- 
,.rr     theory  of 

'"    a'"<:- thunder 


tained  in  a  negative  Hate  at  a,  a-id  a  pofitive  flate  at  b.a 
If  the  difcharge  be  now  made  between  the  clouds  A 
and  B,  the  tlettricity  mult  inltantly  rufh  up  through  a 
conductor  at  a,  aiid  down  tliiough  one  at  b,  and  each 
place  will  have  a  flrokc.  Tiie  fame  thing  will  happen 
if  the  negative  cloud  B  is  above  the  pofitive  cloud  A, 
but  not  in  fo  great  a  degree  ;  for  the  negative  clodtri- 
city  at  a  will  now  be  much  lefs  than  in  the  other 
cafe,  becaufe  it  is  induced  only  by  the  prevalence  of 
the  pofitive  cloud  A  over  the  more  remote  negative 
cloud  B. 

This  returning  (Iroke  explains,  much  better  than  we 
can  by  any  direCt  ftroke,  the  capricious  effcdls  of  thun- 
der. A  perfon  at  Vienna  received  a  terrible  fhock  by 
having  his  hand  on  a  thunder-rod  during  a  violent  ex- 
pLofion  which  he  faw  above  three  miles  diflant.  Sparks 
are  obferved  at  thunder-rods  at  every  the  moll  dillairt 
flafh  of  lightning. 

Beccaria  has  a  different  theory  of  thunder, 
gines  that  the  diff'erent  parts  of  the  earth  arc 
rent  dates  of  cleClricity,  and  that  the  clouds  arc  theljajtA. 
reftoring  conductors.  But  this  does  not  accord  with 
what  we  know  of  cleiftricity.  The  earth  is  io  good  a 
conduilor,  that  Dr  Watfon  could  not  obi'erve  any  time 
lofl  in  communicating  the  cleftricity  to  the  dillance  of 
more  than  four  miles.  It  is  very  true,  that  the  earth 
is  almoil  always  in  a  flate  of  very  unequal,  and  even 
oppolite,  eleCli  icity  in  its  different  parts  ;  but  this 
arifes  from  the  variety  of  clouds  llrongly  electrified  in 
the  oppofite  way.  This  induces  eltitricity,  or  dillurbs 
the  natural  uniform  difl'ufion  of  cleClricity,  jufl  as  the 
bringing  magnets  or  lo^dllones  into  the  neighbourhood 
of  a  piece  of  iron,  without  touching  it,  renders  it  mag- 
nctical  in  its  different  parts.  While  they  continue  in 
their  places,  the  piece  of  iron  will  be  magnctical,  and 
differently  fo  in  its  difierent  parts. 

Such  are  the  thoughts  which  occur  to  us  on  this 
fubjccl.  But  we  by  no  means  affirm  that  we  have 
given  a  full  account  of  the  procedure  of  Nature  ;  we 
have  only  pointed  out  fcveral  neceffary  confequences  of 
the  known  laws  of  eleftricity,  and  of  its  produition  in 
the  atmolphere  by  means  of  natural  operations  which  are 
continually  going  on.  'i'hefe  inuj}  operate,  and  pro- 
duce  an  eledlrical  flate  of  the  atmofphere  greatly  reicm- 
bling  what  we  obferve  :  and  we  have  fhewn,  from  the 
acknowledged  dodrlnes  of  eleftricity,  how  this  want  of 
equihbrium  may  be  removed,  and  mull  be  removed,  by 
the  fame  operations  of  Nature.  The  equilibrium  mufl 
be  reflored  by  means  of  the  condufting  coating  furnifh- 
ed  by  the  clouds.  But  thefe  may  be  the  lead  confider- 
able  of  Nature's  refources  j  and  the  fubjeft  is  flill  an 
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Thunder,  unexplored  field,  in  the  examination  of  which  we  may      cramp  to  cramp,  till  it  reached  the  gutter-leads  of  the  Thundtr, 
^'—^/~—  hope   to  make  great   progrefs,    in  confcquence  of  our     church,    biiriling  and   throwing  off  the   ftoiiework   in     — v~— 
daily  iiicrealiiig  knowledge  of  the  chemical  Hate  of  the     many  places. 
21  atniofphere.  All  interruptions  muft  therefore  be  carefully  avoided, 

Dr  Frank-        Knowledge  is  valuable  chiefly  as  it  is  ufeful.     No     and  the  whole  mull   be  made  as  much  as  pullible  one 
)in  s  inven-  jj^j„  ^y^^    l^^^^  ([le    propriety  ot    this  apothegm  more      continued  metal  rod. 

ftrongly  than  Dr  Franklin,  or  more  afTiduouIly  adhered  Farther,  Dr  Franklin,  obferving  the  fingular  property 

to  it  in  the  courfe  of  a  long  and  lludious  lile.  How-  which  (harp  points  poITefs  of  drawing  off  the  eleftricity 
ever  greatly  we  may  admire  his  tagacity,  penetration,  in  filence,  advifes  us  to  linifh  our  coiidueior  with  a  tine 
and  logical  difcrimination,  in  the  dilcoveries  he  has  point  of  gilt  copper,  which  cannot  be  blunted  by  ruft.  14 
made  in  the  fcience  of  electricity,  and  his  difcovciy  of  But  as  thus  railing  the  condudlor,   and  pointing 

the  identity  of  cledrlcity  and  thunder,  we  mull  ackivow- 
led><-e  infinitely  greater  obligations  to  him  tor  putting  it 
in  our  power  to  ward  off  the  fatal,  and  formerly  inevi- 
table llroke,  of  tliis  EV.'ful  agent  in  the  hands  of  Na- 
ture. 

Dr  Franklin  confiders  the  earth  as  performing  the 
ofhce  of  a  coiiduttor  in  relloring  the  eledlric  equili- 
brium of  the  atniofphere,  which  has  been  dillurbed 
by  the  iuceffant  adion  of  the  unwearied  powers  ut  Na- 
ture 


»3 
Dii  edlions 
for  con- 
llfu<5ting  it. 


are   fo   many  invitations  to   the   thunder  to   take    th's^^|^^'^°  ,*° 
courle  ;   and  as  we  cannot   be  certain  that  the  quantity  ;  ,d  fafe 
tiiiis  invited  may  not  be  more- than  what  the  rod  cancontri- 
conduft  with  fafcty — it  has  appeared  to  Dr  Wilfon,  and^^^ce? 
other  able  cleflricians,   that   it  will  be  fafer  to  give  a- 
bundance  of  condu6l  to  what  may  unavoidably  viilt  us, 
without  inviting  what  might  otherwife  have  gone  liarm- 
Icfbly  by.  ' 

This  was  attentively  confidered  by  Dr  Franklin,  Dr 
Watlon,  Mr  Canton,  Dr  Wilfon,  and  others,  met  as  a 
He  obferves  that  the  ufual  preference  will  be  given  committee  of  the  Royal  Society,  at  the  defire  of  the 
to  the  bell  conduftors.  In  this  refpeft,  a  metal  rod  far  Board  of  Ordnance,  to  contrive  a  conduftor  for  the 
furpaffes  the  brick,  ilone,  timber,  and  other  materials     powder  magazine  at  Purfleet. 

which  compofe  our  buildings,  efpccially  when  they  arc  We   think    that   the  theory  of   induced   eleftricity, 

dry,  as  is  ulually  the  cafe  in  the  thundery  feafon.  He  founded  on  Dr  Franklin's  difcoveries,  and  confirmed 
therefore  advifes  us  to  place  metalline  conductors  in  the  by  all  the  later  inventions  of  the  eledlruphorus,  conden- 
way  of  the  atmol'pherical  electricity,  in  thole  places  fer,  &c.  will  decide  this  queftion  in  the  moft  fatisfaftory 
■where  it  is  moll  likely  to  ilrlkc,  and  to  continue  them      manner.  jj 

down  to  the  moill  earth,  at  fome  depth  under  the  fur.  When   a   cloud    pofitively    eleftrified   comes   over  a'^cientiSc 

face.     Nay,  as  it  has  been  found  that  thunder  has  not     building,   it  renders  it   negatively   eledlrical   in   all   '^s  *""""' °^ 
in  every  inllance  ilruck  the  highett  parts  of  buildings,     parts,   if  of  conducling  materials,  and  even  the  ground ^.i^j^^pj;,;, 
he  advifes  to  raife  the  metalline  conductors  to  fome  con.     on  which  it   Hands.     This  effecl  is   more  remarkably  induced  on 
liderable  height  above  the  building,  the  more  certainly     produced  if  the  llrudlure  is  of  a  tall  and  (lender  fhape,a  buJJIng 
to  invite'the  eleftricity  to  take  this  courfe.  like  a  llceple  or  a  rod.      Therefore  the  external  eleftri-  '>'  ^.'J"?' 

To   enfure   fuccefs,   he   obferves   that   the   eleftrical     cical  fluid  Is  attracted  by  the  building  with  greater  force  ' 


(hock  dilTipates  water,  and  even  metalline  conduttors, 
when  too  fmall.  He  therefore  adviles  to  make  the 
conduftor  at  leall  half  an  Inch  fquare,  none  of  that  fize 
having  ever  been  dellroyed,  though  fmaller  have,  by 
the  thunder;  yet  even  thefe  had  condudled  the  thun- 
der to  the  ground  with  perfedl  fafety  to  the  building. 

No  part  of  a  conductor  mull  terminate  in  the  build- 
irig  ;  for  the  cletlricity  accymulates  exceedingly  at  the 


than  If  it  had  confifled  of  materials  lefs  conduftive.  A 
dllcharge  will  therefore  be  made  through  it  in  prefe- 
rence to  any  neighbouring  building,  becaufe  it  is  more 
eminently  negative.  F"or  the  fame  reafon,  if  there  are 
two  buildings  equal  and  fimllar,  one  of  them  being  a 
good  conductor,  and  the  other  being  a  Icfs  perfeft  one, 
the  perfect  condudlor,  becoming  more  powerfully  nega- 
tive, the  cloud  will  become  more  llrongly  pofitlve  over 
remote  extremities  of  all  long  rods,  and  tends  to  fly  oft'  tt.is  houfe  than  over  the  other,  and  the  llroke  will  be 
with  great  force,  elpecially  if  another  conductor  is  near,      made  through  it.  iS 

This  aids  the  accumulation,  by  acquiring  at  its  upper         The  fame  thing  muft  obtain  in  a  perfeft  conduftor  con- Ar,i  on  the 
end  an  eleftricity  oppofite  to  that  of  the  lower  end  of     tinned  from  the  top  to  the  foundation  of  a  houie,  built '"""''"^ 
the  other  :   and  this  effeft,  produced  by  the   influence     of  worfe  conduftiug  materials.   The  conduftor  becoming 
of  a  pofitlve  cloud,   makes  the  upper  and  negative  end     more   eminently  negative   than   any  other  part  ot   tiie 
of  the  lower  portion  of  a  divided  conductor  draw  more     building,  the  elcrtric  fluid  will  be  more  llrongly  attraftcd 
eledlrlcity  to  the  lov.er  end  of  the  up^er  portion.    This     by  It,  accumulated  in  its  neighbourhood,  and  will  all  be 
redundant   eleftricity,   llrongly  attracted  by  the  nega-     difeharged  through  it,  fo  long  as  it  is  able  to  conduft. 
live  lower  portion,  flies  off  with  gieat  violence  through  If  the  building  is  of  great  extent,  the  proximity  of 

the  air  ;  or  if  furrounded  with  any  matter  capable  of  one  part  of  the  building  to  the  thunder  cloud  may  pro- 
converfion  into  elallic  vapour  by  heat,  burfts  it  with  ir-  duce  an  accumulation  of  electrical  fluid  in  its  neigh- 
rcfifliible  force.  Thus  the  thunder,  aftlng  on  the  vane  bourhood,  in  preference  to  a  more  perfect,  but  remote, 
Ipindle  of  St  Bride's  ileeple  in  London,  Iprung  from  Its  conductor.  But  when  the  ditlances  from  the  cloud  are 
lower  end  to  the  upper  end  of  an  iron  wmdow  bar,  and  not  very  unequal,  the  accumulation  will  always  be  in 
burll  the  ilone  in  which  it  was  fixed,  by  expanding  the  the  neighbourhood  of  the  perfeft  conduftor  ;  and  this 
moillure  into  (learn.  In  like  manner  it  burfl.  the  Hone  will  determine  the  difcharge  that  way.  Tiie  accumula- 
at  the  lower  end  of  this  bar,  to  make  its  way  to  an  iron  tion  In  the  neighbourhood  of  the  rod  will  be  Imall  in. 
cramp  which  connected  the  oppofite  fides  of  the  fteeple  ;  deed,  when  the  rod  is  fmall ;  but  then  it  is  denfe,  and 
from  this  it  "ilruck   to  another  cramp  ;   and  fo   from     the  whole  of  eleftric  phenomena  (hew  that  it  is  the 

denfity. 
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rhiinrfer.  denfity.  and  not  the  quantity,  cf  acciimuhtion  which 
"""»  produces  the  violent  tcndfiicy  to  fly  oiT :  it  is  thisalo;ie 

which   makes   it   impcfiihle  to  coiiline  eleAricity   in  a 
body  which  terminau-s  in  a  ftiarp  point. 

For  the  fame  re.ifon,  bodies  of  the  fame  matcvials  nnd 
fhape  will  ineiv.rc  the  accumiilniion  in  the  adjoiiiing 
pai  t  of  the  cloud  in  proportion  as  they  arc  rearer  to  it, 
or  more  advanced  beyond  the  reft  of  the  building. 

And  hodie-s  of  {lender  fhape,  and  pointed,  will  pro- 
duce this  accumul.ition  in  their  neighbourhood  in  a  ilill 
more  reiiiarkable  degree,  and  determine  the  courfe  of 
the  diicliargc  with  Ilill  greater  certainty. 

But  it  is  evident  that  a  metallic  rod,  no  higher  than 
the  reft  of  the  building,  may  occalion  an  accumulation 
in  the  adjoining  part  ct  a  near  thunder  cloud  fufhcient 
to  produce  a  dilcharge,  whjn  the  building  itfelf,  con- 
iifting  of  imj.'crtert  ci<ndutturs,  would  not  have  provo- 
ked the  difcharge  at  all.  It  may  therefore  be  doubted 
whether  we  have  derived  any  advantage  from  the  con- 
1.-J  duftor. 
RecSofall      To  judge  properly  of  this,  we  mull  confider  houfes 

terrup-  thev  really  are,  confiftintj  of  different  materials,   in 

ons  }n  the  /  ■'  n  i  /-    °    ■  j  •      i     i 

ifldudor.  ^cry  dirterent  Inapes  and  lituations;  and  paiticularly  as 

having  many  large  pieces  of  metal  in  their  conftruction, 
in  various  pofitions  with  regard  to  the  cloud,  the  ground, 
and  to  each  other.  Snppofe  all  the  reft  of  the  build- 
ing to  be  of  non-condufting  materials.  When  a  pofi- 
tive  thunder  cloud  comes  overhead,  every  piece  of  me- 
tal in  the  building  becomes  electrical,  without  having 
received  any  thing  as  yet  from  the  cloud  ;  that  end  of 
each  which  is  neareft  the  cloud  becoming  negative,  and 
the  remote  end  poutive.  But,  moreover,  the  eleftricity 
of  one  increales  the  electricity  of  its  neighbour.  Then 
the  moft  elevated  becomes  more  ilrongly  attradive  at 
its  upper  end  than  it  would  have  been  had  the  others 
been  away  ;  and  therefore  produces  a  greater  accumu- 
lation in  the  nearer  part  of  the  thunder  cloud  than  it 
would  ctheVwife  have  done,  and  it  will  receive  a  fpark. 
By  this  its  lower  end  becomes  more  overcharged,  and 
this  makes  the  upper  end  of  the  next  more  underchar- 
ged, and  the  fpark  is  communicated  to  it,  and  fo  on 
to  the  ground  ;  which  would  not  have  happened  with- 
out this  fucceflion  of  conduclors.  Thus  it  is  eafy  to 
conceive,  that  the  accumulation  in  the  cloud  is  juft  in- 
fufllcient  to  produce  a  dilcharge — While  things  are  in 
this  ftate,  juft  ready  to  fnap,  fliould  a  man  chance  to 
pafs  under  a  bell  wire,  or  under  a  lull  re  hanging  by  a 
chain,  lu"s  body  will  immediately  augment  the  pofitive 
eleflricity  of  the  lower  end  of  the  conduflor  above  him, 
and  thus  will  augment  the  negative  electricity  of  its  up- 
per end.  This  again  will  produce  the  fame  efreft  m 
the  condiiftor  above  it :  and  thus  each  condu6tor  be- 
comes more  overcharged  at  its  lower  end,  and  more  un- 
dercharged at  the  upper  end.  Before  this,  every  thing 
was  juft  ready  to  fnap.  All  will  now  llrike  at  once. 
The  cloud  will  be  difcharged  through  the  houfc,  and 
the  man  will  be  the  facritice,  the  whole  difcharge  be- 
ing made  through  his  body.  This  needs  no  demonftra- 
tion  for  any  well-informed  eleftrician.  Thofe  who  have 
only  fuch  a  knowledge  of  the  theory  as  can  be  gathered 
from  the  writings  of  Prieftley,  Cavallo,  and  other  po- 
pular authors,  may  convince  themfelves  of  the  truth  of 
what  is  here  delivered  in  the  following  manner. 

In  dry  weather,  and  the  moft  favourable  circumftan- 
CCS   for  good   eledrical  experiments,  let   a  very  large 


globe,  fmoothly  covered  with  metal,  and  well  infulated,  Tbumler. 
be  as  highly  eledlrified  as  pofTible,  without  expofing  it  """^ 
to  a  rapid  dilTipation.  To  enfure  this  circumftance 
(which  is  important)  let  it  be  eledrifitd  till  it  begins 
to  fputter,  and  note  the  ftate  of  the  electrometer.  Dif- 
charge this  eleftricity,  and  eleftiify  it  to  about  half  of. 
this  intenlity.  Provide  three  or  four  infulattd  mttal 
conduflors,  about  three  inches  long  and  an  inch  diamc- 
ter,  terminated  by  hemifpheres,  and  all  well  polifhed. 

]  Javiiig  eleftrified  the  globe,  as  above  diredUd,  bring 
one  of  the  infulated  conduclors  flowly  up  to  It,  and 
note  its  diftance  when  it  receives  a  fpark.  In  doinj; 
this,  take  care  that  there  be  no  coniiiieliiig  body  near 
the  remote  end  of  the  inbilated  conduftor.  It  will  be 
bell  to  pufh  it  gradually  forward  by  means  of  a  lonj^ 
glafs  rod.  Withdraw  the  condnftor,  difcharge  its  clc;. 
tricity,  reftore  the  globe  to  its  former  eleftricity,  indi- 
cated by  an  eleclrom.etcr,  and  repeat  this  experiment 
till  the  greatell  ftriking  diftance  is  exactly  difcovered. 
Now  fet  another  of  the  infulattd  conduftors  about  half 
an  inch  behind  the  firft,  and  pudi  them  forward  toge- 
ther, by  a  glafs  rod,  till  a  fpark  is  obtained.  The  ftri- 
king  diftance  will  be  found  greater  than  before.  Then 
repeat  this  laft  experiment,  with  this  difference,  that 
the  two  conduftors  are  puflied  forward  by  taking  hold 
of  the  remote  one.  The  ftriking  diftance  will  be  found 
much  greater  than  before.  Laftly,  pufh  forward  the 
two  conduftors,  the  remote  one  having  a  wire  commu- 
nicating with  the  ground,  till  they  are  a  fmall  matter 
■zullhout  the  ftriking  diftance  ;  and,  leaving  them  in  this 
fituation,  take  any  little  conducing  body,  fuch  as  a 
brafs  ball  fixed  on  the  end  of  a  glals  rod,  and  pafs  it 
brilkly  through  between  the  globe  and  the  neareil  con- 
dufkor,  or  through  between  the  two  condudlors,  taking 
care  that  it  touch  neither  of  them  in  the  pafTage.  It 
will  be  feen  that,  however  fwift  the  paffage  is  made, 
there  will  be  a  difcharge  through  all  the  four  bodies. 
The  inference  from  this  is  obvious  and  demonftrative. 

A  very  remarkable  inftance  of  this  fatt  was  feen  at 
the  chapel  in  Tottenham  Court  Road,  London.  A 
man  going  into  the  chapel  by  the  eaft  door,  was  killed 
by  the  thunder,  which  came  down  from  the  little  beli- 
houfe,  along  the  bell-wire,  and  the  rod  of  the  doeit 
pendulum,  tvom  the  end  of  which  it  leaped  to  fome  iroii 
work  above  the  door,  aiul  from  thence,  from  nail  to 
nail,  till  it  reached  the  man's  head. 

This  interruption  of  conduft,  which  is  aln;oft  una. 
voidable  in  the  conftruflion  of  any  building,  is  the  caufe 
of  moft  of  the  accirlents  that  are  recorded  ;  for  when 
the  ends  of  thofe  communicating  conductors  are  iiiclo- 
fed  in  matetiiils  of  lefs  condnfling  power,  the  eletliicity, 
in  making  its  way  to  the  next  in  a  very  deufe  ftate,  ne- 
ver fails  to  explode  every  thing  which  can  be  converted 
into  elaftlc  vapour  by  heat.  There  is  always  a  fiiffi. 
cient  quantity  of  moifture  in  tlie  ftone  or  brickwork  for 
this  p\irpofe  ;  and  moft  vegetable  fubllances  contain 
moifture  or  other  expanfible  matter.  The  ftone,  brick, 
or  timber,  is  burft,  and  thrown  to  a  confiderable  diftance; 
or  if  kept  together  by  a  wei'/ht  of  wall,  the  wall  is 
fhattered.  It  is  worth  remarking,  that  although  no 
force  whatever  feems  able  to  prevent  this  explolion,  the 
quantity  of  matter  exploded  is  extremely  fmall  ;  for  the 
ilones  are  never  thrown  to  a  greater  diftance  than  they 
would  have  been  by  two  or  three  grains  of  gunpowder 
properly  confined. 

An 
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All  thefe  accidents  will  be  prevented  by  giving  a  fiif- 
ficient  uninterrupted  conduct  ;  and  it  ts  proper  to  make 
lift  of  fucii  a  conduiSor,  although  it  may  invite  many 
difcharges  which  would  not  otherwife  happen.  So 
long  as  the  conduftor  is  fufficient  for  the  purpofe,  there 
feeiiis  to  be  no  doubt  of  the  propriety  of  this  maxim. 

liut  the  mod  fcrious  objection  remains.  As  we  are 
certain  that  thefe  condu<3;ois,  whether  raifed  above  the 
building  or  not,  will  produce  dilcharges  through  them 
which  otherwile  would  not  have  happened,   and  as   we 


Another  remarkable  inftancc  happened  in  the  fum-  Ttimiltr 
mer  palace  at  St  Peterfburg.  A  Heyduk  and  a  foldier '""'^'"^ 
of  a  foot  regiment  were  (landing  cenlincls  at  the  door 
of  the  jewel-chamber  :  the  Heyduk,  with  his  fcimitar 
refting  on  his  arm,  was  carelefsly  leaning  on  the  foldier, 
who  had  his  mulket  rtiouldered  Both  were  ftruck 
down  with  lightning;  and'^he  foldier  was  killed,  his 
left  leg  fcorched,  and  his  flioes  burft.  The  rieyduk 
had  received  no  damage,  but  felt  himfclf  tripped  up,  as 
if  a  great  dog  had  run  againft  him.-    A  narrow  flip  of 


are  quite  uncertain  whether  the  quantity  contained  in  a  gold  lace,  which  was  fewed  along  the  feam  of  his  jacket 
thunder  cloud  may  not  greatly  exceed  what  the  tliun-  and  pantaloon  breeches,  reaching  to  his  flioes,  had  been 
der  rod  can  conduct  without  being  diffipatcd  in  fmoke,   '  exploded  on  the  left  fide.     This  feems  to  have  been  his 


it  feems  very  dangerous  thus  to  invite  a  ftroke  which 
our  conduftor  may  not  be  able  to  difcharge.  In  par- 
ticular, it  is  reafonable  to  believe  that  the  ftrata  of 
eJedtrihed  clouds  which  come  near  the  earth  lofe  much 
of  their  electricity  by  paffiug  over  the  (harp  points  of 
trees,  &c.  while  thofe  which  are  much  higher  may  re- 
tain their  eledtricity  undiminilhed,  and  pafs  on.  May 
It  not  therefore  happen,  that  our  conductor  will  invite 
a  fatal  ftroke,  which  would  have  gone  harmlcfs  by  ? 

The  doubt  is  natural,  and  it  is  important. 

Let  us  fuppofe  a  very  extenfive  and  highfy  eleflri- 
fied  cloud,  iu  a  poiitive  ftate,  to  come  within  fuch  a  di- 
ftance  from  a  building  zs  ju/l  not  to  Jlr'tke  it,  if  un- 
provided with  a  conduftor,  but  which  will  moll  cer- 
tainly ftrike  the  fame  building  furniflied  with  a  con- 
ductor ;  and  let  the  electricity  be  fo  great  that  the 
conductor  (hall  be  diiTipated  in   fmoke  before  even   a 


protection.  In  all  probability,  the  ftroke  c.ime  to  both 
along  the  muflvct  (or  perhaps  to  the  Heyduk  along  the 
fcimitar).  The  Heyduk  had  a  complete^  though  in- 
fufficient,  conductor,  and  was  fafe.  The  foldier  had 
not,  and  was  killed.  The  pufli  felt  by  the  former  pro- 
bably arofe  from  the  explofion  of  the  lace. 

It  feems  therefore  plain  that  metalline  conduClors 
are  always  a  protection  ;  that  advancing  them  above 
the  building,  increafes  their  protection;  and  that  point- 
ing them  may  fometimes  enable  them  to  diminlfh  a 
ftroke,  by  difcharging  part  of  the  eleCtricity  filently. 

Dr  Franklin  having  formed  all  his  notions  of  thun- 
der from  his  pre  eftablllhed  theory,  and  having  feen  the 
principal  phenomena  fo  conformable  to  it,  was  natu- 
rally led  to  expeCt  this  conformity  in  cafes  which  he 
could  not  eafily  examine  precifely  by  experiment.  Ac- 
cordingly  in    his   firft   difiertation,  he  affirmed  that  a 


fmall  part  of  it  is  difcharged — What  will  be  the  fate  of     fine  point   always  difcharges  a  thunder  cloud  filently. 


the  building  ?  We  bclle've  that  it  will  be  perfeClly 
fafe. 

However  rapid  we  may  fuppofe  that  motion  by  wlu'ch 
electricity  is  communicated,  it  is  itill  motion,  and  time 
elapfes  during  the  propagation.  The  cloud  is  difchar- 
ged,  not  in  a  vei-y  inftant,  but  in  a  very  fhort  time. 
Part  of  the  cloud  is  therefore  difcharged,  while  it  ex- 
plodes the  condudor,  and  the  eleCtricity  of  the  remain- 
der is  now  too  weak  (by  our  fuppolitlon)  to  fln'ke  the 
building  no  longer  furnllhed  with  a  conduCtor.  This 
mull  be  the  cafe,  however  large  a[id  powerful  the  cloud 
may  be,  and  however  fmall  the  conduCtor. 

I5ut  fuppofe  that  the  cloud  has  come  fo  near  as  to 
flrike  the  building  unprovided  with  a  conduftor.  Then 
as  much  will  be  difcharged  through  the  building  as  it 
can  conduct  ;  and  if  the  quantity  be  too  great,  the 
building  will  be  deilroycd  ;  but  let  a  conduClor  (tho' 
jnfufEcicnt)   be  added.      The   difcharge   will  be  made 


and  at  a  great  diftance.  The  analogous  experiments  in 
artificial  eleClricity  are  fo  beautiful  and  fo  perfpicuous, 
that  this  confidence  in  the  protecting  power  of  fine 
points  is  not  furprifing  :  and  this  confidence  was  ren- 
dered almoft  complete  by  a  moft  fingular  cafe  which 
fell  under  his  own  obfervatlon.  He  was  av^akcned  one 
night  by  loud  crocks  in  his  flair-cafe,  as  if  forne  perfon 
had  been  ladn'ng  the  wainfcoating  with  a  great  horfe- 
whip.  He  thought  it  fo,  and  got  up  In  anger  to  chide  the 
idle  fool.  On  looking  out  at  his  chamber  door,  he  faw 
that  the  dillurbance  proceeded  from  eleCtric  explofions 
at  fome  interruptions  of  his  conduCtor.  He  faw  the 
eleCtticity  pafs,  fometimes  in  bright  fparks,  producing 
thofe  loud  thwacks,  and  fometimes  in  a  long  continued 
ftreani  of  denfe  white  daz/ling  light  as  big  as  his  finger, 
illuminating  the  ftair-cafe  like  fun  fliine,  and  making  a  loud 
noile  like  a  cutler's  wheel.  Had  the  cloud  (fays  he)  re- 
tained all  this  till  It  came  -within   ftriking  diftance,  the 


through  it  as  long  as  it  lafts,  and  the  remainder  only     confequenccs  would   have  b-:en   inconceivably  dreadful. 


will  be  difcharged  through  the  houfe,  furely  with  much 
lefs  danger  than  before. 

The  truth  of  thefe  conclufions  from  theory  is  fully 
verified  by  faCl.  When  the  church  of  Newbury  in  New 
England  was  ilruck  by  lightning  in  1755,  a  bell  wire, 
no  bigger  than  a  knitting  needle,  conducted  the  thun- 
der with  perfeCl  fafety  to  the  building  as  far  down  the 
fteeple  as  the  wire  reached,  though  the   ftroke  was  lo 


Yet  not  long  after  this  he  found  that  he  had  been  in  a 
miftake  ;  f<n-  the  houfe  of  Mr  Watt  in  Philadelphia,  fur- 
nllhed with  a  finely  pointed  conduCtor,  was  (truck  by 
a  tenible  clap  of  thunder,  and  the  point  of  the  con- 
duClor was  melted  down  about  two  inches.  This  is 
perhaps  the  only  inftance  on  record  of  a  finely-pointed 
cnitdudor  being  ftruck.  The  board  room  at  the  pow- 
der  magazine   at  Purfleet  was  indeed  ftruck,  though 


great  that  the  wire  had  been  exploded,  and  no  part  of  provided  with  a  conduCtor ;  but  the  ftroke  was  through 
It  remained,  but  only  a  mark  along  the  wall  occafioned  another  part  of  the  building-  St  Peter's  church,  Corn- 
by  its  fmoke.  From  the  termination  of  the  wire  to  the  hill,  has  been  eight  times  ftruck  between  1772  and 
ground  the  fteeple  was  exceedingly  (battered,  and  ftones  1787;  while  St  Michael's,  in  its  neighbourhood,  and 
of  great  weight  were  thrown  out  from  the  foundation  much  higher,  has  never  had  a  ftroke  fince  1772,  when 
(where  they  were  probably  moifter)  to  the  diftance  of  it  was  furniflied  with  an  excellent  pointed  conduCtor  by 
30  and  ao  feet.  Mr  Nairne. 


liuniUr 
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if,  tlint  Dr  Wilfoii,  a  liivcr  of  msttieirntica!  learn-  Thuiu!cc 
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Dr  Fiaiikli'ii  having  ken  the  above  rxcoption   to  liis  prifi 

rule,   and  reflefted   on  it,  acknowledges  that  there  are  iiig,  and  a  guod  judge,  as  appears  Imm  his  publication 

cafes  where   a  pointed   conduftor  may   be   (truck,   viz.  of  the  papers  of  Mr  Kobins,  did  not  hirnlilf  fee  Uk  full 

when  it  ferves  as  a  llepping  Hone,  to  eomplete  a  canal  of  force  of  his  own   experiments.      He  had  not  furely  ftu- 

eonveyanee  already    near   completed.      A  fmall    cloud  died  either  .i?Lpinus  or  Cavendifli.     He  inditd  frequent 


ly  lays,  that  tlie  ftate  of  the  electricity  in  a  thunder  cinud, 
aiid  in  coated  glals,  is  exceedingly  diflVrent ;  and  tlial  tlie 
hrll  extends  its  feniible  influence  much  larliier  than  tlic 
lall,  wlien  bolli  have  the  lame  quantity  of  eletlricitv. 
But  he  Items  not  to  have  formed  to  liiiritelf  any  ade- 
qnate  notion  ot  the  difierencc.  Had  he  done  this,  he 
would  have  (cen  that  he  has  dilpofed  his  jneat  electri- 
hid  lurface  very  improperly.  It  Ihould  have  been  col- 
lected much  nearer  his  pointed  apparatu.s,  that  this 
iiiigiit.  It  i)oHible,  have  been  witliin  the  Iphere  of  at- 
traction of  c\ery  part  of  hi.s  artiticial  cloud.  He  would 
then  have  found  reiults,  ionie  oi  which  would  have  been 
much  more  favouijble  to  his  owa  general  opinion, 
while  others  would  have  exhibited  the  peculiarities  of 
the  (har 
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may  fonietimes  fervc  as  a  llepping  Itone  (like  the  man 
coining  under  a  hi  lire)  for  the  tiettricity  to  come  out 
of  a  great  cloud,  and  difcliarge  through  the  pointed  con- 
ductor. Whenever  it  comes  to  the  ilrikiug  dillance 
from  the  condnCtoi,  it  will  explode  at  once:  whcieas 
the  great  cloud  itfelf  mull  have  come  nearer,  and  had  its 
force  gr.idnally  diminilhed.  It  is  remarkable  that  a  point, 
em)iloyed  in  this  way  in  artilici.d  elcCtritrity,  mull  be 
broui'ia  nearer  to  another  body  than  a  ball  need  be, 
before  it  can  receive  a  tlroke.  The  diftercnce  is  about 
one  third  of  the  whjle  Nairue  found,  that  a  ball  .me 
nine-tenths  inches  in  diameter,  cxi>loded  at  the  dillance 
of  nine  inches,  ar.d  a  poiut  at  lix  inches  dillance. 

VVe  muft  alio  obferve  that  a   pointed  conductor  can 
have  no  advantage  over  a  blunt  one  in  the  cale  ot  a  re-      the  (harp  point  m  a  more  Ihowy  niaLiner  than  any  thing 
turning  (Iroke  ;   which   is  perhaps  the  moft  common  of     we  have  teen.  3, 

any.     I'his  depends  on  another  dilcharge,  willch  is  made  Reafoning  from  the  true  theory  of  coated  Tlafs,   we  ^^'"'"*'='" 

perhaps  at  a  gre»t  diilance.      This  was  molt  diltuialy      (liall   learn   that,    when    the  glafs'is   exceedingly   tliin,''","^ '°''y 
the  cafe  in  the   inllance  mentioned  fomc,  time  ago,  of      the  accumulation  ot  eledrieity,   or  the  charge,   will  be"^  'hf!°*'* 
the  perfon  at  Vienna   who  had  a  (hock  fiom  a  tiiunder     exceedingly  great  ;  while   the  external   appearance,   or 
rod  by  an  explofion  far  didant.      This  thunder  rod  was      apparent  energy,  of  the  electricity  may  be  hardly  fen- 
a  very  line  one,  furnilhcd  with  five  gilt  points  fible,  and  will  extend  to  a  very  fmall  diftance.     Thus, 

Still,  however,  this  propertyof  (harp  points  was  great-  a  circular  plate  of  coated  glals,  iix  inches  in  diameter 
ly  over  rated  by  Dr  Franklin,  and  thole  who  took  all  and  one-twentieth  thick,  when  eleftrihed  Co  as  to  make 
their  notions  of  electricity  from  the  fimple  difcoveries  an  electrometer  diverge  30  degrees,  contains  about  60 
of  his  fagacious  mind.  Unfortunately  Dr  Franklin  had  times  as  much  elefiricity  as  a  bral's  plate,  of  the  fame 
not  cultivated  mathematical  knowledge;  and,  ever  ea-  diameter,  eleftritied  to  the  fame  degree  ;  and  thefe  two 
ger  after  difcovery,  and  ardent  in  all  his  purfuits,  his  will  have  the  fame  influence  on  an  eleftrcmeter  placed 
wonderful  penetration  carried  him  through,  and  leldom  at  a  dillance  from  them,  and  will  give  a  fpark  nearly  at 
allowed  him  to  reft  long  on  falfe  concludons.      He  was      the  fame  dillance.      The  fpark   from   the  coated  glafs 


certainly  one  of  the  greateft  philojophcrs  ;  and  a  lif.le  e- 

rudition  would  perhaps  have  brought   him  hde  by  fide 

with  Newton.      It  was  reterved,  however,   for  Lord  C. 

Cavendilh  and  for  iEpinus,  to  fubjeCt  the  inveiligations 

of  Franklin  to  number  and  mealure.    By  ftudying  what 

they  have  written  on  the  fubjett,  or  even  the  view  which 

we  have  given   of  their  theory  in  the  article  EL£crs.i- 

ciTY  (SuppL),  the  reader  will  be  fully  convinced,  that 

a  point  has  little  or  no  advantage   over  a  ball,   with  re-      that  it  will  req-jire  the  fame  number  of  turns  of  the  ma 

fpeCt  to  a  thunder  cloud  which  is  brought  to  the  thun-      chine  to  bring  it  to  this  flate,  or  to  charge  the  coated 


gla 
will  be  bright,  and  will  give  a  (hock  ;  wi;Ile  that  from 
the  brafs  plate  will  be  trifling.  The  caufe  of  the  equa- 
lity of  influence  is,  that  the  po(ilive  electricity  of  the 
one  fide  of  the  coated  glafs  is  almoll  balanced  by  the 
negative  eledrieity  of  the  other  hde,  and  the  unbalan- 
ced part  is  about  j\x.\\  of  the  whole.  If  we  novy  t  ike  a 
brafs  plate  of  46 1  inches  in  diameter,  and  eleftrily  it 
to  the  fame  degree  with  the  coated  glafs,  we  fhall  hnd 


der  rod  by  a  briflv  wind  ;  although,  when  it  comes  flow- 
ly  up  during  an  almoll  perfect  calm,  it  may  difchargt  all 
that  can  be  difcharged  without  a  fnap.  The  conftipa- 
tion  in  a  point  is  indeed  very  great,  but  the  quantity 
conftipated  is  moderate  ;  and  therefore  its  aCtion,  at  any 
confiderable  diftance,  is  but  trifling.  All  this  is  fully 
verified  by  Dr  WiKon's  judicious  experiments  in  the 
Pantheon.  He  had  a  prodigious  quantity  of  eleftrih- 
ed  furface  fufpended  there,  and  made  a  pointed  appa- 
ratus come  to  its  (Iriking  diftance  with  a  motion  which 
he  could  regulate  aiid  meafure.  And  he  found  that 
with  the  very  moderate  velocity  of  twelve  feet  in  a  fe- 
cond,  he  never  failed  of  procuring  a  very  fmart  ftroke. 
The  experiments  made  in  the  ufual  way  by  the  parti- 
fans  of  fharp  points  (for  it  became  a  matter  of  indecent 
party)  were  numberlefs,  and  decidedly  in  their  favour, 


glafs.  They  contain  the  fame  quantity  of  eleftricity, 
and  the  fpark  of  both  will  give  the  fame  (hock.  But 
this  large  plate  will  have  a  much  wider  influence  :  a 
perfon  coining  within  ten  feet  of  it  wiii  fee  his  hair  bend 
towards  it,  and  feel  like  a  cobweb  on  his  face. 

It  may  be  farther  dcmonftrated  that  the  power  of  And  the 
a  point  to  abilraCt  the  electricity  to  a  given  deiree  from '''""^"""f 
the  large  plate,  is  valUy  Imaller  than  its  power  to  ab-f'j^ijj^'^''"" 
ftrac^  it  to  the  fame  degree  from  the  coated  plate.   This  °     '  '  S- 


.■?! 


is  different  in  the  different  degrees  of  the  abftraction,  and 
cannot  be  expredcd  by  any  one  number. 

All  thefe  confiderations  taken  together,  Ihew  us  that 
the  pointed  conduftor  has  little  advantage  over  the  ball 
in  the  circumftance  above-mentioned.  It  has,  however, 
an  advantage,  and  therefore  fliould  be  employed  ;  and 
in  the  cafe  of  a  calm,  or  very  grcntle  progrefs  of  the 
The  great  and  juft  authority  of  Dr  Franklin,  who  was  thunder  cloud,  the  advantage  may  br  very  great. 
one  of  the  committee,  procured   them  flill  more  confi-  Thus  we  think  the  quellion   decided  ;  and  the  cilv" 

deration,  or  at  leaft  hindered  people  from  feeing  the     remaining  confideration  is  the  quantity  of  metallic  con- 
force  of  Dr  Wilfon's  reafoning.     It  is  fomewhat  fur-'    duft  that  fhould  be  given.     Prudence  teaches  us  not  to 
Suppi.  Vol.  II.  Part  II.  4  T  fpare 
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fparc,  efpeci'ally  in  very  lofty  buildings.  The  condiic-  it  appears  to  have  been  at  no  great  diiance  from  where  T!erra 
tor  on  the  dome  of  St  Paul's  in  London  conllfts  of  four  tlie  Joidan  runs  out  of  the  lake.  It  is  a  number  of  ''"'^gt 
iron  ilraps,  each  four  inches  broad  and  one  lialf  an  inch     times  mentioned  by  St  John  t!ie  Evangelilt.   Pliny  places  "' 

thiclc.     This  couduftor   was  once  made  red  hot  by  a     it  on  the  weft  extremity  of  the  lake,  commending  the         *~ 
thunder  ftroke.     No   inflance   has  been  found  of  a  rod     falubrity   of  its  hot  waters.     Jerome  fays,  the  ancient 
one-half  an  inch  fquare  being  exploded.     The  accident     name  was  Chcir,i"relh  ;   which,  if  true,    will  account  for 

the  nime  of  the  lake. 

TIERRA  DEL  FuEGo,  fcveral  iflands  at  the  fouth- 
ern  extremity  of  America.  They  take  their  name  from 
a  volcano  on  the  largell  of  them.  They  are  all  very 
barren  and  mountainous  ;  but  from  what  Mr  Foriler 
fays,  in  his  Voyage  to  the  South  Sea,  the  climstt  does 
not  appear  to  be  fo  rigorous  and  tempeftuous  as  it  is  re- 


nt Mr  Watt's  houfe  in  Philadelphia  is  curious.  The 
brafs  wire  which  terminated  the  rod  had  been  ten  inches 
long  and  one-fourth  thick  at  the  bafe,  and  two  one-half 
inches  were  melted.  It  was  unable,  therefore,  to  con- 
duft  that  ilroke  when  its  diameter  was  lefs  than  one- 
iixteenth  of  an  inch. 

We  recommend  lead  or  copper  in  preference  to  iron. 


Iron  waftcs   by  rull,  and  by   exfoliating  retains  water,  prefented  in  Anfon's  Voyage.    Upon  the  lower  grounds 

which  may  be  dangerous  by  its  expanfion.     A  ftrap  of  and  iflands,  that  were  fheltered  by  the  high  mountains, 

lead,  two  inches  broad  and  one-fourth  thick,  ftapled  Mr  Fuiiler  found  feveral  forts  of  trees  and  plants,  and  a 

down  to  the  roof  or  wall  with  brafs  ftaples,  fecures  us  variety  of  birds.     Among  the  trees  was  Winter's  bark- 

from  all   riflis  from  negleft.      An  iron  rod,   or  one  faf-  tree,  and  a  fpccies  of  (jr^u/;(j,  loaded  with  red  fruit  of  the 

teied  \v:ll>  iron  cramps,  requires  frequent  iufpeftion,  to  fize  of  fmall  cherries,  which  were  very  well  tailed.      In 

fee   that  nothing  !ias    fsiled  or  wailed  by   rull.     The  fome  places  there  is  alfo  plenty  of  celery.     Among  the 

point  or  points  Ihould  furely  be  copper.      It  would  be  birds  was  a  fpecies  of  duck,  of  the  fize  of  a  goofe,  which 

very  proper  to  conncft  all  the  leads  of  the  ridges,  gut-  ran  along  the  fea  with  amazing   velocity,  beating  the 


ters,  and  fpouts,  with  the  conduflor,  by  (Iraps  of  lead. 
This  will  greatly  extend  its  proteftion. 

A  great  extent  of  building  is  not  fufficientlv  fecured 
by  one  conduftor.  And  a  powder  magazine  Ihould  have 
fome  erefted  round  it  at  a  diftance  on  malls. 


Maxims  in  a  Thunder  Storm. 


vi-ater  with  its  wings  and  feet.  It  had  a  tjvey  plu/.iage, 
with  a  yellow  b''<  and  feet,  and  a  few  wliite  quill  fea- 
thers. At  the  Falkland  illands  it  is  called  a  loggeihead- 
duck.  Among  the  Licds  are  alfo  plcntv  of  geefe  and 
falcons.  The  rocks  of  fome  of  the  iflands  are  covered 
with  large  mufcle-fhelis,  the  filh  of  which  is  well- fla- 
voured. The  natives  of  this  country  are  fhort  in  their 
perfons,  not  exceeding  five  feet  fix  inches  at  moft,  their 
heads  large,  their  fac«  broad,  their  cheek  bones  promi- 
AvoiD  being  under  trees — but  be  near  them:  do  not  nent,  and  their  nofes  flat.  They  have  little  brown  eyes, 
avoid  rain.  When  in  a  room,  avoid  the  fire-fide,  which  without  life  ;  their  hair  is  black  and  lank,  hanging  a- 
vould  bring  you  into  the  neighbourhood  of  the  highefl  bout  their  heads  in  difordsr,  and  befmeared  with  train- 
part  of  the  houfe,  viz.  the  ftack  of  chimneys.  The  bell-  oil.  On  the  chin  they  have  a  few  flragglfng  fhort  hairs 
wire,  the  grate,  the  fire  irons — are  bad  neighbours.  Nay,  inflead  of  a  beard.  The  whole  afTembiage  of  their  fea- 
the  foot  of  the  chimney  is  not  a  good  one,  efpecially  if  tnres  forms  the  mofl  loathfome  piiflure  of  milerv  to 
it  has  ever  caked  together  by  burning  (aj.  Go  to  which  human  nature  can  poffibly  be  reduced.  Thofe 
the  middle  of  the  room,  and  fit  down,  if  not  near  a  which  Mr  Foriler  faw  had  no  other  clothing  than  a 
luftre,  or  any  thing  hanging  from  the  ceiling.  Avoid  fmall  piece  of  feal-fl<in,  which  hung  from  their  flioulders 
mirrors,  or  gilded  mouldings.  to  the  middle  of  their  back,  being  faftened  round  the 

Thunder  Clouds,  in  phyfiologv,  are  thofe  clouds  neck  with  a  llring  :  the  reft  of  their  body  was  perfeftly 
which  are  in  a  flate  fit  for  producing  lightning  and  naked.  Their  natural  colour  feems  to  be  an  olive  brown, 
thunder.      See  the  preceding  article.  with  a  kind  of  glofs,  rcfembling  that  of  copper  ;  but 

THUS,  in  fea  language,  a  word  ufed  by  the  pilot  many  of  them  difguife  thcmfelves  with  llrcaks  of  red 
in  direfting  the  helmfman  or  fleerfman  to  keep  the  ihip  paint,  and  fometimes,  though  feldom,  witii  white.  Their 
in  her  prefent  fituation  when  failing  with  a  fcant  wind,  whole  charafter  is  a  flrange  compound  of  ftupidity,  in- 
fo that  fhe  may  not  approach  too  near  the  direftion  of  ditTerence,  and  inattivity.  They  have  no  other  arms 
the  wind,  which  would  fhiver  her  fails,  nor  fall  to  lee-  than  bows  and  arrows  ;  and  their  inftruments  for  fifh- 
v^ard,  and  run  farther  out  of  her  courfc.  ing  are  a  kind  of  filh-gigs.     They  live  chiefly  on  feals 

TIBERIAS  (anc.  geog.),  the  laft  town  of  Gallilee,  flefli,  and  like  the  fat  oily  part  moft.  There  is  no  ap- 
fituated  on  the  fouth  fide  of  the  lake  Tiberias  ;  built  by  pearance  of  any  fubordination  among  them  ;  and  their 
Herod  the  Tetrarch,  and  called  Tiberias  in  honour  of  mode  of  life  approaches  nearer  to  that  of  brutes  than 
the  Emperor  Tiberius  ;  diflant  30  iladia  from  Hippus,     that  of  any  other  nation. 

60  from  Gadara,  and   120  from  Scythopolis  :   whence         TILLANDSIA,  the  large  barren  wild   pine  of 

the 


(a)  In  the  terrible  thunder  icroke  on  Leven  Houfe  in  Scotland,  the  two  great  ftreams  of  cleftrlcity  had  ta- 
ken the  courfe  of  the  vents  which  had  been  moft  in  ufe,  but  not  to  get  at  the  iron  work,  for  it  had  branched 
off  from  the  vents,  at  a  great  diflance  from  the  bottom.  The  chief  conductors  through  the  building  had  been 
various  gilded  mouldings,  gilded  leather  hangings,  gilded  /l<reens,  pifture  frames,  and  the  foil  of  mirrors.  In  this 
progrefs  the  fleps  have  been  fo  many,  and  fo  capricious,  that  no  line  of  progrefs  can  be  traced,  according  to 
any  principle.  The  thunder  feems  to  have  electrified  at  once  the  whole  of  the  leaden  roof,  and,  befides  the 
two  main  tracks  along  the  vents,  to  have  afterwards  darted  at  every  metal  thing  in  its  way.  The  loweft  point 
of  the  track  was  a  leaden  water  ciftern  j  which,  however,  received  no  damage  ;  but  a  thick  flone  wall  was  burfl 
through  to  get  at  Jt>. 
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the  Wtft  Indies ;  a  genus  of  the  inonogytii.i  oiJtr,  le- 
longiiig  to  the  hexandria  i-lafs  of  plants.  It  is  crallcJ 
Caragalua  by  Father  Pliimier,  and  is  a  parafitic  plant, 
and  oygiit  piriiapi,  in  llriifl  propriety,  to  be  dtnoniina- 
iid  an  itqumic  :  lor  altboiioh  it  ii>  I'ufpendcd  in  llie  air 
.-nrong  tlie  branches  of  lofty  trees,  to  vvhofe  boughs  it 
is  fallened  by  its  inimei-ous  roots  ;  yet  it  is  not  indel  t- 
ed  to  thofe  boughs,  like  the  mifletoe  and  other  parafilic 
plants,  for  nouiilliment,  but  merely  for  fiipport  ;  pro- 
vident Nature  having,  in  a  very  extraordinaiy  manner, 
fvpplied  tills  with  other  means  10  prefeive  its  ejiillenee  : 
Fur  til.-  haves,  whieh  inueh  refeinble  thofe  of  the  pine- 
apple, but  arc  larger,  furround  this  plant  in  a  tireidar 
iT.anner  ;  eaeli  leaf  being  terminated  near  the  ftalK  with 
a  holloA'  bucket,  whieii  contains  about  half  a  pint  of 
water.  It  is  by  thefe  numerous  fmall  refervoirs  of  wa- 
ter that  the  roots,  as  well  as  every  other  part  of  this 
plant,  are  fvipplied  with  nourilhjncnt  without  the  help 
of  any  earth.  The  fiourilhing  condition  of  this  plant, 
as  well  as  the  great  growth  of  fig-trees,  upon  barren 
rocks,  (hews  that  water  is  of  greater  ufc  to  vegetation 
than  earth. 

(iiie  contrivance  of  Nature  in  this  vegetable,  fays 
Dr  yloane,  is  truly  admirable.  The  feed  is  crowned 
with  many  long  downy  tlireads,  not  only  that  it  may 
l)e  carried  everywhere  by  the  wind,  but  that  by  thole 
threads,  when  driven  through  the  boughs,  it  may  be 
held  fall,  and  ftick  to  the  arms  and  prominent  parts  of 
the  barks  of  trees.  So  foon  as  it  fprants  or  germinates, 
although  it  be  on  the  under  part  of  a  bough,  its  leave* 
and  llalks  rife  perpendicular  or  treft  :  if  they  alTumed 
any  other  direttion,  the  ciftern  of  refervoir  jull  men- 
tioned, made  of  the  hollow  leaves,  could  not  hold  water, 
which  is  neceflaiy  to  the  life  and  nourifhment  of  the 
plant.  In  fcarcity  of  water  this  refervoir  is  ufeful,  not 
to  the  plant  only,  but  to  men,  and  even  to  birds  ajid 
all  forts  of  inltcts,  which  come  thither  in  troops,  and 
feldom  go  away  without  refrefliment. 

To  the  lame  puipofe,  Dampier,  in  his  voyage  to 
Campeachy,  relates,  "  that  the  wild  pine  has  leaves  that 
will  hold  a  pint  and  a  half  or  quart  of  rain-water,  which 
refrelhcs  the  leaver,  and  nouriflies  the  roots.  When  we 
find  thele  pines,  we  Hick  our  knives  into  the  leaves,  juil 
above  the  root  ;  and  the  water  gulhing  out,  we  catch 
it  in  our  hats,  as  I  myfelf  have  frequently  done,  to  my 
great  relief." 

TIMiEUS,  a  Greek  hiflorian,  the  fon  of  Andro- 
nicus,  who  was  eminent  for  his  riches  and  excellent 
qualities,  was  born  at  Taiiromentum  in  Sicily,  and 
houriflied  in  the  time  of  Agathocles.  He  wrote  feve- 
ral  books,  and  among  the  reft  an  hiftory  of  his  own 
country  ;  but  they  are  all  loft. 

Tim;eus,  a  famous  Pythagorean  phijofopher,  was 
born  at  Locres  iu  Italy,  and  lived  before  Plato.  There 
is  ftiU  extant  a  fmall  treatife  of  his  on  Nature  and  the 
Soul  of  the  World,  written  in  the  Doric  dialeft.  This 
treatife,  which  is  to  be  found  in  the  works  of  Plato, 
furnirtied  that  great  philofopher  with  the  fubjeft  of  his 
treatife  intitled  Thmtus. 

TINNING,  the  covering  or  lining  of  any  thing 
with  melted  tin,  or  with  tin  reduced  to  a  very  fine  leaf. 
Looking-glafFes  are  fohated  or  tinned  with  thin  plates 
of  beaten  tin,  by  a  procefs  defcribed  under  the  title  Fo- 
liating, Encycl. 


Kettles,  f.uiccpaiis,  ami  other  kitchen  utetifih,  which  Tli\n;ni». 
are  ufually  made  of  copper,  are  tinned  by  the  following  ~~~'~~' 
l;roct  (s  :  The  furtaee  to  be  tinyed,  if  of  new  copper, 
(hould  fitll  be  cleaned  or  l;oured  witli  fait  and  fulpliu- 
ric  acid  (vitriolic  acid)  dilated  with  water.  This,  how- 
ever, is  not  always  done  ;  foiiic  workmen  contenting 
thendeUes  with  Icounng  it  with  fand  perfeflly  dry,  or 
with  icalts  of  iron.  Pe)wdeied  rofin  is  often  ftrcweJ 
over  it  ;  and  when  the  veffel  or  utenfil  is  ceTiridcrably 
heated,  melted  tin  is  poured  into  it,  and  rubbed  witii 
fljx  roiled  hard  over  the  furfacc  to  he  coated.  This 
till  may  be  either  pure,  fuch  as  that  kr.own  by  the  nanr; 
oi  ^rjin-lin  ;  or  a  coirpolition  confift'iig  of  two  parts 
of  tin  and  one  of  lead.  For  very  obvious  reafoiis,  we 
(liould  certainly  prefer  the  pure  tin  ;  but  the  generality 
of  workmen  give  the  preference  to  the  compolition,  be- 
caufc  the  furface  coated  with  it  appears  more  brilliant. 
The  tin  is  not  always  put  into  tlie  vcdel  in  a  liquid 
Itate  ;  for  fome  workmen  ilrew  it  in  fmall  pieces  over 
the  furface  to  be  coated,  and  then  heat  the  velTel  till 
the  tin  melt,  when  they  rub  it  as  formeily. 

In  tinning  old  velfels  which  have  bien  tinned  before, 
the  procefs  is  fomewhat  diflerciit.  In  thefe  cafes,  tlie 
furface  li  firft  fcraped  with  an  inftrument  proper  for 
the  purpofe,  or  feoured  with  the  fcales  of  iron,  which, 
may  be  always  found  in  a  blackfmith's  Ihop  :  it  is  then 
Itrewed  over  with  fal-auimuniac  in  powder,  inftead  of 
roiin,  or  an  iiifufion  of  falammoniac  in  ftale  urine  is 
boiled  in  it  till  the  urine  be  evaporated,  and  it  is  then  tin- 
ned with  pure  tin  ;  the  compofition  of  tin  and  lead  be- 
ing in  this  cafe  never  ufed.  The  tin,  while  liquid,  is 
rubbed  into  the  furface  with  a  piece  of  falammoniac, 
inftead  of  a  bundle  of  flax.  When  iron  veffcls  are  to 
be  tinned,  they  are  firft  cleaned  with  muriatic  acid,  af- 
ter wdiich  the  procefs  is  the  fame  as  in  the  tinning  of 
old  copper. 

In  the  year  1785-,  Mr  John  Poulain  of  Mortlake, 
Surrey,  obtained  a  patent  for  the  difcovery  of  a  new 
compofition  for  tinning  veffcls,  efpecially  fucii  as  are 
ufed  for  culinary  purpofes.  This  compofition  confifts 
of  grain-tin  one  pound,  good  malleable  iron  one  ounce 
and  a  half,  platinum  one  drachm,  filver  one  pennyweight, 
gold  three  grains  :  the  whole  muft  be  well  fufed  toge- 
ther in  a  crucible,  with  one  ounce  of  pounded  borax, 
and  two  ounces  of  pounded  glafs,  and  then  call  in  fniall 
ingots.  The  compofition,  to  be  fit  for  ufe,  muft  be 
heated  and  put  in  a  metal  mortar,  alfo  heated  over  a 
fire,  and  well  pounded  with  a  heated  metal  peftle  ;  when 
it  is  well  pounded,  make  an  ingot  of  it,  by  putting  it 
on  the  fire  in  a  mould  made  of  iron  plate,  in  which 
mould  the  compofition  mull  be  well  ftivred  and  let  to 
cool  ;  then  it  is  fit  for  ufe.  To  apply  the  compofition, 
firft  tin  the  utenfil  or  velTcl  with  grain-tin  and  fal  am- 
moniac, as  is  ufually  done  in  the  common  way  of  tin- 
ning;  clean  well  the  tinned  part  of  the  metal  utenfil  or 
veflel,  and  then  apply  a  coat  of  the  compofition  with 
fal  ammoniac,  as  is  ufually  done  in  the  common  way  of 
tinning  ;  and  when  the  compofition  is  well  fpread,  let 
it  cool  ;  then  make  it  a  little  red-hot  in  all  its  parts,  to 
Ileal  it,  and  plunge  the  metal  utenfil  or  veffel,  while  yet 
hot,  in  cold  water  ;  then,  with  a  Iharp  fcrap';r,  fcrape 
and  rub  off  the  rough  or  grumous  particles  of  the  com- 
pofition applied  on  the  metal  utenfil  or  veflel,  and  fcour 
it  well  with  fand.  The  fame  operation  muft  be  re- 
4  T  2  pcated 
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Tinning   peated  for  every  coat  of  the  compofit  ion  that  is  applied;     fubordinate  divinities  Patiyan  is  pleafcd.     This  is  very 

iimilar  to   the  religious   creed  of  ancient  Greece  and 


_,. "  two  coats  of  the  compofition  are  quite  fufBcient  tor  cu- 
'^  '  .  linary  utenfih  or  vcffels,  imd  a  thin  coat  of  grain-tin 
may  be  applied  ever  the  lafl  coat  of  the  comp<jfition, 
to  frnooth  it.  Tlie  author  adds,  that  his  coaipofitiou 
may  be  employed  for  covering  or  plating  the  furface 
of  all  materials  made  of  copper,  brafs,  iron,  and  other 
metals  or  mixtures  of  metals,  and  that  it  fhould  be  ap- 
plied with  a  charcoal  fire  in  preference  to  any  other 
fire.  All  this  may  be  true,  and  it  may  be  a  very  va- 
luable coating  to  copper  ;  but  the  fcarcity,  high  pi  ice, 
and  infufibility  of  platinumj  muft  for  ever  prevent  it 
from  coming  into  very  general  ufe. — We  think  that 
even  the  Enamelling  of  Vcfels  for  the  Kitchen  niuft 
be  more  common.  See  that  article  in  this  Stipple- 
merit. 

The  following  procefs  is  k-fs  expenfive,  wliill  the 
coating  given  by  it  is  exceedingly  durable,  adds  ilrength 
to  the  copper  vtffel,  and  fecnrcs  it  much  longer  than 
the  common  tinning  fi-om  the  adlion  of  acids  : 


Tiffi. 


Rome,  diffeiing  only  with  refpeft  to  creation,  which, 
in  the  proper  fenfe  of  the  word,  the  Greeks  and  Ro- 
mans feem  not  to  have  admitted. 

If  any  one  of  thefe  mountaineers,  called  in  the  me- 
moir Cucis,  put  another  to  death,  the  chief  of  the 
tribe,  or  other  perfons  who  bear  no  relation  to  the  de- 
ceafed,have  no  concern  in  puailhing  the  murderer  ;  but 
if  the  murdered  perfon  have  a  brother  or  other  heir,  he 
may  take  blood  for  blood  ;  nor  has  any  man  whatever 
a  right  to  prevent  or  opp'ofe  fuch  retaliation. 

When  a  man  is  detedled  in  the  commiffion  of  theft 
or  other  atrocious  oftcnce,  the  chieftain  caules  a  recom- 
pence  to  be  given  to  the  complainant,  and  reconciles 
both  parties  ;  but  the  chief  himlelf  receives  a  culloniary 
fine,  and  each  party  gives  a  feait  of  pork  or  other  meat 
to  the  people  of  his  refpeftive  tribe. 

In  ancient  times,  it  was  not  acullom  among  them  to 
cut  off  the  heads  of  the  women  whom  they  found  in 


When  the  vcffel  has  been  prepared  and  cleaned  in  the  the  habitations  of  their  enemies  ;  but  it  happened  once 

ufual  manner,  it  muft   be  roughened  on   the   infide  by  that  a  woman  afl^ed  another,  why   (he  came  lo  late  to 

being  beat  on  a  rough  anvil,   in   order   that  the  tinning  her  bufinefs  of  fowing  grain  ?   fhe  anfvvered,   that  her 

may  hold  better,    and  be  more    intimately  connefted  hulband  was  gone  to  battle,  and  that  the  neceffity  of 

■with  the  copper.      The  procefs  of  tinning  mull  then  be  preparing  food  and  other  things  for  him  had  occafioned 

begun   with  perfeftly  pure  grained  tin,  having  an  addi-  her  delay.      This  anfwer  was  overheard  by  a   man  at 

tion  of  fal  ammoniac  inftead  of  the  common  colophoiiium  enmity  with  her  hulband  ;  and  he  was  filled  with   re- 

or  refin.   Over  this  tinning,  which  muft  cover  the  copper  fentment  againft  her,   confidering,  that   as  fhe  had  pre- 

in  an  even  and  uniform    manner  throughout,  a  fecond  pared  food   for  her  hulband   for  the  purpofe  of  fending 

harder  coat  muft  be   applied,   as  the  firll  forms  only  a  him  to  battle  againft  his  tribe,  fo,  in  general,  if  women 

kind   of  medium  for  connefting  the  fecond  with   the  .were  not  to  remain  at  home,  their  hulbands  could  not 

copper.      For    this    fecond  tinning  you  employ   pure  be  fupplied  with  provifion,  and  confequently  could  not 

grained-tin  mixed  with   zinc  in    the  proportion  of  two  make  war  with  advantage.      From  that  time  it  became 

to  three,  which  muft  be  applied  alfo  with  fal  ammoniac,  a  conftant  praftiee  to  cut  off  the  heads  of  the  enemy's 

frnooth  and  even,  fo  that   the  lower  ftratnm  may  be  en-  women,  efpecially  if  they  happen   to  be  pregnant,  and 

tirely  covered  with  it.     This  coating,   which,  by  the  therefore  confined   to  their  houfes  ;  and  this  barbarity 

addition  of  the  zinc,  becomes  pretty  hard  and  folid,  is  is  carried   fo  far,  that  if  a  Cuci  affail  the  houfe   of  an 

then  to  be  hammered  with  a  fraoothing   hammer,  after  enemy,  and  kill  a  woman  with  child,  fo  that   he  may 

it  has  been  properly  rubbed  and  fcoured  with  chalk  and  bring  two   heads,  he  acquires  honour  and  celebrity  in 

water  ;   by  which  means  it   becomes  more  folid  and  ac-  his  tribe,  as  the  deftroyer  of  two  foes  at  once, 

quires  a  frnooth  compaft  furface.  As  to  the  marriages  of  this  wild  nation^  when  a  rich 

Veflcls  and  utenfils  may  be  tinned  in  this  manner  on  man  has  made  a  contrail  of  marriage,  he  gives  four  or 

both  fides.      In  this  cafe,   after  being  expofed  to  a  fuf-  five  head  oi guyah  (the  cattle  of  the  mountains)  to  the 

ficient  heat,  they  muft  be  dipped    in    the   fluid  tin,  by  father  and  mother  of  the  bride^  whom  he  carries  to  his 

which    means  both    fides  will    be    tinned  at  the   fame  own  houfe:   Her  parents  then  kiW  \.\\e  gay  i  Is  ;  and  ha- 

time.  ving  prepared   fermented  liquors  and  boiled  rice  with 

As   this   tinning   is  exceedingly  durable,  and  has  a  '  other  eatables,  invite  the  father,  mother,  brethren,  and 

beautiful    colour,    which  it  always  retains,  it   may   be  kindred   of  the  bridegroom  to  a  nuptial  entertainment 

employed  for   various   kinds  of  metal  inftruments  and  When  a  man  of  fmall  property  is  inclined  to  marry,  and 

■verfels  which  it  may  be  necelfary  to  fecure  from  ruft.  a  mutual  agreement  is  made,  a  fimilar  method  is  toliow- 

TINPLATE,  called  in  Scotland  IVhili  Iron,  is  a  thin  ed  in  a  lower  degree  ;  and  a  man  may  marry  any  wo- 

elate  of  iron  covered  with  tin,  to  which  it  is  united  by  man  except  his  own  mother.      If  a  married  coupk  live 

«hemical  afSnity.     See  Chemistry,  n°  122.  Supf)l.  cordially  together,  and  have  a  fon,  the  wife  is  fixed  and 

TIPRA,  the  name  of  certain   mountainous   diftrifts  irremovable  ;   but  if  they    have  no  fon,  and  elpccitiUy 

'to  the  f  ailward  of  Bengal,  inhabited  by  a  people  of  ve-  if  they  live  together  on  bad  terms,  the  huftand  may  di- 

ry  fingular  n.rnners.    As  every  thing  which  contributes  vorce  his  wife,  and  marry  another  woman. 

a  fintrle  faft  to  the  hiftory  of  human    nature  is  intereft-  They  have  no  idea  of  heaven  or  hell,  the  reward  of 

•inT  to  tic  philofupher,   the  reader  will  be  pleafed  with  good,  or  the  punifhment  of  bad,  aftions  ;  but  they  pro- 

the    fijllowing  account  of  the  religion,  laws,  and  man-  fefs  a  belief,   that  when  a  perfon  dies,  a  certain  fpirit 

ners  of  thefe  people,  taken  from  the  2d   volume  of  the  comes  and  feizes  his  foul,  which  he  carries  away  ;  and 

Aftatk  Refearches.  that  whatever  the  fpirit  promifes  to  give  at   the  inftant 

Thouch  they   acknowledge   one  Creator  of  the  uni-  %vhen  the  body  dies,  will  be  found  and  enjoyed  by  the 

■verfe,  to" whom  they  give  the  name  of  PA'TtvAN,  they  dead  ;  but  that  if  any  one  fliould  take  up  the  corfe  and 

believe  that  a  deity  exifts  in  every  tree,  that  the  fun  and  carry  it  off,  he  would  not  find  the  treafure. 

moon  are   gods,  and  that  whenever  they  worftiip  thofe  The  food  of  this  people  confiils  of  elephants,  hogs» 

deer. 
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deer,  and  other  animals  ;  of  which  if  they  find  the  car-     1 
cafes  or  limbs  in  the  foiefts,   ihey  dry   them,  and  tat 
them  occafionally. 

When  they  have  refolved  on  war,  they  fend  fpies, 
before  hollilitles  are  begun,  to  learn  the  ilations  and 
Ihvngtli  of  the  enemy,  and  the  condition  of  the  roads  ; 
after  which  they  march  in  the  night,  and  two  or  three 
hours  before  daylight  make  a  fudden  aflault  with  fwords, 
lances,  and  arrows  :  if  their  enemies  are  compelled  to 
abandon  their  ilatiou,  the  affadants  inflantly  put  to  death 
all  the  males  and  temales,  who  are  left  behind,  and  llrip 
the  houles  of  all  their  furniture  ;  but  (hould  their  ad- 
verfariej,  having  gained  intelligence  of  the  intended  af- 
;h  to  meet  them  in  battle,   and 


fault,   be  refolute  cii 
fhould  they  find  thcmfelves  overmatclied,  they  fpcedily 
retreat  and  qulelly  return  to  their  oun  habitations.     If 
at  any  time  they  fee  a   liar  very   near  the  moon,  they 
fay,   "  tonight   we   (hall   undoubtedly  be  attacked  bv 
fome   enemy  ;"  and  they  pafs  that   night  under  arms 
with  extreme  vigilance.      Tliey  oiten  lie  iu  ambndi  in  a 
fortll  near  the  path,   where  their  foes  are  uftd  to  pafs 
and  repafs,  waiting  for  the  enemy  with  different  torts 
of  weapons,  and  killing  every  man  or  woman  who  hap- 
pens to  pals  by  :   in  th:b  lituation,  if  a  leech,  or  a  worm, 
or  a  fnake,   (liould  bite  one  of  them,   he  bears  the  pain 
in   perfedl  fdenee  ;  and   whoever  can   bring  home   the 
head  of  an  enemy,  which  he  has  cut  off,  is  fure  to  be 
diflinguifhed   and  exalted   in    his   nation.      When   two 
hoftile  tribes  appear  to  have  equal  force  in  battle,  and 
neither  has  hopes  of  putting  the  other  to  flight,  they 
make  a  fignal  of  parilic  intentions,  and,  fending  agents 
reciprocally,  foon  conclude  a  treaty  ;   after  which  they 
kill  leveral  head  of  giijiiii,  and  fealt  on  their  flelli,  cal- 
ling on  the  fun  and  moon  to  bear  witntfs  of  the  pacifi- 
cation :   but  if  one  fide,  unable  to  rcfiil  the  enemy,  be 
thrown  into  diforder,  the  vanquiihed  tribe  is  confidered 
as  tributary    to  the  viftors  ;  who  every  year    receive 
from  them  a  certain  number  of  gayjls,  wooden  diihes, 
weapons,  and  other  acknowledgments  of  vaffalage.    Be- 
fore they  go  to  battle,  they  put  a  quantity  of  roallcd 
alus   (efculent  roots  like  potatoes),  and  pafte  of  rice- 
flour,   into  the  hollow  of  bamboof,  and  add  to  them  a 
.provifion  of  dry  rice  with  fome  leathern  bags  full  of  li- 
quor :   then  they  affemble,  and  march  with  fuch  cele- 
rity, that  in  one  day  they  perform  a  journey  ordinaiilv 
made  by  letter-carriers  in  three  or  four  days,  fuice  lliey 
have   not    the   trouble  and   delay  of  dreHiiig  victuals. 
When  they  reach  the  place  to  be  attacked,  they  fur- 
round  It  in  the  night,  and  at  early  dawn  enter  it,   put- 
ling  to  death  both  young  and  old,  women  and  children, 
except  fuch  as  they  choolc  to  bring  away  captive  :  they 
put  the  heads,   which  they  cut  oft,  into  leathern  bags  ; 
and  if  the  blooi  of  their  enemies  be  on  their  hands, 
they  take  care  not  to  wafli   it   off.      When  after  this 
(laughter  they  take  their  own  food,  they  thruft;  a  part 
of  what  they  eat  into  the  mouths  of  the  heads  which 
they  have  brought  away,  faying  to  each  of  them,  "  Eat, 
quench  thy  third,   and   iatisfy  thy   appetite  ;  as  thou 
haft  been  flain  by  my  hand,  fo  may  thy  kinfmen  be  (lain 
by-niy    kinfmen!"    During   their  journey,   they   have 
ufually  two  fuch  meals;  and  every  watch,  or  two  watch- 
es, they  fend  intelligence  of  their  proceedings  to  their 
families.      When  any  one  of  them   fends  word  that  he 
has  cut  off  the  head  of  an  enemy,  the  people  of  his  fa- 
mily,  whatever  be  their  age  or  fex,  exprefs  great  de- 
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light,  making  caps  and  ornaments  of  red  and  black 
ropes  ;  thin  iilllng  fome  large  veffcls  with  fermented  li- ' 
qnors,  and  decking  thcmfelves  with  all  the  liinkets  they 
pofTels,  they  go  fonh  to  meet  the  conqueror,  blowing 
large  Ihells,  and  ftriking  plates  of  metal,  with  other 
rude  inftruments  of  mulic.  Wiien  both  parties  are  met, 
they  (hew  extravagant  joy,  men  and  women  dancing  and 
finging  together  ;  and  if  a  married  man  has  brought  an 
enemy's  head,  his  wife  wears  a  head  diel's  with  gay  or- 
naments, tlie  hufband  and  wife  alternately  pour  (trment- 
cd  liquor  into  each  other's  mouths,  ai.d  (he  wadus  his 
bloody  hands  with  the  fame  liquor  which  they  arc 
drinking.  Thus  they  go  revelling,  with  excelhve  nier- 
rrment,  to  their  place  of  abode  ;  and  having  piled  up 
the  heads  of  their  enemies  in  the  court-yard  of  their 
chieftain's  houfc,  they  fing  and  dance  round  the  pile; 
after  which  ttiey  kill  fome  guyoh  and  hogs  with  their 
(pears  ;  and  having  boiled  the  fit(h,  make  a  feaft  on  it, 
and  drink  the  fermented  liquor.  The  richer  men  of 
this  race  fallen  the  heads  of  their  fees  on  a  bamboo,  and 
fix  it  on  the  graves  of  their  parents,  by  which  ad  they 
acquire  great  reputation.  He  who  brings  back  the 
head  of  a  llaughtered  enemy,  receives  prefents  from  the 
wealthy  of  cattle  and  fpirituous  liquors  j  and  if  any  cap- 
tives are  brought  alive,  it  is  the  prerogative  of  tiiofe 
chieftains,  who  wei-e  not  in  the  campaign,  to  ilrike  off 
the  heads  of  the  captives.  Their  weapons  are  made  by 
jiarticiilar  tribts;  for  fome  of  them  are  unable  to  fabri- 
cate inllruments  of  war. 

In  regard  to  their  civil   inflitutions ;   the  whole  ma- 
nagement of  their  houfehold  affairs  belongs  to  the  wo- 
men ;   while  the  men  are  employed   in  clearing  forefls, 
building  huts,   cnllivating   land,   making  war,  or  hunt- 
ing game  and  wild   beads.      Five  days  (they  never  rec- 
kon by  months  or  years)  after  the  birth  of  a  male  child, 
and  three  days  after  that  of  a  female,   they   entertain 
their  family  and  kinfmen  with  boiled    rice  and  ferment- 
ed liquor  ;   and  the  parents  of  the  child  partaiie  of  the 
fead.      rhcy  begin  the  ceremony  with  fixing  a  pole  in 
the  court-yard  ;  and  then  kihirig  a  gayat  or  a  hog  with 
a  lance,  they  confecrate   it   to  their  ileity  ;  after  which, 
all  the  party  eat   the  flefti  and  drink  liquor,  clofing  the 
day  with  a  dance  and   with  fongs.      If  any  one  among 
them  be   fo  dclormed,  by  nature  or  by  accident,    as  to 
be  unfit  for  the  propagation  of  his  fpccies,  he  gives  up 
all  thought  of  keeping  houfc,   and   begs  for  his  fublid- 
eiice,   like  a  religious  mendicant,    from   door   to  door, 
continually  dancing  and  finging.     When  fuch  a  perfoii 
goes  to  the  houfe  of  a  rich  and  liberal  man,    the  owner 
of  the    houfe  ufually  drings  together  a   number  of  red 
and  white  dones,   and  fixes   oiie  end  of  the  llring  on  a 
long  cane,  fo  that  the  other  end  may  hang  down  to  the 
ground  ;  then,  paying  a  kind  of  fuperdltious  homage  t« 
the  pebbles,   he  gives  alms  to  the  beggar  ;   after  which 
he  kills  z  gay  ill  and  a  hog,  and  fome  other  quadrupeds, 
and  invites  lus  tribe  to  a  feaft :   the  giver  of  fuch  an  en- 
tertainment acquires  extraordinary  fame  in  the  nation, 
and  all    unite   in  applauding   him   with   every  token  of 
honour  and  reverence. 

When  a  Cuci  dies,  all  his  kinfmen  join  in  killing  a 
hog  and  a  gayal;  and,  having  boiled  the  meat,  pour  fome 
liquor  i;ito  the  mouth  of  the  deceafed,  round  whofe 
body  tfiey  twift  a  piece  of  cloth  by  way  of  (hroud  :  all 
of  them  tade  the  fame  liquor  as  an  offering  to  his  foul ; 
and  this  ceremony  they  repeat  at  intervals  for  feverat 

days^ 
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days.  TliL-n  iliey  lay  the  body  on  a  doge,  and  kiiuUiiig 
a  fire  under  it,  pkrce  it  witli  a  (pit  and  dry  it  ;  when  it 
is  perfcflly  dried,  lliey  cover  it.  with  two  or  three  folds 
of  cloth,  end  entlofing  it  in  a  little  cafe  within  a  cliell, 
bury  it  under  (;roand.  y\ll  the  frultr.  and  flowera  ll  at 
they  gather  within  a  year  after  the  burial  tiiey  fcatter 
on  the  grave  of  the  deceafed  ;  but  loinc  bury  their  dead 
in  a  different  manner  ;  covering  theai  tirft  with  a  (hroud, 
then  with  a  mat  of  woven  reeda,  and  hanging  them  on  a 
high  tree.  Some,  when  the  flclh  is  decayed,  wafli  the 
bones,  and  keep  them  dry  in  a  bowl,  which  they  open 
on  every  fndden  emergence  ;  and,  fancying  themftlves 
at  a  confukation  with  the  bones,  pm  liic  whatever  mea- 
fures  they  think  proper  ;  alleging  that  they  a&  by  the 
conmiuiid  of  their  departed  parents  and  kindfmen.  A 
widow  is  obliged  to  remain  a  whole  year  near  the  grave 
of  her  iuilband  ;  where  her  family  bring  her  food  :  if 
(he  die  within  the  )ear,  they  mourn  for  her;  it  flie  live, 
they  carry  her  back  to  her  houfe,  where  all  her  rela- 
tions are  entertained  with  the  ulual  ieaft  of  the  Cik'is. 

If  the  deceafed  leave  three  fons,  the  eldefl  and  the 
youngell  (liare  all  his  property  ;-but  the  middle  fon 
takes  notliing  :  if  he  have  no  fons,  his  eftate  goes  to  his 
brothers  ;  and  if  he  have  no  brothers,  it  efcheats  to  the 
chief  of  the  tribe. 

Tl  RES  IAS,  a  famous  foOthfayer  of  antiquity,  was 
the  fon  of  Everes  and  the  nymph  Charlclo.  Phere- 
cydes  fays,  that  Minerva  being  accidentally  feen  by  Ti- 
refias,  as  (he  was  bathing  with  Chariclo  in  the  fountain 
of  Hippocrenc,  tl'.e  ^-oddefs  was  enraged,  and  declared 
that  he  (hould  fee  nothing  more  :  on  which  he  inftantly 
loll  his  fight  ;  but  afterwards  received  from  the  goddefs 
fuperlor  endowments.  Others  fay,  that  Juno  (truck 
him  ftone-blind  for  deciding  a  cafe  between  Jupiter  and 
her,  to  her  dilfatisfaftion  ;  for  which  Jupiter  gave  him 
the  faculty  of  divination  :  He  was  the  moil  celebrated 
prophet  in  the  Grecian  annals.  Ulyfles  is  ordered  by 
Circe  to  confult  him  in  the  Ihades. 

There  feek  the  Theban  bard  depriv'd  of  fight. 
Within  irradiate  with  prophetic  light. 

But,  befides  the  honour  done  to  him  by  Homer, 
Sophocles  makes  him  aft  a  venerable  and  ca])ital  part 
In  his  tragedy  of  Oedipus.  Calllmachus  afcribes  to 
Minerva  the  gift  of  his  fuperior  endowments  ;  the  pre- 
eminence of  his  knowledge  is  likewife  mentioned  by 
Tully  in  his  fird  book  of  Divination.  And  not  only 
Tirefias  is  celebrated  by  Diodorus  Siculus,  but  his 
daughter  Daphne,  who,  like  her  father,  was  gifted  with 
a  prophetic  Ipirit,  and  was  appointed  priellefs  at  Del- 
phos.  She  wrote  many  oracles  in  verfe,  from  whence 
Homer  was  reported  to  have  taken  feveral  lines,  which 
he  interwove  in  his  poems.  As  file  was  often  feized 
with  a  divine  fury,  (he  acquired  the  title  oijtbyl,  which 
fignifies  "enthufiad."  She  is  the  firil  on  whom  it  was 
bellowed  :  in  aftertimes  this  denomination  was  given 
to  feveral  other  females  that  were  fuppofed  to  be  in- 
fpired,  and  who  uttered  and  wrote  their  prediftions  in 
verfe  ;  which  verfe  being  fung,  their  funftion  may  be 
jullly  faid  to  unite  the  priellhood  with  prophecy,  poe- 
try, and  mufic. 

TISRI,  or  TizRi,  in  chronology,  the  firft  Hebrew 
month  of  the  civil  year,  and  the  7th  of  the  ecclefiaftical 
or  facred  year.  It  anfwered  to  pait  of  our  September 
.  and  Oclober. 
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TITHINGMen,   are   now  a  kind  of  ptffy   con-  Tithing, 
flables,  clcfted  by  paridus,  and  fworn  in  their  offices  in      ^^^^ 
the  court  leet,  and  fometimcs  by  judlces  of  tlie  peace,  *[-^,n,|^j 
&"C.     There  is   frequently   a   tit!iing-man   in   the   fame       too. 
town  with  a  conllnblc,   who  is,  as  it  were,  a  deputy  to '       v— 
execute  the  ofiice  in  (he  conflable's  pbler.ce  ;  but  there 
are  fume  things  which  acondablc  has  power  to  do,  that 
tithing-men  and  head-boroughs  cannot  intermeddle  with. 
When  there  is  no  condabie  of  a  parifli,  his  office  and 
the  authority  cf  a  tithing-man  feems  to  be  all  one  under 
another  name. 

TlTHONUS,  in  fabulous  hiflory,  the  fon  of  Lao. 
medon  king  of  Troy,  and  the  brother  of  Priamus  ; 
was  beloved  by  Aurora,  who  carried  him  to  Dolos, 
thence  to  Ethiopia,  and  at  lad  to  heaven,  where  flie 
prevailed  on  the  Deilinies  to  beilow  \ipon  him  the  gift 
of  immortality  ;  but  forgot  to  add  that  of  youth,  which 
could  only  render  the  prefent  valuable.  At  length  Ti- 
thonus  grew  to  old  that  he  was  obliged  to  be  rocked 
to  fleep  like  an  infant  ;  when  Aurora,  not  being  able 
to  put  an  end  to  his  mifery  by  death,  transformed  him 
into  a  grafshopper  ;  which  rcnev/s  its  youth  by  cafting 
his  lliin,  and  in  its  chirping  retains  the  loquacity  of  old 
age. 

TITLE  FOR  ORDERS,  in  the  church  of  England,  Is 
an  aflurance  of  being  employed  and  maintained  as  an 
officiating  clergyman  in  fome  cathedral  or  parochial 
church,  or  other  place  of  Divine  worfhip.  And,  by 
the  Ti^d  Canon,  "  no  one  is  to  be  ordained  but  In  order 
to  be  a  curate  or  incumbent,  or  to  have  fome  minifter's 
place  in  fome  church,  or  except  he  be  fellow,  conduft, 
or  chaplain,  in  fome  college  in  one  of  the  univerfities, 
or  be  mader  of  arts  of  five  years  danding,  and  live  there 
at  his  own  cod."  By  the  fame  canon,  the  bifnop,  who 
ordains  a  clerk  without  title,  is  bound  to  keep  him  till 
he  prefer  him  to  fome  ecclefiadlcal  living. 

TOD  OF  WOOL,  is  mentioned  in  the  datute  12  Ca- 
rol. II.  c.  32.  as  a  weight  containing  2  done,  or  28 
pounds. 

TOMBUCTOO,  a  large  city  in  North  Africa,  and 
capital  of  a  kingdom  of  the  fame  name.  It  has  for  fome 
years  pad  been  the  great  objeft  of  European  refearch, 
being  one  of  the  principal  marts  for  that  extenfive  com- 
merce which  the  Moors  carry  on  with  the  Negroes. 
The  hopes  of  acquiring  wealth  In  this  purfuit,  and  zeal 
for  propagating  their  religion,  have  filled  this  extenfive 
city  with  Moors  and  Mahomedan  converts  ;  the  king 
himfelf,  and  all  the  chief  officers  of  date  are  Moors ; 
and  they  are  faid  to  be  more  fevere  and  Intolerant  In 
their  principles  than  any  other  of  the  Moorifli  tribes  in 
this  part  of  Africa.  Mr  Park  was  informed,  by  a  ve- 
nerable old  Negro,  that  when  he  firll  vifited  Tombuc- 
too,  he  took  up  his  lodging  at  a  fort  of  public  inn,  the 
landlord  of  which,  when  he  condufted  him  into  his  hut, 
fpread  a  mat  on  the  floor,  and  laid  a  rope  upon  it  ;  fay- 
ing, "  if  you  are  a  MulTulman,  you  are  my  friend,  fit 
down  ;  but  if  you  arc  a  Kafir,  you  are  my  flave  ;  and 
with  this  rope  I  will  lead  you  to  market."  The  reigning 
fovcreign  of  Tombuftoo,  when  Mr  Park  was  in  Africa, 
was  named  Abu  Ahrahima.  He  was  reported  to  poflefs 
immenfe  riches,  -and  his  wives  and  concubines  were  faid 
to  be  clothed  in  filk,  and  the  chief  officers  of  date  live 
in  confiderable  fplendour.  The  whole  expence  of  his  go- 
vernment is  defrayed  by  a  tax  upon  merchandize,  which 
is  collefted  at  the  gates  of  the  city. 

Of 
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Tomfopk,  Of  that  city  very  little  is  known  with  accuracy,  as 
:ootli-ache  |j  y^^^  never  been  vifited  by  any  European.  It  is  the 
*  larfTcll  on  the  Niger,  HouiTa  only  excepted  ;  and  pro- 
bably contjiins  from  6o,oco  to  8o,c30  inhabitants.  In 
fome  of  the  Gazetteers,  its  houles  are  faid  to  be  built 
in  the  form  of  bells  ;  but  they  are  probably  fuch  build- 
ings as  thofe  of  Sego,  which  fee  in  this  Suppltmen!. 
Tombufloo,  according  to  Major  Rcnnel,  is  :n  16''  30' 
N.  Lat.  and  i"  ^3'  E.  Long,  from  Greenwich. 

TOMSOOK,  in  the  language  of  Bengal,  a  bor.d. 
TOOTH-AC HB,  a  well  known  excruciating  pain  (fee 
Encycl.),  for  the  alleviation,  and  even  the  cure  of  which, 
many  fpecifics  have  been  offered  to  the  public.  Of  one 
of  the  moil  extraonUnary  of  thefe,  there  is  an  account, 
in  a  fmall  work  publilhed  at  Florence  in  1794,  by  pro- 
feffor  Gerbi,  who  gives  the  defcription  of  an  infed,  a 
kiud  of  curculio,  which,  from  its  property  of  allaying 
the  tooth-ache,  has  received  the  epithet  of  ontlodcinlal- 
^ici'S,  and  which  is  found  on  a  fpecies  of  tliillle,  carduus 
jYmoJiJJimus.  The  flowers  of  this  thiftle,  when  analy- 
Icd,  gave  the  acid  of  galls,  the  muriatic  acid,  oxalat 
of  lime,  extraflive  matter,  and  a  very  little  rifin.  On 
the  bottom  of  the  calyx,  which  fupports  the  flowers, 
there  are  often  found  excrefcenccs  like  the  gall  nut, 
which  are  at  firll  fpheroidal,  afterwards  cylindric,  and 
at  length  affume  the  figure  of  two  hemifpheres  :  they 
confiil  of  the  like  component  parts  with  the  flowers, 
but  contain  more  refin,  and  far  more  oxalat  of  bine  ; 
as  the  gall  .ipple  of  the  oak,  according  to  the  experi- 
ments of  M.  Branchi,  which  are  here  mentioned,  con- 
tains more  of  the  acid  of  galls  than  the  bark  and  other 
parts  of  the  oak,  in  which  he  could  difcover  no  lulpha- 
ric  acid.  The  infeft,  according  to  the  author's  obfer- 
vations,  eats  not  only  the  parenchyma,  but  alio  the  vef- 
fcls  and  fibres  of  the  leaves.  The  egg,  before  the  worm 
makes  its  appearance,  is  nourilhed  by  the  fip  of  the 
plant,  and  of  the  above  excrefcences,  in  which  it  reiides, 
by  means  of  the  attraftive  pov/er  that  the  egg  pofTefTes 
for  certain  vegetable  juices  and  fubftances.  The  ex- 
crefcences arife  by  the  accumulation  of  a  folid  fub- 
itance,  which  is  precipitated  from  the  nourifiiing  juices 
of  the  thilUe,  diniininied  by  nuurifliing  the  egg  and  the 
worm.  This  infcft,  the  eggs  of  wliich  are  depofited 
in  thtfe  excrefcences,  if,  together  with  the  curcuho  of 
tha  centuary,  a  new  fpecies.  It  is  of  a  longiili  llgure  ; 
covered  btlow  with  fliort  yellow  hair,  and  above  with 
golden  yellow  velvety  fpots.  Itscorfletis  variegated  with 
fpecks  ;  and  the  covering  of  its  wings  with  fpecks  and 
ftripes.  It  has  a  (hort  probofcis,  and  fliews  lome  like- 
nefs  to  the  curculio  •vtUnfus  of  Geoifroy.  Its  larva  re- 
prefents  a  fort  of  ichneumon.  By  chemical  analyfis  it 
exhibits  fome  traces  of  common  fait;  by  diflillation  with 
a  ftrong  dry  heat,  fome  volatile  lixivious  falts.;  and  it 
contains,  befides  thefe,  fome  gelatinous,  and  a  little  fe- 
baceous  and  fiimy  estraftive  matter.  If  about  a  dozen 
or  fifteen  of  thefe  infefts,  when  in  the  ftate  of  larva,  or 
even  when  come  to  perfection,  be  bruifed  and  rubbed 
flowly  between  the  fore-linger  and  the  thumb,  until  they 
have  loft  their  moifture,  and  if  the  painful  tooth,  where 
it  is  hollow,  be  touched  with  that  finger,  the  pain 
ceafes,  fometimes  inflantaneoufly.  This  power  or  pro- 
perty the  finger  will  retain  for  a  year,  even  though  it 
be  often  wafhed  and  ufed.  A  piece  of  Ihamoy  leather 
will  ferve  equally  well  with  the  finger.  Of  629  expe- 
riments, 401  were  attended  with  complete  fuccefa.    in 


two  of  thefe  cafes,  the   hollow  teeth   arofe  from   fome  Tooth,  acte 
fault  in  the  juices  :   in  the  rell  they  were  merely  local.    _  "  ... 
it   the  gums  are  infl  imcd,  the  remedy  is  of  no  i.vail.        .  '  f 

To  the  truth  of  this  talc  the  reader  will  give  what 
credit  he  pleafes  ;  but  it  is  furely  very  difficult  to  be- 
lieve, that  a  living  finger,  continually  pcrfpiriiig,  can 
retain  for  a  year  the  moifture  imbibed  from  this  in- 
feft.  But  it  feems  thtre  are  other  infcfls  which  have 
tlie  property  of  curing  the  tooth  ache  ;  fuch  as  the  ca- 
ralus  chryfocephalus  of  RolTi;  the  caralus  feirugineus  of 
Fabricius  ;  the  coci'inella  Jeptempundala  (the  lady  bird)  } 
the  chryfomela  populi,  and  the  chr^fomela fangmnohnla. 
It  would  appear,  therefore,  that  this  property  belongs 
to  various  kinds  of  the  cokoplera. 

The  idea  of  thefe  infeits  being  endowed  with  the 
property  of  curing  the  tooth-ache  is  not  confined  to 
Italy  ;  far  Dr  Hirfch,  dentiil  to  the  court  of  Weimar, 
afferts  [Ferknudiger,  September  24,  1798)  that  he  em- 
ployed them  with  the  happieft  effeft,  except  in  fome 
cafes  where  his  patients  were  females.  He  fays,  that 
he  took  that  fmall  infedf,  found  commonly  among  corn, 
coccincUa  feptem  putiilaln,  and  bruifed  it  between  his 
fingers.  He  then  rubbed  the  fingers  with  which  he 
had  bruifed  it,  till  they  became  warm  at  the  points, 
and  touched  with  them  the  unfound  parts  of  the  gums, 
as  well  as  the  difeafed  tooth.  Dr  liirfch  adds,  that  he 
made  the  fame  experiment  a  few  days  after  with  equal 
luccefs,  though  he  had  not  bruifed  a  new  infedl  with 
his  fingers.  He  feems  to  think  tluit,  to  infuie  the  effi- 
cacy of  the  procefs,  the  infeiSt  fhould  be  alive  ;  becaufe, 
when  dead,  its  internal  parts,  in  which  he  prefumes  the 
virtue  chiefly  refides,  become  dried  up,  leaving  only  the 
wings  and  an  empty  fliell  ;  and  therefore  propofes  to 
phyficians  to  turn  their  attention  to  the  finding  out  of 
lome  method  for  preferving  the  virtue  of  the  infeft,  fo 
that  its  efficacy  may  be  in  full  vigour  throughout  the 
year. 

Befides  thefe  beetles,  charcoal  has  been  recommend- 
ed as  an  anodyne  in  the  tooth-ache  ;  but  whether  it  o- 
perates  merely  by  filling  the  hollow  of  the  tooth,  and 
thereby  preventing  the  accefs  of  atmofpheric  air  to  the 
nerve,  or  by  any  of  its  Angular  and  hitherto  unknown 
qualities,   feems  not  to  have  been  well  afcertained. 

TOR,  a  town  of  Afia,  in  Arabia  Petra?a,  feated  on 
the  Red  Sea,  w  itti  a  good  harbour,  defended  by  a  calUe.  . 
There  is  a  haadfome  Greek  convent,  in  whofe  garden 
are  fountains  of  bitter  water,  which  they  pretend  are 
thofe  rendered  fweet  by'Mofes,  by  throwing  a  piece  of 
wood  into  them.  Some  think  that  this  town  is  the  an- 
cient Elana.      E.  Long.  31.  25.  N.  Lat.  28.  0. 

TORELLI  (Jofeph),  was  born  at  Verona  oe  the 
4th  of  November  1721.  His  father  Lucas  Torelli,  who 
was  a  merchant,  dying  when  young  Torelli  was  but  an 
infant,  he  was  left  entirely  to  the  care  of  his  mother 
Antonia  Albertini,  a  Venetian  lady  of  an  excellent  cha- 
racter. After  receiving  the  firft  rudiments  of  learning, 
he  was  placed  under  the  Ballerini,  who,  obferving  the 
genius  of  the  boy,  prevailed  upon  his  mother  to  fend 
him  to  complete  his  education  at  patavia.  Here  he  fpent 
four  years  entirely  devoted  to  fludy,  all  Lis  other  paf- 
fions  being  abforbcd  by  his  thiril  for  knowledge. 

The  unfullied  innocence  of  his  hfe,  and  the  prudence 
and  gravity  of  his  condudt,  foon  attracling  the  atten- 
tion of  his  mafters,  they  not  only  commended  him  with 
eagernsfis,  but  performed  to  him  the  part  of  parents, 
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Tiirelli.  cnnverfed  with  him  familinrly  about  tVieIr  refpeftive 
~~~^  fciences,  and  read  over  to  him  privately  the  leftures 
which  they  had  to  dehver.  This  waa  the  cafe  particu- 
larly with  Hercules  Dondinus,  under  whom  Torelli  ftu- 
died  jurifprudence.  But  he  by  no  means  confined  him- 
felf  to  that  fciencc  alone.  The  knowledge  which  he 
acquired  was  fo  general,  th;it  upon  whatever  fubjeft  the 
converfation  happened  to  turn,  he  delivered  his  fenti- 
ments  upon  it  in  Inch  a  manner  that  one  would  have 
thought  he  had  bellowed  upon  it  his  whole  attention. 

After  receiving  the  degree  of  Dodtor,  he  returned 
home  to  the  enjoyment  of  a  conhderable  fortune;  which 
putting  It  into  his  power  to  choofe  his  own  mode  of 
living,  he  determined  to  devote  himfelf  entirely  to  lite- 
rary purfuits.  He  relolved,  however,  not  to  cultivate 
one  particular  branch  to  the  exclufion  of  every  other, 
but  to  make  himfelf  mader  of  one  thing  after  another, 
as  his  humour  inclined  him ;  and  he  was  particularly  at- 
tentive to  lav  an  accurate  and  folid  foundation.  Tho' 
he  declined  praftifing  as  a  lawyer,  he  did  not,  on  that 
account,  relinqni(h  the  Ihidy  of  law.  The  Hebrew, 
Greek,  Latin,  and  Italian  languages,  occupied  much  of 
his  time.  His  objett  was  to  undertland  accurately  the 
two  firft,  and  to  be  able  to  write  and  fpeak  the  two 
laft  with  propriety  and  elegance.  Bcfides  thefe  langua- 
ges, he  learned  French,  Spanilh,  and  Englifli.  On  the 
laft,  in  particular,  he  bellowed  uncommon  pains;  for  he 
was  peculiarly  attached  to  the  Britifli  nation,  and  to  Bri- 
ti(h  writers,  whom  he  perufed  with  the  greateil  atten- 
tion ;  not  merely  to  acquire  the  language,  but  to  im- 
bibe alio  that  force  and  loftinefs  of  fentiment  for  which 
they  are  fo  remarkable.  Nay,  he  even  began  an  Italian 
tranflation  of  Paradile  Loll. 

He  likewife  made  himfelf  acquainted  with  ethics, 
metaphyfics,  and  polemical  divinity  ;  to  which  hill  fub- 
jeft  he  was  induced  to  pay  attention  by  the  cuilom  of 
his  country.  With  ancient  hillory  he  was  very  fami- 
liarly acquainted,  calling  in  to  his  ailiftance,  while  en- 
gaged in  that  lludy,  the  aids  of  chronology,  geography, 
and  criticifm.  This  laft  art,  indeed,  by  means  of  which 
what  is  counterfeit  may  be  diilinguiflitd  from  what  is 
genuine,  wh-at  is  interpolated  from  what  is  uncorrupt- 
ed,  and  what  is  excellent  from  what  is  faulty,  he  car- 
ried about  with  him  as  his  counfellor  and  his  guidi  up- 
on all  occafions. 

The  theory  of  ini/Jtc  he  fludied  with  attention,  pre- 
ferring thofe  powerful  airs  which  make  their  way  into 
the  foul,  and  roufe  thcpaflions  at  the  pleafure  of  the 
mufician.  His  knowledge  of  piUures  was  held  in  high 
cftimation  by  the  artills  themfelves,  who  were  accullom- 
ed  to  a{l<  his  opinion  concerning  the  fidelity  of  the  de- 
fign,  the  harmony  of  colours,  the  value  of  the  piifure, 
and  the  name  of  the  painter.  He  himfelf  had  a  collec- 
tion, not  remarkably  fplendid  indeed,  but  exceedingly 
well  chofen.  ArchiteBure  he  lludied  with  Hill  greater 
attention,  becaufe  he  confidered  it  as  ot  more  real  utili- 
ty. Nor  did  he  negleft  the  purfuits  of  the  antiquarian, 
but  made  himfelf  familiarly  acquainted  with  coins,  gems, 
medals,  engravings,  antique  veiTels,  and  monuments. 
Indeed  fca'ce  any  monumental  infcrlptions  were  engra- 
ved at  Verona  which  he  had  not  either  compofed  or 
correfted.  With  the  antiquities  of  his  own  country  he 
was  fo  intimately  acquainted,  that  every  perfon  of  emi- 
nence,  who  vifited  Verona,  took  care   to   have  him  in 
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their  company  when  they  examined  the  curiofities   of    Tordla, 
the  city.  '    '  'v 

But  thefe  purfuits  he  confidered  merely  as  amufe- 
ments  ;  mathematics  and  the  belles  lettres  were  his  leri- 
ous  ftudies.  Theie  (Indies  are,  in  general,  confidered 
as  incompatible;  but  Torelli  was  one  of  ihe  tew  who 
could  combine  the  gravity  of  the  mathematician  with 
the  amenity  of  the  mules  and  graces,  and  viho  handle 
the  compafs  and  the  plctlrum  with  equal  (Icill.  Of  his 
progrcfs  in  mathematics,  leveral  ot  his  treatifes,  and 
efpccially  his  edition  of  Archimedes,  publilhLd  fmce  his 
death  by  the  univerfity  of  Oxford,  are  fuflicicnt  proofs. 
Nor  was  his  progrels  in  the  more  pleafing  parts  of  lite- 
rature lefs  diilingulflicd.  In  both  thefe  Ihidles  he  was 
partial  to  the  ancients,  and  was  particularly  holtile  to 
the  poetry  and  the  literary  innovations  of  the  French. 

Nothing  could  be  purer  or  more  elegant  than  his  I^a- 
tin  ftyle,  which  he  had  acquired  at  the  expence  of  much 
time  and  labour.  His  Latin  tranflation  of  Archimedes 
is  a  fuflicicnt  proof  of  this,  and  is  indeed  really  won- 
derful, if  we  coniider  that  the  Romans,  being  far  infe- 
rior to  the  Greeks  in  mathematical  knowledge,  their 
language  was  of 'neceirity  dellitute  ot  many  ncceflary 
words  and  phiafes.  He  wrote  the  Italian  language 
with  the  claffic  elegance  of  the  14th  and  j  5th  centu- 
ries. Witnefs  his  different  works  in  that  language,  both 
in  profe  and  verfe.  He  tranflated  the  whole  of  .^Efop's 
Fables  into  Latin,  and  Theocritus,  \.)\t  Epilhalamium  of 
Catullus,  and  the  comedy  of  Plautus,  called  FfeuJulus, 
into  Italian  verfe.  The  two  firft  books  of  the  iEneid 
were  alfo  tranllated  by  him  with  fuch  exat't nefs,  and  fo 
much  in  the  ftyle  of  the  original,  that  they  may  well 
pafs  for  the  work  of  Virgil  himfelf. 

His  life,  like  his  ftudies,  was  drawn  after  the  model 
of  the  ancient  fages.  Frugal,  temperate,  modeft,  he 
exhibited  a  llrlklng  contralt  to  the  luxurious  manners 
of  his  age.  In  religion  he  adhered  ftvidtly,  though  not 
fu])erftitioufly,  to  the  opinions  of  his  anceltors.  He 
was  firm  to  his  refolutions,  but  not  foolillily  obftlnate  j 
and  fo  ftricl  an  obferver  of  equity,  that  his  probity 
would  have  remained  inviolate,  even  though  there  had 
been  110  law  to  bind  him  tojuttice.  He  never  married, 
that  he  might  have  leifure  to  devote  himfelf,  with  lefs 
interruption,  to  his  favourite  ftudies.  Every  one  rea- 
dily found  admiffion  to  him,  and  no  man  left  him  with- 
out being  both  pleafed  and  intlructed  ;  fuch  was  the 
fweetnefs  of  his  temper,  and  the  readinefs  with  which 
he  communicated  information.  He  adhered  with  great 
conftancy  to  his  friendftiips.  This  was  particularly  ex. 
emplilied  in  the  cafe  of  Clemens  Sibillatus,  who  has  fa- 
voured the  world  with  the  life  of  Torelli  With  him 
he  ke[)t  up  the  Uofeft  connection  from  a  fchool-boy  till 
the  day  of  his  death.  He  was  pecullarlv  attached  like- 
wife  to  many  men  of  dillintlion,  both  in  Italy  and  Bri- 
tain.     He  died  in  Auguft  1781,  in  the  70th  year  of  his 

The  following  is  a  complete  lift  of  his  works,  his  edi- 
tion of  Archimedes  excepted,  which  was  not  publilhed 
till  after  his  death  : 

1.  "  Lucubratio  Academica,  fivi  Somnium  Jacobi 
Pindemontii,  &c."  Patavli,  174?. — 2.  "  Animadver- 
fiones  in  Hebraicum  Exodi  Librum  ct  in  Graecum  Ixs 
Interpretationem;"  Veronx,  1744. — 3.  "  De  principe 
Gula;  incommode,  ejufque  rcmedio,  Libri  duo  ;"  Colo- 
nise 
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Torpfffo.  Ml*  Agn'ppini,  1744. — 4.  "DeProlMlii'li  Vitas  Morum- 
*— — v^—  que  Regula  ;"  Coloiiii,  1747.  J.  "  Li  due  priini  Caii- 
ti  dell'  Iliade  (di  Scipione  Maffci)  e  li  due  primi  dell' 
Eiieide  di  Giufeppc  'l"i)relli  tradotti  in  verii  Italiani  ;" 
Verona,  1749.  —  6.  "  Gli  ftefTi  due  canti  dell'  Eiieide  ri- 
llainpati  fuli  lu  ftelTo  anno  per  lo  llcITo  Rainanzini."  —  7. 
"  Seala  de  Meriti  a  capo  d'anno  Trattato  Geomttrlco  ;" 
Verona.  I75i. — 8.  "  De  Niliilo  Geometrico,  lib.  2.;" 
Vcrone,    I7;8.— 9.   "  Lettera  intorno  a  due  pafTi  del 

Piirgatorio    di    Dinte    Alighiero  ;"    ii.     1760 10. 

"  Delia  Denoniinazione  del  corrente  anno  vulgarmente 
detto  1760  in  Bologna  per  Lclio  della  Volpe." — 11. 
"  II  pfcudolo.  Comedia,  &c.  e  11  aggiunge  la  tradu- 
ziooe  d'alcniii  I  '.illi  di  Teocrito  e  di  Mofc.i  ;"  Firenzi, 
1765.  —  X  2.  "  Inno  a  Maria  Virgine  nella  Feitivita  del- 
la  fua  Concezione  ;"  Verona,  i7')6. — 13.  "  Lettera  a 
Miladi  Vaing-Rveit  premtiFa  al  libro  che  ha  per  titalo 
xii.  lettere  liiglcli,  con  altra  lettera  all'autore  della  ind- 
detta  ;"  Verona,  1767. — 14.  "  Eicgia  di  Tommato 
Gray,  Pocta  Ingl?fe,  in  un  Cimetero  Canipcftre  in  verfi 
Italiani  rimati  ;"  Verona,  17(^7- — 15.  "  Geonietrica  ;" 
Verons.  1769.  — 16.  "  Demonllratio  antiqni  I'lieore- 
matia  de  raotuuiu  commixtione  ;"  Veronae,  1774.  — 17. 
"  Lettera  fnpra  Dante  contro  il  Signor  di  Voltaire  ;" 
Verona,  1781. — 18.  "  Poemetto  di  CatuUo  fu  le  Noz- 
ze  di  Pcleo  e  Tetite,  ed  un  Epitalamio  dello  ftcfTo  ;" 
1781. —  19.  "CEIopi  FabuljE." — 2C.  "Teocrito  tra- 
dotto,  in  verfi  Tofcani." — 21.   "  Elementi  d'Euclide 

,  tradotti  nell  idioma  Italiano." 22.  "  Elementorum 

W  Profpetlivje,  libri  duo." 

K  TORPEDO,  or  Cramp   fish,  has  been  dcfcribed 

W  under  the  generic  title  Raja  ;  and  an  attempt  made  to 

explain  its  eledlrical  phenomena  in  the  article  Elec- 
TRiciTy,  n°  25S,  &c.  (Both  thefe  articles  are  in  the 
Encycliypfilla).  From  fome  late  difcoveries,  however, 
of  Volta  and  others,  the  fhock  given  by  the  torpedo  ap- 
pears much  more  analogous  to  the  (hock  of  Galva- 
nism than  to  that  of  common  elcftricity  ;  and  even  the 
eleftrical  organs  of  the  filli  feem  to  refemble  the  appa- 
ratus with  which  thofe  difcoveries  in  galvanifm  were 
made. 

In  the  63d  volume  of  the  Philofophical  Tranfaftions, 
Mr  Hunter  defcribes  the  eleiilric  organ  of  the  torpedo 
as  coniillirg  of  a  number  of  columns,  varying  in  their 
length  from  an  inch  and  a  half  to  a  quarter  of  an  inch, 
with  diameters  about  two-tenths  of  an  inch.  The  num- 
ber of  columns  in  each  organ  of  the  torpedo  which  he 
prefented  to  the  Royal  Society  was  about  470  ;  but  in 
a  very  large  torpedo  which  he  diflefted,  the  number  of 
columns  in  one  organ  was  1182.  Thefe  columns  were 
compofed  of  films  parallel  to  the  bafe  of  each  ;  and  the 
diftance  between  each  partition  of  the  columns  was 
,-J-,th  of  an  inch.  From  thefe  faAs,  the  reader  will 
find  the  anomalies  of  torpedinal  eletlricity  (fuppofing  it 
the  fame  with  common  cleftricity)  accounted  for  in  a 
very  ingenious  and  philofophical  manner  by  Mr  Nichol- 
fon,  at  p.  358  of  the  firft  volume  of  his  valuable  Jour- 
nal. We  pafs  on,  however,  to  point  out  the  refemblance 
between  it  and  the  lately  difcovered  phenomena  in  gal- 
vanifm. 

Take  any  number  of  plates  of  copper,  or,  which  is 
Suppl.Vol.il  Part  II. 
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better,  of  filver,  and  an  equal  nuinber  fif  fin,  or,  'vhich  V  'fio, 
is  nnich  better,  of  rinc,  and  a  like  number  of  difcs,  or  v  •"' 
pieces  of  card,  or  leather,  or  cloth  (a),  or  any  porous 
fubftance  capable  of  retaining  moiihire.  Let  thife  lall 
be  foakvd  in  pure  water,  or,  wliich  is  better,  fait  and 
water,  or  alkaline  leys.  The  lilver  or  copper  miv  be 
pieces  of  money.  Build  up  a  pile  of  thefe  pieces  ; 
namely,  a  piece  of  lilver,  a  piece  of  zinc,  and  a  piece 
of  wet  card  :  then  another  piece  of  iilver,  a  piece  of 
zinc,  and  a  plect  of  wet  card:  and  fo  forth,  iti  the  fame 
order  (or  any  othei  order,  provided  the  pieces  fiicce<  d 
each  other  in  their  turn),  till  the  whole  number  intend- 
ed to  be  made  ufe  of  is  buildcd  up.  The  initruuient  14 
then  coni])leted. 

In  this  itjte  it  will  afford  a  perpetual  current  of  the 
galvanic  influence  through  any  conduitorcommuiiicati'nr 
between  its  upper  and  lower  plates  ;  and  if  this  coi° 
duc'lor  be  an  animal,  it  will  receive  an  electrical  lliock 
as  often  as  the  touch  is  made,  by  which  the  circuit  is 
completed.  Thus  if  one  hand  be  applied  to  the  hjwer 
plate,  and  the  other  to  the  upper,  the  operator  will  le- 
ceive  a  (hock,  and  that  as  often  ai  he  pleafes  to  lift  his 
finger  and  put  it  down  again. 

This  Ihock  refembles  the  weak  charge  of  a  battery  of 
immenfe  furtace  ;  and  its  intenfity  is  fu  low  that  it  c:m- 
not  make  its  way  through  the  dry  (kin.  It  is  there- 
fore  nece(rary  that  a  large  furface  of  each  hand  (hould 
be  well  wetted,  and  a  piece  of  metal  be  grafped  \n  each, 
in  order  to  make  the  touch  ;  or  elfe  that  the  two  extre- 
mities of  the  pile  (hould  communicate  with  feparate  vef- 
fels  of  water,  in  which  the  hands  may  be  phinged. 

The  commotion  is  llronger  the  more  numerous  the 
pieces.  Twenty  pieces  will  give  a  fhock  in  the  arii;.s, 
if  the  above  precautions  be  attended  to.  One  hnndri-d 
pieces  may  be  felt  to  the  fhoulders.  The  current  atta 
on  the  animal  fyftem  while  the  circuit  is  complete,  as 
well  as  during  the  inilant  of  commotion,  and  the  action 
is  abominably  painful  at  any  place  where  the  (kin  is 
broken. 

It  is  effential  to  the  fuccefs  of  the  experiment,  that 
the  contiguous  furfaces  of  the  metallic  plates  be  per- 
fectly dry  during  its  whole  continuance  ;  for  the  intro- 
duftion  of  water  or  any  liquid  immediately  deflroys 
the  energy  of  the  pile.  It  is  neceflary  that  one  of  the 
metals  employed  lliould  be  much  more  eahly  oxidated 
than  the  other,  and  that  the  liquid  with  which  the  card  or 
cloth  is  inoillened  (hould  be  capable  of  oxidating  it. 
Hence  when  zinc  and  filver  are  ufed,  the  pile  does  not 
aft  if  the  cloth  be  moiilened  with  newly  boiled  dillil- 
led  water  ;  and  it  foon  ceafes  to  aft  if  it  be  covered 
with  a  receiver  and  feparated  from  the  external  air. 
The  Galvanic  pile  not  only  gives  (liocks  to  animal 
bodies,  but  it  exhibits  all  the  phenomena  of  common  elec- 
tricity. A  vifible  fpark  is  emitted  on  completing  the 
broken  circle,  metals  are  eafily  made  red  hoi  and  fet  on 
fire  by  it;  and  Van  Marum  afcertained  that  it  charo-es 
a  battery,  however  large,  to  its  own  intenfity  in  an  in- 
ilant. Now,  as  it  poIfefTes  exaftly  the  properties  of 
eleftricity  and  no  other  properties,  it  can  fcarcely  be 
doubted  that  the  fluid  which  circulates  in  the  Galvanic 
pile  is  common  eleftricity.  To  explain  the  caufe  of  the 
4  U  current 


(a)  Woollen  or  linen  cloth  appears  to  be  more  durable,  and  more  fpeedily  foaked,  than  card. 
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TorpeJo.    current  indeed  may  bea  difficult  ta(k  :   and  hitherto  it 
•  uiuft   be   acknowlcdtfed,  that   no  explanation  lias  been 

offered  that  is  perfc<?ily  fatlsfadtory.  But  this  is  no 
leafoii  for  denying  the  identity  of  Galvanifm  and  elec- 
tricity ;  and  accordingly,  this  identity  Items  now  ad- 
mitted by  all  thofe  philofophers  who  have  given  them- 
felvcs  the  trouble  to  repeat  the  experiments. 

Though  Mr  Volta's  celebrated  experiments  have  not 
removed  all  uncertainty,  and  though  he  has  drawn  his 
confequences  too  far,  they  muft  certainly  be  confidered 
as  a  very  important  Hep  towards  a  theory  of  tiie  Gal- 
vanic  pile.  Thefc  experiments  are  in  fubftance  as  fol- 
lows :  If  two  difffent  metals,  infulatcd,  and  having  on- 
ly their  natural  quantity  of  electricity,  are  brouglu  in- 
to contadi,  they  alTume,  when  again  feparated,  diffe- 
rent eleftric  ftates  ;  the  one  is  pofitive  and  the  other  ne- 
gative. This  difference,  which  in  each  contaft  is  very 
Imall,  becomes,  when  fucctffively  accumulated  by 
means  of  an  cleftrical  condcnfer,  fufficiently  ilrong  to 
feparate  t!ie  eleftrometer  very  fenfibly.  The  adion 
does  not  take  place  at  a  diftance,  but  only  upon  the 
contaft  of  the  different  metals  :  it  exiflsas  long  as  the 
contaft  continues  ;  but  its  intenfity  is  not  the  fame  for 
all  metals.  It  will  be  fufficient  to  take  for  example 
copper  and  zinc.  In  their  mutual  contaft,  the  copper 
becomes  negative  and  the  zinc  pofitive. 

Alter  having  proved  the  developement  of  metallic 
eleflricity,  independently  of  any  humid  conductor,  Mr 
Volta  next  introduces  fuch  conduftors.  If  we  form  a 
metallic  plate  of  two  portions,  the  one  of  zinc,  the 
other  of  copper,  by  foldcring  their  ends  together,  and 
taking  the  zinc  between  our  fingers,  touch  with  the 
copper  the  upper  plate  of  the  condenfer,  which  is  alfo 
of  copper,  the  condenfer  becomes  negative.  This  a- 
grees  obvioufly  with  the  former  experiment.  But  if, 
on  the  contrary,  we  hold  the  copper  in  our  fingers,  and 
touch  the  upper  plate  of  the  condenfer  with  the  zinc, 
upon  removing  the  metals  and  raifing  the  upper  plate 
of  the  condenfer,  it  indicates  no  tleftricity,  notwith- 
ftanding  the  lower  plate  is  connefled  with  the  common 
refervoir  in  the  earth.  But  as  foon  as  we  interpofe 
between  the  zinc  and  the  plate  of  the  condenfer  a 
piece  of  paper  moiftened  with  pure  water,  or  any  other 
moid  condudor,  the  condenfer  becomes  charged  with 
pofitive  eleftricily.  It  becomes  alfo  charged,  but  ne- 
gatively, when  we  hold  the  zinc  in  our  fingers,  and 
touch,  with  the  copper,  the  humid  conduftor  laid  on 
the  condenfer. 

Mr  Volta  thus  explains  thefe  fafts — Metals,  and 
probably  all  other  fubllances,  exert,  as  we  have  juft 
feen,  a  reciprocal  adlion  on  their  refpeftive  eleftricities 
at  the  moment  of  contaft.  When  we  hold  the  metal- 
L"c  plate  by  the  copper,  a  part  of  its  eleftric  fluid  paf- 
fcs  into  the  zinc  ;  but  if  this  zinc  is  in  Immediate  con- 
taft with  the  condenfer,  which  is  alfo  of  copper,  the 
condenfer  tends  with  equal  force  to  difcharge  its  own 
fluid  into  the  zinc,  and  therefore  can  receive  nothing 
from  the  zinc;  confequently,  after  the  contaft,  it  mull 
remain  in  its  natural  ftate.  If,  on  the  contrary,  we 
place  wet  paper  between  the  zinc  and  the  copper  of 
the  condenfer,  the  force  tending  to  difplace  the  elec- 
tricity, which  exifts  only  upon  the  contaft  of  the  two 
metals,  is  now  deflroyed  ;  the  water,  which  appears  to 
poffcfs  this  property,  but  in  a  very  weak  degree,  with 
regard  to   the  metallic  fubftances,  very  little  impedes 
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the  tranfmiflion  of  the  fluid  of  the  zinc  to  the  conden- 
fer, and  the  condenfer  is  at  liberty  to  become  pofitive- 
ly  charged.  Finally,  when  we  touch  the  condenfer 
with  the  end  which  is  of  copper,  the  interpofition  of 
the  wet  paper,  of  which  the  proper  aftion  is  very  weak, 
does  not  prevent  the  tranfitlon  of  a  part  of  the  pofi- 
tive eleftricity  of  the  condenier  into  the  plate  of  zinc  : 
fo  that  after  feparation,  the  condenfer  is  found  to  be 
charged  negatively. 

From  this  theory,  Mr  Volta  finds  no  difficulty  in 
explaining  the  pile.  For  the  fal^e  of  fimplicity,  we 
will  fuppofe  it  to  be  infulatcd,  and  we  will  reprefent  by 
unity  the  excefs  of  the  eleftricity  of  a  piece  of  zinc 
above  that  of  a  piece  of  copper  in  immediate  contaft 
with  it. 

If  the  pile  is  compofed  but  of  two  pieces,  the  lower 
one  of  copper,  the  upper  one  of  zinc,  the  eleftric 
ftate  of  the  firft  will  be  rcprefented  by  — i,  and  that 
of  tiie  fecond  by  -(-t-  If  ^^'*  add  a  third  piece,  which 
mufl  be  of  copper,  we  mufl  feparate  it,  in  order  that 
the  fluid  may  be  difplaced,  by  wet  paltcboard,  from 
the  piece  of  zinc  below  it  ;  and  in  this  cafe  it  will 
acquire  the  fame  ftate  of  eleftricity  with  the  zinc  ;  at 
leaft  neglefting  the  proper  aftion  of  the  water,  which 
aj)pears  to  be  very  feeble,  and  alfo  the  flight  degree  of 
refiftance  which  the  water  may  oppofe  to  the  commu- 
nication as  an  imperfeft  conduftor  of  eleftricity.  The 
apparatus  being  infulatcd,  the  excefs  of  the  upper 
piece  can  only  be  acquired  at  the  expence  of  the  lower 
piece  of  copper  :  and,  in  this  cafe,  the  charges  of  the 
refpeftive  pieces  will  be  different  from  the  former  ex- 
periment. The  lower  piece  of  copper  will  be  — y;  the 
piece  of  zinc,  which  is  in  immediate  contaft  with  it 
—  y-f-  r,  or  yj  and  the  upper  piece  of  copper,  fepa- 
rated from  the  zinc  by  wet  paftcboard,  will  have  the 
fame  charge,  that  is-f-y  ;  fo  that  the  negative  charge 
of  the  lower  piece  will  be  equal  to  the  fuin  of  the  po- 
fitive charges  of  the  two  others,  the  whole  quantity 
being  the  fame  as  in  the  natural  ftate. 

If  on  this  pile  we  place  another  piece  of  zinc,  this 
piece  will  demand  a  greater  quantity  of  eleftricity  by 
unity  than  the  copper  on  which  it  is  placed  :  but  fince 
this  excefs  can  only  be  obtained  at  the  expence  of  the 
pieces  below,  the  pile  being  infulatcd,  we  fliall  have. 
For  the  lower  pii.'ce  of  copper,  —  I 

For  the  fecond  piece,  which  is  of  zinc,  O 

that  is,  it  will  be  neutral. 

For  the  third  piece,  which  is  of  copper,  fepa- 
rated from  the  fecond  piece  by  wet  pafteboard  o 

For  the  upper  piece,  which  is  of  zinc,  and  in 
contaft  with  the  third,  -f-  1 

By  purfuing  the  fame  mode  of  reafoning,  we  may 
find  the  eleftrical  ftate  of  each  piece  of  the  pile,  fup- 
pofing  it  infulated  and  formed  of  any  given  number  of 
pieces  ;  the  quantities  of  eleftricity  will  increalt  at  each 
rtep,  from  the  bafe  to  the  fummit  of  the  pile,  in  an 
arithmetical  progreflion,  of  which  the  fura  will  va- 
nifli. 

Suppofing,  for  the  fake  of  fimplicity,  the  number 
of  contlituent  parts  to  be  even,  we  may  difcover,  by  a 
very  eafy  calculation,  that  the  piece  of  copper,  which 
is  the  firil,  and  the  piece  of  zinc,  which  is  the  laft  of 
the  pile,  muft  be  equally  eleftrified,  the  one  pofitively, 
the  other  negatively  ;  and  the  fame  will  be  true  of  any 
pieces  taken  at  equal  diftances  from  the  extremities  of 
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Torpfdo.  the  pile.  Between  the  pofitive  and  the  negative  dates, 
'-*~V~~  the  eleftricity  will  vanifli;  and  there  will  always  be  two 
pieces,  one  of  zinc,  the  other  of  copper,  which  will  be 
in  the  natural  llatc.  They  will  be  in  the  middle  of  the 
pile,  as  has  already  been  Ihown  in  the  exatnple  of  four 
pieces. 

I^et  us  now  make  a  communication  between  the 
lower  part  of  the  pile  and  the  earth  :  it  is  evident,  that 
then  the  lower  piece  of  copper,  which  is  negatively 
eieCtrilied,  will  tend  to  abforb  trom  the  ground  what  it 
has  loft  ;  but  its  clertrical  ftate  cannot  change,  unlcfs 
that  of  the  fuperior  pieces  be  alfo  varied,  fince  the  dif- 
ference of  the  pieces  mull  always  be  the  fame  in  the 
ftate  of  equilibrium.  Therefore  all  the  negative  quan- 
tities of  the  lower  half  of  the  pile  niuft  be  neutra- 
lifed  at  the  expeuce  of  the  common  refervoir  ;  and  in 
this  cafe,  the  loweft  piece,  which  is  of  copper,  will  have 
the  electricity  of  the  earth,  which  we  call  o.  The  fe- 
cond  piece,  which  is  of  zinc,  and  in  immediate  con- 
tadl  with  the  firft,  will  have  -{-  i .  The  third,  which  is 
of  copper,  and  ieparated  from  the  zinc  below  it  by 
wet  pafteboard,  will  alfo  have  -{-  1.  The  fourth, 
which  is  of  zinc,  and  in  immediate  contaft  with  the 
third,  will  have -^- 2.  And  in  the  fame  manner  the 
electricity  of  the  different  elements  will  continue  to  in- 
creafe  in  arithmetical  progreflion. 
I  If  we  then  touch,  with   our  hands,  the  two  extre- 

mities of  the  pile,  thefe  exceffes  of  eleftricity  will  be 
difcharged  through  our  bodies  into  the  common  refer- 
voir,  and  will  produce  a  ihock  fo  much  the  more  fen- 
fible,  as  the  lofs  is  quickly  repaired  from  the  earth,  and 
an  eledlrical  current  is  formed,  of  which  the  rapidity  is 
greater  within  the  pile  than  within  the  animal  body, 
which  is  an  imperfeft  condudlor  ;  fo  that  the  internal 
parts  of  the  pile  are  at  liberty  to  refume  a  degree  of 
teniion  approaching  to  that  which  they  had  when  in 
the  ftate  of  equihbrium.  The  communication  with  the 
earth  being  ftill  preferved,  if  we  bring  the  fummit  of 
the  pile  into  contadt  with  the  upper  plate  of  a  conden- 
fer,  of  which  the  lower  is  connefted  with  the  ground, 
the  eleiSricity,  which  was  accumulated  at  the  fummit 
with  a  ver)'  flight  degree  of  tenflon,  will  pafs  into  the 
condenfer,  where  the  tenfum  may  be  confidered  as  evan- 
"efcent ;  but  the  pile  not  being  infulated,  this  lofs  will 
be  repaired  from  the  earth  :  the  new  portions  of  elec- 
tricity recovered  by  the  upper  part  of  the  pile  will 
pafs  into  the  condenfer  like  the  preceding,  and  will  at 
laft  be  fo  accumulated  there,  that  when  we  remove  the 
plate  of  the  condenfer,  we  may  find  in  it  very  evident 
marks  of  eleiftricity,  and  we  may  even  take  fparks 
from  it. 

Such  is  Mr  Volta's  theory  ;  but  the  experiments  of 
Mr  Davy  are  fufficient  to  demonftrate  that  the  ideas  of 
this  celebrated  electrician  require  fome  modification. 
His  theory  muft  at  leaft  be  extended  to  the  imperfedt 
conduftors  as  well  as  the  metals.  Mr  Davy  has  (hewn 
that  two  kinds  of  galvanic  circles  may  be  formed. 
The  firft  is  compofed  of  two  different  metallic  fub- 
ilances,  or  one  metallic  fubftance  and  charcoal,  and  a 
peculiar  fluid.  The  fecond  is  compofed  by  two  diffe- 
rent fluids  and  one  metallic  fubllaRce. 

The  following  table  of  fome  circles  of  the  firft  kind, 
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in  which  the  different  fubftanccs   are  arranged  accord-  Turp 

ing  to  the  order  of  their  known  galvanic  powers,   will    V 

ftiow  how    intimately  chemical  agencies  are   related  to 
the   production  of  galvanifm. 

Ta  b  l  e  of  fome   Galvanic  Clicks.      Compcfed  of  two  per. 
feci  Condudors  and  one  impeifetl  C.ondudor. 


Zinc. 

With  ijold,  charcoal, 

j   6o!utii,nsoi  nunc 

-« 

U 

filvcr, copper,  till, 

acid  in   water,  of 

^i 

n-on,  mercury. 

muriatic  acid  and 

15 

Iron. 

'J 

.  .   .  gold,  charcoal, 
filver,copper,  tin, 

-0 

1  lulphuric  acid&c. 
r  Wdter  liolding  in 

Xi 

'I'm. 

Xi 

.  .   gold,filver,char 

bC 

folution    oxyjjcn. 

-0 

coal. 

_u 

atmolplieric    air. 

■i  Lead, 

i 

.   .   .   gold,  filver. 

PI 

-a 

J   &c. 

3 

Cop. 

.  .   .  gold,  filver. 

0 

\  Solution  ofnitratc 
^of  filver  and  mer- 

S 

-^ 

.Tcury.  Nitric  acid,] 

1      1  J  acetous  acid. 

_J 

Silv. 

.   .   .  gold.                 1     |Nitric  acid. 

The  moft  artive  fingle  circles  of  the  fecond  order  are 
thofe  in  which  the  two  imperfeft  conductors  are  capa- 
ble of  exerting  different  chemical  agencies  on  the  per- 
fect conductor,  at  the  lame  time  that  they  are  pofFef- 
fed  of  power  of  aftion  on  each  other.  Uut  even  cir- 
cles in  which  only  one  of  the  fluid  parts  is  decompo- 
fable  by  the  folid,  are  poflcilcd  of  power  of  action.  Thus 
copper,  filvcr,  or  lead,  aCts  very  powerfully  when  con- 
nedted  in  the  proper  order  with  lolutions  of  alkaline  lul- 
phurets and  of  nitrous  acid  ;  both  of  which  fluids  are 
poffeffed  of  diftinft  chemical  agencies  upon  them.  And 
copper  or  filver  adts,  though  with  lefs  intenfity,  when 
water,  or  a  fluid  which  they  are  incapable  of  decom- 
pofing,  is  fubftituted  for  one  of  the   chemical   agents. 

The  following  table  contains  fome  powerful  galvanic 
combinations  of  the  fecond  order,  arranged  according 
to  the  intenfity  of  their  aiSion. 

Table  of  fome  Galvanic  Circles.     Compofed  of  tiuo  im- 
perfeS  ConduSon  and  one  perfed  Conduhor. 


5 

0 

Cop. 

Silv. 

Lead 

Tin. 

Iron. 

Zinc- 

•i 
C 

c 
■0 

c 

Solutions  of  alkaline 
lulphurets,    capable 
of  adling  on  the  tirll 
three  metals  but  not 
oil  the  lait  three. 

0 
5 

Solutions  of  nitrous 
acid,     oxygenated 
muriatic  acid,  Sec, 
capable   of  adting 
on  all  the  metals. 

MefFrs  Nicholfon  and  Carlifle  conllrudted  an  appara- 
tus fimilar  to  that  of  Volta,  which  gave  them  a  fliock 
as  before  defcribcd,  and  a  very  acute  fenfation  where- 
ever  the  flcm  was  broken.  Very  early  in  the  courfe  of 
this  experiment,  the  contacts  being  made  fure  by  pla- 
cing a  drop  of  water  upon  the  upper  plate,  Mr  Carlifle 
oblerved  a  difengagement  of  gas  round  the  touchir.g 
wire.  This  gas,  though  very  rainute  in  quantity,  evi- 
dently fecmed  to  have  the  fmcU  afforded  by  hydrogen 
when  the  wire  of  communication  was  fteel.  This,  with 
fome  other  fails,  led  Mr  Nicholfon  to  propofe  to  break 
the  circuit  by  the  fubftitution  of  a  tube  of  water  be- 
4  U  2  tween 
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Torpedo,  tween  two  wires.     Tlity  therefore  inferted  a  bvafs  wire 

"■""> through  each  of  two  corks   infertcil  in    a  glafs  tube  of 

half  an  inch  internal  diameter.  The  tube  was  filled 
wilii  New  River  water,  and  the  dirtance  b'^tween  the 
points  of  the  wires  in  the  water  was  one  inch  and  three 
iniartcrs.  This  compound  difcharger  was  ap])lied  lo 
that  the  external  ends  of  its  wire  were  in  contaft  with 
the  two  -extreme  plates  of  a  pile  of  36  half  crowns, 
with  the  correfpondcnt  pieces  of  zinc  and  padeboard. 
A  fine  dream  of  minute  bubbles  immediately  began  to 
flow  from  the  point  of  the  lower  wire  in  the  tube 
vhich  communicated  with  the  fdver,  and  the  oppofite 
point  of  the  upper  wire  became  tarniflied,  firll  deep 
orange  and  then  black.  On  reverfmg  the  tube,  the 
gas  came  from  the  other  point,  which  was  now  lowed; 
while  the  upper,  in  its  turn,  became  tarnidied  and  black. 
Reverfing  the  tube  again,  the  phenomena  again  changed 
their  order.  In  this  date  the  whole  was  left  for  two 
hours  and  a  half.  The  upper  wire  gradually  emitted 
whitifli  filmy  clouds,  which,  towards  the  end  of  the 
procefs,  became  of  a  pea-green  colour,  and  hung  in 
perpendicular  threads  from  the  extreme  half  inch  of  the 
wire,  the  water  being  rendered  femiopaque  by  what  fell 
off,  and  in  a  great  part   lay,  of  a    pale   green   on   the 


fpace  of  one  Inch  and  the  tenths,  fo  that  the  whole  ma-  Torpcda 

chine  contained  60  pair  of  plates.      A  plate  of  zinc  and  v • 

filver,  each  1.6  inches  fqume,  well  cemented  together, 
were  introduced  into  each  of  thefe  grooves  or  notches, 
and  afterwards  cemented  into  the  trough  by  a  compofi- 
tion  of  rofin  and  wax,  fo  perfeftly  that  no  water  could 
pafs  from  one  cell  to  the  other,  nor  between  the  plates 
of  zinc  and  filver.  This  circuindance  mud  be  driftly  at- 
tended  to,  clfe  the  machine  will  be  extremely  imperfect. 
When  all  the  plates  were  thus  fecured  in  the  trough, 
the  intcrdiccs  or  cells  formed  by  the  different  pairs  of 
plates  were  filled  with  a  folution  of  the  niurlat  of  am- 
monia, which  here  fupplied  the  place  of  the  moldened 
papers  in  the  pile,  but  anfwtred  the  purpofe  much  bet- 
ter. It  is  hardly  neceffary  to  obferve,  that  in  fixing 
the  zinc  and  filver  plates,  they  mud  be  placed  regular- 
ly, as  in  the  pile,  viz.  alternately  zinc  and  filver,  the 
filver  plate  being  always  on  the  fame  fide.  When  a 
communication  was  made  between  the  fird  and  lad  cell, 
a  drong  fhpck  was  felt  in  the  arms,  but  fomewhat  dif- 
ferent from  that  given  by  the  pile,  being  quicker,  lefs 
tremulous,  and  bearing  a  greater  refemblance  to  the 
common  eleitric'al  diock.  He  condrudied  two  of  thefe 
machines,  which   contained  in   all   100  pair  of  plates; 


lovi'er  furface  of  the  tube,  which,  in  this  difpofition  of    thefe  when  joined   together  gave  a  very  drong  (hock, 


the  apparatus,  was  inclined  about  forty  degrees  to  the 
horizon.  The  lower  wire,  of  three  quarters  of  an  inch 
long,  conftantly  emitted  gas,  except  when  another  cir- 
cuit, or  complete  wire,  was  applied  to  the  apparatus  ; 
during  which  time  the  emiffion  of  gas  was  fufpended. 
When  this  lad  mentioned  wire  was  removed,  the  gas 
re-appeared  as  before,  not  indantly,  but  after  the  lapfe 
of  four  beats  of  a  half  fecond  clock  danding  in  the 
room.  The  produdt  of  gas,  during  the  whole  two 
hours  and  a  half,  was  two-thirtieths  of  a  cubic  inch. 
It  was  then  mixed  with  an  equal  quantity  of  comm<m 
air,  and  exploded  by  the  application  of  a  lighted  waxed 
thread. 

Thefe  experiments  vv'ere  immediately  repeated  and 
varied  by  other  philofophtrs.  Meffrs  Cruickdiank, 
Haldane,  Davy,  Henry,  Wolladon,  Fourctoy,  and 
Vauquelin,  are  the  mod  didingullhed. 

Mr  Cruickfliank  afcertained,  that  when  the  wire 
coming  from  the  zinc  end  of  the  pile  is  plunged  into 
iiifufion  of  litmus,  the  infufion  becomes  red,  and  an  a- 
cid,  which  appears  to  be  the  nitric,  is  formed  ;  that 
the  wire  from  the  filver  end  reddens  the  infufion  of 
brazil  wood,  and  of  couvie  an  alkali  is  formed.  This 
alkali  has  been  fuppofed  to  be  fixed  ;  but  in  our  expe- 
riments it  was  obvioufly  ammoni.i,  for  the  change  on 
the  infufion  of  mallows  (the  colouring  matter  which  we 
ufed)  was  not  permanent.  He  afcertained  alfo,  that 
the  filver  end  wire  revives  metals  from  their  falts,  as  had 
been  previoufly  known  to  happen  whenever  naicent  hy- 
drogen comes  in  contaft  with  them.  He  thought  al- 
fo, that  he  had  afcertained  that  all  liquids  containing 
no  oxygen  are  noncoiidntlors  of  galvanlfm. 

To  avoid  the  trouble  of  condantly  repiling  the  pieces 
©f  filver  and  zinc,  Mr  Crulckfhnnk  condrudled  a  kind 
of  trough  of  baked  wood,  26  inches  in  length.  1.7 
inches  deep,  and  1.5  inches  wide:  in  the  fides  of  this 
trough  grooves  were  rriade  oppofite  to  each  other,  about 
the  tenth  of  an  inch  in  depth,  and  fufficlently  wide  to 
admit  one  of  the  plates  of  zinc  and  filver  when  foldercd 
together  ;  three   of  thefe    grooves   were  made   in   the 


and  the  fpark  could  be  taken  in  the  day-time  at  plea- 
fure  ;  but  what  furprifed  him  not  a  little,  was  the  very 
{lender  power  which  they  poffeffed  in  decompofing  wa. 
ter:  in  this  refpeft  they  were  certainly  inferior  to  a  pile 
of  30  pair,  although  fuch  a  pile  would  not  give  a  fliuck 
of  one  third  the  drength. 

This  apparatus  retained  its  power  for  many  days,  and 
would  in  all  probability  have  retained  it  much  longer, 
had  not  the  fluid  got  between  the  dry  furfaces  ot  the 
metals.  To  remedy  this  dcft6t,  he  foldered  the  zinc 
and  filver  plates  together,  and  found  that  this  method 
anfwers  very  well.  The  zinc  plates  may  be  cleaned  at 
any  time,  by  filling  the  different  cells  for  a  few  minutes 
with  the  dilute  muriatic  acid.  Although  this  appara- 
tus may  net  entirely  fuperfede  the  pile,  efpecially  if  it 
diould  be  found  to  decompofc  water,  &c.  but  flowly, 
yet  in  other  rtfpefls  it  will  no  doubt  be  found  very  con- 
venient and  portable. 

Colonel  Haldane  proved,  as  might  have  been  ex- 
pefttd,  that  the  pile  does  not  aft  under  water,  nor  in 
vacuo,  nor  when  furrounded  by  a  gas  which  contains 
no  oxygen,  and  found  it  more  powerful  when  placed  in 
oxygen  gap. 

Mr  Henry  found  that  more  oxygen  was  obtained 
from  fulphuric  acid  than  from  water  by  the  agency  of 
the  pile.  He  deoxydated  nitric  and  oxymurlatic  acid 
by  means  of  it,  and  obtained  gafes  by  the  dccorapofi- 
tion  of  the  water  of  liquid  muriatic  acid.  Tlie  gafes 
he  found  incapable  of  tranfmitting  the  galvanic  in- 
fluence. 

Mr  Davy  found,  that  if  the  zinc  end  wire  be  plunged 
into  one  glafs  of  water,  and  the  filver  end  wire  into  ano- 
ther, and  the  circle  be  compJeted  by  plunging  a  finger 
into  each  glafs,  the  hydrogen  gas  is  evolved  in  one 
glafs  and  the  oxygen  in  the  other.  He  proved  that 
the  aftlon  of  the  pile  is  proportional  to  the  oxydation 
of  the  zinc  ;  that  its  aftion  is  increafed  by  interpofing 
acids,  becaufe  they  increafe  the  rapidity  of  oxydation, 
and  that  with  acids  the  pile  afts  even  in  vacuo. 
He  found  alfo  that  a  pile  of  zinc  and  charcoal  has  very 

great 
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I'RACTRIX,    in    geometry,   a  cun-e    Ifiif,  called    Ttaftrlit 
a!fo  Catenaria  ;   which  fee,  Encyclopiedea  and  Arch,, 
Suppl. 

TRADESCANT  (John),  an  ingenious  naturalift 
and  antiquary,  was,  according  to  Anthony  Wood,  a 
I'lcniiiig  or  a  Dutehn.an.  Wc  are  informed  by  Parkin- 
fon,  tiiat  he  had  travelled  into  ir.oft  parts  of  Europe, 
and  into  Darbary  ;  and  rruin  fomc  emblems  remaining 
upon  his  n.oi.iunieiit  in  Lambeth  church-yard,  it  plainly 
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(Treat  energy.  To  him  we  are  Indebted  for  the  pile 
with  one  metal  formerly  defcribed,  and  he  has  more 
lately  proved  that  charcoal  oi  plumbago  may  be  fub- 
ftitutcd  for  the  metal.  A  pile  of  charcoal,  pUimbago, 
arid  cloth,  moilUiied  with  muriat  of  lime,  retains  its 
energy  for  a  long  time. 

Dr  WoUallon  proved,  that  when  common  tleftricity 
is  pafled  through  water  by  means  of  two  very  fine  me- 
tallic points,  chemical  changes  are  cffeded  by  it,  anala-       .  ^  .  _ 
pous  to  thofc  occafioncd  by  the  tranfmiir.on  of  the  gal-    appears  that  he  had  vifittd    Greece,  Egypt,   and  other 
vanic    influence.       This   fai't,    fmgly,    prefents   a   very     eallern  countries.   In  his  travels,  he  is  fuppofed  to  have 
flroiig    analogy   betiveen   galvai.iim    and   the   common 
elcftrical     influence  ;     and   when   compaied     with   the 
other  fac\s,  it   amounts   aimoft   to   a   deiiionttration   of 
their  identity.     Dr  Wolhiilon  iikewlfe  afcertained  that 
electricity  is  evolved  duri:ig  oxydatioii.    He  found  that 
an  eledrical  machine  cannot    be   excited  when  plunged 
into  any  gas  that  does   not   contain  oxygen  ;  and  lup- 
pofcs  the   excitation    in  a   great    mcafure  owing  to  iLc 
oxydation  ot  the  amalgam. 

Fourcroy  and  Vauquelin  made  ufe  of  metallic'  plates 
about  a  foot  fquare,  and  obfer\ed  that  a  much  finSiler 
number  of  fuch  plates  than  are  fufficient  to  produce 
(hocks,  give  fparks,  and  even  fet  tire  to  the  metals 
when  prefenteij  in  fine  wires  or  leaves.  By  twelve  pairs 
of  fuch  plates,  a  mixture  of  oxygen  and  hydrogen  gas 
may  be  exploded,  and  iron  wire  fet  on  fire  in  oxygen 
gas.      All  the  metals  may  be  fet  on  fire. 

Such  Is  a  fhort  Ilvetch   of  the  new  facSs   which  have 


colleded,  not  only  plants  and  feeds,  but  moll  of  thofe 
curlofities  of  every  fort  which,  after  his  death,  were  fold 
by  his  foil  to  the  famous  Ellas  Afhmole,  and  depofited 
in  his  mufeum  at  Oxford.  When  he  firll  fettled  in  this 
kingdom  cannot,  at  this  diftance  of  time,  be  afcertained. 
Perhaps  it  was  at  the  latter  end  of  the  reign  of  Queen 
Elizabeth,  or  the  beginning  of  that  of  King  James  I. 
His  print,  engraven  by  Hollar  before  the  year  1656, 
which  reprefenls  him  as  a  perfon  very  far  advanced  in 
years,  feems  to  countenance  this  opinion.  He  lived  in 
a  great  houfe  at  South  Lambeth,  where  his  mufeutn 
was  frequently  vifited  by  perfons  of  rank,  who  became 
benefattors  thereto:  among  thefc  were  King  Charles  L 
(to  whom  he  was  gardener),  Henrietta  Mjria  his  Queen, 
Archblfnop  Laud,  George  Duke  of  Buckingham,  Ro- 
bert and  William  Cecil,  Earls  of  Sallfbury,  and  many 
other  perfons  of  dlllinftlon.  John  Tradefcant  may 
therefore  be  juftly  confidcred  as  the   earlleft   colleflor 


been  difcovered  in  galvanifm  ;  but  the  examination   of    (in  this  kingdom)  of  every  thing  that   was  curious  in 

the  fubjeft  has  not  proceeded  far  enough  to  admit  of  a 

fatlsfaftory  explanation  of  them.    The  fafts  relating  to 

the  feparate  production  of  oxygen  and  hydrogen,  acid 

and  alkali,  in  water,  arc  totally  Incommenfurable  with 

the   ufually  received   theory  of  chemiftry.     And   even 

fuppofirg  that  the  appearance  of  the   two  lafl  of  thefe 


natural  hiftory,  viz.  minerals,  birds,  fifhes,  infefts,  &c. 
He  had  alfo  a  good  colleftion  of  coi.TS  and  medals  of 
all  forts,  btfides  a  great  variety  of  uncommon  rarities. 
A  catalogue  of  thefe,  publiihed  by  his  fon,  contains 
an  enumeration  of  the  many  plants,  fhrubs,  trees,  &c. 
growing    in  his  garden,    which  was  pretty  extenfive. 


bodies  is  connefted   with   the    picfence  of  atmofpheric     Some  of  thefe  plants  are,  if  not  totally  extindt,  at  leaft. 

■  ....         become  very  uncommon,  even  at  this  time  :  though  this 

able  man,  by  his  great  induftry,  made  It  manifeft,  in. 
the  very  infancy  of  botany,  that  there  is  fcarce  any 
plant  extant  in  the  known  world  that  will  not,  with  pro- 
per care,  thrive  in  this  kingdom. 

When  his  houfe  at  South  Lambeth,  then  called 
TraJifcant's  Ark,  came  into  Afhinole's  pofTefllon,  he 
added  a  noble  room  to  It,  and  adorned  the  chimney 
with  his  arms,  impaling  thofe  of  Sir  William  Dugdale, 
whofe  dauirhter  was  his  third" wife  :  where  thcv  remain 
is  day. 


air,  It  is  ftlU  extremely  difficult  to  conceive,  that  either 
oxygen  or  hydrogen  can  pafs  iu  an  invifible  form 
through  fluids  or  organic  bodies.  Common  phyfical 
faiits  prefcnt  us  with  wo  analogies  fufilciently  dllllnft  to 
enable  us  to  reafon  on  this  fubjeft  ;  and  the  elucidation 
of  it  will  prcbably  be  connected  with  perfettly  new 
views  of  corpufcular  aftion. 

If  this  article  be  thought  long,  and  if  we  appear  to 
have  loll  fight  of  our  original  fubjeft,  the  Torpedo,  we 
iiave  only  to  plead  in  excufe  for  our  conduft,  that  whlllt 
we  could  not  avoid  pointing  out  the  refemblance  be- 
tween the  (hock  given  by  the  torpedo  and  that  by 
Volta's  apparatus,  we  felt  it  a  kind  of  duty  to  embrace 
the  only  opportunity  that  we  (liall  have  of  laying  be- 
fore our  readers  the  additional  information  refpefting 
the  phenomena  of  Galavkisi>i  which  we  have  recei- 
ved fince  the  publication  of  that  article.  Thefe  phe- 
nomena are  yet  new,  and  they  are  unqueftlonably  Im- 
portant ;  indeed  fo  very  important,  that  to  us  it  ap- 
pears neither  impoCible,  nor  even  improbable,  that  to 
tlic  galvanic  agency  of  metals  and  minerals  may  be  at- 
tributed volcanoes  and  earthquakes. 


to  t) 

It  were  much  to  be  wlflied,  that  the  lovers  of  bota- 
ny had  vifited  this  once  famous  garden  before,  or  at 
leall  in  the  beginning  of  the  17th  century.  But  this 
feems  to  have  been  totally  neglcftcdtill  the  year  1749,. 
when  Dr  Watfon  and  the  late  Dr  Mitchell  favoured 
the  Royal  Society  with  the  only  account  now  extant  of 
the  remains  of  Tradefcant's  garden. 

When  the  death  of  John  Tradefcant  happened  Is  not 
known  ;  no  mention  being  made  thereof  in  the  reglller- 
book  of  Lambeth  church. 

TRAJECTORY,  a  term  often  ufed,  generally  for 

TOUCAN,  or    American    Goose,  is  one  of  the    the  path  of  any  body,  moving  either  in  a  void,  or  in  a 

modern  conftellations  of  the  fouthern  hemlfphere,  con-    medium  that  refills  its  motion  ;  or  even   for  any  curve 

fitting  of  nine  fmall  liars.  pafTing  through  a  given  number  of  points.   Thus  New- 

TRACTORS,  Metallic.  See  Perkinism  in  this    ton,  Princip.  lib.  i.  prop.  22.   propofes  to  defcribe  a 

Suppl.  traieftory  that  fliall  pafs  tluough  five  given  points. 

TRAITOR'S 


Traitor's 
Ifland 
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TRAITOR'S  Island,  one  of  tlie  Archipelago  call- 
ed N^f'G  fTORs  IJl.'inds,  in  the  South  Sea  (See  that 
■r-rj„[],tion_article  SuppL).  It  is  low  and  flat,  with  <inly  a  hill  of 
I  I  y  .  I  fome  height  in  the  middle;  and  is  divided  into  two 
parts  by  a  channel,  of  which  the  mouth  is  about  150 
toifes  wide.  It  abounds  with  bananas,  yams,  and  the 
fined  cocoa-nuts,  which  Peroufe  fays  he  ever  faw.  A- 
bout  twenty  canoes  approached  the  French  fhips  with- 
out dread,  traded  with  a  good  deal  of  honefty,  and  ne- 
ver refufed,  like  the  natives  of  the  archipelago  of  Na- 
vigators, to  give  their  fruit  before  they  were  paid  for 
it  ;  nor,  like  them,  did  they  give  a  preference  to  beads 
over  nails  and  pieces  of  iron.  They  fpoke,  however, 
the  fame  language,  and  had  the  fame  ferocious  look; 
their  drefs,  their  manner  of  tatowing,  and  the  form  of 
their  canoes,  were  the  fame;  nor  could  we  (fays  the 
author)  doubt  that  they  were  one  and  the  fame  people: 
they  differed,  indeed,  in  having  univerfally  two  joints 
cut  off  from  the  little  finger  of  the  left  hand  ;  whereas, 
m  the  iflands  of  Navigators,  I  only  perceived  two  indi 
viduals  who  had  fuffered  that  operation.  They  were 
alfo  of  much  lower  ftature,  and  far  lefs  gigantic  make  ; 
a  difference  proceeding,  no  doubt,  from  the  foil  of  thefe 
iflands,  which  being  lefs  fertile,  is  confequently  lefs  fa- 
vourable to  the  expanfion  of  the  human  frame. 

TRAMMELS,  in  mechanics,  an  inftrument  ufed  by 
artificers  for  drawing  ovals  upon  boards,  &c.  One  part 
of  it  confifts  of  a  crofs  with  two  grooves  at  right  angles; 
the  other  is  a  beam  carrying  two  pins,  which  flide  in 
thofe  grooves,  and  alfo  the  defcribing  pencil.  All  the 
engines  for  turning  ovals  are  conftrAfted  on  the  fame 
principles  with  the  trammels  :  the  only  difference  is, 
that  in  the  trammels  the  board  is  at  relt,  and  the  pen- 
cil moves  upon  it  ;  in  the  turning  engine,  the  tool, 
■which  fupplies  the  place  of  the  pencil,  is  at  reft,  and 
the  board  moves  againft  it.  See  a  demonftration  of  the 
chief  properties  of  thefe  inftruments  bv  Mr  Ludlam,  in 
the  Phil.  Tranf.  vol.  kx.  p.  378,  &c.' 

TRANSFORMATION,  in  geometry,  is  the  cban- 
ging  or  reducing  of  "a  figure,  or  of  a  body,  into  another 
of  the  fame  area,  or  the  fame  folidity,  but  of  a  different 
form.  As,  to  transform  or  reduce  a  triangle  to  a  fquare, 
or  a. pyramid  to  a  parallelopipedon. 

TRAHSfOfMATioN  of  Equationi,  in  algebra,  is  the 
changing  equations  into  others  of  a  different  form,  but 
of  equal  value.  This  operation  is  often  n'ecelTary,  to 
prepare  equations  for  a  more  eafy  folution. 

TRANSLATION,  in  literature,  is  a  matter  of  fo 
much  importance,  that  no  other  apology  can  be  made 
for  the  very  imperfeft  manner  in  whidi  it  is  treated  in 
the  Encyclopiidia,  than  a  candid  declaration  that  it  was 
impoffible  to  enter  at  all  upon  the  fubjcrt  within  the 
narrow  limits  to  which  we  were  then  reftrifted  by  the 
proprietors  of  the  work.  The  fundamental  laws  of 
tranflation,  which  we  gave  in  that  article,  we  believe 
indeed  to  be  incontrovertibly  jufl  ;  but  we  are  forry 
that  our  inaccurate  exprelTions  have  led  fome  of  our 
readers  to  fuppofe  that  Mr  Tytler,  in  his  elfay,  has 
done  nothing  more  than  illuftrate  the  ideas  that  were 
fuggefted  to  him  by  Dr  Campbell.  The  truth  is,  that 
the  fame  ideas  of  a  juft  tranflation  occurred  to  thefe  two 
ingenious  writers  at  the  fame  time,  without  the  frr>al-. 
left  communication  with  each  other  ;  and  this  f;'A,' 
■p'hich  confifts  with  our  own  knowledge,  is  furely  a 
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corroboration  of  the  laws  laid  down  by   both;  but  the TranfljtiDii 
queftion  is,   how  are  thefe  laws  tn  be  obeyed  ?  «    ~J 

In  order  that  a  tranfldtor  may  be  enabled  to  give  a 
complete  tranfcript  of  the  ideas  of  th^  original  work,  it 
is  almoft  needlefs  to  obferve,  that  he  muft  poffefs  a  per- 
feft  knowledge  of  both  languages,  viz.  that  of  his  au- 
thor, and  that  into  which  he  is  to  tranflate  ;  and  that 
he  muft  have  a  competent  acquaintance  with  the  fub- 
jeft  of  which  his  author  treats.  Thefe  propolitions  we 
confiJer  as  ftlfevident  ;  but  if  any  of  our  readers  fhall 
be  of  a  different  opinion,  we  refer  them  to  an  E^ay  on  the 
Principles  of  Tranflation,  pviblifhed  1  797  by  Cadell  and 
Davies,  London,  where  they  will  find  our  doftrine  very 
clearly  illuftrated.  It  may  be  proper  to  add,  that 
fuch  a  knowledge  of  the  Greek  and  Latin  languages  as 
merely  enables  a  man  to  read  them  with  eafe  and  enter- 
tainment to  himfelf,  is  by  no  means  fufficient  to  qualify 
hiin  for  tranflating  every  Greek  and  Latin  book,  even 
though  it  treats  of  a  fubjeft  with  which  he  has  a  gene- 
ral acquaintance.  The  religious  rites  and  ceremonies 
of  the  Greeks  and  Romans,  as  well  as  the  radical  words 
of  their  language,  were  derived  from  the  Eall  ;  and  he 
who  is  an  abfolute  ftranger  to  oriental  literature,  will 
be  very  liable  to  miftake  occafionally  the  fenfeof  Greek 
and  Roman  authors  who  treat  of  religious  fubjefts.  We 
could  illuftrate  the  truth  of  this  pofition  by  quotations 
from  fome  of  the  moft  admired  modern  tranflations  of 
the  Greek  Scriptures,  which  we  have  no  hefitation  to 
fay  fall  very  fhort  of  the  authorifed  verfion  in  accuracy 
as  well  as  in  elegance.  The  divines  employed  by  King 
James  to  tranflate  the  Old  and  New  Teftaments  were 
profoundly  fkilled  in  the  learning,  as  well  as  in  the  lan- 
guages, of  the  Eaft  ;  whilft  fome  of  thofe  who  have 
prefumed  to  improve  their  verfion  feem  not  to  have  pof- 
feffed  a  critical  knowledc^e  of  the  Greek  tongue,  to 
have  known  ftill  lefs  of  the  Hebrew,  and  to  have  been 
abfolute  ftrangers  to  the  dialedl  fpoken  in  Judea  in  the 
days  of  our  Saviour,  as  well  as  to  the  manners,  cuftoms, 
and  peculiar  opinions  of  the  Jews  fefts.  Neither  me- 
taphyfical  acutenefs,  nor  the  moft  perfeft  knowledge  of 
the  principles  of  tranflation  in  general,  will  enable  a 
man  who  is  ignorant  of  thefe  things  to  improve  the  au- 
thorifed verfion  either  of  the  Gofpels  or  the  Epiftles  f 
for  fuch  a  man  knows  not  accurately,  and  therefore 
cannot  give  a  complete  tranfcript  of  the  ideas  of  the 
original  work. 

But  fuppofing  the  tranflator  completely  qualified  with 
refpeift  to  knowledge,  it  becomes  a  queftion,  whetlier 
he  may,  in  any  cafe,  add  to  or  retrench  the  ideas  of  his 
author  ?  We  are  ftrongly  inclined  to  think,  that,  in  no 
cafe,  it  is  allowable  to  take  fuch  liberties  ;  but  the  in- 
genious and  elegant  efiayift,  whofe  work  on  the  prin- 
ciples of  tranflation  we  muft  always  quote  with  refpeft, 
is  of  a  different  opinion.  "  To  give  a  general  anfwer 
(fays  he)  to  this  queftion,  I  would  fay,  that  this  liberty 
may  be  ufed,  but  with  the  greateft  caution.  It  muit 
be  further  obferved,  that  the  fuperadded  idea  fhall  have 
the  moft  necefl'ary  conneftion  with  the  original  thought, 
andaflually  increafe  its  force.  And,  on  the  other  hand, 
that  whenever  an  idea  is  cut  off  by  the  tranflator,  it 
muft  be  only  fuch  as  is  an  acceffory,  and  not  a  prini 
ciple,  in  the  claufe  or  fentence.  It  muft  likewife  be 
conftfTedly  redundant,  fo  that  its  retrenchment  fliall  not 
impair  or  weaken  the  original  thought.     LTnder  thefe 

limitations, 
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limitations,  a  tranflator  may  exercife  his  judgment,  and 
aflTume  to  himfelf,  in  fo  far,  the  charafter  of  an  original 
vvrittr." 

Of  the  judicious  ufe,  as  he  thinks  it,  of  this  liberty, 
the  author  quotes  many  examples,  of  which  we  (hall  fe- 
lea  three,  as  well  calculated  to  illullrate  our  own  ideas 
of  tiie  fubieft. 

In  the  iirft  book  of  the  Iliad,  Achilles,  having  re- 
folved,  though  indignantly,  to  give  up  Brifeis,  defirea 
Patroclus  to  deliver  her  to  the  heralds  of  Agamemnon  : 


*H  J'  axiD'jf'  aV*    Tcio-i  yvtn  xitv*  ItUts,  A.  ; 


AS- 


Patroclus  now  th'  unwilling  beauty  brought  ; 
She  ill  foft  forrows,  and  in  penfive  thought, 
Pad  filent,  as  the  heralds  held  her  Iiand, 
And  oft  look'd  back,  (low  moving  o'er  the  ftrand. 

Pope. 

Our  author  thinks,  and  we  heartily  agree  with  him. 
that  the  amplitication  in  the  three  lall  lines  of  this  ver- 
fion  highly  improves  the  efteit  of  the  piilure  ;  but  we 
cannot  eonfiJer  this  amplification  as  a  new  idea  fuper- 
added.  It  was  the  objeft  of  Homer  to  inform  his 
countrymen,  that  Brifeis  went  with  the  heralds  umvil- 
littgly.  This  he  does  by  the  words^;,  s'  axcjucr'  «',«.«  toio-i 
y\j<ri  xii«-,  and  it  is  by  lo  means  improbable,  that  the 
rhythmical  movement  of  the  verfe  may  have  prefented 
to  the  ancient  Greeks  the  image  of  the  lady  walking 
flowly  and  reluftantly  along.  This  image,  we  are  fure, 
is  not  produced  by  a  literal  tranflation  of  the  Greek 
words  into  Engliili  ;  and  therefore  it  was  Pope's  duty, 
not  to  add  to  the  ideas  of  the  original,  but,  by  amplifi- 
cation, to  prcfent  to  his  own  countrymen  the  pifture 
which  Homer,  by  the  fuperiority  of  the  Greek  lan- 
guage and  rhythm,  had  prefented  to  his. 

In  the  ninth  book  cf  the  Iliad,  where  Phoenix  re- 
minds Achilles  of  the  care  he  had  taken  of  him  while 
im  mfant,  one  circumftance,  extremely  mean,  and  even 
difgufting,  is  found  in  the  original : 


-on  Sn  r    m 


Oio: 

Oivou  aT?/3xu^i;v  It  vmrnvi  tt\iyitvn. 


bealHy  image  of  Homer,  he  prefents  him  with  the  fol-   Tranfla- 
lowing  fcenc,  which  he  may  daily  meet  with  in  his  own       ''°"- 
family,  or  in  the  families  of  his  friends  :  — y~— j 

Thy  infant  brcall  a  like  afTeftion  (how'd. 
Still  in  my  arms,  an  ever  pleafing  load  ; 
Or  at  my  knee,  by  Phanix  wou'ld'ft  thou  (land, 
No  food  was  grateful  but  from  Phoenix  hand: 
.    I  pafs  my  watchings  o'er  thy  helplcfs  years, 
I'he  tender  labours,  the  compliant  cares. 

This  is  a  pifture  of  the  domeftic  manners  of  Great  Bri- 
tain  in  the  19th  century,  and  not  of  Greece  in  the  he- 
roic  ages. 

In  the  beginning  of  the  eighth  book  of  the  Iliad,  Ho- 
mer  puts  into  the  mouth  of  Jove  a  very  llrange  fpeech, 
ituffed  with  braggart  vaunting  and  ludicrous  images. 
This,  as  our  author  obferves,  is  far  beneath  the  dignity 
of  the  thunderer;  but  it  is  only  beneath  the  dignity  of 
the  thunderer  as  our  habits  and  modes  of  thinking  com- 
pel  us  to  conceive  fuch  a  being.     The  thunderer  of  the 
Greeks  was  a  notorious  adulterer  and  fodomite,  whofe 
moral  charafter  finks  beneath  that  of  the  meaneit  of  our 
bravos  ;  and  as  he  had  dethroned  his  father,  and  waged 
for  fome  time  a  doubtful  war  with  certain  earthly  giants, 
it  does  not  appear  to  us  that  the  boafting  fpeech  which 
Homer  puts  into  his  mouth   is  at  all  unfuitable  to  his 
acknowledged  attributes.     But  whether  it  be  or  not, 
was  not  the  tranllator's  concern.     Homer,    when    he 
compofed  it,   certainly  thought  it  not  unworthy  of  the 
thunderer;  and  whatever  Pope's  opinion  might  be,  he 
had  no  right  to  fubftitute  his  own  notions  of  propriety 
for  thofe  of  his  author.      The  mythological  talcs  of  the 
poets,  and  more  efpecially  of  Homer  and  Hefiod,  con- 
ilituted,  as  every  one  knows,  the  religious  creed  of  the 
vulgar  Greeks  (fee  Polytheism,  n°  33.  Encycl.)  ;  and 
this  circumftance  makes  it  doubly  the  duty  of  a  tranfla- 
tor to  give,  on  fuch  fubjefts,  a  fair  tranfcript  of  his  au- 
thor's id«as,  that  the  mere  Englilh  reader,  for  whom  he 
writes,  may  know  what  the  ancients  really  thought  of 
the  objefts  of  their  idolatrous  worlhip.     This  Pope  has 
not  done  in  the  fpeech  under  confideration  ;  and  has 
therefore,  in  our  opinion,  deviated  widely  from  the  firfl 
and  mod  important  of  the  three  general  laws  of  tranda- 
tion.     Johnfon  has  apologized,    we  think  fufficiently, 
for  many  of  Pope's  embellifliments  of  his  author  ;  but 


The  literal  verfion  of  thefe  lines  is  indeed  very  grofs .-     he  has  not  attempted  to  make  an  apology  for  fuch  em- 
"  When  I  placed  you  before  my  knees,  I  crammed  you     belii(hments  as  alter  the  fenfe.    AVe  cannot  indeed  con- 

ceive  a  pretence  upon  w^ich  it  can  ever  be  allowable  in 


with  meat,  and  gave  you  wine,  wliich  you  often  vomit- 
ed upon  my  bolom,  and  ftained  my  clothes,  in  your 
troublefome  infancy  :"  but  we  cannot  agree  with  our 
author,  that  the  Englilh  reader  is  obliged  to  Pope  for 
having  altogether  funk  this  naufeous  image.  What  is, 
or  ought  to  be,  our  objett  in  reading  Homer  ?  If  it  be 
merely  to  delight  our  car  with  fonorous  lines,  and  pleafe 
our  fancy  with  grand  or  fplendid  images,  the  tranflator 
certainly  did  right  in  keeping  out  of  view  this  difguft- 
ing  pifture  of  favage  life  ;  but  when  he  did  fo,  he  can- 
not be  faid  to  have  given  a  complete  tranfcript  of  his 
author's  ideas.  To  pleafe  ourfelves,  however,  with 
fplendid  images,  is  not  our  'only  obje£l  when  iludying 
the  works  of  the  ancient  poets.  Another,  and  in  our 
opinion  a  more  important  objeft,  is  to  acquire  a  lively 
notion  of  ancient  manners ;  and  if  fo,  Pope  grofsly 
mifleads  the  mere  Englifh  reader,  when,  inRead  of  the 


a  tranflator  to  add  to  the  ideas  of  his  author,  to  re. 
trench,  or  to  vary  them.  If  he  be  tranflating  hiftory» 
and  find  his  author  advancing  what  he  believes  to  be 
falfe,  he  may  corredl  him  in  a  note  ;  but  he  has  no  right 
to  make  one  man  utter,  as  his  own,  the  belief  or  the 
fcntiments  of  another,  when  that  belief,  and  thofe  fen- 
timents,  are  not  his  own.  If  he  be  tranflating  a  work 
of  fcience,  he  may  likewife  correcft  the  errors  of  his  au- 
thor in  notes,  as  Dr  Gierke  corrcded  thofe  of  Ro- 
hault  ;  but  no  man  has  a  right  to  give  to  a  Rohauk 
the  fcience  of  a  Newton.  The  tranflator  of  a  poem 
may  certainly  employ  amplification  to  place  in  a  (Iriking 
light  the  images  or  the  fentiments  of  the  original  work  i. 
but  he  mud  not  alter  thofe  images  or  fentiments  fo  as- 
to  make  that  appear  grand  or  elegant  in  the  verfion. 
which  is  mean  or  difgulling  in  the  original.     On  every 

occafioa 
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occufion  on  which  he  takes  fiuh  liberties  as  tliefe,  he 
ceafcs  to  be  a  tianflatov,  and  becomes  a  faiUilcfs  para- 
phraft. 

The  fccond  general  law  of  tianflation,  though  cer- 
tainly Icffi  important,  is  perlups  more  dilfitult  to  be  ob- 
ferved  than  the  lirll.  We  have  Rated  it  in  thcfe  words  : 
(See  TKANSLArioN,  Eiicyd.)  "The  llyle  and  manser 
of  the  originiil  Ihould  be  preforved  in  the  tranflation  ;" 
but  it  is  obvious,  that  this  cannut  be  done  by  him  who 
pofTclTes  net  fnlficient  taite  and  judgment  to  afccrtain 
with  piccilioii  to  wliat  clafs  the  llyle  of  the  original 
belongs.  "  If  a  truiillator  fail  in  tin's  dik-enmient,  and 
want  tin's  capacity,  let  him  be  ever  fo  thorouglily  mailer 
of  the  feiife  of  liis  author,  he  will  prefent  him  through 
a  diilorting  medium,  or  exhibit  him  in  a  garb  that  is 
unfuitable  to  his  charafter."  It  would  obvioufly  be 
very  improper  to  tranflate  the  elegantly  timple  language 
of  Csfar  into  rounded  periods  like  thofe  ot  The  Ram- 
bler, or  the  Orations  of  Cicero  into  the  language  of 
Swift. 

The  chief  charafteriftic  of  the  hiftorical  ftyle  of  the 
facred  Scriptures  is  its  fimplicity  ;  and  that  fimplicity 
is,  for  the  mod  part,  well  preferved  in  the  authorifed 
verfion.  It  is,  however,  loft  in  many  of  the  modern 
verfions.  Callalio's,  for  inftance,  though  intitled  to  the 
praife  of  elegant  latinity,  and  though,  in  general,  faith- 
ful to  the  fenfe  of  the  original,  yet  exhibits  nuniberkis 
tranfgreflions  of  the  law  which  is  now  under  conhdera- 
tiou.  Its  fentences  are  formed  in  long  and  intricate  pe- 
riods, in  which  many  feparate  members  are  artfully  com- 
bined; and  we  obferve  a  conllant  endeavour  at  tlaflical 
phrafeology  and  ornamented  diiStion,  intlead  of  the  beau- 
tiful fim])lic!ty  of  the  original. 

The  verfion  of  the  Scriptures  by  Arias  Montanus 
is,  in  fome  refpefts,  a  contraft  to  that  of  Caflalio.  By 
adopting  the  literal  mode  of  trandation.  Arias  undoubt- 
edly intended  to  give  as  faithful  a  picture  as  he  could,' 
both  of  the  fenfe  and  of  the  manner  of  the  original. 
Not  attending  to  the  peculiar  idioms  of  the  Hebrew, 
Greek,  and  Latin  tongues,  which,  in  fome  refpefls,  are 
very  different  from  each  other,  he  has,  by  giving  to  his 
Latin  the  combination  and  idioms  of  the  \.\\-o  tic  ft  of 
fometimes  made  the  facred  writers  talk 


] 
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thefe 


anguages, 


abfurdly.  In  Latin,  as  every  fchool-boy  knows,  two 
negatives  make  an  affirmative,  whilft  in  Greek  they  add 
force  to  the  negation,  xufic  t."'"  «"  Sutnait  cvStv  hgnifies, 
"  'Without  me  ye  can  do  nothing,"  or,  "  Ye  cannot 
poffihly  do  any  thing  ;"  but  Arias  has  tranflated  the 
words_/?n«  me  non  potejl'is  fnccre  nihil,  '■  e.  "  without  me 
ye  cannot  do  notiiing,"  or,  "ye  mujl  do  fomething," 
which  is  direClly  contrary  to  the  meaning  of  our  Lord. 
It  is  not  therefore  by  tranflating  literally  or  verbally 
that  we  can  hope  to  preferve  the  ftyle  and  manner  of 
the  original. 

To  exprefs  in  florid  or  elevated  language  the  ideas 
of  an  author  who  writes  himfelf  in  a  fimple  ftyle,  is  not 
to  give  in  the  verfion  a  juft  picture  of  the  original  ;  but 
to  attempt,  for  the  fake  of  verbal  accuracy,  to  intro- 
duce into  one  language  the  peculiar  idioms  or  conftruc- 
tion  of  another,  is  ftill  worfe  ;  as  in  this  mode  of  tranfla- 
tion the  fenfe,  as  well  as  the  manner  of  the  original,  is 
loft.  The  rule  obvioufly  is  to  ufe,  in  the  verfion,  the 
words  and  phrafeology  which  we  have  reafon  to  be- 
lieve that  the  author  would  himfelf  have  ufed,  had  he 
keen  mafter   of  the  language  into  which  we  are  tranfla- 


ting his  ideas.  Thus,  if  we  are  to  tranflate  into  Engh'Tx    Trai.n^. 
a  piece   of  elegantly  fimple  Greek   or  Latin,   we  muft      ''""■ 
make  ourfelves  completely  mafter  of  the  author's  mean-         »  '  ' 
ing,  and,  negle£\ing  the  Greek  or  Latin  idioms,  exprefs 
that    meaning  in  elegantly   fimple   Englilli.      We  need 
not  add,  that  when  the  language  of  the  original  is  florid 
or  grand,  if  that  ftyle  be  fuiled  to  the  fubject,  the  lan- 
guage of  the  tranflation  fi)onM  be  florid  or  grand  like- 
wife  ;  but  care  muft  always  be  taken  'hat  perfpicuity  be 
not  facrificed  to  ambitious  ornaments  of  any  kind  ;   for 
ornaments  which  obicure  the  fenfe  arc  worfe  than  ufe- 
lefs. 

If  thefe  reflcAions  be  juft,  it  is  obvious  tliat  a  poem 
cannot  be  properly  tranllated  into  profe.  The  mere 
fenfe  may  doubtlcfs  be  thus  transferred  from  one  Ian- 
guage  into  another,  as  has  generally  been  ih)ne  by  Mac- 
pherfon  in  his  hobbling  verfion  of  the  Iliad,  and  per- 
haps more  completely  by  a  late  tranflator  of  Anacreon  ; 
but  in  fuch  a  verfion,  the  ftyle  and  manner  of  the  ori- 
ginal muft  neccfl'arily  be  loft.  Of  this  the  following 
accurate  profe  tranflation  of  Anacreon's  ninth  ode  (on 
a  dove)  is  a  ftriking  inftance  ; 

"  O  lovely  Pigeon  !  whence,  whence  do  you  fly  ? 
Whence,  fpeeding  through  the  air,  do  you  breathe,  and 
diftil  fo  many  perfumes  ?  Who  is  your  matter  ?  For  it 
concerns  me  to  know.  '  Anacreon  fent  me  to  a  youth, 
— to  Bathyllus,  at  prefent  the  prince,  and  difpofing  of 
all  things.  Venus  fold  me,  receiving  a  little  hymn  in 
return.  And  I  ferve  Anacreon  in  fuch  tranfaftions  as 
thefe  :  and  now  I  carry  his  letters,  fuch  as  you  fee  : 
and  he  affirms  that  he  will  immediately  make  me  free. 
But  I  will  remain  a  fervant  with  him  although  he  may 
difmifs  me  :  For  wherefore  does  it  behove  me  to  fly, 
both  over  mountains,  and  fields,  and  to  perch  on  trees, 
devouring  fome  ruftic  food  ?  Now  indeed  I  eat  bread, 
fmtching  it  from  the  hands  of  Anacreon  himfelf;  and 
he  gives  to  me  the  wine  to  drink  which  he  drinks  be- 
fore me  ;  and  having  drunk,  1  perhaps  may  dance,  and 
cover  my  mafter  with  my  wings  :  then  going  to  reft,  I 
fleep  upon  the  lute  itfclf.  You  have  it  all  ;^begone  : 
you  have  made  me  more  talkative,  O  mortal !  than  even 

a  jay  *•"  ,       _  .       .  *rhiOd 

How  inferior  is  the  general  cSeti  of  this  piece  oi „/  Anucn 
profe  to  that  of  the  well  known  poetical  verfions  o{t'-'"<fl'>l"' 
Addifon  and  Johnfon  ?  and  yet  the  mere  ideas  of  the'"^'J^^"^''' 
original  are  perhaps  more  faithfully  tranfcribed  by  this  J'^^'jC^,^; 
anonymous  writer  than  by  either  of  thofe  elegant  trani- 17^6. 
lators.  The  emotions  indeed  excited  by  the  original 
are  not  here  brought  into  view. 

The  third  general  law  of  tranflation  is  fo  nearly  allied 
to  the  fecond,  that  we  have  very  few  dircftions  to  give 
for  the  obfervation  of  it.  He  who,  in  his  verfion,  pre- 
ferves  the  ftyle  and  manner  of  the  original,  as  we  have 
endeavoured  to  fliew  that  they  ought  to  be  prelerved, 
will,  of  courfe,  give  to  the  tranflation  the  eafe  of  ori- 
ginal compofition.  The  principal  difficulty  that  he  has 
to  encounter  in  this  part  of  his  tall<,  will  occur  in  the 
tranflating  of  idiomatical  and  proverbial  phrafcs.  Hard- 
ly any  two  languages  are  conftrufted  precifely  in  the 
fame  way  ;  and  when  the  ftrucfture  of  the  Englifli  lan- 
guage is  compared  with  that  of  the  Greek  and  Latin, 
a  remarkable  difference  between  the  ancient  and  mo- 
dern tongues  is  found  to  pervade  the  whole.  This  mull 
occafion  v€ry  confiderable  difficulty  ;  but  it  is  a  diffi- 
culty which  will  be  removed  by  a  due  obfervance  of  the 

former 
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Tranfli-   former  law,  which  direfts  the  tranflator  to  make  lii's  au- 
tion.       thor  fpeak  Eiighlh  in  fuch  a  ftyle  to  Englidimen  as  he 

*■■  V  fpoke  his  own  tongue  to  his  own  countrymen,  and  of 
courfe  to  ufc  the  Engh'fh  idiom  with  Englifh  words. 
But  what  is  to  be  done  with  thofe  proverbial  phrafes  of 
which  every  language  has  a  large  colleftion,  and  which 
allude  to  local  culloms  and  manners  > 

The  ingenious  a\itlior  of  the  Eflay  fo  often  quoted, 
very  properly  obfcrves,  in  anfwer  to  this  quclUon,  that 
the  tranilation  is  perfeil  when  the  tranllator  employs, 
in  his  own  language,  an  idiomatic  phrale  corrcipondiiig 
to  that  of  the  original.  "  It  is  not  (fays  he)  polfible 
perhaps  to  produce  a  happier  inllance  of  tranilation  by 

*  Tri/!rjm  correfponding  idioms,  than  Sterne  has  given*  in  the 
tranflation   of  Slawkenbcrgius's  tale.      A'ihi/  me  pc'tiiht 
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we  fufped,  occnpi'cd  no  fmall  portion  of  the  Doflor's    TraniU- 
thoughts,  when  thty  fliould  have  been  wholly  employed      ''"" 
on  the  iacrod  text  j    ajid  the  word  holoc.iujl,  which  mull  xrivt-ny 
be  unintelligible  to  the  mere  Englidi  reader,   is,  in  the  '■ 

mind  o{  every  man  of  letters,  clofely  an"oci;ited  with  the 
abominable  rites  performed  at  the  facrifices  of  the  an- 
cient hcatliens.  15nt  it  is  needlcfs  to  point  out  faults 
of  this  kind  in  a  work  which  is  open  to  more  ferioiis 
objedions,  and  which,  wetruft,  (hall  never  be  generally 
rend.  _  We  are  forry  that  trutii  compels  us  to  fay,  that 
tlie  novel  exprefTions  introduced  by  Ur  Campbell  into 
his  verlion  of  tiie  gofpcis — Inch  z%  coujiuence  fcjr  mul- 
titude,  and  ragn  fur  kingdom — are,  to  lay  the  bell  of 
them,  no  improvements  of  the  authorifed  verfion.  We 
will  not  rank  them  with   Dr  Gcddes's  innovations,  be- 


hujus  nafi,   quoth  Pamphagus  ;  that   is,   "  My  nofe  has     caufe  we  will  not  clafs  the  great  author  of  the  D^r/a 


been  th*  making  of  me."  Nee  ejl  cur  pceiiileat  ;  that  is, 
"  How  the  deuce  (hould  fuch  a  nofe  fail  .'"  Miles  pe- 
regrini  in  faciem  fu/pexit .'  "  The  centinel  looked  into 
the  ftranger's  face.  Never  faw  fuch  a  nofe  in  his  life  !" 
"  As  there  is  nothing  (continues  our  author)  which 
fo  much  conduces  both  to  the  eafe  and  fpirit  of  compo- 
iition  as  a  happy  ufe  ot  idiomatic  phrafes,  there  is  no- 
thing which  a  tranflator,  who  has  a  moderate  command 
of  his  own  language,  is  fo  apt  to  carry  to  an  extreme." 
Of  this  he  gives  many  ftriking  e.'camples  from  Echard's 
tranllations  of  Terence  and  Plautus,  for  which  we  mud 
refer  the  reader  to  the  Eflay  itlelf.      He  obferves,  like- 


tioti  on  Miracles  with  a  paradoxical  Chriftian  of  no  com- 
munion ;  but  we  do  not  think  that  Dr  Campbell's  lau- 
rels were  frelhened  on  his  brow  by  the  tranilation  of  the 
Gofpels. 

We  fliall  conclude  this  article  with  the  following  re. 
fle£lions,  taken  from  the  Effay  wluch  has  been  fo  often 
quoted  : 

"  If  the  order  in  which  we  have  chffed  the  three  ge- 
neral laws  of  tranilation  be  their  jull  and  natural  ar- 
rangement, which,  we  prelume,  will  hardly  be  denied, 
it  follows,  that,  in  every  cafe  where  it  is  neceflary  to 
make  a  facrifice  of  one  of  thefe  laws  to  another,  a  due 


wife,  that  in  the  ufe  of  idiomatic  phrafes,  a  tranflator    regard  ought  to  be  paid  to  their  rank  and  comparative 
frequently  forgets  both  the  country  of  his  original  au-     importance.    When  the  genius  of  the  original  languac^e 

differs  much  from  that  of  the  tranflation,  it  is  often  ne- 
ceflary to  depart  from  the  author's  manner  in  order  to 
convey  a  faithful  pifture  of  his  fenfe  ;  but  it  would  be 
highly  prepofl;erous  to  depart,  in  any  cafe,  from  the 
lenfe,  for  the  fake  of  imitating  the  manner.  Equally 
improper  would  it  be,  to  facrifice  either  the  fenfe  or 
manner  of  the  original,  if  thefe  can  be  prcferved  confift. 
ently  with  purity  of  expreffion,  to  a  fancied  eafe  or  fu- 
perior   gracefulnefs   of  compolition  ;  and  it   is   certain 


thor,  and  the  age  in  which  he  wrote  ;  and  while  he 
makes  a  Greek  or  Roman  fpeak  French  or  Englilh,  he 
unwittingly  puts  into  his  mouth  allulions  to  the  man- 
ners of  modern  France  or  England.  This,  to  ufe  a 
phrafe  borrowed  from  painting,  may  be  termed  an  of- 
fence againll  the  cojlume  The  proverbial  exprelTion 
Parfa'^oi  J.faf,  in  Theocritus,  is  of  limilar  import  with 
the  Englifli  proverb,  to-  carry  coals  to  Ncwcujlle  ;  and 
the  Scotch,  to  drive  fait  to  Dyfart ;  but  it  would  be  a 


grofs  impropriety  to  ufe  either  of  thefe  expreflions  in  that  the  lenfe  may  always  be  preferved,  thougii  to  pu- 
■'  "    '         ■"  -in-         ^r  r    ,    ■  rity  of  expreflion  the  manner  of  the  original  mull  fome- 

times  be  facrificed." 

TRAPEZOID,  fometimes  denotes  a  trapezium  that 
has  two  of  its  lides  parallel  to  each  other  ;  and  fome- 
times  an  irregular  folid  figure,  having  four  fides  not  pa- 
rallel to  each  other. 

TRAVERSE,  in  gunnery,  is  the  turning  a  piece  of 
ordnance  about,  as  upon  a  centre,  to  make  it  point  in 
any  particular  direilion. 

Traverse,  in  fortification,  denotes  a  trench  with  a 
little  parapet,  fometimes  two,  one  on  each  fide,  to  ferve 


the  tranflation  of  an  ancient  clafTic.  Of  fuch  mipro- 
prieties  our  author  points  out  many  inftances  both  in 
French  and  Englifh  tranflations  of  the  claffics  ;  and  lie 
might  have  increafed  tlie  number  by  quotations  from 
Blackvvell's  Memoirs  of  the  Court  of  Auguftus,  where, 
inllead  of  Roman  fenators  and  their  wives,  we  meet 
with  modern  gentlemen  and  ladies,  \n\i\\  fecretaries  at 
•war,  paymajlers,  comwijpiry  generals,  and  lord  high  ad- 
mirals. It  is  true  the  Memoirs  of  the  Court  of  Auguftus 
is  no  tranflation  ;  but  with  refpeift  to  collunie,  it  is  ne- 
ceflarily  fubjeft  to  the  laws  of  tranflation. 


Offences  againft  coftume  are  often  comnu'tted  by  the    as  a  cover  from  the  enemy  that  might  come  in  flank 


ufe  of  improper  words  as  well  as  ot  improper  phrafes. 
To  introduce  into  dignified  and  folemn  compofition 
words  aiTociated  with  mean  and  ludicrous  fubjeils,  is 
equally  a  fault  in  an  original  author  and  in  a  tranflator  ; 
and  it  is  obvioufly  improper,  in  the  tranfl:;tion  of  works 
of  very  high   antiquity,  to  make  ufe  of  words  which 


Traverse,  in  a  wet  fols,  is  a  fort  of  gallery,  made 
by  throwing  faueiff.jns,  joills,  fafcines,  Itones,  earth, 
&c.  into  the  fofs,  oppofitc  the  place  where  the  miner 
is  to  be  put,  in  order  to  fill  up  the  ditch,  and  make  a 
paffage  over  it. 

Traverse  alfo  denotes  a  wall  of  earth,  or  ftone,  rai- 


have  but  lately  been  admitted  into  the  language  of  the    fed  acrofs  a  work,  to  flop  the  fliot  from  rolling  alono-  it 


tranflator.  Faults  of  this  kind  are  very  frequent  in  Dr 
Geddes's  tranflation  of  the  Bible,  as  when  the  pciffover 
is  called  the  Jiipover  /  the  tabernacle  of  the  congrega- 
tion, the  con-venlion-tent  ;  and  a  bnrnt-offering,  a  hajo- 
caujl.  The  firll  of  thefe  expreflions  prefents  to  the 
imagination  an  image  profanely  ludicrous  ;  the  fecond, 
brings  into  our  view  the  French  Convention,  which, 
SttcPL.  Vol.  II.  Part  II. 


Traverse  alfo  fometimes  fignifies  any  retrenchment, 
or  line  fortified  with  falciues,  barrels,  or  bags  of  earth, 
or  gabions. 

TRAVESTY,  or  burlefque  tranflation,  is  a  fpecies 

of  writing  which,   as  it  partakes,  in  a  great  degree,  of 

original  compolition,  is  not  to  be  meafured  by  the  laws 

of  ferious  tranflation.     It  conveys  neither  a  jull  pifture 
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Travefty  of  the  fentiments,  nor  a  faithful  rcpicfentation  of  the 
II  ftyle  and  manner  of  the  original  ;  but  pleafes  itfelf  in 
.  "^'"^ ''  exhibiting  a  ludicrous  charaAer  of  both.  It  difjjlays 
an  overcharged  and  grotefque  refemblancc,  and  excites 
our  rifibic  eiBotions  by  the  incongruous  afTociation  of 
di^nitv  and  meannefs,  wildoin  and  abfurdity.  This 
affociation  forms  equrilly  the  bafis  of  travefty  and  of  lu- 
dicrous parody,  from  which  it  is  no  otherwife  diliin- 
guilhcd  than  by  its  afTumiog  a  different  language  from 
the  orii;inal.  In  order  that  the  niimlckry  may  be  un- 
deritoud,  it  is  neceffary  that  the  writer  chooft,  for  the 
exercife  of  his  talents,  a  work  that  is  well  known,  and 
of  great  reputation.  Whether  that  reputation  is  de- 
ferved  or  unjuft,  the  work  may  be  equally  the  fubjedl 
of  burk'fque  imitation.  If  it  has  been  the  fiibjeft  of 
general  but  undeferved  praife,  a  parody  or  a  travefty  is 
then  a  fair  fatire  on  the  falfe  tafte  of  the  original  au- 
thor  and  his  admirers,  and  we  are  pleafed  to  fee  both 
become  the  objedls  of  a  ju(l  caftigation.  The  Rehear- 
fal,  Tom  Thumb,  and  Crononhotoiitholo^os,  which  exhi- 
bit ludicrous  parodies  of  paffages  from  the  favourite 
dramatic  writers  of  the  times,  convey  a  great  deal  of 
juft  and  ufeful  criticifm.  If  the  original  is  a  work  of 
real  excellence,  the  travefty  or  parody  detrafts  nothing 
from  its  merit,  nor  robs  the  author  of  the  fmalleft  por- 
tion of  his  juft  praife.  We  laugh  at  the  aflbciation  of 
dignity  and  meannefs  ;  but  the  former  remains  the  ex- 
clufive  property  of  the  original,  the  latter  belongs  fole- 
ly  to  the  copy.  We  give  due  praife  to  the  mimical 
powers  of  the  imitator,  and  are  delighted  to  fee  how 
jugenioufly  he  can  elicit  fubjefts  of  mirth  and  ridicule 
from  what  is  grave,  dignified,  pathetic,  or  fublime. 

But  this  fpecles  of  compofition  pleafes  only  in  a  (hort 
fpecimen.  We  cannot  bear  a  lengthened  work  in  tra- 
vefty. The  incongruous  aflbciation  of  dignity  and 
meannefs  excites  riflbility  chiefly  from  its  being  unex- 
pedted.  Cotton's  and  Scarron's  Virgil  entertain  but 
for  a  few  pages  :  the  compofition  foon  becomes  tedious, 
and  at  length  difgufting.  We  laugh  at  a  ftiort  exhibi- 
tion of  buffoonery  ;  but  we  cannot  endure  a  man  who, 
with  good  talents,  is  conftantly  playing  the  fool. 

TREACLE  (fee  Encycl.)  or  Melasses,  Is  a  fub- 
ftance  very  wholefome,  but  of  a  tafte  difagrceably  fweet. 
Methods  have  accordinglybeen  propoied  for  purifying  it, 
fo  3S  that  it  may,  on  many  occafions,  fupply  the  place  of 
refined  fugar,  which  has  longbeen  at  a  price  which  a  great 
number  of  poor  perfons  cannot  afford  to  pay  for  what 
mull  now  be  conlidered  as  a  neceffary  of  life.  The  fol- 
lowing is  the  procefs  for  purifying  treacle,  given  by  the 
M.  Cadet  (Devaux)  in  the  Feuillc  du  Cultivaleur,  founded 
upon  experiments  made  by  Mr  Lowltz  of  Peterfburgh  : 
Take  of  treacle  24  lbs.  of  water  24  lbs,  of  charcoal, 
thoroughly  burnt,  6  lbs.  Bruife  the  charcoal  grofsly, 
mix  the  three  fubftances  in  a  caldron,  and  let  the  mix- 
ture boil  gently  upon  a  clear  wood  fire.  After  It  has 
boiled  for  half  an  hour,  pour  the  liquor  through  a  ftrain- 
ir)g-bag,  and  then  replace  it  upon  the  fire,  that  the  fu- 
perfluous  water  may  be  evaporated,  and  that  the  trea- 
cle may  be  brought  to  Its  original  confiftence.  There 
is  little  or  no  lofs  by  this  operation,  as  24  lbs.  of  treacle 
give  nearly  the  fame  quantity  af  fyrup. 

This  procefs  has  been  repeated  in  the  larg^  way,  and 
has  fucceeded  :  the  treacle  is  fenfibly  ameliorated,  fo 
that  it  may  be  ufed  for  many  difhes;  neverthelefs,  thofe 
with  milk,  and  the  fine  or  aromatic  liqueurs,  are  not  near 
fo  good  as  with  (agar. 


Triangle. 
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TREBISOND,  a  large,  populous,  and  ftrong  town  Trebifoni 
of  Turkey  in  Afia,  in  the  province  of  Jenlch,  with  a 
Greek  archbifhop's  fee,  a  harbour  and  a  caftle.  It  is  ^ 
feated  at  the  foot  of  a  very  deep  hill.  The  walls  are 
fquare  and  high,  with  battlements  ;  and  are  built  with 
the  ruins  of  ancient  ftruftures,  on  which  are  Infcrlptions 
not  legible.  The  town  is  not  populous  ;  for  there  are 
more  woods  and  gardens  in  it  than  houfes,  and  thefe 
but  one  ftory  high.  The  caftle  is  feated  on  a  flat  rock, 
with  ditches  cut  therein.  The  harbour  Is  at  the  eaft 
end  of  the  town,  and  the  mole  built  by  the  Genoefe  is 
alnioft  deflroyed.  It  ftands  on  the  Black  Sea,  104 
miles  north-weft  of  Erzerum,  and  440  eaft  of  Conftan- 
tinople.     E.  Lon.  40°  25'.  N.  lat.  40*  45'. 

TREE.  Under  this  title  (Encycl.)  we  gave  an  ac- 
count of  the  method  recommended  by  Meflrs  Forfyth 
and  Hitt  for  curing  injuries  and  defedls  in  trees.  The 
actual  cautery  is  employed  in  Cevcnnes,  and  in  the  de- 
partment de  I'AUier,  in  France,  for  flopping  the  pro- 
grefs  of  rottennefs  in  large  trees.  When  thev  perceive 
that  this  very  common  and  deflrudllve  difeafe  begins  to 
make  fome  progrefs  in  the  chefnut-tree,  by  excavating 
its  trunk,  they  coUeft  heath  and  other  combuftlble  ve- 
getables, and  burn  them  in  the  very  cavity,  till  the  fur- 
face  is  completely  converted  into  a  coal.  It  feldom  hap- 
pens that  the  tree  perifhes  by  the  effeA  of  this  opera- 
tion, and  it  is  always  found  that  this  remedy  fufpends 
the  progrefs  of  the  decay.  It  is  praftifed  In  the  fame 
manner,  and  with  fimllar  fucccfs,  on  the  white  oak. 
When  we  compare  the  effefts  of  the  adlual  cautery  oiv 
the  animal  lyftem,  in  fimilar  difeafes,  a  new  refemblancc 
is  feen  between  the  difeafes  which  affeft  the  organic  be- 
ings of  both  kingdoms,  as  well  as  between  the  remedies 
by  which  they  may  be  oppofed. — Nicholfon's  yournal. 

TRIANGLE,  Arithmetical,  a  kind  of  nume- 
ral triangle,  or  triangle  of  numbers,  being  a  table  of 
certain  numbers  difpofed  in  form  of  a  triangle.  It 
was  fo  called  by  Pafcal  ;  but  he  was  not  the  inventor  of 
this  table,  as  fome  writers  have  imagined.  Its  properties 
having  been  treated  of  by  other  authors  fome  centuries 
before  him,  as  is  (hewn  in  Dr  Hutton's  Mathematical 
TraAs,  v^.l.  I.  p.  69.  &c. 

The  form  of  the  triangle  is  as  follows : 
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And  it  is  conflrufted  by  adding  always  the  laft  two 
numbers  of  the  next  two  preceding  columns  together, 
to  give  the  next  fucceeding  column  of  numbers." 

The  firft  vertical  column  confifts  of  units;  the  fecond, 
a  fcries  of  the  natural  numbers  i,  2,  J,  4,  5,  &c.;  the 
third,  a  feries  of  triangular  numbers  i,  3,  6,  10,  &c.  } 
the  fourth,  a  feries  of  pyramidal  numbers,  &c.  The 
oblique  diagonal  rows,  defcending  from  left  to  right, 
are  alfo  the  fame  as  the  vertical  columns.  And  the 
numbers  taken  on  the  horizontal  lines  are  the  coeffi- 
cients  of  the  different  powers  of  a  binomial.  Many- 
other  properties  and  ufes  of  thefe  numbers  have  been 
delivered  by  various  authors,  as  may  be  feen  in  the  In- 

trodudiqn 


T  R  I  r   7 

rianijuhr  troJuaion  to  Hutton's  Mathematical  Tables,  pages  7, 

II         8,  71;,  76,  77,  89,  I'ecoiid  edition. 
Trinita-        TRIANGULAR  Compasses,   are   fiich  as  have 
_*''""''     three  legs  or  feet,  by  wliich  any  triangle,  or  three  points, 

may  be  taken  off  at  once.    Thefe  are  very  ufeful  in  the 

conftrudtion  of  maps,  globes,  &c. 

Trusgvlar  Numbers,  are  a  kind  of  polygonal  nuni- 

btrs;  being  the  fums  ofarithmctical  pnigreflions,  which 

have  I  for  the  common"  difference  of  their  terms. 

Tlins,  from  thefo  arithmeticals       I    »   3     4     S      '^' 

are  formed  the  triangular  numbers      1    3   6   10    15   2  1, 

or  the  ihird  column  of  the  arithmetical  triangle  above- 

mentioned, 
k  The  fum  of  any  number  n  of  the  terms  of  the  trian- 

W  gular  nimibers,  I,  3,  6,  10,  &c.  is  := 


6"''T"'"~3 


oriLxiL+ix"-±i 


123 

which  is  alfo  equal  to  the  number  of  (hot  In  a  triangu- 
lar pile  of  balls,  the  number  of  rows,  or  the  number 
in  each  fide  of  the  bafe,  being  n. 

The  fum  of  the  reciprocals  of  the  triangular  feries, 
infinitely  continued,  is  equal  to  2  ;  viz. 

I  +  -^  +  f  +  tV  +  t't.  S'c.  =  2. 
For  the  rationale  and  management  of  thefe  numbers, 
fee  Mako/m's  /Irith.  book  j.  ch.  2.  ;  and  Simpfon'%  Al- 
geb.  fee.  15. 

TRIESTE,  a  fmall,  but  ftrong  and  ancient  feaport 
of  Italy,  in  Iftria,  on  the  gulph  of  Venice,  with  a 
bifhop's  fee.  It  is  beautifully  fituated  on  the  fide  of  a 
hill,  about  which  the  vineyards  form  a  femicircle.  The 
ftreels  art  narrow ;  but  there  is  a  large  fquare,  where 
they  keep  the  annual  fair.  The  harbour  is  fpncious, 
but  rot  good  ;  becaufe  it  is  open  to  the  W.  and  S.  W. 
winds.  The  inhabitants  have  a  good  trade  in  fait,  oil, 
almonds,  iron,  &c.  brought  from  Laubach  ;  and  they 
make  good  wines.  The  cathedral,  and  the  late  Jefuits 
church,  are  the  two  beft  buildings.  It  belongs  to  the 
Houfe  of  Auftria,  and  is  eight  miles  north  of  Capo 
d'lftria,  and  80  north-eaft  of  Venice.  E.  Long.  14.  4. 
N   Lat.  a.?.  56. 

TRINITARIANS  (Order  of),  was  inftituted  at 
Rome  in  the  year  1 198,  under  the  pontificate  of  Inno- 
cent III.  the  founders  whereof  were  John  de  Matha 
and  Felix  de  Valois.  His  Holinefs  gave  them  permif- 
fion  to  ellablifh  this  order  for  the  deliverance  of  cap- 
tives, who  groaned  under  the  tyranny  of  the  infidels  : 
he  gave  them  as  a  habit  a  white  gown,  ornamented  with 
a  red  and  blue  crofs.  After  the  death  of  the  two 
founders,  Pope  Honorious  III.  continued  the  order; 
and  their  rule  was  approved  by  his  fucceffor  Clement 
IV.  in  1367.  At  firft  they  were  not  permitted  to  eat 
flelh  ;  and  when  they  travelled,  were  to  ride  only  upon 
affes.  But  their  rule  was  correfted  and  mitigated  by 
the  bifhop  of  Paris,  and  the  abbots  of  St  Viftor  and  St 
Genevieve,  who  allowed  them  to  cat  any  kind  of  food, 
and  to  ufe  horfes.  This  order  poffefTed,  at  one  time, 
about  250  convents  in  13  different  provinces:  fix  of 
which  were  in  France  j  namely,  France,  Normandy, 
Picardy,  Champaine,  Languedoc,  and  Provence  ;  three 
in  Spain,  viz.  New  Caftile,  Old  Caftile,  and  Arragon  ; 
one  in  Italy,  and  one  in  Portugal.  There  was  for- 
merly the  province  of  England,  where  this  order  had 
43  houfes ;  that  of  Scotland,  where  it  had  nine  ;  and 
tkat  of  Ireland,  where  it  had  $2  ;  befides  a  great  num- 
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ber  of  monaflerles  in  Saxony,  Hungary,  Bohemia,  and 
other  countries.  The  convent  of  Cerfroy  in  France  was 
head  of  the  order.  It  is  impoflibie  for  us  to  lay  what  is 
now  the  ftate  of  the  order,  which  can  have  no  vllible  exill- 
ence  in  France,  and  is  probably  fuppreifed  even  in  Italy. 
TRIONES,  in  aftronomy,  a  fort  of  coiillcllation, 
or  affemblage  of  fevcn  ffars  in  the  Urfa  Major,  populiirly 
called  Charles's  IVa'in. — From  the  feptem  Iriones  the 
north  pole  takes  the  denomination  feplenl'io. 

TRIPOLI  OF  Syria  is,  according  to  Mr  Browne, 
by  no  me:ins  fo  populous  a  place  as  we  were  led  to  re- 
pn-fent  it  in  the  EncyclnpitAia.  It  is  indeed,  he  fays, 
a  city  of  fome  extent,  fituated  about  a  mile  and  a  half 
from  the  fca  ;  but  inltead  of  fixty,  he  edimates  its  po- 
pulation at  about  fixtecn  tliouiaiid.  The  air  is  render- 
ed unwholeiomc  by  much  (laj^nant  water.  The  town 
is  placed  on  a  ilight  elevation,  the  length  confiderably 
exceeding  the  breadth.  On  the  highcll  ground,  to  the 
fouth,  is  the  callle,  formerly  poflclicd  by  the  lails  of 
Tripoh  ;  it  is  large  and  llrong.  Hence  is  vifible  a  pari 
of  mount  Libanus,  the  iummit  of  which  is  covered  with 
fnow.  The  gardens  in  the  vicinity  are  rich  in  mulber- 
ry and  other  fruit  trees.  Tlve  city  is  well  built,  and 
mod  of  the  ftreets  are  paved. 

Here  is  found  a  number  of  Mahommedan  merchants, 
fome  of  the  richeft  and  moll  rcfpcdlable  in  the  empire. 
Silk  is  the  chief  article  of  commerce. 

The  mlri,  or  fixed  public  revenue  paid  by  Tripoli  to 
Conftantinople,  is  only  about  L.ioooSterling,  20  purfes, 
a-year.  Syria  at  prefent  contains  only  four  Palhaliks, 
Damafcus,  Aleppo,  Acre,  and  Tripoli  ;  the  lail  of 
which  is  the  fmallell  in  territory  and  power.  Our  an- 
thor  obferved  no  antiquities  at  Tripoli ;  but  the  country 
round  it  is  noted  for  producing  the  belt  tobacco  in  Syria. 
TRISECTION,  the  dividing  a  thing  into  three 
equal  parts.  The  term  is  chiefly  ufed  in  geometry,  for 
the  divifion  of  an  angle  into  three  equal  parts.  The 
trifeSion  of  an  angle  geometrically,  is  one  of  thofe  great 
problems,  whole  folution  has  been  fo  mucli  fought  for 
by  mathematicians  for  2000  years  pad  ;  being,  in  thij 
refpeft,  on  a  footing  with  the  famous  quadrature  of  the 
circle,  and  the  duplicature  of  the  tube. 

TRISTAN  d'Achuna,  the  largeft  of  three  iflands 
which  were  vifited  by  Lord  Macartney  and  his  fuite  on 
the  31ft  of  December  1792.  The  other  two  are  di- 
llinguilhed  by  the  names  of  Inacccffible  and  Nighlingalt 
iflands.  "  Inacceffible  (as  Sir  Erafraus  Gower  obfer- 
ved) feems  to  deferve  that  name,  being  a  high,  bluff, 
as  well  as  apparently  barren  plain,  about  nine  miles  in 
circumference,  and  has  a  very  forbidding  appearance. 
There  is  a  high  rock  detached  from  it  at  the  fouth  end. 
Its  latitude  is  370  19'  fouth  ;  its  longitude  1  j''  50'  weft 
from  Greenwich.  This  rude-looking  fpot  may  be  feen 
at  12  or  14  leagues  diftance.  Nightingale  Ifland  is  ir- 
regular  in  its  form,  with  a  hollow  in  the  middle,  and  is 
about  feven  or  eight  miles  in  circumference,  with  fmall 
rocky  ifles  at  its  fouthern  extremity.  It  is  defcribed 
as  having  anchorage  on  the  north-eail  fide.  Its  lati- 
tude  is  37°  29'  fouth  ;  and  longitude  1 1"  48'  weft  from 
Greenwich.  It  may  be  feen  at  feven  or  eight  leagues 
diftance.  The  largeft  of  thefe  three  iflands,  wliich  com- 
paratively  may  be  called  the  great  iflc  of  Triftan  cPA- 
cunha,  is  very  high,  and  may  be  feen  at  25  leagues  di- 
ftance. It  feems  not  to  exceed  in  circumference  15 
milei.  A  part  of  the  ifland  towards  the  north  rifes 
4X4  perpen- 
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perpendicularly   from  tlie  fea  to  a  heiglit  apparently  of    fcls  bound  to  Cliiiia,  and  to  the  coaft  of  Coromandel,    Triftan 


■  a  tiioufand  feet  or  more.  A  level  then  commences, 
forming  what  among  feamen  is  termed  iable  land,  and 
extending  towards  the  centre  of  the  ifland  ;  from  whence 
a  conical  mountain  rifes,  not  unlike  in  appearance  to 
the  Peak  of  TeiierifFe,  as  feen  from  the  bay  of  Santa 
Cruz.  Boats  were  fent  to  found  and  to  examine  the 
fhore  for  a  convenient  place  to  land  and  water.  In  con- 
fequence  of  their  report,  the  Lion  (a  (hip  of  64  guns) 
ftocd  in,  and  came  to  anchor  in  the  evening  on  the 
north  fide,  in  jo  fathoms  water,  one  mile  from  the 
Ihore  ;  the  bottom  black  land  with  flinie  ;  a  fmnll  rock, 
oil  the  well  point,  bearing  fouth-well  by  fouth,  jult. 
open  with  the  wcRern  extremity  of  the  iiland  ;  a  caf- 
cade,  or  fall  of  water,  emptying  itfelf  upon  the  beach, 
fouth  by  eaft.  All  the  fhore,  from  the  fouthern  point 
to  the  eailern  extremity,  appears  to  be  clear  of  danger, 
and  ileep,  except  the  weft  point,  where  there  are  break- 
ers about  two  cables  length,  or  near  500  yards  from  the 
ftiore.  The  (hip,  when  anchored,  was  overfhadowed  by 
the  dark  mafs  of  that  portion  of  the  iiland  whofe  fides 
feemed  to  rife,  like  a  mofs-grown  wall,  immediately  from 
the  ocean.  On  the  right  the  elevation  was  lefs  rapid, 
and  between  the  rifing  part  and  the  fea  was  left  a  flat, 
of  fome  extent,  covered  with  fedge  grafs,  interfperfed 
with  fmall  (lirubs,  which,  being  pevfeftly  green,  looked 
from  the   Oiip  like   a  pleafant  meadow,   watered  by   a 


by  the  outer  pallage.  In  war  time,  an  excellent  ren- 
dezvous might  be  fettled  there,  for  fliips  that  wanted  /jj^'""*' 
no  other  fupply  but  that  of  water.  When  circumftan-  '"^"^ 
ces  require  particular  difpatch,  it  is  pradicable  to  come 
from  England  to  Triftan  d'Acuniia  without  (topping 
in  the  way,  and  afterwards  to  the  end  of  the  voyage  to 
India  or  China." 

Thefe  iflands  are  feparated  by  a  fpace  of  about  fif- 
teen  liundred  miles  from  any  land  to  the  weftward  or 
northward  of  them.  They  are  fituated  in  that  part  of 
the  fouthern  hemifphere,  in  the  neighbourhood  of  which 
a  continent,  to  balance  the  quantity  of  land  in  the  north- 
ern hemitphere,  was  once  expefted  to  be  found,  but 
where  it  has  been  iince  difcovered  that  there  is  none. 
Of  what  extent,  however,  the  bafes  of  thefe  iflands  are 
under  the  furface  of  the  fea,  cannot  be  afcertained  ;  or 
whether  they  may,  or  may  not,  be  fufficient  to  make 
up  for  the  deftft  of  land  appearing  above  water.  Navi- 
gators report,  that  to  the  tallward  of  them  are  other 
fmall  iflands,  differing  not  much  in  latitude,  fuch  as 
Gough  and  Alvarez  iflands,  and  the  Marfouines  ;  as 
well  as  extenfive  fhoals,  lying  due  fouth  of  the  moll 
foutherly  point  of  Africa,  and  extending  eallerly  feve- 
ral  degrees.  That  all  thefe  together  form  a  chain, 
fome  of  fubaqueous,  and  fome  of  (uperaqueous  moun- 
tains, but  all  conncfted  by  their  roots,  is  perhaps  a  con- 


ftream  that  fell,   afterwards,  from   its    banks  upon   the    jefturc  lefs  improbable,  than  that  they  (liould  feparately 


beach.  The  officers,  who  went  a(hore,  reported,  that 
the  caflvs  might  be  filled  with  frtfh  water  by  means 
<;)f  a  long  hole,  without  moving  them  from  the  boats. 
The  landing  place  thereabouts  was  alfo  defcribed  as 
being  fafe,  and  fuperior  to  any  other  that  had  been  ex- 
amined. From  the  plain,  the  land  rofe  gradually  to- 
wards the  central  mountain,  in  ridges  covered  with 
trees  of  a  moderate  fize  and  height.  The  coaft  abound- 
ed with  fea  lions  and  feals,  penguins  and  albatroffes. 
One  of  the  latter  was  brought  on  board,  his  wings  mca- 
luring  ten  feet  from  tip  to  tip;  but  others  are  faid  to 
have  been  found  much  larger.  The  coail  was  covered 
with  a  broad  fea  weed,  fevcral  fathoms  long,  and  de- 
fcrvedly  by  natuialifts  X.t\n\tA  gigantic  fucus.  Some  good 
fifli  was  cauglit  with  the  hook  and  line. 

"  The  accident  of  a  fudden  guft,  by  which  the  an- 
chor was  in  a  few  hours  driven  troni  its  hold,  and  the 
fiiip  forced  out  t6  fea,  prevented  the  ifland  from  being 
explored,  as  was  intended.  It  is  probable  that  had  the 
Lion  anchL)red  in  20,  inllead  of  30  fathoms  water,  the 


arifc,  like  tall  columns,  from  the  vail  abyfs. 

A  fettlement  in  Trillan  d'Acunha  is  known  to  have 
been  twice  in  the  contemplation  of  adventurers,  but  not 
as  yet  to  have  been  carried  into  execution.  One  had 
the  projeft  of  rendering  it  a  mart  for  the  change  of 
the  light  manufaftures  of  Hindoftan,  fuited  to  hot 
climes,  for  the  filver  of  the  Spanilh  fettlements  in  South 
America  ;  in  the  route  between  which  places  it  is  con- 
veniently fituated.  The  other  plan  meant  is  only  as  a 
fuitable  fpot  for  drying  and  preparing  the  furs  of  fea 
lions  and  feals,  and  for  extrafting  the  fpermaceti  of  the 
white  or  long-nofed  whale,  and  the  whale-bone  and  oil 
of  the  black  fpecies.  Whales  of  every  kind  were  feen 
fporting  about  Trillan  d'Acunha,  particularly  near  the 
letting  of  the  fun  ;  and  the  fword-fifli  likewife  made  its 
appearance  occafionally. — Sir  George  Staunton's  Aaount 
of  the  Emhajfy  to  China. 

TRITON,  in  zoology,  a  genus  belonging  to  the 
order  of  vermes  moUufca.  The  body  is  oblong  ;  the 
tongue  is  fpiral  ;  it  has  twelve  tentacula,  fix  on  each  fide, 


anchor  would  have  held  firmly.      Some  advantage  was  the  hindmoft  ones  having  claws  like  a  crab.   There  is  but 

obtained,  however,  trom  coming  to  this  place.     The  one  fpecies,  found  in  holes  of  rocks  about  the  (hore. 

juft  pofition  of  thofe  iflands,  in  refpeft  to   their  longi-  TROTTER  (Mrs  Catharine),  was  the  daughter  of 

tude,    was   afcertained,    by  the  mean  of  feveral  time-  Captain  David  Trotter,  3  Scotch  gentleman.      He  was 

pieces,  to  be  ai)i)ut  two  degrees  to  the  caftward  of  the  a  commander  in  the  royal  navy  in  the  reign  of  Charles 

place  where  they  are  laid  down  in  charts,  taken  from  II.  and  at  his  death  left  two  daughters,  the  youngeft  of 

nblervations  made  at  a  period  when  the  inflruments  for  whom,  Catharine,  our  celebrated  author,  was  born   in 

this   purpofe  were  leis  accurate  than  at  prcfent.      The  London,  Augull   1679.     ^^"^  gave  early  marks  of  her 

Ipot  where  the  Lion  anchored  was  determined,  by  good  genius;    and  learned  to  write,  and  alfo  made  herlelf 

meridional  obftrvations,    and  by  accurate  time-pieces,  miftreis  of  the  French  language,  by   her  own  applica- 

to  be   37"   6'   fouth   latitude,  and   1  i"  4:5'  w-eit   longi-  tiun  and  diligence,  without  any  inftruClor  ;  but  (he  had 

tude  from  Greenwich.      The  compafs  had  fevcn  de-  fome  affiflance  in  the  lludy  of  the  Latin  grammar  and 

grees  of  variation  wcllward   from  the  pole.     Fahren-  logic;  of  which  latter  flie  drew  up  an  abllraifl  for  her 

heit's  thermometer  Hood  at  67  degrees.     It  was  ufeful  own    ufe.     The  moft  ferious  and   important  fubjefts, 

alfo  to  have  afcertained,  that  a  fafe  anchorage,  and  plen-  and  efpecially  religion,  foon  engaged  her  attention.^— 

ty  of  good  water,  were  to  be  found  here.  Thefe  iflands  But  notwithftanding  her  education,  her  intimacy  with 

are  certainly  worthy  of  a  more  particular  inquiry  ;  for  federal  families  of  dillinClion  of  the  Romiih  perfuafion, 

they  are  not  50  leagues  from  the  general  track  of  vef-  expofed  her,  while  very  young,  to  impreffions  ia  favour 
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Trr.te«r.  of  tliat  church  ;  which  not  being  Tcmored  by  her  con 
—■v-"-  fereiices  with  fomc  eminent  and  liiuncd  ircmhtrs  of  the 
church  of  England,  (he  embractci  tlie  R.i:iiilh  commu- 
nion, in  wln'th  (lie  continued  till  the  year  1707.  In 
ifgy,  (lie  produced  a  tragedy  called  yl-^ncs  lie  Cujlro, 
whicii  wa3  afted  at  the  theatre  1  oval  when  the  was  only 
in  her  17th  year.  The  reputation  of  this  performance, 
and  the  verfes  which  (lie  addrelFed  to  Mr  Coagreve 
upon  his  Mourning  Bride,  in  1697,  were  probably  the 
foundation  of  her  acquaintance  with  that  celebrated 
writer.  Her  fecond  tragedy,  Fiital  Frteniljiip,  was 
afted  in  i6g8,  at  the  new  theatre  in  Lincoln's-Inn- 
Fields.  This  tragedy  met  with  great  applaufe,  and  is 
ftill  thought  the  moft  perfed  of  her  dramatic  perform- 
ances. Her  dramatic  talents  not  being  con(ined  to  tra- 
gedy, flic  brought  upon  the  ilage,  in  1701,  a  comedy 
called  Love  at  a  lofs,  or  Mojl  -vola  carry  it.  In  the 
fame  year  fhe  gave  the  public  her  third  tragedy,  enti- 
titled  the  Unhappy  Penitent,  afted  at  the  theatre-royal  in 
Drurylane.  But  poetry  and  dramatic  writing  did  not 
fo  far  engrofs  the  thoughts  of  our  author  but  that  (he 
fometimes  turned  them  to  fubjefts  of  a  very  different 
nature  ;  and  diftingui(hed  herfelf  in  an  extraordinary 
manner  in  defence  of  Mr  Locke's  writings  ;  a  female 
metaphyfician  being  a  remarkable  phenomenon  in  the 
republic  of  letters. 

She  turned  to  the  exercife  cf  her  dramatic  genius 
in  170;;,  and  fixed  upon  the  revolution  of  Sweden,  un- 
der GuftavuS  Erickfon,  for  the  fubjeft  of  a  tragedy. 
This  tragedy  was  afted,  in  1  706,  at  the  Queen's  theatie 
in  tlie  Hay-Market.  In  1707,  her  doubts  concerning 
the  Romifli  religion,  which  flie  had  fo  many  years  pro- 
felTed,  having  led  her  to  a  thorough  examination  of  the 
grounds  of  it,  by  conlulting  the  beft  books  on  both 
iides  of  the  queftion,  and  advillng  with  men  of  the  bell 
judgment,  the  refult  was  a  conviftion  of  the  falfenels  > 
of  the  pretenfions  of  that  church,  and  a  return  to  that 
of  England,  to  which  ihe  adhered  during  the  remain- 
der of  her  life.  In  I  708,  (he  was  married  to  the  Rev. 
Mr  Cockburn,  then  curate  of  St  Dunftan's  'n  Fleet- 
ftreet,  but  he  afterwards  obtained  the  living  of  Long. 
Horfely,  near  Morpeth  in  Northumberland.  He  was  a 
man  of  confidcrable  abilities;  and,  among  feveral  other 
things,  wrote  an  account  of  the  Mofaic  Deluge,  which 
was  much  approved  by  the  learned. 

Mrs  Cockbnrn's  remarks  upon  fome  writers  in  the 
controverfy  concerning  tlie  foundation  of  moral  duty 
and  moral  obligation,  were  introduced  to  the  wcjrld, 
in  Augull  1743,  '"  '^^  Literary  Journal,  intitled  The 
Hijlory  of  ihe  Works  of  ihe  Learned.  The  ftrength, 
clearnefs,  and  vivacity  (hewn  in  her  remarks  upon  the 
mod  abftraft  and  perplexed  queilions,  immediately  rai- 
fed  the  curiofity  of  all  good  judges  about  the  conceal- 
ed writer ;  and  their  admiration  was  greatly  increaled 
when  her  fex  and  advanced  age  were  known.  Dr  Ru- 
therforth's  EfTay  on  the  Nature  and  Obligation*  of 
Virtue,  publilhed  in  May  1744,  loon  engaged  her 
thoughts  ;  and  notwithftanding  the  afthmatic  diforder 
which  had  feized  her  many  years  before,  and  now  left 
her  fmall  intervals  of  eale,  ihe  applied  herfelf  to  the  con- 
futation of  that  elaborate  difcourfe,  and  finilhed  it  with 
a  fpirit,  elegance,  and  perfpicuity  equal,  if  not  iiiperior, 
to  all  her  former  writings. 

The  lofs  of  her  hu(band  in  1748,  in  the  7Tft  year  of 
his  age,  was  a  levere  (liock  to  her  ;  and  (he  did  not  long 
furvive  hiro,  dying  on  the  nth  of  May  1749,  in  her 
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71(1  year,  after  having  long  fupported  a  painful  diforder   Trumpet 
with  a   refignation  to  the  Divine  will,  which   had  been     ^^"'"  '•  ^ 
the  governing  principle  of  her  whole  lile,  and  her  lup-         * 
port  under  the  various  trials  of  it. 

Her  works  arecollefted  into  two  large  volumes  8vo. 
by  Dr  Birch  ;  who  has  prciixed  to  them  an  account  of 
her  life  and  writings. 

TRUMPET  Marine,  or  Marigsy.  This  is  a 
ftringed  inltrument,  invented  in  the  16th  century 'by  an 
Italian  artid  Marino  or  Marigni,  and  called  a  trumpet, 
becaufe  it  takes  only  the  notes  of  the  trumpet,  with  all 
its  omlffions  and  impcrfeftions,  and  can  therefore  exe- 
cute only  fuch  melodies  as  are  fitted  for  that  initru- 
ment.  It  is  a  very  curious  inftrument,  though  of  fmall 
mufical  powers,  becaule  its  mode  of  performance  is  to- 
tally unlike  that  of  othel"  ftringed  inllruments  ;  and  it 
dcferves  our  very  particular  attention,  becaufe  it  lavs 
open  the  mechanifm  of  mufical  founds  more  than  any 
thing  we  are  acquainted  with  ;  and  we  (hall  therefore 
make  ufe  of  it  in  order  to  communicate  to  our  readers  a 
phllofophical  theory  of  mufic,  which  we  have  already 
treated  in  detail  as  a  liberal  or  fcientific  art. 

The  trumpet  marine  is  commonly  made  in  the  form      Plate 
of  a  long  triangular  pyramid,  ABCD,  fig.  A.  on  which      'i'-V. 
a  fingle  ilring  EFG  is  drained  over  a  bridge  F  by  means 
of  the  finger  pin  L.      At   the   narrow   end   are  feveral 
fiets  I,   2,   3,  4,   5,   &c.  between  £  and  K,  which  di- 
vide the  length  EF  into  aliquot  parts.      Thus   E    1    is 
■^x  of  EF,   E  2  is  y'y,   and  fo  on.      The  bow  is  drawn 
lightly  acrofs  the  cord  at  H,  and  the  ftring  is  (topped 
by  prtffing  it  with  the  finger  immediately  above  the 
frets,  but   not  lo  hard    as  to   make   it  touch  the  fret. 
When   the  open   ftring  is  founded,  it  gives  the  funda- 
mental note.      If  it  be  ftopped,   in  the  way  now  defcri- 
bed,  at  ^d  of  its  length  from  E,  it  j'ields  the    12th  of 
the  iundamcntal  ;   if  (lopped  at  g^th,  it  gives  the  double 
oftave  ;  if  at  4-th,  it  gives  the  1  7th  major,  &c.   In  (hort, 
it  always  gives  the  note  correfponding  to  the  length  of 
the  part  between  the  fret  and  the  note  E.      The  founds 
relemble  thole  of  a  pipe,  and  are  indeed  the  fame  with 
ihofe  known  by  the  name  harmonics,  and  now  executed 
by  every  performer  on  inlhuments  of  the  viol  or  violin 
fpecies.      But  in  order  to  increafe  the  noife,  tlie  brl(lj;e 
F  is  condrucled  in  a  very  particular  manner.      It  does 
not  reft  on  the  found-board  of  the   indrumcnt    through 
its   whole  breadth,  but  only  at  the  corner  a,  where  it  is 
firmly  fixed.      The  other  extremity    is  detached  about 
,57rth  of  an  inch  from  the  found  board  ;  and  thus  the 
bridge,   being  made   to  tremble  by  the  ftrong  vibration 
of  the  thick  cord,  rattles  on    the  found-boaid,  or  on  a 
bit  of  ivory  glued  to   it.     The  ufual  way  in  which  thiK 
motion    is  procured,   is  to  have  another  ilring  pafiir.g 
under  the  middle  of  the  bridge  in  fuch  a  manner  that, 
by  draining  it  tight,  we  raife   the  corner  b  from  the 
found  board  to  the   proper  height.      'J'his  contrivance 
incieafcs  prodigloufly  the  noife  of  the  indrument,  and 
gives   it    fomewhat  of  tliC  fmart  found  of  the  trumpet,  ^ 

tlio'  very  harfli  and  coarfe.  But  it  merits  the  attention 
of  every  perlon  who  wilhts  to  know  any  thing  of  the 
philofophy  of  mufical  founds,  and  we  (ii.dl  therefore 
lay  as  much  on  the  fubjeft  as  will  conduce  to  this 
eft'cft. 

Galileo,  as  we  have  obferved  in  the  article  Tempe- 
rament, Svppl.  was  the  firft  who  difcovered  the  real 
conneftion  between  mathematics  and  mufic,  by  demon- 
ftrating  that  the  times  oj'  the  vibrations  of  elallic  cords 

of 
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Trtiinpet  oY  t'lie  fame  matter  and  fize,  and  ftretched  by  equal 
Marine,  yyejgri^tg^  a,.g  proportional  to  the  lengths  of  the  firings. 
He  inferred  from  this  that  the  mufical  pitch  of  the 
found  produced  by  a  ftretched  cord  depended  folely  on 
the  frequency  of  the  vibrations.  Moreover,  not  being 
able  to  dilcover  any  other  circun\ft\nce  in  which  thofe 
founds  phyfically  refembled  each  other,  and  reflefting 
that  all  founds  are  inntnediately  produced  by  agitations 
of  air  atliug  on  the  ear,  he  concluded  that  each  vibra- 
tion of  the  cord  produced  a  fonorous  pulfe  in  the  air, 
:ind  therefore  that  the  pitch  of  any  found  vs-hatcver  de- 
pended on  the  frequency  of  the  aerial  pulfes.  In  this 
vay  alone  the  found  of  a  ftring,  of  a  bell,  of  an  organ 
pipe,  and  the  bellow  of  a  bull,  may  have  the  fame  pitch. 
He  could  not,  however,  demonftrate  this  in  any  cafe 
but  the  one  above  mentioned.  But  he  was  encouraged 
to  hope  that  mathematicians  would  be  able  to  demon- 
ftrate it  in  all  cafes,  by  his  having  ohferved  that  the 
fame  proportions  obtained  in  organ  pipes  as  in  firings 
flretched  by  equal  weights.  But  it  required  a  great 
progrefs  in  mechanical  philofophy,  from  the  ftate  in 
which  Galileo  found  it,  before  men  could  fpeculate  and 
reafon  concerning  the  pulfes  of  air,  and  difcover  any 
analogy  between  them  and  the  vibrations  of  a  ftring. 
This  analogy,  however,  was  difcovered,  and  its  demon- 
flration  completed,  as  we  ihall  fee  by  and  by.  In  the 
mean  time,  Galileo's  demonllration  of  the  vibrations  of 
elaftic  cords  became  the  foundation  of  all  m.ufical  phi- 
lofophy. It  muft  be  thoroughly  underftood  before  we 
can  explain  the  perforinanc*  of  the  trnrnpet  marine. 

The  demonllration  of  Galileo  is  remarkable  for  that 
beautiful  fimplicity  and  perfpicuity  which  diftinguifh  all 
the  writings  of  that  great  mechanician,  and  it  is  the 
elementary  propofition  in  all  mechanical  treatifes  of 
muCc.  Few  of  them  indeed  contain  any  thing  move  ; 
but  it  is  extremely  imperfe<Sl,  and  is  juft  only  on  the 
fuppofition  that  all  the  matter  of  the  ftring  is  colleded 
at  its  middle  point,  and  that  the  reft  of  it  has  elafticity 
without  inertia.  This  did  not  fuit  the  accurate  know- 
-  ledge  of  the  1 7th  century,  after  Huyghcns  and  Ntwton 
had  given  the  world  a  talle  of  what  might  be  done  by 
profecuting  the  Galilean  mechanics.  When  a  mulical 
cord  has  its  middle  point  drawn  afide,  and  it  is  ftrain- 
f  d  into  the  ihape  of  two  llrait  lines,  if  it  be  let  go,  it 
will  ba  obferved  not  to  vibrate  in  this  form.  It  may 
eafily  be  feen  in  the  extremity  of  its  excurfions,  where 
it  refts,  before  it  return  by  its  elafticity.  The  realon 
is  this  (fee  fig.  B.)  When  the  middle  point  C  of  the 
rord  is  drawn  afule,  and  the  cord  has  the  form  of  two 
ftraight  lines  AC,  CB,  this  point  C,  being  pulled  in 
the  direftions  CA,  CB,  at  once,  is  really  accelerated 
in  the  direflion  CD,  which  bifefts  the  angle  ACB  ;  and 
if  it  were  then  detached  from  the  reft  of  the  material 
cord,  it  would  move  in  that  direftion.  But  any  other 
point  /  between  C  and  B  has  no  accelerating  force 
whatever  afting  on  it.  It  is  equally  pulled  in  the  di- 
reftions/C  and/B.  The  particle  C  therefore  is  obli- 
ged to  drag  along  with  it  the  inert  matter  of  the  reft 
of  the  cord  ;  and  when  it  has  come  to  any  intermediate 
fituation  c,  the  cord  cannot  have  tlie  form  of  two  ftraight 
lines  Ac,  c  B,  with  the  particle  /fituated  in/.  This 
particle  will  be  left  fomewhat  behind,  as  in  f,  and  the 
cord  will  have  a  curved  form  A  f  »  B  ;  and  in  this  form 
it  will  vibrate,  going  to  the  other  fide,  and  aftuming, 
not  the  reftiljneal  form  ADB,  but  the  curved  form 
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A.f  B.  That  every  particle  of  the  curve  A  ?  f  y  B  is  Triimr« 
now  accelerated  toward  the  axis  AB  is  evident,  becaufe  Mariue. 
every  part  is  curved,  and  the  whole  is  ftraincd  toward  ''"""' 
A  and  B,  which  tends  to  ftraiten  every  part  of  it. 
But  in  order  that  the  whole  may  arrive  at  the  axis  in 
one  moment,  and  conftiiute  a  ftraight  line  AB,  it  is 
evidently  neceflary  that  the  accelerating  force  on  every 
particle  be  as  the  diftance  of  the  particle  from  that 
point  of  the  axis  at  which  it  arrives.  It  is  well  known  to 
tlie  mathematician  that  the  accelerating  force  by  which 
any  particle  is  urged  towards  a  redlilineal  pofition,  with 
relpeft  to  the  adjoining  particles,  is  proportion.1l  to  the 
curvature.  Our  readers,  who  are  not  familiar  with  fuch 
difcuflions,  may  fee  the  truth  of  this  fundamental  propo- 
fition by  confidering  the  whole  of  A  c  B  as  only  a  particle 
or  minute  portion  of  a  curve,  magnified  by  a  microfcope. 
The  force  which  ftrains  the  curve  may  be  reprefented 
by  i  A  or  AE.  Now  it  is  well  known  (and  is  the 
foundation  of  Galileo's  demonllration)  that  the  ftrain- 
ing  force  is  to  the  force  with  which  c  is  accelerated  in 
the  direftion  f  E  as  A  f  to  r  D,  or  as  AE  to  c  D,  or 
as  AE  to  twice  c  E.  Now  c  E  is  the  meafure  of  the 
curvature  of  A  c  B,  being  its  deflcAion  from  a  right 
line.  Therefore  when  the  draining  force  is  the  fame 
all  over  the  curve,  the  accelerating  force,  by  which  any 
portion  of  it  tends  to  become  ftraight,  is  proportional 
to  the  curvature  of  that  portion.  And  if  r  be  the  radius 
of  a  circle  paffing  through  A,  c,  and  B,  and  coinciding 
with  this  element  of  a  curve,  it  is  plain  that  c  D  :  f  A  r: 
c  A  :  r,  or  that  the  radius  of  curvature  is  to  the  element 

■c  A  zs  the  extending  force   to   the  accelerating  force  ; 

_  A  1 
andirDs ;  and  is  inverfely  as  r,  or  direftly  as  the 

r 

curvature. 

Hence  we  fee  the  nature  of  that  curve  which  a  mu- 
fical cord  muft  Inve,  in  order  that  all  its  parts  may  ar- 
rive at  the  axis  at  once.  The  curvature  at  c  muft  be 
to  the  curvature  at/ as  E  c  to  g  f.  But  this  may  not 
be  enough.  It  is  farther  neceflary  that  when  c  has  got 
half  way  to  E,  the  curvature  in  the  different  points 
of  the  new  curve  into  which  the  cord  has  now  arranged 
itfcif,  be  alio,  in  every  point,  proportional  to  the  dif- 
tance from  the  axis.  Now  this  <wi/i  be  the  cafe  if  the 
extreme  curve  has  been  fuch.  For,  taking  the  cord  in 
any  other  fucceflive  (hape,  the  diftance  which  each  point 
has  gone  in  the  fame  moment  muft  be  proportional  to 
the  force  which  impelled  it ;  therefore  the  remaining 
diftances  of  all  the  points  from  the  axis  will  have  the 
fame  proportions  as  before.  And  the  geometrical  and 
evident  confcquence  of  this  is,  that  the  curvatures  will 
alfo  bo  in  the  fame  proportion. 

Therefore  a  cord  that  is  once  arranged  in  this  form 
will  always  preferve  it,  and  will  vibrate  like  a  cycloidal 
pendiUum,  performing  its  ofclllations  in  equal  time.^, 
whether  they  be  wide  or  narrow.  Therefore  fince  this 
perfeft  ifochronifm  of  vibrations  is  all  that  is  wanted 
for  preferving  the  fanie  mufical  pitch  or  tone,  this  cord 
will  always  have  the  fame  note. 

This  propofition  was  the  difcovery  of  Dr  Brooke 
Taylor,  one  of  the  ornaments  of  our  country  *,  and  's,*f  t  * 
publifhed  in  his  celebrated  work  Methodus  Incremento-  ' 
rum.  The  inveftigation,  however,  and  the  demonftra- 
tion  in  that  work,  are  fo  obfcure  and  fo  tedious  that  few 
had  patience  to  perufe  them.  It  was  more  elegantly 
treated  afterwards  by  the  BernouUis  and  others.    The 

curve 
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t  curve  got  the  name  of  the  Taylorean  curve  ;  and  is  con- 
fidered  by  many  eminent  mathematicians  as  a  trochoid, 
''  t'/z.  the  curve  defcribed  by  a  point  in  the  nave  or  fpoke 
of  a  wheel  while  the  wheel  rolls  along  a  ftraight  line. 
But  this  is  a  millake,  although  it  is  allied  to  the  tro- 
choid in  the  fame  manner  that  the  figure  of  fines  is 
allied  to  the  cycloid.  Its  phyficil  property  intitles  it 
to  the  name  of  the  harmonical  curve.  As  this 
curve  is  not  only  the  foundation  of  all  our  knowledge 
of  the  vibration  of  elallic  cords,  but  alio  furnifhes  an 
equation  which  will  lead  the  matliematician  through  the 
whole  labyrintli  of  aereal  undulations,  and  be  of  ufe  on 
many  other  occafious  ;  and  as  the  firll  mathematicians 
have,  through  inattention,  or  through  enmity  to  Dr 
Taylor,  affefted  to  coiihder  it  as  the  trochoid  already 
well  known  to  thcmielves — we  fhall  give  a  fhort  account 
ot  its  conftruttion  and  chief  properties,  fimplitied  from 
the  elegant  defcription  given  by  Dr  Smith  in  his  Har- 
monics. 

Let  SDTV,  QRRP  (fig.  C),  be  circles  defcribed 
round  the  centre  C.  Draw  the  diameters  QCR,  ECP, 
cutting  each  other  at  right  angles.  From  any  point 
G  in  the  exterior  circle  draw  the  radius  GC,  cutting 
the  interior  circle  in  F,  draw  KHFI  parallel  to  QCR, 
and  make  HI,  HK,  each  equal  to  the  arch  EG.  Let 
this  be  done  for  every  point  of  the  quadrantal  arch 
EGR,  The  points  I,  K,  are  in  the  harmonic  curve  ; 
that  is,  the  curve  AKDIB  paffing  through  the  points 
K  and  I,  determined  by  this  conftruftion,  has  its  cur- 
vature in  every  point  K  proportional  to  the  dillance  KN 
from  the  bafe  AB. 

To  demonftrate  this,  draw  FL  perpendicular  to  the 
axis,  and  join  EL.  Take  another  pointy  in  the  outer 
circle  indefinitely  near  to  G.  Drawee,  cutting  the 
inner  circle  iny,  a.nd  f  h  andy"/  perpendicular  to  DC, 
CT,  and  join  E /.  Then  fuppofe  two  lines  K  w'  Km' 
perpendicular  to  the  curve  in  K  and  i.  They  mutt 
meet  in  m',  the  centre  of  the  equicurve  circle.  Draw 
KN  n  perpendicular  to  the  bafe,  and  m'  n'  parallel  to  it, 
and  join  i  n.    Laftly,  draw  XL  x  perpendicular  to  EL. 

It  is  plain  that  k  O,  the  difference  of  HK  and  h  k, 
is  equal  to  G^,  the  difference  of  GE  and  ^ij'  E,  and  that 
KO  is  equal  to   F  r,  and  L  /  to  rf,     Alfo,  becaufe 

EL' 
ELX  is  a  right  angle,  EX  =   "pp"- 

We  have  F r  :  F/  =  CL  :  CF,  =  CL  :  CD. 
F/:Gf=  CD  :  CE. 

Therefore  Fr  :  G^,  or  KO  :  0;f  =  CL  :  CE. 

The  triangles  ECL  and  k  OK  are  therefore  fimllar, 
as  are  alfo  k  OK  and  K«m,  and  confequently  ECL  and 
K  n  w  ;  and  becaufe  EC  is  parallel  to  K  n,  EL  is  pa- 
rallel to  Km.  For  the  fame  rtafon  km  is  parallel  to  E/, 
and  the  triangles  E  /x  and  m  X  ^  are  Cmilar,  and 

L«  :  Kk  =1  LE  :  Km 
and  L.v  :  Ki  =  EC  :  Kn.     But  farther. 
La;  :  L/=  CE  :  CL 

L/  :¥/=  KN  :  CD,  being  =  FL  :  FC 
Ff:Gg  =  C'D:  CE,  being  =  F/  :  i  O 
G^  :  Ki  =  CE  :  CL,  being  =  KO  :  Kk. 
Therefore  Lx  :  K  i  =  KNXCE  :  EL%  =  KN  :  EX. 

Therefore  KN  :  EX  =  LE  :  Km,  and  Km  =-^^, 

KN 

and  KN  :  EX  =  CE  :  Kn,  and  K«  =  -^j^- 


In  the  very  narrow  vibrations  of  mulical  cords,  CD  Truinjet 

is  exceedingly    fmall   in    comparifon  with  C  E,   fo  that    *^"'"'"  , 

EX'EL,  or  EX'CE,   may,   without  feiifible   error,  be         * 

taken  for  CE',  and  then  we  obtain  K  m  or  K  n  (which 

CE" 
hardly  differ)  ^  _ — >  ajid  therefore  the   curvature  is 

proportional  to  KN.  The  fmall  deviation  from  this  ra- 
tio woiild  feem  to  Ihcw  that  this  conftruftiou  dots  not 
give  the  harmonic  curve  with  accuracy.  But  it  is  not 
fo.  For  it  will  be  found,  that  although  the  curvature 
is  not  as  KN,  it  is  Hill  proportional  to  the  fpace  which 
any  particle  K  muft  really  defcribe  in  order  to  arrive  at 
the  axis.  Thefe  paths  are  lines  whofe  curvatures  dirai- 
niih  as  they  approach  to  DC. 

We  fee  i//,  that  the  bafe  ACB  of  the  turve  is  equal 
to  the  fcmicircular  arch  QJ^R. 

2d,  Alfo  that  the  tangent  KZ  in  any  point  K  is  per- 
pendiciilar  to  EL. 

3^/,  We  learn  that  the  curvature  at  A  and  B  is  no- 
thing, for  in  thefe  two  points  KN  is  nothing. 

CE* 

4/A,  The  radius  of  curvature  at  D  is  prccifely  = * 

Therefore,  as  the  (Ivlng  approaches  the  axis,  and  CD 
dimiuilhes,  the  curvature  diminifhes  in  the  fame  pro- 
portion. The  vibrations  therefore  are  performed  like 
thofe  of  a  pendulum  in  a  cycloid,  and  are  ifochronous, 
whether  wide  or  narrow,  and  therefore  the  mufical  pitch 
is  con  (Ian  t. 

This  is  not  ftridlly  true,  becaufe  in  the  wide  vibrations 
the  extenfion  or  extending  force  is  fomewhat  greater. 
Hence  it  is  that  a  ftring  when  violently  twanged  founds 
a  little  fharper  at  the  beginning.  Dr  Long  made  a 
harplichord  whofe  firings  were  ftretched  by  weights,  by 
which  this  imj)erfedlion  was  removed. 

It  is  proper  to  exhibit  the  curvature  at  D  in  terms 
of  the  length  AB,  and  of  tlie  greateft  excurfion  c  D. 
Therefore  let  c  be  the  circumference  of  a  circle  whofe 
diameter  is  I.  Let  AB  the  length  of  the  cord  be 
=  L,  and  let  CD  the  i  breadth  of  the  vibration  be  B. 

CE' 

We  had  a  little  ago  D  m  = but  f  :  i  =  AB  : 

CE,  and  CE  =  ^  and  c  E^  =  ^-  Therefore  Dm 


AB" 


nearly. 


f'XCD'  p.SyCD 
We  can  now  tell  the  number  of  vibrations  made  in  a 
fecond  by  a  ftring.  This  we  obtain  by  comparing  its 
motion,  when  impelled  by  the  accelerating  force  which 
afls  on  it,  with  its  motion  when  afted  on  by  its  weight 
only.  Therefore  let  L  be  tlie  length  of  a  ftring,  and 
W  its  weight,  and  let  E  be  the  ttraining  weight,  or 
extending  force.  Let y  be  the  force  which  accelerates 
the  particle  D  iV  of  the  cord,  and  w  the  weight  of  that 
particle,  while  W  is  the  weight  of  the  whole  cord.  Let 
z  be  the  fpace  which  the  particle  D  J  would  defcribe 
during  the  time  of  one  vibration  by  the  uniform  aftlon 
of  the  force/,  and  let  S  be  the  fpace  which  it  would 
defcribe  in  the  fame  time  by  its  weight  iu  alone.  Then 
(Dynamics,  Sujipl.  n^  103.  cor.  6.)  the  time  in  which 
/would  impel  the  particle  D  d  along  i  DC,  is  to  the 
time  of  one  vibration  as  I  :  f.  And  i  DC  is  to  a  as 
the  fquare  of  the  time  of  defcribing  i  DC  is  to  the 
fquare  of  the  time  of  defcribing  2  ;  that  is,  l  :  c'  =: 
i  DC  ;  2  a,  and  f  *  DC  =  2  z. 
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,^        /ABXW 

V  2.P.E 


Trumpet        Now,  by  the  property  cf  the  harmonic  curve, 
Marine.  AB  :  D  m  =  2  z  :  AB 

' * '  But  D  OT  :  D  </  =  E  :/ 

And  D  ^:  AB  =  w  :  W 
Therefore  2  2;  E-w  =  AB/W 
And/:  TO  =  2  z  X  E  :  AB  X  W 
But  TO  :/=  2  S  :  2  z 
Therefore  2  S  X  E  =  AB  X  W 
And  2  E  :  W  =  AB  :  S. 
That  is,  a  mufical  chord,  extended  by  a  force  E,  per- 
forms  one  vibration  DCV  in  the  time  chat  a  heavy  body 
defcribes  a  fpace  S,   which  is  to  the  length  of  the  cord 
as  its  weight  is  to  twice  the  extending  force. 

Now  let  g  be  the  fpace  through  which  a  heavy  body 
falls  in  one  fecond,  and  let  the  time  of  vibration  (elli- 
mated  in  parts  of  a  fecond)  be  T.     We  have 
AB  :  S  =  2  E  :  W 
A  :g  =zT'  :  i' 
Therefore  AB  :  ^  =  2  E-'P  :  W 

And  AB  X  W  =  T--  X  2  E  X  ^ 

Therefore  T^  =  .:^4-^'  a" 

2^.E  V_        2^. 

Let  n  be  the  number  of  vibrations  made  in  a  fecond. 

„__!__  /JjIE  =  /UIl 

>      ~T      V    AB.W       V     L.W* 

If  the  length  cf  the  cord  be  meafured  in  feet,  2  ^  is 
very  nearly  32.     If  in  inches,  2  g  is  386,  more  nearly. 

Therefore  n  =  J^^^  or  J^  ^-^-    This  may  ea- 

fily  be  compared  with  obfervation.  Dr  Smith  hung  a 
weight  of  7  pounds,  or  49,00c  grains,  on  a  brafs  wire 
fufpended  from  a  finger  pin,  and  (liortened  it  till  it  was 
in  perf^a  unifon  with  the  double  odave  below  the  open 
ftring  D  of  a  violin.  In  this  ftate  the  wire  was  25'55 
inches  long,  and  it  weighed  31  grains. 

Now    /384><"49000  _   ,,o,j  =  n.      This  wire, 

*^       35.55X31  .  .  .  r  , 

therefore,  ought  to  make  130,7  vibrations  in  a  iecond. 
Dr  Smith  proceeded  to  afcertain  the  number  of  aereal 
pulfes  made  by  this  found,  availing  himfelf  of  the  theory 
of  (he  beats  of  tempered  confonaiices  invented  by  him- 
felf.  On  his  fine  chamber  organ  he  tuned  upwards  the 
■perfeft  fifths  DA,  A  e,  e  b,  and  then  tuned  downward 
the  perfect  6th  e  J.  Thus  he  obtained  an  odave  to 
D,  which  was  too  fliarp  by  a  comma,  and  he  found  that 
it  beat  65  times  in  20  feconds.     Therefore  the  number 

of  vibrations  was  —  81,  or  263,25.     Thefe  were  com- 
20  -^    -^ 

plete  pulfes  or  motions  from  D  to  V  and  back  again, 
and  therefore  contained  526-;  fuch  vibrations  as  we  have 
now  been  confideriiig.  The  double  odave  below  fhould 
make  ;Jth  of  this,  or  131,6,  which  is  not  a  complete 
vibration  more  than  the  above  theory  requires  :  more 
accurate  coincidence  is  needlefs. 

This  theory  is  therefore  very  completely  eftablifhed, 
and  it  may  be  confidered  as  one  of  the  lineft  mechani- 
cal problems  which  has  been  folved  in  laft  century.  We 
mention  it  with  greater  minutenefs,  becaufe  the  merit 
of  Dr  Taylor  is  not  fiifficiently  attended  to.  Mr 
Rameau,  and  the  other  great  theoriits  in  mufic,  make 
no  mention  of  him ;  and  fuch  as  have  occafion  to  fpeak 
of  the  abfolute  number  of  vibrations  made  by  any  mu- 
fical note,  always  quote  Mr  Sauveur  of  the  French  aca- 
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demy.  This  gentleman  has  written  fome  very  excellent  Trumpt 
differtations  on  the  theory  of  mufic,  and  Sir  Ifaac  New-  Mariuc 
ton  ill  his  Principia  often  quotes  hia  authority.  H<  »  - 
has  given  the  adtual  determination  of  the  number  of 
vibrations  of  the  note  C,  obteined  in  a  manner  fimilar 
to  that  praftifed  by  Dr  Smith  on  his  chamber  organ, 
and  which  agrees  extremely  well  with  that  meafure. 
But  Mr  Sauveur  has  alfo  given  a  mechanical  invelllgation 
of  the  problem,  which  gives  the  fame  number  of  vibra- 
tions  that  he  ohferved.  We  prefume  that  Rameau  and 
others  took  the  demonftration  for  good  ;  and  thus  Mr 
Sauveur  pafTts  on  the  Continent  for  the  dilcoverer  of  this 
theorem.  But  it  was  not  puhlifhed  till  1 7  16,  though 
read  in  1713;  whereas  Dr  Taylor's  demonftration  was 
read  to  the  Royal  Society  in  May  17 14.  But  this 
demonftration  of  Mr  Sauveur  is  a  mere  paralogiim, 
where  errors  compcnfate  errors  ;  and  the  affumption  oil 
which  he  proceeds  is  quite  gratuitous,  and  has  nothing 
to  do  with  the  fubjeft.  Yet  John  Bernoulli,  from  en- 
mity to  Taylor  and  the  Englifli  mathematicians,  takes 
not  the  Iciiit  notice  of  this  fophifticated  demonftration, 
accommodated  to  the  experiment,  and  fo  devoid  of  any 
pretenfions  to  argument  that  this  fevere  critic  could  not 
but  fee  its  falfity. 

Sauveur  was  one  of  the  firft  who  obferved  diftinftly 
that  remarkable  faft  which  Mr  Rameau  made  the  foun- 
dation of  his  mufical  theory,  w'z.  that  a  full  mufical 
note  is  accompanied  by  its  oftave,  its  twelfth,  and  its 
feventeenth  major.  It  had  been  catually  obferved  be- 
fore, by  Marfennus,  by  Perrault,  and  others  ;  but  Sau- 
veur tells  diftinftly  how  to  make  the  obfervation,  and  af- 
firms it  to  be  true  in  all  deep  notes.  Rameau  aflerts  it 
to  be  univerfally  and  neceffarily  true  in  all  notes,  and 
the  foundation  of  all  mufical  pleafure. 

]t  had  been  difcovered  before  this  time,  that  not  only 
a  full  note  caufed  its  unifon  to  refoiind,  but  alfo  that  a 
1 2th,  being  founded  near  any  open  ilring,  the  ftring 
refounded  to  this  12th.  It  does  the  fame  to  a  15th,  a 
17th  major,  a  22d,  &c. 

Dr  Wallis  addea  a  very  curious  circumftance  to  this 
obfervation.  Two  of  his  pupils,  Mr  Noble  and  Mr 
Pigott,  in  167^,  amufing  themfelves  with  thefe  refon- 
nanccs,  obferved,  that  if  a  fmall  bit  of  paper  be  laid 
on  the  ftring  of  a  violin  which  is  made  to  reiound  to 
its  unifon,  the  paper  is  thrown  off":  a  proof  that  the 
ftriiig  refounded  by  really  vibrating,  and  that  it  is 
thrown  into  thefe  vibrations  by  the  pulfes  of  the  air 
produced  by  the  other  ftring.  In  like  manner  the  pa- 
per is  thrown  off  when  the  ftring  refounds  to  its  oc- 
tave. But  the  young  gentlemen  obferved,  that  when 
the  paper  was  laid  on  the  middle  point  of  the  ftring,  it 
remained  without  agitation,  although  the  ftring  ftill  re- 
founded.  They  found  the  fame  thing  when  they  made 
the  ftring  refound  to  its  1  2th  :  papers  laid  on  the  two 
points  of  divifiiin  lay  ftill,  but  were  thrown  off  when 
laid  on  any  other  place.  In  fliort,  they  found  it  a  ge- 
neral rule,  that  papers  laid  on  any  points  of  divifion 
correfponding  to  the  note  which  was  refounded,  were 
not  agitated. 

Dr  Wallis  (the  greateft  theorlft  in  mufic  of  the  17th 
century)  juftly  concluded  that  thefe  points  of  the  re- 
foundiug  ftring  were  at  reft,  and  that  the  intermediate 
parts  were  vibrating,  and  producing  the  notes  corre- 
fponding to  their  lengths. 

From  this  Mr  Sauveur,  with  great  propriety,  deduced 

the 
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Trumpet  the  theory  of  the  performance  of  the  trumpet  marine, 
Marnie.    jj,g  yitlle,  the  clavichord,  and  fome  other  inilruments. 
'  When   tlie  firing   of  the  trumpet  marine  is  gently 

(topped  at  4>  ^nd  the  bow  drawn  lightly  acrofs  it  at 
H  (fig.  A),  the  full  vibration  at  the  finger  is  llopped  ; 
but  the  Ilring  is  thrown  into  vibrations  of  fome  kind, 
which  will  either  be  deftroycd  or  may  go  on.  It  is  of 
importance  to  fee  what  circumftance  will  permit  their 
continuance. 

Suppofe  an  clallic  cord  put  into  thefituation  ABCDE 
(fig.  D),  fnch  that  AB,  BC,  CD,  DE,  are  all  equal, 
and  that  BCD  is  a  ftraight  line.  Let  the  point  C  be 
made  fad,  and  the  two  points  B  and  D  be  let  go  at 
once.  It  is  evident  that  the  two  parts  will  immediate- 
ly vibrate  in  two  harmonica!  curves  A^C  and  CDE, 
which  will  change  to  ABC  and  C^E,  and  io  on  alter- 
nately. It  is  olfo  evident  that  if  a  line  FCG  be  drawn 
touching  the  curve  ABC,  it  will  alfo  touch  the  curve 
CDE  ;  and  the  line  which  touches  the  curve  AiC  in 
C,  will  alto  touch  the  curve  C</E.  In  every  inftant 
the  two  l.alves  of  the  cord  v.  ill  be  curves  which  have  a 
common  tangent  In  the  point  C.  The  undoubted  con- 
fequence  of  this  is,  that  the  point  C  will  not  be  afFett- 
ed  by  thefe  vibrations,  and  its  fixure  may  be  taken  away. 
The  -I  d  will  continue  to  vibrate,  and  will  give  the 
found  of  the  ofiave  to  its  fundamental  note. 

The  condition;  then,  which  muft  be  implemented,  in 
order  that  a  (Iring  may  refound  to  its  oftave,  or  take 
the  found  of  its  oftave,  is  fimply  this,  that  its  two  parts 
may   vibrate  equally   in    oppofite  direftions.      This  is 

I  evidently  poffible  ;   and  when  the  bow  is  drawn   acrofs 

j  the  ftring  of  the  trumpet  marine  at  H,   and  irregular 

:  vibrations  are  produced  in  the  whole  Ilring,  thofe  which 

•  happen  to  be  in  one  direftion  on  both  fides  of  the  middle 

point,  where  it  is  gently  (lopped  by  the  finger,  will  de- 
(Iroy  eacii  other,  and  the  confpiring  ones  will  be  in- 
ftantly  produced,  and  then  every  lucceeding  action  of 
the  bow  will  increafe  them. 

The  fame  thing  mud  happen  if  a  (Iring  is  gently 
flopped  at  one-third  of  its  length  ;  for  there  will  be  the 
fame  equilibrium  of  forces  at  the  two  points  of  divifion, 
fo  that  the  fixures  of  thele  points  may  be  removed,  and 
the  firing  will  vibrate  in  three  parts,  founding  the  I2th 
of  the  fundamental. 

We  may  oblerve,  by  the  way,  that  if  the  bow  be 
drawn  acrofs  the  firing  at  one  of  the  points  of  divifion, 
correfponding  to  the  flopping  at  the  other  end  of  the 
ftring,  it  will  hardly  give  any  dillinfl  note.  It  rattles, 
and  is  intolerably  harfli.  The  reafon  is  plain  :  The  bow 
takes  fome  hold  of  the  point  C,  and  drags  it  along 
with  it.  The  cord  on  each  iide  of  C  is  left  behind, 
and  therefore  the  two  curves  cannot  have  a  common 
tangent  at  C.  The  vibrations  into  which  it  is  thus 
jogged  by  the  bow  dtflroy  each  other. 

We  now  lee  why  the  trumpet  marine  will  not  found 
every  note.  It  will  found  none  but  fuch  as  correfpond 
to  a  divifion  of  the  ftring  into  a  number  of  equal  parts, 
and  its  note  will  be  in  unifon  with  a  firing  equal  to  one 
f>{  thofe  parts.  Therefore  it  will  Jiijl  of  all  found  the 
fundamental,  by  its  whole  length  ; 

2.  Its  oftave,  correfponding  to        -       -^  its  length 

3.  The  12th,  ...  I 

4.  The  15th,  or  double  odlave,      -      ^ 

5.  The  17th,  .  .  .  f 

6.  The  19th,         ...  ^ 
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tonic  fcale  of  our  inufic. 

8.  The  triple  odlave,  or  2 2d, 

9.  The  23d,  or  2d  in  the  fcale  of  the 

triple  odlave, 

10.  The  24th,  or  3d  in  this  fcale, 

1 1.  The  25th,  a  falfe  4th  of  this  fcale 
I  2.  The  26th,  a  perfecl  5th  of  this  fcale,  tt 

13.  The  27th,  a  falfe  6tli  of  ditto,         -,'y  =  -,'7 

14.  The  28th,  a  falfe  7th  minor, 
15;.  The  28th,  a  perf;*6l  7th  major, 
16.  The  quadruple  oftave,  .  -,'_ 

Tlius  we  fee  that  this  inftrument  will  not  execute  all 
mufic,  and  indeed  will  not  complete  any  otlave,  btcaufe 
it  will  neither  give  a  perled  4tli  nor  6th.  Wt  (hall 
prefently  fee  that  thefe  are  the  very  defeifls  of  the 
trumpet. 

This  fingular  ftringed  inftrument  has  been  defcribed 
in  this  detail,  chiefly  with  the  view  of  preparing  us  for 
underftanding  the  real  trumpet.  The  Vielle,  Sa- 
voy arde,  or  HuRDYGURDY,  performs  in  the  fame 
manner.  While  the  wheel  rubs  one  part  of  the  firing 
like  a  bow,  the  keys  gently  prefs  the  firings,  in  points 
of  aliquot  divifion,  and  produce  the  harmonic  notes. 

It  is  to  prevent  fuch  notes  that  the  part  of  harpfi- 
chord  wires,  lying  between  the  bridge  and  the  pins,  are 
wrapped  round  with  lift.  Thefe  notes  would  frequent- 
ly diflurb  the  mufic. 

Laflly  on  this  head,  the  ./Eolian  harp  derives  its  vafl 
variety  of  fine  founds  from  this  mode  of  vibration.  Sel- 
dom do  the  cords  perform  their  fundamental  or  fimple 
vibrations,  They  are  generally  founding  f'onie  of  the 
harmonies  of  their  fundamentals,  and  give  us  all  ttiii 
variety  from  ftrings  tuned  in  unilon. 

Tkumpct,  Mujiciil,  is  a  wind  irilrument  which  founds 
by  prelTing  the  clofed  lips  to  the  fmall  end,  and  forcing 
the  wind  through  a  very  narrow  aperture  betv/een  the 
lips.  This  is  one  of  the  niofl  ancient  of  mufical  inflru- 
mcnts,  and  has  appeared  in  all  nations  in  a  vaft  variety 
of  forms.  The  conch  of  the  favage,  the  horn  of  the 
cow-herd  and  of  the  poftman,  the  bugie  horn,  the  li- 
tuus  and  tuba  of  the  Romans,  the  military  trumpet,  and 
the  trombone,  the  cor  de  chujfe  01  French  horn  —  are  all 
inftruments  winded  in  the  fame  manner,  producing 
their  variety  of  tones  by  varying  the  manner  and  force 
of  blowing.  The  ferpent  is  anutlier  inftrument  of  the 
fame  kind,  but  producing  part  ot  its  notes  by  means  of 
holes  in  the  fides. 

Although  the  trumpet  is  the  fimplcft  of  all  mufical 
inftruments,  being  nothing  but  a  long  tube,  narrow  at 
one  end  and  wide  at  the  other,  it  is  the  moll  difficult 
to  be  explained.  To  underftand  how  fonorous  and'Ce- 
gulated  undualtions  can  be  e.xcited  in  a  tube  without 
any  previous  vibration  of  reeds  to  form  the  waves  at 
the  entry,  or  of  holes  to  vary  the  notes,  requires  a  ve- 
ry nice  attention  to  the  mechanilm  of  aereal  undula- 
tions, and  we  are  by  no  means  certain  that  we  have 
as  yet  hit  on  the  true  explanation.  We  are  certain, 
however,  that  thefe  aereal  undulations  do  not  differ 
from  thofe  produced  by  the  vibration  of  firings  ;  for 
they  make  ftrings  refound  in  the  fame  manner  as  vibra- 
ting  cords  do.  Galileo,  however,  did  not  know  thii 
argument  for  his  afTertion  that  the  mufical  pitch  of  a 
pipe,  like  that  of  a  cord,  depended  0.1  the  frequency 
alone  of  the  aereal  undulations;  but  he  thought  it  highly 
4  y  probable, 
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Mufical  probaWe,  from  hisobfervationson  the  ftruflurcof  organs, 
^Trumpet,  jj^^t  ^i,^  „otes  of  pipes  were  related  to  their  lengths  in  the 
•  "  fame  manner  as  thofe  of  wires,  and  he  exprcfsly  makes 
this  remaik.  Newton,  having  difcovered  that  iound 
moved  at  the  rate  of  about  960  feet  per  fecond,  obferved 
that,  according  to  the  experiments  of  Mi  Snuveur,  the 
length  of  an  open  pipe  is  half  the  length  of  an  aereal 
pulfe.  This  he  could  eafily  afccrtain  by  dividing  the  fpace 
defcribed  by  found  in  a  fecond  by  the  number  of  pulfes. 
Daniel  Bernoulli,  the  cclel>rated  promoter  of  the 
Newtonian  mechanics,  difcovered,  or  at  leaft  was  the 
firfl  who  attentively  marked,  fome  other  circumllances 
of  refemblance  between  the  undulations  of  the  air  in 
pipes  and  the  vibrations  of  wires.  A?  a  wire  can  be 
inade,  not  only  to  vibrate  in  its  full  length,  founding 
its  fundamental  note,  but  can  alfo  be  made  to  fubdivide 
itfelf,  and  vibrate  like  a  portion  of  the  whole,  with 
points  of  reft  between  the  vibrating  portions,  when 
it  gives  one  of  its  harmonic  notes  ;  fo  a  pipe  can- 
not only  have  fuch  undulations  of  air  going  on  with- 
in it  as  are  competent  to  the  produftioii  of  its  fun- 
damental  note,  but  alfo  thofe  which  produce  one  of  its 
harmonic  notes.  Every  one  knows  that  when  we  force 
a  flute,  by  blowing  too  ftroiigly,  it  quits  its  proper 
Bote,  and  gives  the  oftave  above.  Forcing  ftill  more, 
produces  the  12th.  Then  we  can  produce  the  double 
eflave  or  15th,  and  the  17th  major,  &c.  In  (hort,  by 
attending  to  feveral  circumllances  in  the  manner  of 
blowing,  all  the  notes  may  be  produced  from  one  very 
long  pipe  that  we  produce  from  the  trumpet  m.arine, 
and  in  precifely  the  fame  order,  and  with  the  fame  o- 
iniflions  and  imperfections.  This  alone  is  almoft  equi- 
valent to  a  proof  that  the  mechanifm  of  the  undulations 
of  air  in  a  pipe  are  analogous  to  that  of  the  vibrations 
of  an  elaftic  cord.  Having  with  fo  great  fuccefs  in- 
vcftigated  the  mechanifm  of  the  partial  vibrations  of 
wires,  and  alfo  another  kind  of  vibrations  which  we  (hall 
mention  afterwards,  incomparably  more  curious  and 
more  important  in  the  philofophy  of  mufical  founds, 
Mr  Bernoulli  undertook  the  inveftigation  of  thofe  more 
myllerious  motions  of  air  which  are  produced  in  pipes  ; 
p.nd  in  a  very  ingei.ious  differtation,  publifhed  in  the 
Memoirs  of  the  Academy  of  Paris  for  1762,  &c.  he 
gives  a  theorv  of  them,  «hieh  tallies  in  a  wonderful 
manner  with  the  chief  phenomena  which  we  obferve  in 
the  wind  inftruments  of  the  flute  and  trumpet  kind. 
We  are  not,  however,  fo  well  fatished  with  the  truth 
of  his  ajfumpt'wns  refpeiSing  the  flate  of  the  air,  and  the 
precife  form  of  the  undulations  which  he  afligns  to  it  ; 
but  we  fee  that,  notwithftanding  a  probability  of  his 
being  miftaken  in  thefe  circumftances  (it  is  witli  great 
deference  that  we  prefume  to  fuppofe  him  miftaken), 
the  chief  propofitions  are  ftill  true  ;  and  that  the  chan- 
ges from  note  to  note  muft  be  produced  in  the  order, 
tho'  perhaps  not  in  the  precife  manner,  afiigned  by  him. 
It  is  by  no  means  eafy  to  conceive,  with  clearnefs, 
the  way  in  which  mufical  undulations  are  excited  in  the 
various  kinds  of  trumpets.  Many  who  have  reputation 
as  mechanicians,  fuppofe  that  it  is  by  means  of  vibra- 
tions of  the  lips,  in  the  fame  manner  as  in  the  haut- 
boy, clarionette,  and  reed  pipes  of  the  organ,  where  the 
air,  fay  they,  is  put  in  motion  by  the  trembling  reed. 
But  this  explanation  is  wrong  in  all  its  parts  ;  even  in 
the  reed  pipes  of  an  organ,  the  air  is  not  put  in  motion 
by  the  reeds.  They  are  indeed  the  occafions  of  its  mu- 
ikal  undulation,  but  they  do  not  imme({iate(y  impel  it 
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into  thofe  waves.     This  method  (and  indeed  all  me-    Mufical 
thods  but  the  vibrations  of  wires,  bells.  Sic.)  of  produ-  Trumpet, 
cing  found  is  little  underftood,  though  it  is  highly  wor-  ^~^"* "^ 
tliy  of  notice,   being  the  origin   of  animal  voice,  and 
becaufe  a  knowl-.'dge  of  it  would  enable   the  artifts  to 
entertain  us  with  founds  hitherto  unknown,  acd  thus  add 
confidcrably  to  this  gift  of  our  Bountiful  Father,   who 
has  (hewn,  in  the  Itrufture  of  the  larynx  of  the  human 
fpecies,  that  he  intended  tiiat  we  (huuld  enjoy  the  plea- 
fures  of  mufic  as  a  laborum  dulce  lenimen.     He  has  there 
jllaced    a  micrometer  apparatus,    by  which,    afttr  the 
other  mufcles  have  done  their  part  in  bringing  the  glot- 
tis nearly  to  the  tenfion  which  the   intended   note  re- 
quires, we  can  eafily,  and  inftantly,  adjull  it  with   the 
utmoll  nicety. 

We  truft,  therefore,  that  our  readers  will  indulge  us 
while  we  give  a  very  curlory  view  of  the  manner  in 
which  the  tremulous  motion  ot  the  glottis,  or  of  a  reed 
in  an  organ  pipe,  produces  the  fonorous  undulations  with 
a  conftant  or  uniform  frequency,  lo  as  to  yield  a  mni'i- 
cal  note. 

K  we  blow  through  a  fmall  pipe  or  quill,  we  produce 
only  a  whizzing  or  hiding  noife.  If,  in  blowing,  we 
fliut  the  entry  with  our  tongue,  we  hear  fomething  like 
a  folid  blow  or  tap,  and  it  is  accompanied  xyitli  fome 
faint  perception  of  a  mufical  pitch,  jull  as  when  we  tap 
with  the  finger  on  one  of  the  holes  of  a  flute  when  all 
the  reil  are  (Itut.  We  are  tlien  fenfible  of  a  difference 
of  pitch  according  to  the  length  of  the  pipe  ;  a  longer 
pipe  or  quill  giving  a  graver  found.  Here,  then,  is 
like  the  beginning  of  a  fonorous  undulation.  Let  us 
confider  the  ilate  of  the  air  in  the  pipe  :  It  was  filled 
by  a  column  of  air,  which  was  moving  forward,  and 
would  have  been  (ucceeded  by  other  air  in  the  fame 
Hate.  This  air  was  theretore  nearly  in  its  llate  of  na- 
tural denfity.  When  the  entry  is  fuddenly  (lopped  by 
the  tongue,  the  included  airj  already  in  motion,  conti- 
nues its  motion.  This  it  cannot  do  without  growing 
rarer,  and  then  it  is  no  longer  a  balance  for  the  preffure 
of  the  atmofphere.  It  is  therefore  retarded  in  its  mo- 
tion, totally  flopped  (being  in  a  rarefied  flate),  and  is 
then  prefied  back  again.  It  comes  back  with  an  acce- 
lerated motion,  and  recovers  its  natural  denfity,  while, 
the  flate  of  rarefaction  goes  forwzird  through  the  open 
air  like  any  other  aereal  puUe.  Its  motions  are  fome- 
what,  but  not  altogether,  like  that  of  a  fpiral  wire, 
which  has  been  in  like  manner  moving  uniformly  along 
the  pipe,  and  has  been  flopped  by  fomething  catching 
hold  of  its  hindermoft  extremity.  This  fpring,  when 
thus  catched  behind,  ftretches  itfelf  a  little,  then  con- 
tratls  beyond  its  natural  flate,  and  then  expands  again, 
quivering  feveral  times.  It  can  be  demonftrated  that 
the  column  of  air  will  make  but  one  quiver.  Suppofe 
this  accomplifhed  in  the  hundredth  part  of  a  fecond, 
and  that  at  that  inftant  the  tongue  is  removed  for  the 
hundredth  part  of  a  fecond,  and  again  applied  to  the 
entry  of  the  pipe.  It  is  plain  that  this  will  produce 
fuch  another  pulfe,  which  will  join  to  the  former  one, 
and  force  it  out  into  the  air,  and  the  two  pulfes  toge- 
ther will  be  like  two  pulfes  produced  by  the  vibration 
of  a  cord.  If,  inflead  of  the  tongue,  we  fuppofe  the 
flat  plate  of  an  organ-reed  to  be  thus  alternately  applied 
to  the  hole  and  removed,  at  the  exaft  moments  that  the 
renewals  of  air  are  wanted,  it  is  plain  that  we  (hall  have 
fonorous  undulations  of  uniform  frequency,  and  therefore 
a  mufical  note.    This  19  the  way  in  which  reeds  pro. 

duce 
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Mufical  duce  tlieir  uf^~:Si,  not  by  ln:/vlJiiig  the  air  into  alternate 
Trumpet,   {ta^eg  of  inotion  to  and  i'ro,  and  alternate  llrata  of  lare- 

' i'^"'  titil  and  condenled  air,   hut  by  giving  lliem  time  to  ac- 

miire  this  Itate  by  the  combination  of  the  air's  elaftioity 
vvitli  its  pvogrelhve  motion. 

Tiie  adiuitiiient  of  the  fucceeding  puff  of  air  to  the 
pulfe  w'hicli  ])recedes  it,  fo  that  they  may  make  one 
linooth  and  regular  pulfe,  is  more  exacif  than  we  have 
yet  remarked  ;  for  the  iloppage  of  the  hole  not  only 
0,-fr/i'ins  a  rarefadion  litfore  it,  but  by  checking  the  air 
which  was  jull  going  to  enter,  makes  a  condcnfation 
b.-hitul  ihe  door  (lo  to  fpeak)  ;  fo  that,  when  the  pafl'age 
is  again  opened,  the  two  parcels  of  air  are  fitted  for 
fupporting  each  other,  and  forming  one  pulfe. 

Supjiotv,  in  the  i;ext  place,  that  the  reed,  inilead  of 
completely  lliutting  the  hole  each  time,  only  half  Ihuts 
it.  'I'he  fame  thing  mull;  ftill  happen,  although  not  in 
fo  remarkable  a  degree.  When  tlie  paifage  is  contract- 
ed, the  fnpply  is  diminifhcd,  and  the  air  now  in  the 
pipe  mull  rarefy,  by  advancing  with  its  former  velocity. 
It  mull  therefore  retard  ;  by  retarding,  regain  its  for- 
nier  denlity  ;  and  the  air,  not  yet  got  into  the  pipe, 
inull  condenle,  &c.  And  if  the  paifage  be  again  open- 
ed or  enlarged  in  the  proper  time,  we  Ihall  have  a  com- 
plete pulfe  of  condenfed  and  rarefied  air;  and  this  mufl 
be  accompanied  by  the 'beginniiig  of  a  niufical  note, 
which  may  be  continued  like  the  former. 

This  will  be  a  fofter  or  more  mellovi'  note  than  the 
other;  for  the  condenfed  and  rarefied  air  will  not  be  fo 
fuddenly  changed  in  their  denfities.  The  difference  will 
be  like  the  difference  of  the  notes  produced  by  drawing 
a  quill  along  the  teeth  of  a  comb,  and  that  produced 
by  the  equally  rapid  vibrations  of  a  wire.  For  let  it 
be  remarked  here,  that  mufical  notes  are  by  no  means 
confined,  as  theorifts  commonly  fuppofe,  to  the  regular 
cycloidal  agitations  of  air,  fuch  as  are  produced  by  the 
vibrations  of  an  claftic  cord  ;  but  that  any  crack,  fnap, 
or  noife  whatever,  when  repeated  with  fufScient  frequen- 
cy, becomes  ipfo  falfo  a  mufical  found,  of  which  we  can 
tell  the  pitch  or  note.  What  can  be  lefs  mulical  than 
the  folitary  cracks  or  fnaps  made  by  a  ftiff  door  when 
very  flowly  opened  ?  Do  this  brilkly,  and  the  creak 
changes  to  a  cliirp,  of  which  we  can  tell  the  note.  The 
founds  will  be  harfh  or  fmooth,  according  its  the  fiiaps 
of  which  they  are  compofed  are  abrupt  or  gradual. 

This  dillinAion  of  founds  is  moll  fatisfaftorily  con- 
Jirmed  by  experiment.  If  the  tongue  of  the  organ  reed  is 
'quite  flat,  and  if,  in  its  vibrations,  it  apply  itfelf  to  the 
whole  margin  of  the  hole  at  once,  lo  as  completely  to 
(hut  it  (as  is  the  cafe  in  the  oldfafhioned  regal  flop  of 
the  organ),  the  note  is  clear,  fmart,  and  harlh  or  hard  : 
but  if  the  lips  of  the  reed  are  curved,  or  the  tongue 
properly  bent  backward,  fo  that  it  applies  itfelf  to  the 
edges  of  the  hole  gradatim,  and  never  completely  (huts 
the  paffage,  the  note  may  have  any  degree  of  mellow 
fweetnefs.  This  remai'k  is  worth  the  attention  of  the 
inllrument-makers  or  organ-builders,  and  enables  them 
to  vary  the  voice  of  the  organ  at  pleafure.  We  only 
mention  it  here  as  introductory  to  the  explanation  of 
>*  the  founis  of  the  trumpet. 

We  trull  that  the  reader  now  perceives  how  the  air, 
proceeding  along  a  pipe,  may  be  put  in  the  ilate  of  al- 
ternate ftrata  of  condenfed  and  rarefied  air,  the  par- 
ticles, in  the  mean  time,  proceeding  along  the  pipe  witii 
a  very  moderate  velocity  ;  while  ihe  JIale  of  undulaiion 
ii  propagated  at  the  rate  of  eleven  or  twelve  hundred 
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feet  in  a  fecond  ;  iuH.  as  we  may  fometi:nci  fee  a  dream  MiWidat 
of  water  gliding  gently  down  a  canal,  while  a  wave  runs  ""'*""•. 
along  its  linface  with  much  greater  rapidity.  ' 

It  will  greatly  alTill  the  ima^fnatioii,  if  we  compare 
thefe  atival  undulations  with  the  undulations  of  water 
in  an  open  canal.  While  the  water  is  Howing  fmjolh- 
ly  along,  fuppofe  a  (hiice  to  be  thruft  up  from  the  bot- 
tom quite  to  the  furface,  or  beyoi.d  it.  Thij  will  ii.i- 
inediatcly  caufe  a  deprefTion  on  the  lower  fide  of  tiic 
(luice,  by  the  water's  going  along  the  canal,  and  a  heap- 
ing up  of  the  v/ater  on  the  other  (ide.  Dy  properly 
liming  the  motion  of  this  (luice  up  and  down,  we  can 
produce  a  feries  of  connedled  waves.  If  the  fluice  be 
not  pulhcd  up  to  the  furface  but  only  one-half  way, 
there  will  be  the  fame  fucceflion  of  wav.;s,  but  raucL 
fmoother,  Sic.  &c. 

It  is  in  this  ftate,  though  not  by  fuch  means,  that 
the  air  is  contained  in  a  loundiiig  trumpet.  It  is  not 
bi  ought  into  tliis  (late  by  any  tremor  of  the  lips.  The 
trumpeter  foir.etinies  feels  fuch  a  tremor  ;  but  whenever 
he  feels  it,  he  can  no  longer  iound  liis  note.  His  lips 
are  painfully  tickled,  and  he  mull  chajige  his  manner 
of  winding. 

When  blowing  with  great  delicacy  "and  care,  the 
deeped  notes  of  a  French  horn,  or  trombone,  v.e  fome- 
times  can  feel  the  undulations  of  the  air  in  the  pipe  di- 
ftindtly  fluttering  and  beating  againil  the  hps  ;  and  it  is 
difficult  to  hinder  the  lips  from  being  ailedted  by  it  : 
but  we  feel  plainly,  that  it  is  not  the  lips  which  aie  (lut- 
tering,  but  the  air  before  tliem.  We  feel  a  curious  in- 
fiance  of  this  when  we  attempt  to  whitlle  in  concert. 
If  our  accompanier  intonates  with  a  certain  degiee  of 
incorrednefs,  we  feel  fomething  at  our  own  lips  which 
makes  it  inipoffible  to  utter  the  intended  note.  This 
happens  very  frequently  to  the  perfon  who  is  whillling 
the  upper  note  of  a  greater  third.  In  like  inanncr,  the 
undulations  in  a  pipe  reatt  on  the  reed,  and  check  its  vi- 
brations. For  if  the  dimenfions  of  a  pipe  are  fuch  that 
the  undulations  formed  by  the  reed  cannot  be  kept  up 
in  the  pipe,  or  do  not  fuit  the  length  of  the  pipe,  the 
reed  will  either  not  play  at  all,  or  will  vibrate  only  in 
ilarts.  This  is  finely  illuflrated  by  a  beautiful  and  in- 
flrudlive  experiment.  Take  a  fmall  reed  of  the  vox  hu- 
mana  flop  of  an  organ,  and  fet  it  in  a  glafs  foot,  adapt- 
ed to  the  windbox  of  the  organ.  Inllcad  of  the  com- 
mon pipe  above  it, 'fix  on  it  the  Aiding  tube  of  a  fmall 
telefcope.  When  all  the  joints  are  thrull  down,  touch 
the  key,  and  look  attentively  to  the  play  of  the  reed. 
While  it  is  founding,  draw  out  the  joints,  making  the 
pipe  continually  longer.  We  (liall  obferve  the  reed 
thrown  into  flrange  fits  of  quivering,  and  fometirnes 
quite  motionlcfs,  and  then  thrown  into  wide  fonurous 
vibrations,  according  as  the  maintainable  pulfe  is  com- 
menfurate  or  not  with  the  vibrations  of  the  reej.  This 
plainly  fhews  that  the  air  is  not  impelled  into  its  undu- 
lations by  the  reed,  but  that  the  reed  accommodates  it- 
felf to  the  undulations  in  the  pipe. 

We  acknowledge  that  we  cannot  explain  with  dif- 
tinftnefs  in  what  manner  the  air  in  a  trumpet  is  firft 
put  into  mufical  undulations.  We  fee  that  it  is  only 
in  very  long  and  flender  tubes  that  this  can  be  done. 
In  fhort  tubes,  of  confiderable  diameter,  like  the  cow- 
herd's horn,  we  obtain  only  one  or  two  very  indi- 
ffinCt  notes,  of  which  it  is  difficult  to  name  the  pitch; 
aid  th;s  requires  great  force  of  blail ;  whereas,  to  bring 
out  the  deep  notes  of  the  French  horn,  a  very  gentle 
4  Y  2  and 
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Mufical  and  wt-ll-reprulated'  blaft  is  neceiTary.  The  form  of  the 
Trumpet,  jj^^^  combined  with  the  force  of  the  bhdl,  form  all  tl\e 
notes.  But  this  is  in  a  way  that  cannot  be  ta\ight  by 
any  dcfciiption.  Tlie  performer  learns  it  by  habit,  and 
fteh  that  the  inftrument  leaps  into  its  note  without  him, 
when  he  gradually  varies  liis  blall,  and  continues  found- 
ing the  fame  note  ;  although  he,  in  the  mean  ti'TiC, 
makes  fome  fmall  change  in  his  manner  of  blowing. 
This  is  owing  to  what  Mr  Bernoulli  obferved.  The 
tube  is  fuited  only  to  fuch  pulfcs,  and  can  only  main- 
tain fuch  pulfes  as  correfpond  to  aliquot  parts  of  its 
length  :  and  when  the  embouchure  is  very  nearly,  but 
not  accurately,  fuited  to  a  particular  note,  that  note 
forms  ilff/fin  the  tube,  and,  refting  on  the  lips,  brings 
them  into  the  form  which  can  maintain  it  with  eafe. 
We  have  a  proof  of  this  when  we  attempt  to  found  the 
note  correfponding  to  one  feventh  of  the  length.  Not 
having  a  diftincl  notion  of  this  note,  which  makes  no 
part  of  our  fcale  of  melody,  we  cannot  eafily  prepare 
for  it  in  the  way  that  habit  teaches  us  to  prepare  for 
the  others  :  whereas,  from  what  we  fliall  fee  prefently, 
the  notes  omfucth  and  one  eighth  are  both  familiar  to 
the  mind,  and  eailly  produced.  When,  therefore,  we 
attemjit  to  produce  the  note  one-fevenlh,  we  Hide,  a- 
gainft  our  will,  into  the  one  fixlh  or  one  eighth. 

Nor  can  we  completely  illuftrate  the  formation  of 
mufical  pulfes  by  waves  in  water.  A  canal  is  equally 
fufceptible  of  every  height  and  length  of  progreffive 
waves  ;  whereas  we  fee  that  a  certain  length  of  tube  will 
raaintain  only  certain  determined  pulfes  of  air. 

We  mnft  therefore  content  ourlelvcs  for  the  prefent 
with  having  learned,  by  means  of  the  reed  pipes,  how 
the  air  may  exift  progrelTively  in  a  tube,  in  an  alternate 
ftate  of  condenfalion  and  rarefattion  ;  and  we  fhall  now 
proceed  to  connder  how  this  ftate  of  the  air  is  related 
to  the  length  of  the  tube.  And  here  we  can  do  no 
mere  than  give  an  outline  of  Mr  Bernoulli's  beautiful 
theory  of  flutes  and  trumpets,  but  without  a  mathema- 
tical examination  of  the  particular  motions.  We  can, 
hov/ever,  flicvv,  vlth  fufficient  evidence,  how  the  ditfer- 
ent  notes  are  produc-'d  from  the  fame  tube.  It  requires, 
however,  a  very  fteady  attention  from  the  reader  to  en- 
able him  to  perceive  how  the  different  portions  of  this  air 
aft  on  each  other.    We  truft  that  this  will  now  be  given. 

The  conditions  which  muft  be  implemented,  in  or- 
der to  maintain  a  mufical  pulfe,  are  two  :  i.  Tliat  the 
vibrations  of  the  dlfFcirnt  plates  of  air  be  performed  in 
tqual  times,  otherwife  tliey  would  all  mix  and  confound 
each  other.  2.  That  they  move  all  together,  all  begin- 
ning and  all  ending  at  the  fame  inftant.  It  does  not 
appear  that  any  other  ftate  of  vibration  can  exift  and 
be  maintained. 

The  column  of  air  in  a  tube  may  be  confidered  as  a 
material  fpring  (having  weight  and  inertia.)  This 
fpring  is  comprefled  and  coiled  up  by  the  prelTure  of  the 
atmofphere.  But  in  this  coiled  ftate  it  can  vibrate  in 
its  different  parts,  as  a  long  fpiral  wire  may  do,  though 
preffed  a  little  together  at  the  end.^.  It  is  evident  that 
the  air  within  a  pipe,  flint  at  both  ends,  may  be  placed 
in  fuch  a  fituation,  in  a  variety  of  ways,  th.it  it  w-ill  vi- 
brate in  every  part,  in  the  fame  manner  as  a  chord  of 
the  fame  length  and  vreight,  ftrained  by  a  force  equal 
to  the  prefTure  of  the  atmofphere.  Thus,  in  the  (liut 
Plate  P'P^  ■^^  (^o-  ••)>  fuppofi^  3  harmonic  curve  ACB,  or 

XLV.         a  wire  of  the  fame  weight  with  the  air,  throwing  itfelf 
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into  the  form  of  this  cuive.  The  force  which  impels  Mufical 
the  point  C  to  the  axis  is  to  that  which  impels  the  Trumpet, 
point  c  as  CE  to  c  e.  Now,  fuppofe  the  air  in  tliis  pipe  ^"""v— ^ 
divided  into  parallel  ftrata  or  plates,  crofting  the  tube 
like  diaphragms.  In  order  that  thefe  may  vibrate  in 
the  fame  manner  (not  acrofs  the  tube,  but  in  the  di- 
reftion  of  its  axis),  all  that  is  neceffary  for  the  moment 
is,  that  the  excels  of  the  preffure  of  the  ftratum  d  li  a- 
bove  that  of  the  ftratum_/y  may  be  to  the  excefs  of  the 
prcfTure  of  DD  above  tiiat  of  FF  as  t  f  to  CE.  In 
this  cafe,  the  ftratum  c  e  will  be  accelerated  in  the  di- 
retlion  e  f,  and  the  ftratum  EE  is  accelerated  in  the 
fame  direction,  and  in  the  due  proportion.  Now  this 
may  be  done  in  an  infinite  variety  of  ways  for  a  fiiigle 
moment.  It  depends,  not  on  the  abtolute  denfity,  but 
on  the  variation  of  denfity  ;  bccaufe  the  prefture  bv 
wdiich  a  particle  of  air  is  urged  in  any  dircftion  arifes 
from  the  difference  of  the  diilagces  of  the  adjoining  par- 
ticles on  each  fide  of  it.  But  in  order  to  continue  this 
vibration,  or  in  order  that  it  may  obtain  at  once  in  the 
whole  pipe,  this  variation  of  denfity  muft  continue,  and 
be  according  to  fome  connected  law.  This  circum- 
ftance  greatly  limits  the  ways  in  which  the  vibration 
may  be  kept  up.  Mr  Bernoulli  finds  that  the  ifochro- 
nifm  and  fynchronifm  can  be  maintained  in  the  follow- 
ing manner,  and  in  na  other  that  he  could  think  of: 

Let  AB  (fig.  2.)  be  a  cylindrical  pipe,  fhut  at  A, 
and  open  at  B.  Then,  in  wliatever  manner  the  found 
is  produced  in  the  pipe,  the  undulations  of  the  contain, 
ed  air  mutt  be  performed  as  follows  ;  Let  o  a  be  a  plate 
of  air.  This  plate  will  approach  to,  and  recede  from, 
the  ftiut  end  A,  vibrating  between  the  fituations  b  h 
and  c  c,  the  whole  vibration  being  b  c,  and  the  plate  will 
vibrate  like  a  pendulum  in  a  cycloid.  The  greater  we 
fuppofe  the  excurfionsa  b,  a  c,  the  louder  will  the  found 
be  ;  but  the  duration  of  them  all  muft  be  the  fame,  to 
agree  with  the  faft  that  the  tone  remains  the  fame.  The 
motion  will  be  accelerated  in  approaching  to  a  a  from 
either  fide,  and  retarded  in  the  rt-cefs  from  it.  Let  us 
next  confider  a  plate  «  «,  more  remote  from  A.  It  muft 
make  finu'lar  vibrations  from  the  fituation  3  /3  to  the  fi- 
tuation y  y.  But  thefe  vibrations  muft  be  greater  in 
proportion  as  the  plate  is  farther  from  A.  It  cannot 
be  conceived  otherwife  :  For  fuppofe  the  plate  »  »  to 
make  xhefame  excurfions  with  a  a,  and  that  the  reft  do 
the  fame.  Then  they  will  all  retain  the  fame  diftances 
from  each  other  ;  and  thus  there  will  be  no  force  what- 
ever afting  on  any  particles  to  make  them  vibrate.  But  if 
every  particle  make  excurfions  proportional  to  its  di- 
ftance  from  A,  the  variation  of  denfity  will,  in  any  in- 
ftant, be  the  fame  through  the  whole  pipe,  and  each 
particle  in  the  vibrati:ig  plate  P  C  will  be  accelerated  or 
retarded  in  proportion  to  its  diftance  from  A  ;  while 
the  accelerations  and  retardations  over  all  will,  in  any 
inftant,  be  proportional  to  the  diftance  of  each  particle 
from  its  place  of  reft.  All  this  will  appear  to  the  ma- 
thematician, who  attentively  confiders  any  momentary 
fituation  of  the  particles.  In  this  manner  all  the  par- 
ticles will  fupport  each  other  in  their  vibrations. 

It  follows  from  this  defcription  that  the  air  in  the 
tube  is  alternately  rarefied  and  condenfed.  But  thefe 
changes  are  very  different  in  diff^erent  parts  of  the  tube. 
Thev  muft  be  greateft  of  all  at  A  ;  becaufe,  while  all 
the  plates  approach  to  A,  they  concur  in  condenfing 
the  air  immediately  adjoining  to  A  ;  while  the  air  in 
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a  a  and  a  a  is  lefs  condenfed  by  the  aftion  of  the  plates 
bcyiind  it.  The  air  at  B  is  always  of  its  natural 
denfitv,  being  in  eqiiilibrio  with  the  furrounding  air. 
At  B,  therefore,  tlicre  is  a  (mall  parcel  of  air,  ot  its  na- 
tural deiifity,  which  is  alternately  going  in  and  out. 

This  account  is  confirmed  by  many  tadts.  If  the 
bottom  of  the  pipe  be  (luit  by  a  fine  membrane,  flretch- 
ed  acrofs  it  like  a  drumhead,  with  a  wire  ftretched  over 
it,  either  externally  or  internally,  in  the  fame  manner 
as  the  catgut  is  ftretched  acrofs  the  bottom  of  a  drum, 
it  will  be  thrown  into  llrong  vibrations,  making  a  very 
loud  noife,  by  rattling  againft  the  crofs  wire.  The 
fame  thing  happens  If  the  membrane  be  parted  over  a 
hole  clofe  to  the  bottom,  leaving  a  fmall  fpace  round 
the  edge  of  the  hole  without  pafte,  fo  that  the  mem- 
brane may  play  out  and  in,  and  rattle  on  the  margin  of 
the  hole.  This  alfo  makes  a  prodigious  noife.  Now, 
if  the  membrane  be  palled  on  a  hole  far  from  the  bot- 
tom, the  agitations  will  be  much  fainter  ;  and  when  the 
hole  is  near  the  mouth  of  the  pipe,  there  will  be  none. 
— When  a  pipe  has  its  air  agitated  in  this  manner,  it  is 
giving  the  lowed  note  of  which  it  is  fufceptible. 

Let  us  next  confider  a  pipe  open  at  both  ends.  Let 
CB  (fig.  3  )  be  this  pipe.  It  is  plain  that,  if  there  be 
a  partition  A  in  the  middle,  we  fiiall  have  two  pipes 
AB,  AC,  each  of  which  may  undulate  in  the  manner 
now  defcribed,  if  the  undulations  in  each  be  in  oppoiite 
direftions.  It  is  evidently  pofllble,  alfo,  that  thcfe  un- 
dulations may  be  the  fame  in  point  of  ftrength  in  both, 
and  that  they  may  begin  in  the  fame  inftant.  In  this 
cafe,  the  air  on  each  fide  of  the  partition  will  be  in  the 
fame  ilate,  whether  of  condenfation  or  raretaftlon,  and 
the  partition  A  itfelf  will  always  be  in  equillbrio.  It 
will  perfectly  referable  the  point  C  of  the  mufica!  cord 
BFCGH  (fig.  6.),  which  is  in  equillbrio  between  the 
vibrating  forces  of  its  two  parts.  In  the  pipe,  the  plates 
of  air  on  each  fide  are  either  both  approaching  it,  or 
both  receding  from  it,  and  the  partition  is  cither  equal- 
ly fqueezed  from  both  fides,  or  equally  drawn  outwards. 
Confequently  this  partition  may  be  removed,  and  the 
parcels  of  air  on  each  fide  will,  in  any  inftant,  fupport 
each  other.  There  feems  no  other  way  of  conceiving 
thefe  vibrations  in  open  pipeo  which  will  admit  of  an 
explanation  by  mechanical  laws.  The  vibrations  of  all 
the  plates  muft  be  obtained  without  any  mutual  hin- 
derence,  in  order  to  produce  the  tone  which  we  really 
hear  ;  and  therefore  fuch  vibrations  are  impreffed  by 
Natu  e  on  each  plate  ot  air. 

But  if  this  explanation  be  juft,  it  is  plam  that  this 
pipe  CB  mult  give  the  fame  note  with  the  pipe  AB 
(fig.  2.)  of  half  the  length,  fhut  at  one  end.  But  the 
found,  being  dotibled,  with  perfedf  confoiiaiice,  muft  be 
clear,  ilrong,  and  mellow.  Now  this  is  perftdil)'  agree- 
able to  obfervalion  ;  and  this  fact  is  an  unequivocal  con- 
firmation of  the  jullnets  of  the  theory.  If  we  take  a 
llender  pipe,  about  fix  inches  long  and  ont  half  of  an  inch 
wide,  fhut  at  one  end,  and  found  it  by  blowing  acrofs 
Its  month,  as  we  whiftle  on  the  pipe  of  a  key,  or  acrofs 
a  hole  that  is  clofe  to  the  montli,  and  formed  with  an 
tdge  like  the  found-hole  of  a  German  flute,  we  fhall  get 
a  very  diftlnft  and  clear  tone  from  it.  If  we  now  take 
a  pipe  of  double  the  length,  open  at  both  ends,  and 
blow  acrofs  its  mouth,  we  obtain  the  fame  note,  but 
more  clear  and  ^rong.  And  the  note  produced  by 
blowing  acrofs  the  mouth  is  not  changed  by  a  hole 
made  cxaftly  in  the  middle,  in  refp;tt  of  its  mufical 
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pitch,  although  it  is  greatly  hurt  in  point  of  clearncfs    Miifiol 
and  ftrength.      Alfo  a  membrane  at  this  hole  is  ftrong-  Trunn'ct. 
ly  agitated.     All  this  is  in  perfcd  conformity  to  this  ^~~^'~~^ 
mechanifm. 

Thus  we  have,  in  a  great  meafure,  explained  the  ef- 
feft  of  an  open  and  a  ihut  pipe.  The  fhut  pipe  is  al- 
ways an  oftave,  graver  than  an  open  pipe  of  the  fame 
length  ;  becaufe  the  open  pipe  is  in  unifon  with  a  ftiut 
pipe  of  half  the  length. 

Let  AC  (fig.  4.)  be  a  pipe  (hut  at  both  ends.  We 
may  confider  it  as  compofed  of  two  pipes  AB,  BC, 
ftopped  at  A  and  C,  and  open  at  B.  Undulations  may 
be  performed  in  each  half,  prccifely  as  in  the  pipe  AB 
of  fig.  2.  ;  and  they  will  not,  in  tht  fmalleft  degree,  ob- 
ftrutt  each  other,  if  we  only  fuppofc  that  the  plates  in 
each  half  arc  vibrating  at  once  in  the  fame  direftion. 
The  condenfation  in  AB  will  correfpond  with  the  ra- 
refaction in  BC,  and  the  middle  parcel  B  will  maintain 
its  natural  deniity,  vibrating  to,  and  again  acrofs  the 
middle  ;  and  two  plates  a  a,  ^  a,  which  are  equally  di- 
ftant  from  B,  will  make  equal  excurfions  in  the  fame 
direftion. 

We  may  produce  found  in  this  pipe  by  making  an 
opening  at  B.  Its  note  will  be  found  to  be  the  fame 
with  that  of  BC  of  fig.  2.  or  of  AB  of  fio-.  2. 

In  the  next  place,  let  a  pipe,  fhut  at  one  end,  be 
confidered  as  divided  into  any  odd  number  of  equal 
parts,  and  let  them  be  taken  in  pairs,  beginning  at  the 
Hopped  end,  fo  that  there  may  be  an  odd  one  left  at 
the  open  end.  It  is  plain  that  each  of  thefe  pairs  may 
be  confidered  as  a  pipe  ftopped  at  both  ends,  as  in 
fig.  4. 

For  the  partitions  will,   of  themfclves,  be  in  equill- 
brio, and  may  be  removed,  and  vibrations  may  be  main- 
tained in  the  whole,   conliltent   with  the  vibration   of 
the  odd  part  at  the  open  end  j  and  thefe  vibrations  will 
all  fupport  each  other,   and  the  plates  of  air  which  are 
at   the  points  of  divifion  will  remain  at  reft.      Conceive 
the  pipe  AB  of  fig.  2.  to  be  added  to  the  pipe  AC  of 
fig.  4.  the  part  A  of  the  firft  being  joined  to  A  of  the 
other.     Now,  fuppofe  the  vibrations  to  be  performed  in 
both,  in  fuch  a  marner  that  the  fimultaneous   undula- 
tions on  each  fide  of  the  jundtion  msy   be   in   opptjfite 
direftions.      it  is   plain  that  the  partition  will  be  in  e- 
quillbrio,  and   may   be  removed  ;   and  the  plate   of  air 
will  perform   the    fame    office,    being    alternately   the 
middle  plate  of  a  condenfed  and  of  a  rarefied  parcel  of 
air.     The  two  pipes  C A,    AB    will  together  give   th* 
fame  note  that  AB  would  have  given  alone,  but  louder. 
In  like  manner  may  another  pipe,  equal  to  AC,  be 
joined  to  the  fhut  end  of  this  compound  pipe,  as  in  fig. 
5.  and  the  tiu-ce  will  ilill  give  the  fame  note  that  AB- 
would  have  done  alone. 

And  in  the  lame  manner  may  any  number  of  pipes, 
each  equal  to  AG,  be  added,  and  the  whole  will  give 
ftill  the  fame  note  that  AB  would  have  given  alone. 

Hence  it  legitimately  follows,  that  if  the  undulations 
can  be  once  bcgirn  in  this  manner  in  a  pipe,  it  may 
give  cither  the  found  competent  to  it,  as  a  fingle  pipe 
AB  (fig.  2.)  ;  or  it  may  give  the  found  competent  to  a 
pipe  of  jd,  fth,  ith,  &c,  of  its  length  ;  the  undulations 
in  each  part  AB,  BC,  CD,  maintaining  themfclves  ia. 
the  manner  already  defcribed.  This  feems  the  only 
way  in  which  they  can  be  prtferved,  both  ilbchronous 
and  fynchronous. 

It  is  known  that  the  graveft  tones  of  pipes  are  as  the 
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Mufical  lengths  of  the  pipes,  or  the  fiequency  of  the  iiiidiila- 
T  rumpet.  tio„3  arc  inverfcly  as  their  lengths.  (This  will  be  de- 
vionJli-Jled  prefeiuly).  Thciefure  thcfe  acceflbry  tones 
(houlJ  he  as  the  odd  numbers  3,  5,  7,  &c.  and  tlie 
whole  tones,  including  the  fundamental,  ihould  form 
the  progreflion  of  the  odd  numbers  i,  3,  5,  7,  &c. 

This  is  abundantly  confirmed  by  experiment.  Take  a 
German  flute,  and  (top  all  the  fingcr-holes.  1'he  flute, 
by  gradually  foiciug  the  blaft,  will  give  the  fundamen- 
tal, the  i2lh,  the  17th,  the  2  ill,   &c.  (a).     '    . 

Again,  let  AD  (fig-  6.)  reprefeni  the  length  of  a  pipe. 
Conltiutt  on  AD   an  harmonic  curve  AEBFCGHD, 
jn  fuch   a  manner  that  HD  n.ay  be   4  AB,  --  i   BC, 
—  ^  CK      The  fniall  ordinates  m  n  will  exprefs  the  to- 
tal excurfion  of  the  plates  of  air  at  the  points  ?n  m,  &c. 
and   thole    ordinates  which  are  above  the  axis  will  ex- 
prefs  excurfions  on  one  fide  of  the  place  of  reft,  and  the 
ordinates  below  will  niaik  the  excurfions  in  theoppofite 
direftions,  in  the  fame  manner  as  if  this  harmonic  curve 
were  really  a  vibrating  cord.      Thefe  excurfions  are  no- 
thing  ill  the  points    A,  B,   C,   H,  and  are  greatcft  at 
the  points  E,  F,  G,  D,  where  the  little  inals  of  air  re- 
tains its  natural  denfity,  and  travels  to  and  again,  con- 
denfing  the  ?ir  at  B,  or  rarefying  it,  according  as  the 
parcels  E  and  F  are  approaching  to  or  receding  from 
each   other      The  points  A,    B,  C,  H,  may  be  called 
Nodes,  and   the  parts    E,    F,   C,    D,  may  be  called 
Bights   or  Loops.     This  repreleuts  very  well  to  the 
eye  the  motion  of  the  plates  of  air.     The  denfity  and 
velocity  need  not  be   minutely  confidered   at  prefent. 
It   is  enough  that  we  fee  that  when  the  denfity  is  in- 
creafing  at  A,  by  the  approach  of  the  paicel  E,  it  is 
diminiftting  at  B  by  the  recefs   of  E   and   F  j   and   in- 
crealing  at  C,  by  the  approach  of  F  and  G,  and  dimi- 
nifiiing  at  H,  by  the  rectfs  of  G.     In  the  next  vibra- 
tion it  will  be  diminiftiing  at  A  and  C,  and  increafing 
at  B  and  H.     And  thus  the  alternate  nodes  will  be  in 
the  fame  Hate,  and  the  adjoining  nodes  in  oppofite  Hates. 
The    reader    muft  carefully  diftinguiili  this  motion 
from  the  undulatory  motion  of  a  pulfc,  inveftigated  by 
Newton,  and  defcribed  in  the  article  Acoustics,  £n- 
cycl.     That  undulation  is  going  on  at  the  fame  time, 
and  is  a  refult  of  what  we  are  now  conlidcring,   and  the 
caufe  of  our  hearing  this  undulation.     The  undulation 
we  are  now  confidering  is  the  original  agitation,  or  ra- 
ther it  is  the  SOUNDING   body,  as  much  as  a  vibrating 
ilring  or  bell  is  ;  for  it  is  not  the  trumpet  that  we  hear, 
but  the  air  trembling  in  the  trumpet.     The  trumpet  is 
performing  the  office,  not  of  the  ftring,  but  of  the  pin 
and  bridge  on  which  the  ftring  is  ilraiiied.     This  is  an 
important  remark  in  the  philoiophy  of  mufical  founds. 
There  is  yet  another  fet  of  notes  producible  from  a 
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pipe  befidcs  thofe  which  follow  in  the  order  of  frequen 
^y  •>  3>  5>  7-.  &c.  ^ 

Suppofe  a  pipe  open  at  both  ends,  founding  by  blow- 
ing acrofs  the  end,  and  undulating,  as  already  defcribed, 
with  a  node  in  the  middle  A  (fig.  3.)  If  we  tlill  ex- 
prefs  the  fundamental  note  of  the  pipe  AB  of  fig.  2. 
by  > ,  it  is  plain  that  the  fundamental  of  an  open  pipe 
of  the  fame  length  will  have  the  frequency  of  its  undu- 
lations exprclTed  by  2  ;  becaufe  an  open  pipe  of  twice 
the  length  of  AB  (tig.  2.)  will  be  i,  the  two  pipes 
AB  (hg.  2.),  and  CB  (fig.  3.),  being  in  unifon. 

But  this  open  pipe  may  be  made  to  undulate  in  an- 
other manner  ;  for  we  have  leen  that  AB  of  tig.  2. 
joined  to  CA  of  fig.  4.  may  found  altogether  when  the 
partition  A  is  removed,  lull  giving  the  note  of  AB 
(fig.  3.)  Let  fuch  another  as  A13  (fig.  2.)  be  added 
to  the  end  C,  and  let  the  partition  be  removed.  The 
whole  may  ftill  undulate,  and  ftill  produce  the  fame 
note  ;  that  is,  a  pipe  open  at  both  ends  may  found  a 
note  which  is  the  fundamental  of  a  pipe  like  AB  (fig. 
2.),  but  only  one-fourth  of  its  length.  The  pipe  CB 
of  fig.  3.  may  thus  be  luppofed  to  be  divided  into  four 
equal  parts,  CE.  EA,  AF,  FB,  of  which  the  extreme 
parts  EC  and  I'B  contain  undulations  fimilar  to  thofe 
in  AB  (fig.  2.)  i  and  the  two  middle  pans  contain  un- 
dulations like  thofe  in  CA  (fig.  4.)  The  partitions  at 
E  and  F  may  be  removed,  becaufe  the  undulations  in 
EC  and  EA  will  fupport  each  other,  if  they  are  in 
oppofite  diredUons  ;  and  thofe  in  FB  and  FA  may 
fupport  each  other  in  the  lame  manner. 

It  mutl  here  be  remarked,  that  in  this  ftate  of  undu- 
lation the  diredlion  of  the  agitations  at  the  two  extre- 
mities  is  the  fame  ;  for  in  the  middle  piece  EF  the  par- 
ticles are  moving  one  way,  condenfing  the  air  at  E, 
while  tliey  rarefy  it  at  F.  Therefore,  while  the  middle 
parcel  is  moving  from  E  towards  F,  the  air  at  B  muft 
be  moving  towards  F,  and  the  air  at  C  muft  be  moving 
from  E.  In  fhort,  the  air  at  the  two  extremities  muft, 
in  every  inftant,  be  moving  in  the  oppofite  direflion  to 
that  of  the  air  in  the  middle. 

In  like  manner,  if  the  pipe  CB  of  fig.  3.  be  divided 
into  fix  parts,  the  two  extreme  parts  may  undulate  like 
AB  of  tig.  2.  and  the  four  inner  parts  may  undulate 
like  two  pipes,  fuch  as  CA  of  fig.  4.  and  the  whole  will 
give  the  lound  which  makes  the  fundamental  of  a  pipe 
of  one  fixth  of  the  length,  or  having  the  frequency  6. 

We  may  remark  here,  that  the  fimultaneous  motion 
of  the  air  at  the  extremities  is  in  oppofite  direftions, 
whereas  in  the  laft  cafe  it  was  in  the  fame  direftion. 
This  is  eafily  feen  ;  for  as  the  partition  which  is  be- 
tween the  two  middle  pieces  muft  always  be  in  equili- 
brio,  the  air  mull  be  coming  in  or  going  out  at  the  ex- 
tremities 


Mufifs! 
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(a)  a  little  refleftion  will  teach  us  that  thefe  tones  will  not  be  perfeAly  in  the  fcale.  A  certain  proportion 
between  the  diameter  and  length  of  the  pipe  produces  a  certain  tone.  Making  the  pipe  wider  or  fmaller  flattens 
or  (liarpens  this  tone  a  little,  and  alfo  greatly  changes  its  clearnefs.  Organ-builders,  who  have  tried  every  pro- 
portion, have  adopted  what  they  found  beft.  This  requires  the  diameter  to  be  about  -rTth  or  iljth  of  the  length. 
Therefore,  when  we  caufe  the  fame  pipe  to  found  different  notes,  we  negleft  this  proportion  ;  and  the  r^otes  are 
falfe,  and  even  very  coarfe,  when  we  produce  one  correfponding  to  a  very  fmall  portion  of  the  pipe.  For  a  fimi- 
lar reafon,  Mr  Lambert  found  that,  in  order  to  make  his  pitch  pipe  found  the  octave  to  any  of  its  notes,  it  was 
not  fufficient  to  fiiorten  its  capacity  one-half  by  puthing  down  the  pifton  ;  he  found  that  the  part  remaining 
muft  be  lefs  than  the  part  taken  off  by  a  fixed  quantity  i^'j  inches.     Or,  the  length  which  gave  any  note 
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tremitles  together.  This  circumftance  mull  give  fome 
renfible  difference  of  chamdler  to  ttie  founds  4  and  6. 
In  the  one,  the  agitations  at  each  end  of  tlie  tube  are  in 
the  fame  direftioa,  and  in  the  other  they  are  in  the  op- 
pofite.  Both  produce  pulfes  of  found  wiiich  are  con- 
veyed to  the  car.  Thus  we  fee  that  the  air  in  a  pipe 
open  at  both  ends  may  undulate  in  two  ways.  It  may 
undulate  with  a  node  in  the  middle,  giving  the  note  ot 
AB  (fig.  2.),  or  of  its  3d,  5th.  7th,  &c.  pall  ;  and  it 
may  undulate  with  a  loop  or  bight  in  the  middle,  found- 
ing like  4,  ^,  i,  &:c.  of  AB,  fig.  2. 

In  like  manner  may  this  pipe  produce  founds  whofe 
frequency  are  cxprefled  by  8,  i:,  &c.  and  proceed  as 
the  even  numbers. 

This  Hate  of  a^^itation  may  be  reprefented  in  the 
fame  way  that  we  reprefented  the  founds  I,  3,  5,  &c. 
by  conftrufting  on  AM  (fig.  7.)  an  harmonic  curve, 
with  any  number  of  nodes  and  loops.  Divide  the  parts 
AF,  FD,  DE,  EM,  equally  in  C,  O,  P,  B.  CB  will 
currefpond  to  the  pipe,  and  the  ordinates  to  the  curve 
GFHDLEN  will  exprefs  the  e.xcurfions  of  the  plates 
of  air. 

If  the  pipe  gives  its  fundamental  note,  its  length  mud 
be  reprefented  by  CO,  and  the  undulations  in  it  will 
rcfemble  the  vibrations  of  part  CO  of  a  cord,  whofe 
length  AD  is  equal  to  2CO,  and  which  has  a  node  in 
F. 

If  the  pipe  is  founding  its  odlave,  it  will  be  repre- 
fented by  CP,  and  its  indulations  will  rcfemble  the  vi- 
brations of  a  cord  CP,  whofe  length  AE  is  J  of  CP, 
having  nodes  at  F  and  D,  &c.  &o. 

We  can  now  fee  the  pofllbility  of  fuch  undulations 
exifting  in  a  pipe  as  will  be  permanent,  and  produce  all 
the  variety  of  notes  by  a  mere  change  in  the  manner  of 
blowing,  and  why  thefe  notes  are  in  the  order  of  the 
natural  numbers,  precilely  as  we  obferve  to  happen  in 
winding  the  trumpet  or  French  horn.  We  have,  i_//, 
the  fundamental  exprcfled  by  i  ;  then  the  oftave  2  ; 
then  the  12th,  3  ;  the  double  oftave  4  ;  then  the  third 
major  of  that  oftave  5,  or  17th  of  the  fundamental; 
then  the  oftave  of  the  12th,  or  the  5th  of  tliis  double 
oftave,  =:  6.  We  then  jump  to  the  triple  oftave  8, 
without  producing  the  intermediate  found  correfponding 
fo  yth  of  the  pipe.  With  much  attention  we  can  hit 
it  ;  and  it  is  a  faft  that  a  perfon  void  of  mnfical  ear 
ilumbles  on  it  as  eafily  as  on  any  other.  But  the  mu- 
ficlan,  finding  this  found  begm  with  hum,  and  his  ear 
being  grated  with  it,  perhaps  thinks  that  he  is  mifla- 
king  his  embouchure,  and  he  Aides  into  the  oftave.  Af- 
ter the  triple  oftave,  we  eafily  hit  the  founds  corre- 
fponding to  i  and  -rV,  which  are  the  2d  and  3d  of  thia 
oftave.  The  next  note  -rV  's  fharper  than  a  juft  4th. 
We  eafily  produce  the  note  12,  which  is  a  juft  5th  ; 
13  is  a  falfe  6th  ;  14  is  a  found  of  no  ufe  in  our  mufic, 
but  eafily  hit  ;  ij  and  16  give  the  exaft  7th  and  8th  of 
this  oftave. 

Thus,  as  we  afcend,  we  introduce  more  notes  into 
every  oftave,  till  at  laft  we  can  nearly  complete  'a  very 
high  oftave  ;  but  in  order  to  do  this  with  fuccefs,  and 
tolerable  readinefs,  we  mull  take  an  inllrumcnt  of  a  very 
low  pitch,  that  we  may  be  able  nearly  to  fill  up  the 
Heps  of  the  oftave  in  which  our  melody  lies.  Few 
players  can  make  the  French  horn  or  trombone  found  ■ 
its  real  fundamental,  and  the  oftave  is  generally  mifla- 
kea  for  it.     The  proof  of  this  is,  that  moll  players  can 
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give  the  5th  of  the  lowell  note  that  they  are  able  to  MnCcal 
jiroJucc  ;  whereas  the  5th  of  the  real  fundamental  can-  Trumpet, 
not  be  uttered.  Therefore  that  lowell  note  is  not  the 
fundamental,  but  the  oftave  to  the  fundamental. 

Few  performers  can  found  even  this  fccond  oftave 
on  a  (hort  inilrumcnt,  fuch  as  the  ordinary  military 
trumpet  ;  and  what  they  imagine  to  be  the  fundamen- 
tal found  of  this  inllrumcnt  is  tlie  double  oftave  above 
it.  This  appears  very  llrange ;  and  it  may  be  alked, 
hew  we  know  what  is  really  the  fundamental  note  of  a 
trumpet  i"  Tlie  anfwer  to  this  is  to  be  obtained  only 
by  demonftrating,  on  mechanical  principles,  what  is  the 
frequency  of  undulation  correfponding  to  a  given  length 
of  pipe.  This  is  a  propofition  equally  fundamental  with 
its  correfponding  one  in  the  theory  of  mufical  cords  ; 
but  we  huve  referved  it  till  now,  btcaufe  many  readers 
would  ilop  fliort  at  fuch  an  invelligation,  who  are  able 
to  underftand  completely  what  we  have  now  delivered 
concerning  the  mulic  of  the  trumpet. 

Suppole  therefore  a  pipe  (luit  at  both  ends,  and  that 
the  whole  weight  of  the  contained  air  is  concentrated 
in  its  middle  point,  the  rell  retaining  its  elallicity  with- 
out inertia  ;  or  (which  is  a  more  accurate  conception), 
let  the  middle  point  be  conceived  as  extending  its  claf- 
ticity  to  the  two  extremities  of  the  pipe,  being  repelled 
from  each  by  a  force  inverfcly  as  the  diftance.  Let  the 
length  of  this  pipe  be  L.  This  may  alfo  exprefs  the 
weight  of  the  middle  plate  of  air,  which  will  always  be 
proportional  to  the  length  of  the  pipe,  becaufe  all  is 
fuppofcd  to  be  concentrated  there.  Let  E  be  the  elaf- 
ticity  of  the  air.  This  mull  be  meafured  by  the  pref- 
fure  of  the  atmofphere,  or  by  the  weight  of  the  column 
of  mercury  in  the  barometer.  Perhaps  the  rationale 
of  this  will  be  better  conceived  by  fome  readers  by  con- 
fidering  E  as  the  height  of  a  homogeneous  atmofphere. 
Then  it  is  plain  that  E  is  to  L  as  the  weight  of  this 
atmofpheric  column  to  the  weight  of  the  column  of  the 
fame  air  which  fills  the  pipe  whofe  length  is  L.  Then 
It  is  alfo  plain  that  E  is  to  L  as  the  external  preflure  ; 
and  confequently,  as  the  elallicity  which  fupports  that 
preffure  is  to  the  weight  or  inertia  of  the  matter  to  be 
moved.  Let  this  middle  plate  or  diaphragm  be  with- 
drawn from  its  place  of  rtll  to  the  very  fniall  diftance 
ii.  The  clafticity  or  rtpulfion  will  be  augmented  on 
one  fide  and  diminilhed  on  the  other  ;  and  the  difference 
between  them  is  the  only  force  wliich  impels  the  dia- 
phragm toward  the  middle  point,  and  caufes  it  to  vi. 
brate,  or  produces  the  undulation.     It  is  plain  that  the 

repulfion   on   one  fide  is  yi X  E,  or  f E 

tJL.  —  a  L,  —  2a 

(1  T.p,   » 
for4L  —  a:4L  =  E:  TT~~ )»  and  the  repulfion 


on  the  other  fide  is 


iL         ^  L 

JY— —  X  E,  or  f—- —  E. 
tL-J-a  L-f  2a 

4« 


The 
But 


difference  of  thefe  repulfions  is  E  X  L  X  ^  , 

'^  L^ — 4a= 

as  we  fuppofe  n  exceedingly  fmall   in  companion  with 

L,  this  difference,  or  the  accelerating  force,  may  fafely 

be  expreffed  by  E  -^,  or  4a  j-. 

Hence  we  deduce,  in  the  firft  place,  that  the  undu- 
lations  will  be  ifochronous,  whether  wide  or  narrow;  be- 
caufe the  accelerating  force  is  always  proportional  to 
the  diilance  a  from  the  middle  point.  . 

Now,- , 
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4"  —  4  ^ 

the  force  -p  E,  or  -y-  a. 


Mufical        Now,   let  a  pendulum,  wliofc  quantity  of  matter  is 
1  runipet.  l,  and  length  a,  be  fuppofjd  to  vibrate  in  a  cycloid  by 

It  mud  perform  its  vibra- 
tions in  the  fame  time  with  the  plate  of  air  ;  becaufe 
the  moving  force,  the  matter  to  be  moved,  and  the 
fpace  along  which  they  are  to  be  fimilarly  impelled, 
are  the  fame  in  both  cafes.  Let  another  pendulum, 
having  the  fame  quantity  of  matter  L,  vibrate  by  its 
weight  L  alone.  In  order  that  thefe  two  pendulums 
may  vibrate  in  equal  times,  their  lengths  muft  be  as  the 

accelerating  forces.     Therefore  we  muft  have -j — a  :  L 

a\J  L* 

—  a  :      „    ,  =:  —7,,   which  is  therefore  the  length  of 
4ii.<2  4I1- 

the  fynchronous  pendulum. 

Now,  a  cord  without  weight  and  inertia,  but  loaded 
with  the  weight  L  at  its  middle  point,  and  {trained  by 
a  weight  E,  and  drawn  fiora  the  axis  to  the  diftance  a, 
is  precifely  fimilar  in  its  motion  to  the  diaphragm  we 
are  now  confidering,  and  muft  make  its  ofcillations  in 
the  fame  time. 

This  is  applicable  to  any  number  of  plates  of  air,  by 
fubftituting  in  the  cord  a  loaded  point  for  each  of  the 
plates  ;  for  when  the  cafe  is  thus  changed,  both  in  the 
pipe  and  the  cord,  the  fpace  to  be  pafied  over  by  the 
plate  of  air  bears  the  fame  proportion  to  a,  which  is 
paiTed  over  by  the  whole  air  concentrated  in  the  middle 
point,  which  the  fpace  to  be  palled  over  by  the  corre- 
fponding  loaded  point  of  the  cord  bears  to  that  pafTed 
over  by  the  whole  matter  of  the  cord  concentrated  ia 
the  middle  point  ;  and  the  fame  equality  of  ratios  ob- 
tains in  the  accelerating  forces  of  the  plate  of  air  and 
the  correfponding  loaded  point  of  the  cord.  Suppofe, 
then,  a  pipe  divided  into  2,  3,  4,  &c.  equal  parts,  by 
1,2,  ^,  diaphragms,  each  of  which  contains  the  air  of 
the  intervening  portion  of  the  pipe,  the  whole  weight 
X.  being  equally  divided  among  them.  If  there  be  but 
one  diaphragm,  its  weight  muft  be  L  ;  if  two,  the 
weight  of  each  muft  be  t  L  ;  if  three,  the  weight  of 
each  muft  be  -|-  L  ;  and  fo  on  for  any  number. 

By  confidering  this  attentively,  we  may  infer,  with- 
out farther  inveftigation,  what  will  be  the  undulations 
of  all  the  different  plates  of  air  in  a  pipe  ftopped  at 
both  ends.  We  have  only  to  compare  it  with  a  cord 
fimilarly  divided  and  loaded.  Increafe  the  number  of 
loaded  points,  and  diminifli  the  load  on  each,  continual- 
ly— it  is  evident  that  this  terminates  in  the  cafe  of  a 
fimple  cord,  with  its  matter  uniformly  diffufcd  ;  and  a 
fimple  pipe,  with  its  air  alfo  uniformly  dlffufed  over  its 
whole  length. 

Therefore,  if  we  take  an  elaftlc  cord,  and  ftretch  it 
by  fuch  a  weight  that  the  extending  weight  may  beir 
the  fame  proportion  to  the  accelerating  force  afting  on 
the  whole  matter  concentrated  in  its  middle  point,  which 
the  elafticity  of  the  air  bears  to  its  accelerating  force 
afting  on  the  whole  matter  concentrated  at  the  mouth 
of  an  open  pipe,  founding  its  fundamental  note,  the 
cord  and  the  air  will  vibrate  in  the  fame  time.  More- 
over, fmce  the  proportion  between  the  vibrations  of  a 
cord  fo  conftituted,  and  thofe  of  a  cord  having  its  mat- 
ter uniformly  diifufed,  is  the  fame  with  the  proportion 
between  the  undulations  in  a  pipe  fo  conftituted,  and 
thofe  of  a  pipe  in  which  the  air  is  uniformly  diffufed — 
it  is  plain  that  the  vibrations  of  the  cord  and  of  the 


pipe  in  their  natural  ftate  will  alfo  be  performed  in  equal   MuCcd 
times.  Trumpet. 

We  look  on  this  as  the  eafieft  way  of  obtaining  a  '^"^ 
diftintt  perception  of  the  authority  on  which  we  reft  our 
knowledge  of  the  abfolute  number  of  undulations  of  the 
air  in  a  pipe  ot  given  length.  It  may  be  obtained  di- 
reftly  ;  and  Daniel  LeruouUi,  Euler,  and  others,  have 
given  very  elegant  folutions  of  this  problem,  without 
having  recourfe  to  the  analogy  of  the  vibrations  of 
cords  and  undulations  of  a  column  of  air  But  it  re- 
quires more  mathematical  knowledge  than  many  readers 
are  pofielTtd  ot  who  are  fully  able  to  follow  out  this 
analogical  inveftigation. 

Let  us  therefore  compare  this  theory  with  experi- 
ment. What  we  call  an  open  pipe  of  an  organ  is  the 
fame  which  we,  in  this  theory,  have  confidered  as  a 
pipe  open  at  both  ends  ;  for  the  opening  at  the  foot, 
which  the  organ-builders  call  the  voice  of  the  pipe,  is 
equivalent  to  a  complete  opening.  The  aperture,  and 
the  (harp  edge  which  divides  the  wind,  may  be  conti- 
nued all  round,  and  the  wind  admitted  by  a  circular  flit, 
as  is  reprelented  in  fig.  10.  We  have  tried  this,  and  it 
gives  the  moft  brilliant  and  clear  tones  we  ever  heard, 
far  exceeding  the  tones  of  the  organ.  An  open  organ 
pipe,  therefore,  when  founding  its  fundamental  note, 
undulates  with  one  node  in  its  middle,  and  its  undula- 
tions are  analogous,  in  rcfpedf  of  their  meohanifm,  with 
the  vibrations  of  a  wire  of  the  fame  length,  and  the 
fame  weight,  with  the  column  of  air  in  the  pipe,  and 
ftretched  by  a  weight  equal  to  that  of  a  column  of  the 
fame  air,  reaching  to  the  top  of  a  homogeneous  atmo- 
fphere,  or  equal  to  the  weight  of  a  column  of  mercury 
as  high   as  that  in  the  barometer. 

Dr  Smith  (fee  Harmonics,  2d  edit  p.  193.)  found 
that  a  brafs  wire,  whole  length  was  .^5,55  inches,  and 
weight  3  1  troy  grains,  and  ftretched  by  7  pounds  avoir- 
dupois, or  4pooo  grains,  was  in  perfect  unifon  with  an 
open  organ  pipe  whofe  length  was  86,4.  inches. 

Now  86,4  inches  of  this  wire  weighs  7j',34  grains. 
When  the  barometer  ftands  at  30  inches,  and  the  ther- 
mometer at  55°  (the  temperature  at  the  time  of  the  ex- 
periment), the  height  of  a  homogeneous  atmofphere  ii 
332640  inches.  This  has  the  fame  proportion  to  the 
length  of  the  pipe  which  the  prelfure  of  the  atmoiphere 
has  to  the  vi'eight  of  the  column  of  air  contained  in  the 
pipe.  - 

Now  86,4  :  332640  =:  75,34  :  290060.  This  wire, 
therefore,  fltould  be  ftretched  (if  the  theory  bejuft)  by 
290060  grains,  in  order  to  be  unifon  with  the  other  wire, 
and  we  Ihould  have  35155'  :  86,4'  =  49000  :  290060 
But,  in  truth,       .       35,55' :  i>6,4'  =  49000  :  289430 

The  difference  is 630 

The   error  fcarcely  exceeds  yso'  ^nd  does  not  amount 
to  an  error  of  one  vibration  in  a  fecond. 

We  muft  therefore  account  this  theory  as  accurate, 
feeing  that  it  agrees  with  experiment  with  all  defirable 
exaftnefs. 

We  may  alfo  deduce  from  it  a  very  compendious  rule 
for  determining  the  abfolute  namber  of  aereal  pulfes 
made  by  an  open  pipe  of  any  given  length.  When  con- 
fidering the  vibrations  of  cords,  we  found  that  the  num- 
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ber  of  vibrations  made  in  a  fecond 


E  is  the  extending  weight,  W  the  ■«  eight  of  the  cord„ 
and  L  its  length.     Let  H  be  the  height  of  a  homoge- 
neous 
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Trumpet,  neous  atmofphere.     We  have  its  weight  z=  ^r— ,  —  -i- 


HW 


Therefore  fubllituting  — j— 


for  E  in  the  above  fortnu- 


la,  we  have  the  number  of  aerial  pulfes  made  per  fccond 
=    y  3^.  or  =  <^.      Nov.  v/^  H,    com. 


L'  L 

puted  in  inches,  is  II331 


Therefore,  if  we  alfo  mea- 
iure  the  length  of  the  pipe  L  in  inches,  the  pulfes  in  a 

I  I  ^  ^  I 

fccond  are  =  — f^-  .       Thus, 


in  the  cafe  before   us, 


— '■—-  =:  131,12,  or  this  pipe  produces  131  pullcs  in 

a  ftcond.  Dr  Smith  found  by  experiment  that  it  pro- 
duced I  ;o,9,  differing  only  about  ^th  of  a  pulle. 

We  fee  that  the  pitch  of  a  pi|>e  depends  on  the 
height  of  the  homogeneous  atmofphere.  This  may 
vary  by  a  change  of  temperature.  When  the  air  is 
warmer  it  expands,  and  the  weight  of  the  induced  co- 
lumn is  leffcned,  while  it  itill  carries  the  fame  prcffuie. 
Therefore  the  pitch  mull  rife.  Dr  Smith  found  his  or- 
gan a  full  quarter  tone  higher  in  fummcr  than  in  win- 
ter. The  effeft  of  this  is  often  felt  in  concerts  ot  wind 
inllruments  with  llringed  inftruments.  1  he  heat  which 
fharpens  the  tone  of  the  firft  flattens  the  Idft.  The 
liarpfichord  foon  gets  out  of  tunc  with  the  horns  and 
flutes. ' 

Sir  Ifaac  Newton,  comparing  the  velocity  of  found 
with  the  number  of  pulfes  made  by  a  pipe  of  given 
length,  obfervcd  that  the  length  of  a  pulle  was  twice 
the  length  of  the  open  pipe  which  produced  it.  Di- 
vide the  fpace  paflcd  over  in  a  fecond  by  the  number  of 
pulfes,  and  we  obtain  the  length  of  each  pulfe.  Now 
it  was  found  th^t  a  pipe  of  21,9  inches  produced  262 
pulfes.  The  velocity  of  found  (as  computed  by  the 
theory  on  which  our  inveftigatioii  of  the  undulations  in 

96^X12 
pipes  proceeds)  is  960  feet.     Now  — 77 —  ^44!nches 

very  nearly,  the  half  of  which  is  22,  which  hardly  dif- 
fers from  21,9.  The  difference  of  this  theoretical  ve- 
locity of  found,  and  its  real  velocity  1142  feet  per  fe- 
cond, remains  ftill  to  be  accounted  for.  We  may  juft 
obferve  here,  that  when  a  pipe  is  meafurtd,  and  its 
length  called  2  1  ,g,  we  do  really  allow  it  too  little.  The 
voice-hole  is  equivalent  to  a  j)ortion,  not  inconfiderable 
of  its  length,  as  appears  very  clearly  from  the  expcri- 
ments  of  Mr  Lambert  on  a  variable  pitch-pipe,  and  on 
the  German  flute,  recorded  in  the  Berlin  Memoirs  for 
1775.  He  found  it  equivalent  to  jth  ;  and  this  is  fuf. 
ficient  for  reconciling  thefe  meafuics  of  a  pulfe  with 
the  real  velocity  of  found. 

The  determination  which  we  have  given  of  the  un- 
dulations of  air  in  an  organ  pipe  is  indirefl,  and  is  but 
a  Iketch  of  the  beautiful  theory  of  Daniel  Bernoulli,  in 
which  he  dates  with  accuracy  the  precife  undulation  of 
each  plate  of  air,  both  in  refpeft  of  pofition,  denfity, 
velocity,  and  direAion  of  its  motion.  It  is  a  pleafure 
to  obferve  how  the  different  equations  coincide  with 
thofe  which  exprefs  the  vibrations  of  an  elaftic  cord. 
But  this  would  have  taken  up  much  room,  and  would 
not  have  been  fuited  to  the  information  of  many  curious 
readers,  who  can  eafily  follow  the  train  of  reafoning 
which  we  have  employed. 

Mr  Bernoulli  applies  the  fame  theory  to  the  cxpla- 
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nation  of  the  undulations  in  flutes,  or  inllruments  whofe  VfuficjJ 
founds  are  modified  by  holes  in  the  ficks  of  the  pipe.  '  ""'P''; 
But  this  is  foreign  to  our  purpofe  of  explaining  tlie 
mulic  of  the  trumpet.  We  (hall  only  oblerve,  that  a 
hole  made  in  that  part  of  a  pipe  where  a  node  (hould 
form  itielf,  in  order  to  render  practicable  the  undula- 
tions, competent  to  a  particular  note,  prevents  its  for- 
mation, and  in  its  place  we  only  get  fuch  undulations 
(and  their  corrcfponding  founds)  as  have  a  loop  in  that 
plnce.  The  intelligent  reader  will  perceive  that  this 
(ingle  circumftance  will  explain  almoil  every  phenon;e- 
non  of  flutes  with  holes;  and  alfo  tlie  eftiCts  of  holes 
in  inllruments  with  a  reed  voice,  fuch  as  the  hautboy 
or  clarioiiette. 

VV^e  now  ice  that  the  found  or  miifical  pitch  of  a 
pipe  is  inverfi  iy  ab  its  length,  in  tht^  lame  manner  as  in 
firings.  And  we  Larn,  by  comparing  ihein,  tliat  the 
found  of  a  tiuniptt  has  the  fame  pitch  with  an  open 
organ  pipe  of  the  fame  length.  A  French  horn,  16^ 
feet  long,  has  the  found  C/a  ul,  which  is  alfo  the  louiid 
of  an  open  flute-pipe  of  that  length. 

'I'he  Trombone,  great  trumpet,  or  Sackbut,  is  an 
old  inllrument  dcfcribcd  by  Merfeiinus  and  other  au- 
thors of  the  laft  century.  It  has  a  part  which  Hides  (air- 
tight) within  the  other.  By  this  contrivance  the  pitch 
can  be  altered  by  the  performer  as  he  plays.  1  his  is  a 
great  improvement  when  in  good  hands  ;  becaufe  we 
can  thus  corredl  all  the  falfe  notes  of  the  trumpet, 
which  are  very  ofFenfive,  when  they  occur  in  an  empha- 
tical  or  holding  note  of  a  piece  of  mufic.  We  can 
even  employ  this  contrivance  for  filling  up  the  blanks 
in  the  lower  ocftaves. 

We  mult  not  take  leave  of  this  fubieft  without  ta- 
king notice  of  another  difcovery  ot  Mr  Bernoulli's, 
which  is  exceedingly  curious,  and  of  the  greatelt  im- 
portance in  the  philofophy  of  mudc. 

Artifts  had  long  ago  obfcrved  that  the  deep  notes 
of  mulical  inllruments  are  fometiu'.cs  accompanied  by 
their  harmonic  founds.  This  is  niofl  clearly  perceived 
in  bells,  fome  of  which  give  thefe  harmonics,  particu- 
larly the  1 2th,  almoll  as  llrong  as  the  fundamental.  Mu- 
ficians,  by  attending  more  carefully  to  the  thing,  feem 
now  to  think  that  this  accompaniment  is  univcrfal.  If 
one  of  the  llnell  founding  firings  of  the  bafes  of  a  haip- 
fichord  be  ftruck,  we  can  hear  the  12th  very  plainly 
as  the  found  is  dying  away,  and  the  17th  major  is  the 
lall  found  that  dies  away  on  the  ear.  This  will  be  ren- 
dered much  more  fenlible,  if  we  divide  the  wire  into 
five  parts,  and  at  the  points  of  divifion  tie  round  it  a 
thread  with  a  fait  knot,  and  cut  the  ends  off  very  fliort. 
This  makes  the  firing  falle  indeed  by  the  unequal  load- 
ing ;  but,  by  rendering  thofe  parts  fomevvhac  lefs  move- 
able by  this  additional  matter,  the  portions  of  the  wire 
between  thefe  points  are  thus  jogged,  as  it  were,  into 
fccondary  vibrations,  which  have  a  more  fenlible  pro- 
portion to  the  fundamental  vibration.  This  is  ftill  more 
fenfible  in  the  found  of  the  firings  of  a  violincello  when 
fo  loaded  ;  but  we  mufl  be  careful  not  to  load  them 
too  much,  becaufe  this  would  fo  much  retard  the  fun- 
damental vibration,  without  retarding  the  fecondary 
vibrations,  that  both  cannot  be  maintained  together. 
(M  £.  This  experiment  always  produces  a  beat  in  the 
found). — Liflening  to  a  fine  founding  flute-pipe  of  the 
organ,  we  can  alfo  very  often  perceive  the  fame  thing. 
Mr  Rameau,  and  mud  other  theorilU  in  mu&c,  cow  af- 
4  Z  fert 
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fert  that  tlils  is  the  eficiice  of  a  mufical  found,  imd  tie- 
■  cefflinly  exlfts  in  all  of  them,  dillingiiifhing  thcin  from 
harfli  iiolfes.  Rameau  has  made  this  the  fjiiiidation  of 
his  llyftcm  of  miUic,  afici  ting  that  tiie  plcafuic  of  har- 
mony rcfults  from  the  fnccelbful  imitation  of  this  har- 
mony of  Nature,  [[<:i'^\\}nc,  EncycL).  But  a  little  lugic 
ftioulJ  convincethefe  thtorills  that  they  mull  be  milldkcn. 
If  a  note  is  mulical  hecaufe  it  has  thefc  accompaniinents, 
and  hy  this  compolition  alone  is  a  mulical  note,  what 
are  thefe  harmonics  ?  Are  they  mufical  notes  ?  This  is 
granted.  Therefore  they  have  the  fame  compolition  ; 
and  a  mufical  note  muft  confill  at  once  of  every  puifible 
found  ;  yet  we  know  that  this  would  be  a  jarring  noifc. 
A  little  mathematics,  too,  or  mechanics,  would  have 
convinced  them.  A  finiple  vibration  is  lurely  a  moll 
poffible  thing-,  and  therefore  a  fimple  found.  No,  fay 
the  theorills  ;  for  though  the  vibration  of  the  cord  may 
be  fimple,  it  produces  fuch  undulations  in  the  air  as  ex- 
cite in  us  the  perception  of  the  harmonics.  But  this 
is  a  mere  affertion,  and  leaves  the  quellion  undecided. 
Is  not  a  fimple  undulation  of  the  air  as  poffible  as  the 
fimple  viliration  of  a  cord  ? 

It,  is,  however,  a  very  curious  thing,  that  almoft  all 
mulical  founds  really  have  this  accompaniment  of  the 
oiftave,  I2'h,  doul'le  odtave,  and  17th  major;  for  thele 
are  the  harmonics  that  we  hear. 

The  jealoufy  of  Leibnitx  and  of  John  Bernoulli,  and 
their  untriendly  thoughts  refpefting  all  the  Britilh  ma- 
thematicians, made  Joliii  Bernoulli  do  every  thing  in 
his  power  to  lefien  the  value  of  Dr  Taylor's  invelliga- 
tion  of  the  vibration  of  a  mufical  cord.  Taylor  gave 
him  a  good  opportunity.  Perhaps  a  little  vain  of  his 
invelli'^alion  of  this  abilrufe  matter,  he  thought  too 
much  of  it.  He  affirmed  lliat  the  harmonic  curve  was 
the  effential  form  of  a  firing  giving  a  mufical  note. 
This  was  denied,  without  knowing  at  firft  whether  it 
was  true  or  falfe.  But  as  the  analytic  mathematics  im- 
proved, it  was  at  length  found  that  there  are  an  in- 
finity of  forms  into  which  an  elaftic  cord  can  be  thrown, 
vvliich  are  confillent  both  with  ifochronous  vibrations, 
whether  wide  or  narrow,  and  alfo  with  the  condition 
iif  the  whole  cord  becoming  a  llraight  line  at  once. 
Euler,  D'Alembert,  and  De  la  Grange,  have  profecu- 
ted  this  matter  with  great  ingenuity,  and  it  is  one  of 
the  finell  problems  of  the  prefent  day. 

Daniel  Bernoulli,  of  a  very  different  cafi:  of  mind 
from  his  ilhillrlons  friends,  admired  both  Newton  and 
Taylor;  and  fo  far  frojn  wilhing  to  ecllpfe  Dr  Taylor 
by  the  additions  he  had  made  to  his  tlieory,  tried  whe- 
ther he  could  not  extend  Taylor's  doflrine  as  far  as  the 
author  had  faid.  When  he  took  a  review  of  what  he 
had  done  while  explaining  the  partial  vibrations  of  mu- 
fical cords,  he  thought  it  very  poffible  that  while  a  curd 
is  vibrating  in  three  portions,  with  two  nodes  or  points 
of  refl,  and  founding  the  12th  to  its  fundamental,  it 
might  at  the  fame  time  be  alfo  vibrating  as  a  fimple 
cord,  and  founding  its  fundamental  note.  It  was  poU 
fible,  he  thought,  that  the  three  portions  might  be  vi- 
brating  between  the  four  points  with  a  triple  frequen- 
cy, while  the  two  middle  nodes  were  vibrating  aciofs 
the  llraight  line  between  the  two  pins  ;  and  thus  the 
vibrating  cord  might  be  a  moveable  axis,  to  which  the 
rapid  vibrations  of  the  three  parts  might  always  be  re- 
ferred. This  was  vei-y  fpecious  ;  and  when  a  little  more 
attentively   confideixd,  became  more  probable  :  for  if 
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tlie  cord  A/ByC/D  (fig.  8.)  be  vibrating  as  a  (2tli  to  Mufical 
its  fundamental  AD,  the  points  B  and  C  are  in  equili.  Tiwnpet. 
brio.  11  therefore  thefe  tv\o  points  be  laid  hold  of  by  v"— 
hooks,  and  be  drawn  afide  to  ii  and  j,  while  the  firing 
is  yet  vibrating,  this  fliould  not  hinder  the  vibrations. 
If  the  hooks  be  annihilated  in  an  inftant,  the  whole 
fiiould  vibrate  between  A  and  D  ;  and  this  (hould  be 
in  a  way  very  different  from  the  fimple  vibration.  The 
qutftion  now  is,  will  the  cord  continue  to  vibrate  with 
the  loops  a  s  y,  /5  q  y,  &c.  in  the  gooth  part  of  a  fecond 
(for  inllance),  while  the  whole  llring  vibrates  from 
A  /»  J  D  to  A  /3'  y'  D  in  the  3octii  part  of  a  fecond  I  or 
will  it  at  once  acquire  the  form  of  the  fimple  harmonic 
curve  .'  The  cafe  in  which  it  is  moll  likely  to  take  the 
latter  mode  of  vibration  is  when  the  points  |3  and  >-  are 
let  go  at  the  infiant  that  each  portion  of  the  firing 
IS  in  the  middle  of  its  vibration,  and  therefore  forms 
the  line  A  /=  >-  D.  But  a  moment's  confideration  will 
ffiew  us  that  it  cannot  do  this;  for  at  that  inllant  the 
point  T,  for  inllance,  which  had  come  from  q,  is  mo- 
ving outwards  with  a  mod  rapid  motion,  and  there- 
fore will  continue  to  go  outward,  while  (i  and  y  are  ap- 
proaching the  axis.  The  point  w,  on  the  contrary, 
is  at  this  moment  approaching  the  axis  with  a  mo- 
tion equally  rapid.  They  cannot  therefore  all  come 
to  the  axis  at  once,  and  the  vibration  mull  differ 
greatly  from  a  fimple  one.  On  the  other  hand,  let 
it  be  fuppofed  that  both  fpecies  of  vibrations  can  be 
preferved,  and  that,  at  the  moment  of  letting  go  the 
points  3  and  y,  the  cord  has  the  form  A  m  n  q  y  nD. 
Then,  when  &  and  y  have  come  to  B  and  C,  having 
made  ^  a  vibration,  the  point  m  will  be  in  the  axis,  ha- 
ving made  a  vibration  downward,  and  a  half  vibration 
upwards,  q,  in  like  manner,  is  in  the  axis,  having  made 
a  whole  vibration  upwards,  and  half  a  \ibration  down- 
wards, n  is  like  m.  Thus  the  whole  comes  to  the 
axis  at  once  ;  and  in  fuch  a  manner,  that  if  the  points 
B  ami  C  were  inllantly  (lopped,  the  three  portions 
Would  continue  their  partial  vibrations  without  any  new 
effort.  The  rrfult  of  this  compound  vibration  mull  be 
a  compound  pulle  of  air,  which  will  excite  in  us  the 
perception  i)f  the  fundamental  found  and  of  its  i2th. 
The  confcquence  will  be  the  fame  if  the  points  /3  and  y 
are  Hopped  any  where  fliort  of  the  axis;  and  therefore 
^laid  Bernoulli)  the  llring  will  really  vibrate  fo  if  not 
Hopped  at  all. 

But  this  was  refufed  by  Euler,  who  obferved  that  in 
the  points  ,3  and  y  of  contrary  flexure,  having  no  cur- 
vature, there  can  be  no  accelerating  force.  This  caufed 
Bernoulli  to  attempt  a  «lireiil  invelligation,  examining 
minutely  the  curvatures  and  accelerating  forces  in  the 
different  points. 

He  had  the  pleafure  of  finding  that  the  accelerating 
forces  ariling  from  the  curvature  in  every  point,  were 
prtcilely  fuch  as  would  produce  the  accelerations  ne- 
ccflary  in  thofe  points  for  performing  the  motion  that 
v\'as  required.  And  he  exhibited  the  equations  expref- 
five  of  the  Hate  of  the  cord  in  all  thefe  points.  And, 
on  the  faith  of  thefe  equations,  he  rellored  the  Tay- 
lorean  curve  to  the  rank  which  its  inventor  had  given 
it  ;  and  he  alTerted  that  in  every  mufical  vibration  the 
cord  was  difpofed  in  a  harmonical  curve  either  fimple 
or  compound.  He  farther  (hewed  that  the  equation* 
which  Euler  and  D'Alembert  had  given  for  the  muli- 
cal cord  (at  leaft  in  the  cafes  which   they  had  publilh- 

ed) 
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Mufical  ed)  were  included  in  his  equations,  and  tliat  tlicirequa- 
Trum|ict.  (io,,5  only  exhibited  its  momentary  ftatcs,  while  his  own 
•  equations  (liewcd  tiie  phyfical  connettion  of  them  all; 
which  is,  that  tlie  whole  cord  forms  a  harmonic  curve 
between  the  two  fixed  pins,  wln'Ie  its  different  portions 
form  fubordinate  harmonic  curves  on  the  firit  as  an 
axis  Euler  and  D'Alembert,  although  they  acknow- 
ledge this  in  the  particular  cafes  which  they  had  taken 
as  examples,  on  account  of  their  limplicity,  ftlU  infill 
that  no  fubordinate  harmonic  vibrations  can  correfpond 
to  all  the  Hates  of  an  elaftic  cord  which  their  equations 
exhibit  as  ifochronous  and  permanent.  Mr  Bernoulli's 
death  put  an  end  to  the  controverfy,  and  tiie  queftion 
(confidered  as  a  general  theory)  is  pcrliaps  illU  unde- 
cided. It  may  very  probably  be  true,  that  as  a  fimple 
vibration  may  be  permanent  which  never  has  the  form 
of  the  fimple  harmonic  defcrlbed  by  Dr  Taylor,  fo  a 
vibration  may  exift  compounded  of  fuch  vibrations,  and 
therefore  not  expreflible  by  any  equation  deduced  from 
the  Taylorean  curve. 

But,  in  the  mean  time,   Mr  Bernoulli  has  made  the 
moft  beautiful  difcovery  in  mechanics  which  has  appear- 
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over  thofe  which  deftroyed  each  other.     Accordingly,     Muficat 
the  harmonic  notes  of  wires  are  always  mod  didinftly  J'"'"^!'''-^ 
iieard  as  the  found  is  dying  away.  ^— ~v~— ^ 

There  is  no  occafion  now  to  fay  any  thing  about  the 
fallacy  of  Rameau's  Generation  Harmon'njuc  as  a  theory 
of  mufical  pleafure.  Our  harmonies  pleafe  us,  not  be- 
canfe  a  i'ound  is  accompanied  by  its  harmonics,  but  be- 
cauie  harmonics  pleafe.  His  principle  Is  therefore  a 
tautology,  and  gives  no  indrnaion  whatever.  His  the- 
ory is  a  very /orm/ accommodation  of  tills  piintiple  to 
the  pradice  of  muficians,  and  tafte  of  the  Public.  He 
is  exceedingly  pu/./led  in  the  cafe  of  the  fouj.lomhiantt, 
or  4th  of  the  fcale,  and  the  6th  where  there  is  no  refon- 
nance.  He  fays  that  thefe  notes,  "  fremlflciit,  quoiqu' 
elles  ne  refonncnt  pas."  But  this  mKltads  us.  They 
do  not  refound  ;  becaufe  a  4th  and  6lh  cannot  be  pro. 
duced  at  all  by  dividing  the  cord.  They  tremble  ;  be- 
caufe the  falfe  4th  and  falfe  6tli  are  very  near  the  true 
ones,  aifd  the  true  4th  and  6th  would  both  tremble  and 
refound,  if  they  weie  made  falfe.  A  firing  will  both 
tremble  and  refound,  if  very  nearly  true,  as  any  one  ob- 
ferves  the  12th  and  I7tli  on  a  harpfichord  tremble  and 


ed    in    the   courfe     of  the  lail    century,  and    has   ex-     refound  very  llrongly,  though  they  are  tempered  notes 

The  whole  theory  Is  overturned  at  once  by  tuning  the 
4th  falfe,  fo  as  to  correfpond  to  an  aliquot  divlfion  of 
the  cord.  It  will  then  refound  ;  and  if  this  had  hap- 
pened to  be  agreeable,  it  would  have  been  catched  at  as 
the  foufdominante. 

The  phyfical  caufe  of  the  pleafure  of  harmonic  found* 
is  yet  to  feek,  as  much  as  our  choice  of  thofe  notes  for 


plained  the  moft  curious  phenomenon  of  continued 
founds,  ijiz.  the  ahnofl  univerfal  accompaniment  of  the 
harmonic  notes  of  any  fundamental  found.  I'or  this 
fufceplibllity  of  compounded  variation  is  not  confined  to 
a  I  2th,  but  is  equally  demonllrable  of  every  other  har- 
monic. Nay,  it  is  evident  that  the  fame  fimple  vibra- 
tion  of  a  cord  may  furnifh  a  moveable  axis  to  more  than 


one  harmonic.  For  as  the  fimple  vibration  can  have  a  melody  which  give  us  the  heft  harmony  (fee  Tempe- 
fubordinate  harmonic  vibration  fuperinduced  upon  it,  slament,  SiippL).  We  have  no  hefitatlon  in  fayinff 
"fo  may  this  compounded  vibration  have  another  fuper-  that,  with  relpeft  to  our  choice,  the  two  are  quite  in- 
induced  on  it,  and  fo  on  to  any  degree  of  compofitioii.  dependent.  Thoufands  enjoy  the  hii;heft  pleafure  from 
And  farther,  as  Mr  Bernoulli  has  (liewn  the  complete  melody  who  never  heard  a  harmonious  finmd.  All  the 
analogy  between  the  accelerations  of  the  different  points  untaught  fingers,  and  all  (imple  nations,  are  examples. 
of  an  elaftic  cord  and  of  the  coirefponding  plates  of  a  Tliey  not  only  (xvl  on  certain  intervals  as  the  fteps  of 

column  of  air,  it  legitimately  follows  that  all  the  con-  their  tunes,  but  are  difgufted  when  other  fteps  are  ta- 
ken. Nor  do  we  hefitate,  for  the  very  fame  reafons, 
to  fay  that  the  rules  of  accompaniment  are  dependent 
on  the  cantus  or  air,  and  by  no  means  on  the  funda- 
mental bals  of  Rjmeau.  The  dependence  alfumcd  by 
him,  as  the  rule  of  accompanimeiit,  would,  if  pro- 
perly adhered  to,  according  to  his  own  notions  of  the 
comparajilve  values  ot  the  iiarmonlcR,  -lead  to  the  moll 
fantaftic  airs  imaginable,  always  jumping  by  large  inter- 
vals, and  altogether  incomjiatible  with  graceful  mulic. 
The  rules  of  modulation  which  he  has  fqueezed  out  of 
his  principle,  are  nothing  but  forced,  very  forced,  ac- 
commodations of  a  very  vague  principle  to  the  current 
praftice  of  his  contemporaries.  They  do  not  f\iit  the 
primitive  melodies  of  many  nations,  and  they  have  cau- 
fed  tliefe  national  mufics  to  degenerate.  This  is  ac- 
knowledged by  all  who  arc  not  perverted  by  the  pre- 
vailing habits.  We  have  heard,  and  could  write  down, 
fome  moft  enchanting  lullabies  of  fimple  peafant  wo- 
men, pofTefTed-of  mufical  fenfibility,  but  far  removed,  ia 
the  cool  fequeftered  vale  of  life,  from  all  opportunities 
of  ftealing  from  our  great  cornpofers.  Some  of  thefe 
lullabies  never  fail  to  charm,  even  the  moft  erudite  mu- 
fician,  when  fung  by  a  fine  flexible  voice  :  but  it  would 
puzzle  Mr  Ramtau  to  accompany  ihem /etunJum  artem. 
We  conclude  this  fubjedt  by  defcribing  a  raoft  beau- 
tiful and  inftruttive  experiment. 

Mr  W.att,  the  celebrated  engineer,  was  amufing  him- 
4  Z  2  felf 


lequences  which  we  can  eafily  deduce,  rcfpedfing  the 
vibrations  of  an  elaftic  cord,  may  be  affirmed  refpecting 
the  undulations  of  a  column  of  air  in  a  pipe.  There- 
fore this  accompaniment  of  the  harmonics  muft  not  be 
confined  to  the  mufic  of  ftrings  and  bells,  but  equally 
obtains  in  the  mufic  of  wind  Inftruments.  And  thus 
the  doftrine  becomes  univerfal. 

Mr  Bernoulli  did  not  think  it  enough  to  fhew  that 
thefe  compound  vibrations  are  pofTible.  He  endeavours 
to  fhew  that  this  accompaniment  muft  be  frequent. 
He  illuftratcs  this  very  prettily,  by  fuppofing  that  a 
toothed  wheel  is  turned  round,  and  rubs  with  its  teeth 
on  an  elaftic  cord.  If  the  fucceflive  dropping  of  the 
teeth  keep  exactly  pace  with  fuch  vibrations  as  the 
cord  can  take  and  maintain  by  its  elaftlcity,  thefe  will 
certainly  be  formed  on  it.  If  the  intervals  do  not  ex- 
adly  coiTefpond,  a  little  refltftion  will  (liew  that  the 
agitation  which  the  cord  acquires  will  approximate  to 
thofe  which  it  can  maintain  ;  and,  if  when  they  are  ex- 
aftly  fo  in  any  place  of  it,  and  the  wheel  be  in  that  in- 
Hant  removed,  this  vibration  will  remain  and  diffufe  it- 
felf  through  the  reft  of  the  cord  ;  fo  that  the  very  lafl 
dying  quiver  (fo  to  fpeak)  will  be  a  harmonic.  Every 
harmonic  agitation  lends,  by  the  vtTy  nature  of  the 
thing,  to  continue,  while  thofe  that  are  Incompatible 
really  do  deftroy  each  other;  and  the  very  lafl  muft  be 
^the  remainder  or  fuperplus  of  fuch  as  could  continue, 
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Mufical  felf  (about  the  year  1765)  witli  organ-building,  and 
TruDipet.  invgntej  a  monochord  of  continued  found,  by  which  he 
could  tune  an  organ  with  mathematical  prtcifion,  ac- 
cording to  any  propofcd  fyftem  of  temperament.  It 
conlidfd  of  a  covered  firing  of  a  violincello,  founding  by 
the  fridtion  of  an  ivory  wiieel.  The  inflrument  did  nt)t 
anfwer  Mr  Watt's  purpufe,  by  reafon  of  the  dead  harfh- 
nefs  of  its  tone,  and  a  flutter  in  the  llring  by  the  un- 
equal aftion  of  the  wheel.  But  Mr  Watt  was  amufed 
by  obferving  the  ftring  frequently  taking,  of  its  own 
accord,  points  of  divifion,  which  remained  fixed,  while 
the  rell  was  in  a  Hate  of  ftrong  vibration.  The  inftru- 
ment  came  into  the  polTcffion  of  the  writer  of  this  ar- 
ticle. He  foon  faw  that  it  gave  him  an  opportunity 
of  making  all  the  experiments  which  Bernoulli  could 
only  relate.  When  the  ftring  was  kept  in  a  Hate  of 
fimple  vibration,  by  a  very  uniform  and  gentle  motion 
of  the  wheel,  if  its  middle  point  was  then  gently  touch- 
ed with  a  quill,  this  point  immediately  ftopped,  but  the 
ftring  continued  to  vibrate  in  two  parts,  founding  the 
oftave  ;  And  this  it  continued  to  do,  however  ftrong 
the  vibrations  were  rendered  afterwards  by  increafing 
the  prefTure  and  velocity  of  the  wheel.  The  fame  thing 
happened  if  the  firing  was  gently  touched  at  one  third. 
It  inftantly  divided  itfelf  into  three  parts,  with  two 
nodes,  and  founded  the  j  2th.  In  the  fame  manner  the 
double  oftave,  the  17th,  and  all  other  harmonics,  were 
produced  and  maintained. 

But  the  prettieft  experiment  was  to  put  fomething  foft, 
fuch  as  a  lock  of  cotton,  in  the  way  of  the  wide  vibrations 
of  the  cord,  at  one-third  and  two-thirds  of  its  length,  fo 
as  to  difturb  them  when  they  became  very  wide.  When 
this  was  done,  the  ftring  inftantly  put  on  the  appear- 
ance of  fig.  8.  performing  at  once  the  full  vibration 
competent  to  its  whole  length,  and  the  three  fubordi- 
nate  vibrations,  correfpondiiig  to  one-third  of  its  length, 
and  founding  the  fundamental  and  the  12th  with  equal 
ftrength.  In  this  manner  all  the  different  accompani- 
ments were  produced  at  pleafure,  and  could  be  conti- 
nued, even  with  ftrong  founds.  And  it  was  amufing 
to  obferve,  when  the  wheel  was  ftrongly  prcffed  to  the 
firing,  and  the  motion  violent,  the  nodes  would  form 
themfelves  on  various  parts  of  the  ftring,  running  from 
one  part  to  another.  This  was  always  accompanied 
with  all  the  jarring  founds  which  correfponded  to  them. 

When  the  ftring  was  making  very  gentle,  fimple  vibra- 
tions, and  thewheel  hardlytouching  it,  if  a  violincello  was 
made  to  found  the  l  2th  very  ftrongly  in  its  neighbour- 
hood, the  ftrir.g  inftantly  divided  itfelf,  and  vibrated  in 
unifon,  frequently  retaining  its  fimple  vibration  and  fun- 
damental tone.  We  recommend  this  experiment  to 
every  perfon  who  wifhes  to  make  himfelt  well  acquaint- 
ed with  the  meohanifm  of  mufical  founds.  He  will  fee, 
in  a  moll  fenfible  and  convincing  manner,  how  a  fingle 
ftring  of  the  .lEolIan  harp  gives  us  all  the  changes  of 
harmony,  Aiding  from  one  found  to  another,  according 
as  it  is  afFecied  in  its  different  parts  by  an  irregular 
breeze  of  wind.  The  writer  of  this  article  has  attempt- 
ed to  regulate  thefe  fweet  harmonic  notes,  and  to  in- 
troduce them  into  the  organ.  His  fuccefs  has  been  very 
encouraging,  and  the  founds  far  exceed  in  pathetic 
fweetnefs  any  that  have  yet  been  produced  by  that 
noble  inftrument.  But  he  has  not  yet  brought  them 
fully  under  command,  nor  made  them  ftrong  enough 
for  any  thing  but  the  fofteft  chamber  mufic.     Other 
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necefTary  occupations  prevent  him  from  giving  the  atten.  Mufica 
tion  to  this  fubjeft  that  it  deferves.  He  recommends  Triimpc 
it  therefore  to  the  mufical  inftrument-makers  as  richly  ''<^""t 
defcrving  their  notice.  His  general  method  was  this:  • 
A  wooden  pipe  is  made,  whofe  fedlion  is  a  double 
fquare.  A  partition  in  the  middle  divides  it  into  two 
pipes,  along  fide  of  each  other.  One  of  them  commu- 
nicates witli  the  foot  and  wind  cheft,  and  is  Ihut  at  the 
upper  end.  The  other  is  open  at  the  upper,  and  fhut 
at  the  lower  end.  In  the  partition  there  is  a  flit  almoft 
the  whole  length,  and  the  fides  of  this  flit  are  brought 
to  a  very  fmooth  chamfered  or  feather  edge.  A  fine 
catgut  is  ftralncd  in  this  flit,  fo  as  almoft  to  touch  the 
fides.  It  is  evident  that  when  the  wind  enters  one 
pipe  by  the  foot,  it  palfcs  through  the  flit  into  the  o- 
ther,  and  efcapes  at  the  top,  which  is  open.  In  its 
paftage  it  forces  the  catgut  into  motion,  and  produces 
a  mufical  note,  having  all  the  fweetnefs  of  the  jEolian 
harp.  The  ftrength  of  found  may  be  increafed  by  in- 
creating  the  body  of  air  which  is  made  to  undulate. 
This  was  done  by  ufing,  inftead  of  catgut,  very  narrow 
filk  tape  or  ribband  varnifhed  :  but  the  unavoidable  rag- 
gednefs  of  the  edges  made  the  founds  coarfe  and  whee- 
fing.  Flat  filver  wire  was  not  fufficiently  elaftic  ;  flat 
wire,  ufed  for  watch  balance  fprings,  was  better,  but 
ftill  very  weak  founded.  Other  methods  were  tried, 
which  promifed  better.  A  thin  round  plate  of  metal, 
properly  fupported  by  a  fpring,  was  fet  in  a  round  hole  ; 
made  in  another  plate  not  fo  thin,  fo  as  juft  not  to 
touch  the  fides.  The  air  forced  through  this  hole  made, 
the  fpring  plate  tremble,  dancing  in  and  out,  and  pro- 
duced a  very  bold  and  mellow  found. — This,  and  fimi- 
lar  experiments,  are  richly  worth  attention,  and  promife 
great  additions  to  our  inflrumental  mnfic. 

TSCHIRNHAUS  (Ehrenfred  Wahher  Von),  a 
name  well  known  in  the  republic  of  letters,  and  one  of 
the  ornaments  of  the  17th  century,  was  born  April  10. 
1651,  at  Kifllngfwald  near  Gorlitz  in  Upper  Lufa- 
tia.  His  father  was  Ernefl  Chriftcpher  Von  Ti'chirn- 
haus,  Baron  Kifllngfwald  and  Stoltzberg,  and  Obern- 
fchonfeld,  privy  counfellor,  and  in  various  ofBces  of  rank 
under  the  Electors  George  I.  and  II.  of  Saxony,  the 
firft  of  whom  honoured  him  with  the  diftindlion  of  the 
gold  chain  and  portrait,  as  a  mark  of  his  fenfe  of  his 
merits  and  fervices.  The  mother  of  the  young  Von 
Tfchlrnhaus  was  Maria  Stirling,  daughter  of  Uaro  a 
Slirling  et  Achil,  Stirling  of  Achil,  or  Achyle,  In  Scot- 
land, an  eld  and  refpec^able  family,  as  appears  by  an 
epitaph  which  the  Duke  Chrillian,  brother  of  the  E- 
ledor  George  II.  Infcrlhed  on  the  tomb  of  Johan  Al- 
bert Stirling  of  Achil,  in  the  cathedral  of  Marckfpurg. 
This  gentleman  had  been  prelident  of  the  fenate  of  the 
eledtoiate,  privy  counfellor,  diredlor  of  tlie  impofls,  and 
mafter  of  hurfe  to  the  J-'rlnce,  and  had,  by  his  faithful 
and  ufeful  fervices,  acquired  his  higheft  efleem. 

E.  W.  Von  Tfchlrnhaus  was  born,  as  has  been  ob- 
ferved,  at  Kifllngfwald,  the  ufual  refidence  of  the  fami- 
ly, and  pofTefTed  by  It  during  more  than  300  years.  The 
family  came  originally  from  Bohemia,  and  appears  to 
have  been  confiderable,  feeing  that,  from  the  earlieft  ac- 
counts of  it  in  Lufatia,  the  Barons  of  Kifllngfwald  are 
generally  found  In  the  moft  rcfpeftable  civil  offices. 

The  figure  which  Baron  Von  Tfchlrnhaus,  the  fub- 
jeft  of  this  relation,  has  made  in  the  fcientific  and  po- 
litical world,  makes  it  fuperflvious  to  fay  that  his  early 

years 
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nioral   nature  of  man,   lie  thuiight  that  the  continual    Tfchirn- 
iupply  ot   information  was  as  ntccffnry  as  the  continual       ''»"'■ 

fupply  of  food.      And  his  great  piinciple  was  to  em-' " ' 

LIGHTEN.  This  work  was  committed  to  tlie  care 
of  fome  friends,  and  did  not  appear  till  1687,  at 
Anidcrdam.  A  fecond  edition  appeared  at  Lclpfic  in 
1695. 

Fmding  now  that  his  moderate  fortune  was  infuflicicnt 
for  the  great  public  projetls  he  had  in  view,   he  fought 
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years  were  well  employed.  Quick  apprebenfion,  a  clear 
perception  of  the  fubji.ct  of  lus  thoughts,  and  the  moil 
ardent  and  infatiable  third  for  knowledge,  dillinguilhed 
him  during  his  academical  education.  Wlien  17  years 
of  age,  he  was  fent  to  Leyden.  In  1672  ail  fttidy  was 
iiUtrruptcd  in  Holland  by  the  diii  of  war  ;  and  Mr  Von 
Tl'chiriihaus  left  the  univerfity  for  the  camp.  His 
knowledge  in  mathematics,  meclianics,  and  all  phyhcal 
fcience,   tound  ample  room  in  the  military  fervice  for 

ihewing  the  importance  of  thofe  fciences  ;  and  Tfchirn-  for  affUlance,  and  endeavoured  to  make  friends  by"fre- 
haiis  fo  diliiu'juplhed  himfelf  by  his  fervice  in  this  way,  quenting  the  court  of  the  Eledtor  at  Drefden.  He 
tiiat  Baron  Nieuland,  a  general  officer  of  great  merit,  fooii  became  a  favourite  of  his  Princes,  George  the  II. 
and  at  the  fame  time  an  accomplilhcd  fcholar,  took  de-  and  III.  and  was  appointed  to  aftive  offices  of  great  re- 
light in  pulhing  him  into  every  Itrvice  where  he  could     fponfibility.      By  the  orders  and  encouragement  of  the 

j^jg^^^^^  t''c>i  king  of  Poland,  he  introduced  into  his 
native  country  the  lirll  manufadure  of  glafs  ;  and  his 
projecl  foon  throve  to  fuch  a  degree,  that  not  only 
Saxony  was  fupplled,  but  they  even  began  to  export 
the  finer  kinds  of  white  glafs  for  windows  ;  in  which 
manufacture  Saxony  itill  excels.  It  was  in  the  courfe 
of  ixpenmcnts  for  improving  this  manufafture  that 
Tlchirnhaus  made  the  celebrated  great  burning  glaffes 
which  Itill  bear  his  name.  He  made  two  of  thefe  Icnfes, 
and  gave  one  to  the  Emperor,  and  the  other  to  the  A- 
cademy  of  Paris.      He  was  eager  to  improve  the  art  of 


ihew  himfelf  and  his  talents. 

After  two  years  fervice,  he  returned  to  his  father's; 
but  tinding  little  to  intercft  him  in  the  life  of  a  mere 
country  gentleman,  and  Hill  burning  with  the  iam^ 
third  of  knowledge,  he  prevailed  on  his  father  to  allow 
liim  to  travel.  His  younger  brother  George  Albiecht 
Von  Tfchirnhaus,  Baron  Obernlchonleld,  wnich  he  inhe- 
rited from  his  grandfather  Stirling,  loved  him  wiili  tlie 


warmell  afFedion,  and  fupplied  him  liberally  with  what 
was  required  for  his  appearance  everywhere  in  a  man- 
ner becoming  his  rank,  and  for  fully  gratifying  his  cu- 

riofity.    He  uled  often  to  fay,  "  Sorry  was  I  to  lofe  the     forming  and  polidiing  optical  glalTes  ;  a'lid  in  the  profe- 
company  of  my  dear  brother,  and  I  fometimes  wifhed     cution  of  the  theory  on  whidi  their  performance  de- 


to  accompany  him  ;  but  not  having  his  thiril  tor  know- 
ledge, I  knew  that  his  love  for  me  would  debar  him  of 
much  happinefs,  which  I  Ihould  thus  have  obftrutled." 
Felices  anitme  !  He  went  to  Holland,  from  thence  into 
England,  France,  Italy,  Sicily,  Malta,  Greece. —  Re- 
turning through  the  Tyrol,  he  met  his  brother  at  Vien- 
na, where  both  were  in  great  favour  at  the  court  of 
Leopold.  Wherever  he  went,  he  made  himfelf  ac- 
quainted with  the  moft  eminent   in  all  departments  of 


theory 
pends,  he  made  fome  beautiful  difcoverK-s  in  the  depart- 
ment of  pure  geometry.  It  is  well  known  that  all  the 
fcieiices  are  allied,  and  of  a  family,  and  that  eminence 
in  one  is  feldom  attainable  without  the  adlftance  of  o- 
thers.  His  piefeut  purfuits  led  him  to  the  lludy  of 
chemiflry,  which  he  profecuted  with  tlie  fame  ardour 
which  he  exhibited  In  every  thing  he  undertook.  But 
all  the  while,  mathematics,  and  tfpecially  geometry,  was 
his  favourite  lludy  ;  and   he  was  anxious  to  make  the 


fcience,  living  with  them  gW  in  the  mutual  exchange  of    fame  advances  In  t'iie  general  paths  of  matiremadcal  Tnl 
dlfcoveries  and  of  kind  offices.      In  Holland  he  was  in-     velligation  which  he  thoun-ht   he  had   made  In  the  sre- 


timate  with  Huyghens  and  Hudde  ;  In  England,  with 
Newton,  Wallis,  Halley,  and  Oldenburgh  ;  in  France, 
among  a  people  who  more  Ipeedily  contrad.  acquaint- 
ance, there  was  not  a  man  ot  note  with  whom  he  did 
not  cultivate  an  aftive  acquaintance— and,  fortunately, 
Leibnitz  then  lived  at  Pans:  in  Italy,  he  was  particu- 
lar carelled  by  Michaeli,  foon  after  Cardinal ;  and  was 
in  the  clofell  correfpondence  with  Kirchcr.  His  en- 
joyments, however,  were  derived  folely  from  the  com- 
munications of  the  moft  eminent  ;  his  curiofity  was,  di- 
reftcd  to  every  thing,  and  wherever  he  faw  an  ingeni- 
ous artifan,  he  was  eager  to  learn  /from  him  fomething 
ufeful.  In  1682,  when  at  Paris  for  the  third  time,  he 
communicated  to  his   friends  his  celebrated  theory  of    name  of  a  department  of  the  fcience.""ThIs'K"theVafe 


neral  laws  of  material  nat'iire.  He  apprehended  that 
only  bye  paths  were  yet  known,  and  that  many  things 
were  yet  inacccffible  ;  becaufe  we  had  not  yet  found  out 
the  great  roads  from  which  thofc  branches  were  derived. 
He  was  of  Des  Cartes's  opinion,  that  the  true  road  In 
mathematics  mull  be  an  eafy  one,  except  In  cafes  which 
were,  in  thtir  own  nature,  complicated.  Very  early, 
therefore,  he  began  writing  on  mathematical  fubjeds, 
always  continuing  his  general  views  of  the  fcience,  and 
his  endeavours  to  lyltematife  the  ftudy  ;  but,  at  the 
fame  time,  beftowing  a  very  particular  attention  on 
any  branch  which  chanced  to  interell  him  ;  each  of 
thelc  his  epifodical  (Indies  in  mathematics  defervcs  the 


the  cauftic  curves,  which  marked  him  out  as  a  valuable 
acquilition,  and  he  was  elected  a  member  of  the  Royal 
Academy  of  Sciences,  whicii  was  then  reformed  by  the 
great  minifter  Colbert,  and  the  moll  illuitrious  in  all  na- 
tions were  picked  out  for  its  ornaments.  There  he  found 
himfelf  feated  with  Leibnitz,  Huyghens,  John  Ber- 
noulli, &c. 


with  his  theory  of  cauftic  curves,  with  his  method  of 
tangents,  and  his  attempt  to  free  Leibnitz's  calculus 
from  all  conlideratlon  of  infinitclimal  quantities,  Mr 
Tlchirnhaus  feldom  gave  himfelf  any  trouble  with  a 
particular  problem,  in  ail  his  mathematical  perform- 
ances, there  is  an  evident  connection  with  fomething 
which  he  confidered  as  the  great  whole  of  the  fcienc 


After  twelve  years  employed  in  vifitmg  Europe,  he  and  the  manner  of  treating  the  different  queftions  is 

returned  home:  but  after  a  (hort  ftay.  Went  to  Flan-  plainly  accommodated  to  a  fyllem  in  his  thoughts.    This 

ders,  and  prepared  to  publifli  his  work,  intitled  MeS-  he  Intended  as  the  third  part  of  the  Medicina  Mentis ; 

cina  Mentis  ;  of  which  the  fubjed  may  almoft  be  guelTed,  and,  having  nearly  completed  the  fecond,  he  had  propol 

from  the  way  in  which  he  had  excrcifed  his  own  mind,  fed  thefe  as  the  occupation  of  the  enfuing  winter  (1708. 

Having  the  moft  exalted  notions  of  the  Intelledual  and  9).     But  his  death,  which  may  be  called  prernature, 

has 
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lias  depriveJ  the  world  of  thefe,  and  other  beneficent 

and  uleiiil  labours. 

Mr  Von  Tlchirnhaus  was  of  the  mod  mild  and  gentle 
difpofitioii,  as  was  well  known  to  all  who  enjoyed  his 
acquaintance.  This  dilpofition  was  fo  eminent  in  him, 
that  Icarcejy  any  perfon  ever  fdw  him  angry,  or  even 
much  ruffled  in  his  temper.  He  forgave  injuries  frank- 
ly and  heartily,  and  often  flood  the  friend  (unknown) 
of  thofe  who  had  wronged  him.  By  fuch  conduft,  he 
changed  fome  enmities  into  the  moil  (leaHy  and  affec- 
tionate friendlhips.  As  an  inquirer  and  an  inventor,  he 
had  contentions  with  other  claimants,  and  fome  difputes 
about  the  legitimacy  of  his  methods  ;  as,  for  cxahiple, 
with  Nicholas  Fatio  Duilier,  who  attacked  Tlchirn- 
haus's  method  of  tangents  ;  and  Preftet  and  Rolle,  who 
found  fault  with  his  exprciTion  ot  equations  of  the  third 
degree.  But  thefe  were  all  friendly  debates,  and  never 
carried  him  beyond  the  limits  of  gentlemanly  behaviour. 
He  began  to  difpute  with  Ozanam  about  a  quadratrix; 
but  on  being  merely  told  that  he  wks  miftakeu,  by  P. 
Souciet,  he  immediately  acknowledged  his  error,  and 
correfted  it. 

Many  original  and  important  mathematical  perform- 
ances of  Mr  Von  Tfchirnhaus  are  to  be  feer.  in  the 
Leipfic  Ails,  in  the  Memoirs  of  the  Academy  of  Scien- 
ces at  Paris,  and  other  literary  journals.  His  happy 
generalifation  of  Dr  Barrow's  theorem  for  the  focus  of 
a  flender  pencil  of  rays  after  refledionor  refraftion,  and 
the  theory  of  caullic  curves,  in  which  this  terminates, 
both  conllitutes  one  ot  the  mod  elegant  branches  of 
optical  fcience,  and  affords  a  rich  harveft  of  very  curi- 
ous and  unexpefted  geometrical  truths.  The  manner 
in  which  he  notices  the  rough  way  in  which  his  firft 
and  fole  miftake  in  this  theory  was  pointed  out,  is  per- 
haps incomparable  as  an  example  of  gentlemanlike  re- 
prehenfion,  and  is  a  leffon  for  literati  of  all  defcriptions, 
higly  valuable  on  account  of  the  foft  way  in  which  it 
falls,  while  it  is  convincing  as  a  mathematical  theorem. 

Tfchirnhaus  was  tlie  difcoverer  of  the  fubflance  of 
•which  the  celebrated  Saxon  porcelain  is  made,  and  of 
the  manner  of  working  it  U]) ;  by  which  he  eltabliflied 
A  manufadlure  highly  profitable  to  his  country,  an3  has 
given  us  the  fined  pottery  in  the  world.  He  never 
wearied  in  fpreading  ufeful  knowledge  ;  and  the  fliops 
of  our  artifans  of  almoft  all  kinds  were  fupplied  with 
books  of  indruftions  and  patterns,  many  of  them  writ- 
_  ten  by  Mr  Von  Tfchirnhaus,  or  under  his  infpec- 
tion.  Ufeful  books  of  all  kinds  were  tranflated  out  of 
foreign  languages  at  his  expence.  Men  of  genius  in 
the  arts  were  enabled,  through  the  encouragement  of 
himfelf  and  his  friends,  and  often  by  his  pecuniary  af- 
fidance,  to  bring  their  talents  before  the  public  eye. 
In  fliort,  he  feemed  at  all  times  to  prefer  the  public 
good  to  his  own  ;  and  never  felt  fo  much  pleafure  as 
when  he  could  promote  fcience  or  the  ufeful  arts.  He 
was  as  it  were  dimulated  to  this  by  an  innate  propen- 
fity.  And  as  he  was  more  dtfirous  of  being  than  of 
appearing  the  accomplifhed  man,  he  was  in  no  concern 
what  notice  others  took  of  his  fervices  to  the  public. 
He  even  reprefents  the  defire  of  fame  as  hortile  to  the 
improvement  either  of  fcience  or  morality,  in  his  Medi- 
etna  Mentis;  a  work  which  is  acknowledged  by  all 
who  knew  him  to  be  a  pifture  of  his  own  amiable 
mind.     He  lightly  eiteemed  richesj  and  knew  not  what 
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ufe  they  were  of,  except  for  providing  the  necelTaries  of 
life,  and  the  means  of  acquiring  knowledge,  in  per- 
feft  conformity  to  this  maxim,  he  modedly,  and  with 
elegant  relpeft,  refufed  the  ample  prefents  made  him 
by  his  atfedtionate  fovereign  ;  and  when  he  was  added 
to  his  cabinet  council,  he  received  the  diploma,  but 
begged  and  obtained  to  be  free  from  the  title.  And 
wlicn  he  prefented  his  great  burning  glafs  to  the  Empe- 
ror, and  got  from  him  the  dignity  and  infignia  of  Ba- 
ron of  the  Empire,  he  pleaded  for  leave  to  decline  it, 
requeding  to  keep  the  chain  and  portrait,  which  he  al- 
ways wore  under  his  vefl.  He  expended  a  very  great 
portion  of  the  ample  revenue  left  him  by  his  father  in 
the  fervice  of  his  country,  by  promoting  the  ufeful  arts 
and  fciences. 

Mr  Von  Tfchirnhaus  venerated  truth  above  all  thingi; 
faying,  that  thule  who  thought  any  tiu'ng  compar- 
able with  it  were  not  the  fons  of  God,  but  dep-chil- 
dren,  and  that  the  love  of  truth  is  the  ruling  aftedh'on 
in  every  man  of  a  worthy  heart.  In  a  letter  to  an  inti- 
mate friend,  he  faid  that,  by  the  age  of  five  and-twenty, 
he  had  completely  fubdued  the  love  of  glory,  of  riches, 
and  of  worldly  pleafures  ;  and  that  at  no  time  he  had 
found  it  difficult  to  reprefs  vanity,  becaufe  he  was  every- 
day confcious  of  having  afted  worfe  than  he  was  certain 
that  he  might  and  diould  have  done.  He  felt  himfelf 
humbled  in  the  fight  of  the  AllperfeA  Judge. 

Nor  was  all  this  the  vain  boaft  of  a  man  averfe  to 
bufinefs,  and  poffelfed  of  an  ample  fortune,  which  per- 
mitted him,  without  inconvenience,  to  pleafe  his  fancy 
in  dudy,  and  in  helping  others  with  what  to  himfelf 
was  fupcrfluous.  Such  a  charafler,  though  rare,  may 
exifl,  without  being  the  objeft  of  much  relpedl.  No : 
Mr  Tfchirnhaus  was  really  a  philofopher  of  the  true 
ftoic  feiil,  in  refpeft  of  fortitude  of  mnid,  while  a  good 
Chridian  in  modcdy  and  diffidence.  In  the  lad  five 
years  of  his  life  he  bore  up  under  troubles,  and  embar- 
rafiments,  and  misfortunes  in  his  family,  which  would 
have  tiied  the  mind  of  Cato  himfelf  But  in  the  midft 
of  thefe  dorms  he  was  unfliaken,  and  preferved  his  fe- 
renity  of  mind.  He  was  even  fenllble  of  this  being  a 
rare  gift  of  Providence,  and  ufed  frequently  to  exprcfi 
his  thankfulnefs  for  a  tieafure  fo  precious.  He  felt 
deeply  his  relation  to  the  Author  of  Nature,  and  re- 
joiced in  thinking  himfelf  fubjctl  to  the  providence  of 
God.  He  faid  that  he  was  fully  perfuaded  that  he 
would  meet  with  perfeft  judice,  and  would  therefore 
ftrive  to  perform  his  own  part  to  the  utmod  of  his 
power,  that  his  future  condition  might  be  the  more 
happy,  and  that  he  might  in  the  mean  time  enjoy  more 
fatisfadlion  on  reflefting  on  his  own  conduft.  His  lot, 
he  faid,  was  peculiarly  fortunate  :  having  fuch  third  for 
novelty,  lie  would  have  been  unhappy  without  an  af- 
fluent fortvme;  and  his  own  enjoyments  encouraged  nei- 
ther vice  nor  idlenefs  in  himiclf  or  in  the  miniflers  to 
his  pleafures. 

This  amiable  perfon  was  of  a  conditution  not  puny, 
but  not  robuft,  and  he  had  hurt  it  by  too  conllant  ftu- 
dy.  He  feared  no  difeafe  ;  thinking  thit  iit  had  a 
cure  or  an  alleviation  for  all  but  one.  namely,,  the  done 
and  gravel.  He  had  a  dread  of  this,  and  laboured  t* 
find  a  pieveivtative  or  a  remedy.  He  thought  that  he 
had  alfo  done  a  great  deal  here  ;  and  delcribes  in  his 
Medkina  Corpores  a  preparation  of  whey,  which  he  faid 


haus, 
amir. 
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he  ufed  with  great   advantage  to  his  health.     But  his     M\  narrower  circle  of  duties  formed  by  his  own  family.    Tfchim 
precautions  were  in  vain:   He  was  attacked  with  tlie     ^Ve   fee  tliat   he   was  a  dearly  beloved  brother  ;    which.    ^^ 
gravel,  which,  after  three  months  fufl'ering,  brougiit  on     could  hardly  he  without  his  alfo  being  a  loving  brother. 
a   fnppreffion  of  urine.      The  phyficians   faw   that   his     and  a  dutiful  fon.     The  nature  of  the  didrcfles  which 
end  approached  ;  and   finding  him  difre;.;avd  tlv.ir  pre-     he  ex])erienced  in  his  family,  and  the  manner  in  which 
fcriptions,  they  quitted  him.     He  treateii  himfelf  (it  is     he  beliavcd  ujider  them,  fhew  him  to  have  been  an  emi- 
faidjndicioufly)  for  fome  time,  and  with  fomc  appearance     nent  Chrillian   moraUft.      With   a  modclly  that  is  un- 
of  fuccefs  ;   but  at  laft  he  faw  death  not  far  oil".      He     matched  by  any  one  of  the  thoufands  who  iiave  poured 
diftated  a  letter  to  his  Sovereign,  thanking  him  for  all     out  indrudiions  upon  us  during  the  laft  ten  years,  and  a 

Sracefiilnefs  which  charadcrifes  the  gentleman,  his  Me- 
ilicina  Mentis  is  od'trcd  to  public  notice,  merely  as  an 
experimental  proof  that  a  certain  way  of  thinking  and 
ading  is  productive  of  internal  quiet  of  mind  ;  of 
great  mental  enjoyment,  both  moral  and  inlelledual  ; 
and  of  peace,  and  the  good  will  of  thofe  around  us  : 
and  that  it  did,  in  fact,  jjioduce  a  dutiful  and  comfort 


his  favours  and  kindnefs,  and  recommended  his  children 
to  his  protedtion.  He  never  fretted  nor  complained  ; 
but  frequently,  with  gh'llening  eyes,  exprefted  iiis  warm- 
ell  thanks  to  Providence  for  the  wondertnl  track  of 
good  fortune  and  of  happintfs  that  he  had  enjoyed  ; 
and  faid  that  he  alto  felt  lome  fatisfadlion  in  the  con- 
fcioufnefs  that  fome  of  this  was  owing  to  his  own  pru- 


dent conduft.      He  poffetfed  his  entire  faculties  to  the     able  relignation  to  the  unavcn'dablc  trials  of  human  life. 
laft  moment  ;  and  when   he  felt  his  fpirit  jull  about  to      He  pretends  not  to  be  greatly  fuiierior  in  wifdom  to  hi» 


depart,  his  laft  words  were,  "  y'o  tr'iumphe — Vuloria!" 
No  longer  able  to  fpeak,  he  made  figns  for  what  he 
wanted  ;  and  a  little  after,  ftiutting  his  eyes,  as  if  to 
fleep,  he  gently,  and  without  a  groan,  yielded  up  his 
fpirit,  about  four  o'clock  in  the  morning  of  the  i  ith  of 
Odlober  170S,  aged  56. 

His  funeral  was  performed  in  a  manner  becoming 
his  rank,  and  the  body  conveyed  to  the  family  vault. 
The  EleAor  (King  of  Poland)  defrayed  the  expence  ; 


neighbours,  but  merely  tells  how  things  fucceeded  with 
himfelf.  He  did  not  fcrupic,  however,  to  publilh  to  the 
world  difcoveries  in  i'cience,  in  which  he  had  got  the 
ftart  of  others  during  that  bufy  period  of  fcientific  oc- 
cupation :  and  thefe  difcoveries  in  mathematics  were 
highly  prized  by  the  firft  men  of  liie  age  ;  nor  will  the 
name  of  Tfchirnhaus,  or  his  cauftic  curves,  ever  be  for- 
gotten. 

We  felt  ourfelves  obliged  to  the  friend  who  took  no- 


for  he  would  not  allow  his  family  to  have  any  thing  to  tice  of  the  omiffion  of  this  gentleman's  name,  fo  emi- 

do  with  the  funeral  of  a  man  of  fo  public  a  charafter,  nent  in  the  mathematical  world,  in   the  coiirfe  of  our 

and  fo  univerfally  beloved.  alphabet  ;  bat   when   we  looked  into  the  Memoirs  of 

The  account  of  fuch  a  life  as   that  of  Baron  Von  the  Academy  of  Paris  for    1  709   for  fome  account  of 

Tfchirnhaus  would,  at  all  times,   make  a  pleafant  and  him,  what  we  there  faw  appeared  fuch  a  continual  pa- 

ufeful  inipreluon.     In  thefe  our  times,  in  the  end  of  the  negyric,  that  we  could   not  take  it  as  a  fair  picture  of 

iStli  century,  after  fociety  has  availed  iifelf  of  all  the  any  real  character.      Looking  about  for  more  impartial 

acquihtions  in  fcience  and  art,  furnilhed  by  that  ardent  information,   we  found  in  the  ABu  £rur!i/o>uni,  Leipf. 

age  of  the  world  which  this  gentleman  contributed  to  i  709,  the  account  of  which  the  foregoing  is  an  abftracl, 

adorn  ;  in  an   age  when  we  boaft  of  illumination   un-  except  a  particular  or  two  which  we  have  copied  from 

paralleled  in  hiftory,  and  of  improvements  almoft  amount-  an  account  in  the  Literary  Journal  of  Brcflaw   by  Count 

ing  to  perfection;  and  in  particular,  of  an  emancipation  Herbeiftein,  whom   we  can   fcarcely  fufpcct  of  undue 

from  the  prejudices  which  had  obfcured  our  view  of  the  partiality,  becaufe  he  had   fome  difpiites  with  Mr  Von 

chief  good,  and  ftifled  public  fpirit — now,  when  we  are  Tfchirnhaus   on   mathematical  fubjetts.      May   we  not 

lo  lull  of  knowledge  that  it  is  lunning  over  on  all  irjnds,  fay,  "  the  memory  of  this  man  is  fwect  !" 
in  volumes  of  inftrudtion,  how  to  make  the  world  one  TSCHAMIE,  the  Indian  name  of  a  tree  in  thcNonh- 

happy  ta;nily  ;   in  thefe  bright   days  of  philanthropilm,  ern  Circars  of  Hindoftan.      It  grows,  favs  Dr  Ro\- 

can   the  public  records  of   Europe  exhibit   a  fnpcrior  burgh,   to  be  a   pretty  large  tree,  is  a  native  of  moll 

character  to  tiiat  of  Mr  Von  Tfchirnhaus,  either  in  re-  parts  of  the  coaft,  chiefly  of  low  lands  at  a  conliderable 

Ipeft  of  uifdom  or  of  difpoiition.''  Was  he  not  a  phi-  diftance   from   the  fea,  and   may   be   only  a  variety  of 

lanthropi'ft,   a   ImceiC  lover  of  mankind?   Was  he  not  profopis fpeagtra,   for  the  thorns  are  in  this  fometimea 

wife,  in  employing  Lis  great  acquired  knowledge  as  the  wanting  ;  flowers  during  the  cold  and  bejrinning  of  thu 


means  of  dirert  and  active  beneficence,  by  limiting  his 
exertions  to  the  txteiit  of  thofe  circles  where  his  own 
efforts  would  be  effective  ?  He  did  not  write  books, 
teaching   others   how   to   do  good  :    he   taught   it    by 


hot  feafons.  Trunh  tolerably  creft,  baik'dceply  crack- 
ed, duty  alh  colour.  Branches  irregular,  very  nume- 
rous, forming  a  pretty  large  (liady  head.  Prukks  fcat- 
tered  over  the  fmall  branches  ;   in   fome  trees  wanting. 


example  ;  being  determined  that  his  own  wilhes  to  fee  Leaves  alternate,  generally  bipinnate,  from  two  to  three 

men  happier  Ihould  not  fail  by  the  want  of  fuch  wifhes  inches  long  ;  pinna;  from  one  to  four,  when  in  pairs  op. 

in  others,  even  after  he  fliould  inftruct  them.   He  never  pofite,  and  have  a  gland  between  their  infcrtions.     Leuf- 

allowed  his  infaliable  curiohty  for  frelh  difcoveries  to  lets  oppofite,  from  fcvcn  to   ten   pair,  obliquely  lanced, 

interfere  with  the  immediate  turning  to  the  good  of  his  fmooth,  entire,  about  half  an   ineli  long,  and  onelixth 

own  country  the   knowledge  he  had  already  acquired,  broad.     Stipules  none.      Spikes  feveral,  axillary,  filiform. 

He  probably  never  thought  of  improving  the   fituation  nearly    trect.       BraBs    minute,    one-fiowtred,    fahin.'-! 

of  the  Chincfc  or  the  Mexicans,  finding  that  it  required  Flowers  numerous,  fmall,  yellow,  fingle,  appro.simated. 

all  Ill's  ample  fortune,   and  all  the  intereft  and  influence  Calyx  below,  five-toothed.    Filimcnls'unxud  at  the  bafe. 

he  could  acquire,  to  do  the  good  he  wilhed  in  Saxony.  Anthers  incumbent,  a  white  gland  on  the  apex  of  each, 

We  doubt  not  but  that  he  was  equally  attentive  to  the  which  falls  off  foon   after  the  flower  expands.     Style 

crooked. 
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Tniiitflci,  crooked.      Sligma  timplc.      Legume  long,  pendulous,  not  of  wliich  the  five  firft  volumes  were  publidied  by  liim.    TucW. 

Tucker,    inflated.      Seeds  many,  lodged  in   a  brown   nieally  lub.  felt   in    1768,   under   the   affiimed   name  of  "  Edward  "~— v~-« 

"~     ir""-  {^ance.  Starch,  Efq."  and  tlie  four  lall  after  his  death,  in  1777, 

The   pod   of  this  tree   is  the  only  part  ufed.      It   is  as  "  The  pofthumous  Work  of  Abraham  Tucker,  Efq. 

about  an  inch  in  circumfercnte,  and  from  fix  to  twelve  publiflied  from  his  manufcript  as  intended  for  the  prefs 

long  ;   when  ripe,  brown,  fmooth,  and  contains,  befides  by    the   author."      Mr  Tucker  lived    at    Bctcbworth- 

the  feeds,  a  large  quantity  of  a  brown  mcally  fnbllance,  callle,   near  Dorking   in    Surrey  ;   an   eftate   which  he 

which  the  natives  eat  ;   its  talle  is  fwectilli  and  agree-  purchafed  in  the  early  pnrt  of  his  h'fe.     He  married  the 

able-   it  may  therefore  be  compared  to  the   Spaniih  al-  daughter  of  Edward   Barker,   Efq.  by   whom   he  had 

yaroia,  or  locull  tree.      (Ceratcniajiliqua,  Umn.)  two   daughters;  one    of  whom  married   Sir  Henry  St 


garoba,  ,  .     . 

In  compliance  with  Dr  Kitnig's  opinion,  Dr  Rox- 
burgh calls  this  tree  a  profofis  ;  but  as  he  thinks  the 
antheral  glands  give  it  a  claim  to  the  genus  adenaiithera, 
we  have  retained  the  Indian  name  till  its  botanical  claf- 
fification  (liall  be  afcertained  by  thofe  who  have  greater 
authority  in  the  fcience  than  we  lay  claim  to. 

TSHUTSKl,  a  people  inhabiting  a  country  fitua- 
ted  on  the  cailern  extremity  of  Afia,  oppofite  to  the 
north  welt  coaft  of  America,  and  bounded  by  the  A- 
nadyr  on  the  fouth.  The  Tfimtflvi  nation  is  divided 
into'  two  very  diftinft  tribes  :  the  one  is  qzWcA  Jiuliona- 
ry,  or  fixed  inhabitants  of  the  coall  ;  the  other,   Rein- 


John,  and  died  in  his  lifetiine  ;  the  other  furvived,  and 
now  lives  at  Betchworth  caiUe.  He  loll  liis  cycfight  a 
few  years  before  his  death,  whicli  happened  in  1775. 
To  defcribe  him  as  a  n-lghbour,  landlord,  father,  and 
magiflrate,  it  would  be  neceffary  to  mention  the  moft 
amiable  qualities  in  each.  It  is  unneceffary  to  add,  that 
he  was  very  fiiicercly  regretted  by  all  who  had  the  plea- 
fure  of  his  acquaintance,  and  who  Hood  connected  with 
liim  in  any  of  thofe  relations. 

Tucker  (Jofiah,  D.  D),  well  known  as  a  political 
and  commercial  writer,  was  born  at  Langhorn  in  Caer- 
marthenfhire,   in  the  year  1712.      His  father  was  a  far- 


deer   or  wanderers.      The  former  occupy  fuch  places  as     mer,  and  having  a   fmall  eftate  left  him   at  or  near  A- 


are  convenient  for  fifhing,  and  the  chace  of  lea- animals, 
from  the  river  Anadyr  to  a  fmall  diflance  north  of  the 
eaftern  promontory.  The  extent  of  their  population, 
according  to  the  beft  intelligence,  amounts  to  about 
3000  males.  They  are  very  induftrious,  and  are  neat 
workmen  ;  which  is  evinced  by  their  boats,  lances,  ar- 
rows, bows,  apparel,  utenfib,  &c.  with  which  they  fup- 
ply  the  wanderers.  Their  female  prifoners  are  alfo  a 
great   article  of  trade  ;  as   they  barter   them  for  rein 


deer,  copper  and  iron  kettles,  knives,  beads,  and  fuch  porta." 
articles  as  the  wanderers  obtain  from  the  lluffian  tra- 
ders. Their  married  women  are  faithtul  to  their  huf- 
bands ;  but  chaftity  feenis  not  to  be  a  virtue  among  the 
unmarried  part  of  the  fex,  who  grant  any  favours  to 
ftrangers  for  beads,  buttons,  tobacco,  &c. 

The  aged  among  the  Tlhutlki  are  fubjed  to  rheu- 
matic complaints,  which  they  cure,  or  attempt  to  cure, 
by  lighting  the  dried  leaves  of  wormwood,  fo  prepa- 
red as  to  burn  like  tinder,  and  letting  it  remain  till 
burnt  out  on  the  parts  affefted.      In  cafes  of'fevere  ill- 

nefs,  thev  offer  facrifices  of  deer  to  the  fbirils  of  torture; 
'.  .        •     1  -11   J       1 .i._   i-„i.    i„j 


beryftwith,  in  Cardiganfhire,  he  removed  thither;  and 
perceiving  that  his  fun  had  a  turn  for  learning,  he  fent 
him  to  Ruthin  fchool  in  Denbighfhire,  where  he  made 
fo  refpeclable  a  progrefs  in  the  claffics,  that  he  obtained 
an  exhibition  at  Jefus  College,  Oxford.  It  is  generally 
underllood  that  feveral  of  his  journeys  to  and  from  Ox- 
ford were  performed  on  foot,  with  4  ftick  on  his  Ihoul- 
der,  and  bundle  at  the  end  of  it.  Thus  it  might  be 
faid  by   him,  as   by    Simonides,    "  Omnia    mea    mecum 


At  the  age  of  2^  he  entered  into  holy  orders,  and 
ferved  a  curacy  for  fome  time  in  Gloucefterfliire.  About 
1737  he  became  curate  of  St  Stephen's  church  in  Brif- 
tol,  and  was  appointed  minor-canon  in  the  cathedral  of 
that  city.  Here  he  attratled  the  notice  of  Dr  Jofeph 
Butler,  then  Bifhop  of  Bnftol,  and  afterwards  of  Dur- 
ham, who  appointed  Mr  Tucker  his  domeftic  chaplain. 
By  the  intereft  of  this  prelate  Mr  Tucker  obtained  a 
probendal  Hall  in  the  cathedral  of  Briftol  ;  and  on  the 
death  of  Mr  Catcott,  well  known  by  his  treatife  on  tlie 
Deluge,  and  a  volume  of  excellent  fermons,  he  became 


and  fometimes  a   dog   is  killed,  when  the   fick  are  led  rettor  of  St  Stephen.     The  inhabitants  of  that  parilh 

round  it,   and  anointed  with    its  blood  and  fat.     They  confift  chiefly  of  merchants  and  tradefmen  ;  a  circum- 

burn  their  dead  to  aflies  ;  lay  ftones  on  the  fpot  to  re-  ttance  which  greatly   aided  his  natural  inclination  for 

femble,   in  fome   degree,   the   form  of  a   man  ;  place  a  commercial  and  political  ftudies. 

large  ftone   at  the   head,   which   they  anoint  with  mar-  Wlien  the  famous  bill  was  brought  into  the  Houfe 

row  and  fat ;  and  form  a  pile,  or  l\cap  of  deers  horns,  of  Commons  for  the  naturalization    of  the  Jews,   Mr 

at  a   fmall   diilance  from  it.      This   place  is  vifited  an-  Tucker,  confidering  the  meafure  rather  as  a  merchant 

nually  by  the  relatives  of  the  deccafed,  who  recapitulate  or  politician  than  as  a  Chriftian  divine,  wrote  in  defence 

the  feats  of  their  departed  friend,   anointing,  each,  the  of  it  \\ith  a  degree  of  zeal  which,  to  fay  no  more,  was 

head-ftone,  and  adding  a  horn  to  the  heap.     The  wan-  at  lei;ft  indecent  in  a  man  of  his  profeffion.      As  fuch  it 

dering   tribe   conlider  thcmfelves   as  a   fuperior  race  of  was  viewed  by  his  brethren  of  the  clergy,  and  by  his 

beings,    and  the   moft  independent  of  men  ;  and  it  is  a  parifliioners ;  for,    while   the   former   attacked    him    in 

faft  that  the    Rufilans   have    never   been   able  to  bring  pamphlets,  newfpapers,  and  magazines,  the  latter  burnt 

them  under  their  dominion.     They  call  their  more  fta-  his  effigy  dreffed    in  canonicals,  together  with   the  let- 

tionary    neighbours  old  'women,    fit   only    to  attend  on  ters  which  he  had  written   in  defence  of  the  naturaliza- 

them,  and  to  guard  their  cattle.   By  Brookes  the  coun-  tion. 

try  of  the  Tlhutlki  is  placed  Long.  168.  41.  W.  Lat.  In  the  year  1753  ^^  publifhed  an  able  pamphlet  on 
^i  ._  j,j  the  "  Turkey  Trade  ;"  in  which  he  demonftrates  the 
TUCKER  (Abraham),  Efq;  a  curious  and  original  evils  that  rcfult  to  trade  in  general  from  chartered  corn- 
thinker,  was  a  gentleman  of  affluent  fortune,  and  au-  panics.  At  this  period  Lord  Clare  (afterward  Earl 
thor  of  ««  The  Light  of  Nature  purfued,"  9  vols  8vo  ;  Nugent)  was  returned  to  Parliament  for  Briftol ;  which 

honour 
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Tucker,  honour  lie  obtained  chiefly  through  the  (Ircnuoua  exer- 
^»  >  tions  of  Mr  Tucker,  whofe  influence  in  his  large  and 
wealthy  parilh  was  almoft  decifive  on  iucli  an  occalion. 
In  return  for  this  favour,  the  Earl  procured  for  him  the 
de.inery  of  Glouecfter,  in  1758^  at  which  time  he  took 
his  degree  of  dodtor  in  divinity.  So  great  was  his  re- 
putation for  commercial  knowledge,  tluit  Dr  Thomas 
Hayter,  afterwards  bifliop  of  London,  who  was  then  tu- 
tor to  his  prefeiit  majelly,  applied  to  Dr  Tucker  to 
draw  up  a  difTcrtation  on  this  lubjeft  for  the  perulal  of 
Lis  royal  pupil.  It  was  accordingly  done,  and  gave 
great  fatisfaftion.  This  work,  under  the  title  ot  "  The 
Elements  of  Commerce,"  was  printed  in  (Juartu,  but 
never  publiflied. 

Dr  Warburton,  who  became  bifhop  of  Gloucefter  in 
the  year  1760,  thinking  very  differently  from  Dr  Tuck- 
er of  the  proper  lluJies  of  a  clergyman,  as  well  as  ol 
the  projeA  for  naturalizing  the  Jews,  faid  once  to  a 
perfon  who  was  praifing  the  Elements  of  Commerce, 
that  "  his  Dean's  trade  was  religion,  and  religion  his 
trade."  This  farcafm,  though  not  perhaps  groundlcfs, 
was  certainly  too  levere  ;  for  fome  of  the  Dean's  pub- 
lications evince  him  to  have  devoted  part  of  his  time  at 
lead  to  the  Itiidy  of  theology,  and  to  have  been  a  man 
of  genuine  benevolence. 

In  the  year  1771,  when  a  ftrong  attempt  was  made 
to  procure  an  abolition  ot  lubieription  to  the  ^()  arti- 
cles, Dr  Tucker  came  forward  as  an  able  and  moderate 
advocate  of  the  church  of  England.  About  this  time 
he  publiflied  "  Direftions  for  Travellers  ;"  in  which  he 
lays  down  excellent  rules,  by  which  gentlemen  who  vi- 
fit  foieign  countries  may  not  only  improve  their  own 
minds,  but  turn  their  obfcrvations  to  the  benefit  of  their 
native  country. 

The  Dean  was  an  attentive  obferver  of  the  American 
conteft.  He  examined  the  affair  with  a  very  different 
eye  from  that  of  a  party-man,  or  an  iiitercflcd  mer- 
chant ;  and  he  difcovered,  as  he  conceived,  that  both 
fides  would  be  better  off  by  an  abfolute  feparation.  Mr 
Burke's  language  in  the  Houfe  of  Commons,  in  confe- 
queuce  of  his  publilhing  this  opinion,  was  harfh,  if  not 
illiberal.  In  his  famous  fpeech  on  the  American  taxa- 
tion bill,  April  the  i  ^th,  1774,  he  called  the  Dean  of 
Glouccfter  the  advocate  of  the  court  fattion,  though  it 
is  well  known  that  the  court  difapproved  of  the  propo- 
fal  as  much  as  the  oppoljtion.  This  attack  roufed  the 
Dean  to  refentment ;  and  he  publifhed   a  letter  to  Mr 


which,  if  not  difhonourable,  was  at   lead  uncommon.    Tucker. 

'J'he    Dean   had  thrown  off  thirty  copies  of  his  work v— ' 

long  before  he  publiflied  it  ;  and  thefe  he  fent  to  diffe- 
rent men  of  eminence,  that  he  might  avail  himfch  of 
their  animadverfions  before  he  fliould  fubniit  it  tot  lie 
public  at  large.  Principal  Campbell  of  Abcideen  re- 
ceived one  £opy  for  this  purpole  ;  and  Dr  Dunbar  lia- 
vhig  by  him  bee  favoured  with  a  pcrnlal  ot  it,  inflead 
of  (ending  his  ■  /jeftions  privately  to  the  author,  pub- 
lifhed  feveie  ren  >s  on  it  in  a  work  wijich  he  liad  then 
in  the  prcfs.  'J  ia  was  the  anfwer  to  the  Dian  of 
Glouccller's  Tu  fe  on  Government  jjubliilied  before 
that  treatife  itfe)  but  Dr  Duabar  \\m  no  match  for 
Dr  Tucker. 

In  the  year  i;  ,2  our  author  clofed  his  political  ca- 
reer  with  a  pamphlet  mtitled  "  Cut  Bom?'  in  which 
he  balances  the  profit  irnd  u.fs  of  each  of  t  tie  belligerent 
po\yers,  and  recapitulates  all  his  former  poli'.ionson  the 
iubjecft  of  war  and  colonial  pofTeflions.  His  publications 
Once  that  period  coiihfted  of  fome  trads  on  fhe  com- 
mercial  regulations  of  Iieland,  on  the  exportation  of 
woollens,  aiid  on  the  iron  trade.  In  1  777  he  publifhed 
feventeen  praftical  fermons,  in  one  volume  odtavo.  In 
the  year  1778,  one  of  his  pai  ifliioiiers,  Mils  Pelloquin, 
a  maiden  lady  of  laige  fortime  and  moil  extuiplaiy  pie- 
ty,  bequeathed  to  the  Dean  her  dwelling  houle  in 
Queen  Square,  Briilol,  with  a  very  handfome  legacy, 
as  a  teftimony  of  her  great  eftcem  for  his  worth  and  t'a- 
lents.  In  the  year  i75if  the  Dean  married  a  lady  of 
the  name  of  Crowe,  who  rehdcd  at  Glonceller. 

It  fliould  be  recorded  to  his  praife,  that  though  en- 
joying  but  very  moderate  preferment  (for  to  a  man  of 
no  paternal  ellate,  or  other  ecclcfiaftical  dignity,  the 
Deanery  of  Gloncefler  is  no  very  advantageous  fitua- 
tion),  he  was  notwithftanding  a  liberal  benefattor  to  fe- 
veral  public  inllitutions,  and  a  dlltinguilhed  patro^n  of 
merit.  The  celebrated  John  Hendcrfon  of  Pembroke- 
college,  Oxford,  was  fent  to  the  univerhty,  and  fup- 
pOrted  there,  at  the  Dean's  expence,  when  he  haa  no 
means  whatever  ot  gratifying  his  ardent  defire  for  if  udy. 
We  fhall  mention  another  iiillanee  of  generofity  in  this 
place,  which  refleds  the  greatelt  honour  upon  tlie  Dean, 
About  the  year  17^3  he  thought  of  reiigning  his  rec- 
tory  in  Brillol,  and  witliout  coir.municatihg  lils  defign 
to  any  other  perfon,  he  applied  to  the  Chancellor,  in 
whole  gift  it  is,  for  leave  to  quit  it  in  favour  of  his  cu. 
rate,   3  moll  deferving  man,   with  a  large  family.      His 


Burke  ;   in  which   he  not   only  vindicates  the  purity  of     Lordibip  was  willing  enough  that  he  flioald  give  up  tl 


his  own  principles,  but  retorts  upon  his  adverfary  in 
very  forcible  and  farcaflic  terms.  He  afterwards  Sup- 
ported Lord  Nugent's  intereft  in  Brillol  againil  that  of 
Mr  Burke,  and  was  certaiidy  very  initrumental  in  ma- 
king the  latter  lofe  his  election. 

When  the  terrors  of  an  invafion  were  very  prevalent 
in  1779,  ^"^  Tucker  circulateii,  in  a  variety  of  perio- 
dical publications,  fome  of  the  mod  fenfihle  obferva- 
tions  that  were  ever  made  on  the  futjecl,  in  order  to 
quiet  the  fears  of  the  people.  In  1761  he  publifhed, 
what  he  had  printed  long  before,  "  A  I'reatife  on  Ci- 
vil Governmeut  ;"  in  which  his  principal  delign  is  to 
counteract  the  dodtrineb  of  Locke  and  his  followers. 
The  book  made  a  coufiderable  noife,  and  was  very  fharp- 
ly  attacked  by  feveral  writers  on  the  democratic  fide  of 
the  queflion,  particularly  by  Dr  Tovveis  and  Dr  Dun- 
bar of  Aberdeen.     This  lafl  gentleman  afted  a  part 

SvtfL.  Vol.  II.  Part  II. 


living,  but  he  rehifed  him  the  liberty  of  nominating  his 
fuccelfor.  On  this  the  Dean  relolved  to  hold  the  living 
himfclt  till  lie  could  find  a  fit  opportunity  to  fnceeed  in 
his  objeCl.  After  weighing  the  matter  more  delibe- 
rately, he  communicated  his  will:  to  his  parilhioners,  and 
adviled  them  to  diaw  up  a  petition  to  the  Chancellor 
in  favour  of  the  curate.  This  was  accordingly  done, 
and  figned  by  all  of  them,  without  any  exception,  ei- 
ther  on  the  part  of  the  difl'enters  or  others.  The  Chan- 
ccllor  being  touched  with  this  teftimony  of  love  between 
a  clergyman  and  his  people,  yielded  at  lalt  to  the  appli- 
cation ;  in  coiifequcnce  of  which  the  Dean  cheerfully 
refigned  the  living  to  a  fucccllor  well  qualified  to  tread 
in  his  fleps.  Since  that  time  he  reiidcd  chiefly  at  Glou- 
cefter,  viewing  his  approaching  diflolution  with  the  pla- 
cid  mind  of  a  Chrillian,  conicious  of  having  done  his 
duty  both  to  God  and  man.  He  died  in  November 
5  A  175,9. 


Tucker, 

Turpoma- 
nla. 
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1799.     The  following  we  believe  to  be  a  tolerably  cor- 
reft  lift  of  his  works. 

I  Theological  unJ  Contro-verfal.  —  I.  A  Sermon,  prcacli- 
ed  before  the  Governors  of  the  Infirmary  of  Brillol, 
1745.  2.  Letters  in  behalf  of  the  Naturalization  of 
the  Jews.  3.  Apology  for  the  Church  of  England, 
J  772.  4.  Six  Sermons,  1  2mo,  I  77  3.  5.  Letter  to 
Dr  Kippis  on  his  Vindication  of  the  Proteilant  Dif- 
fenting  minifters.  6.  Two  Sermons  and  Four  Trafts. 
7.  View  of  the  Difficulties  of  the  Trinitarian,  Arian, 
and  Sociriian  Syftems,  and  Seventeen  Sermons,  1777. 

Polituu!  and  Commercial. — 8.  A  pamphlet  on  the 
Turkey  Trade.  9.  A  brief  View  of  the  Advantages 
and  l-Vfadvantages  which  attend  a  Trade  with  France. 
10.  Refleftions  on  the  Expediency  of  Naturalizing  fo- 
reign Proteftants,  and  a  Letter  to  a  Friend  on  the  fame 
Subjeft.  1 1.  The  Fleas  and  Arg.uments  of  the  Mother 
Country  and  the  Colonies  dated.  12.  A  Letter  to 
Mr  Burke.  13.  Quere,  Whether  a  Conncftion  with, 
or  Separation  from,  America,  would  be  for  national 
Advantage  ?  14.  Anfwers  to  Objedlions  againft  the 
Separation  from  America.  15.  A  Treatife  on  Civil 
Government.  16.  Cut  Bono?  17.  Four  Letters  on 
national  Subjefts.  18.  Sequel  to  Sir  William  Jones  on 
Government.  19.  On  the  Difpute  between  Great  Bri- 
tain and  Ireland.  20.  Several  Papers  under  the  Signa- 
ture of  Cafiandra,  &c.  on  the  Difficulties  attendant  on 
an  Invafion.  ii.  A  Treatife  on  Commerce  (MrCoxe, 
in  his  Life  of  Sir  Robert  Walpole,  fays  that  this  was 
printed,  but  never  publifhed). 

Mifcellaneous. — 22.  Direftions  for  Travellers.  2^. 
Cautions  againft  the  Ufe  of  Spirituous  Liquors.  24.  A 
Traft  againft  the  Divevfions  of  Cock-fighting,  &c. 

TULIPOMANIA,  the  very  proper  name  given  to 
a  kind  of  gambling  traffic  in  tulip  roots,  which  prevail- 
ed in  Holland  and  the  Netherlands  during  fome  part  of 
the  17th  century.  It  was  carried  on  to  the  greateft 
extent  in  Amfterdam,  Haerlem,  Utrecht,  Alkmaar, 
Leyden,  Rotterdam,  Hoorn,  Enkhuyfen,  and  Meeden- 
bliek ;  and  rofe  to  the  greateft  height  in  the  years 
1634,  T63J,  1636,  and  1637.  Munting,  who,  in 
1696,  wrote  a  book  of  loro  pages  folio  on  the  fubjeft, 
has  given  a  few  of  the  nioft  extravagant  prices,  of  which 
we  fhall  prefent  the  reader  with  the  following.  For  a 
root  of  that  fpecies  called  the  Viceroy,  the  after  men- 
tioned articles,  valued  as  below,  were  agreed  to  be  de- 
livered. 
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2  lafts  of  wlieat 

4  ditto  rye 

4  fat  oxen 

8  fat  fvvine 
12  fat  ftieep 

2  hogilieads  of  wine 

4  tons  beer 

2  ditto  butter 
loco  pounds  of  cheefe 
a  complete  bed 
a  fuit  of  clothes 
a  filver  beaker 


Florins, 
448 

5S8 
4S0 
240 
120 
70 

32 
192 

120 

100 

80 

60 


Sum 


2500 


*  A  ftrtt  is 
9  fmall 

Sa'^a    '  '  Thefe  tulips  afterwards  were  fold  according  to  the  weight 
grain.         of  t^c  roots.     Four  hundred  perils  *  of  Admiral  Lief- 


ken  coft  4j':o  florins;  446  ditto  of  Admiral  Von  der  Tulipom*. 
Eyk,  1620  florins;  106  perits  Schilder  coft  1615  flo-  '•'»■ 
rins  ;  200  ditto  Semper  Auguftus,  5500  florins;  4  10  ^"^  '  "^ 
ditto  Viceroy,  3000  florins,  &c.  The  fpecies  Semper 
Auguftus  has  been  often  fold  for  2000  fl  irins  ;  aad  It 
once  happened  that  there  were  only  two  roots  of  it  to 
be  had,  the  one  at  Amfterdam  and  the  other  at  Haer- 
lem.  For  a  root  of  this  fpecies,  one  agreed  to  give 
4600  florins,  together  with  a  new  carriage,  two  grey 
horfes,  and  a  complete  harnefs.  Another  agreed  to  give 
twelve  acres  of  land  for  a  root:  for  thofe  who  had  not 
ready  money,  promiled  their  moveable  ard  immoveable 
goods,  houfe  and  lands,  cattle  and  clothes.  A  man, 
whofe  name  Munting  once  knew,  but  could  not  recol- 
Itft,  won  by  this  trade  more  than  60,000  florins  in  the 
courfe  of  four  months.  It  was  followed  not  only  by 
mercantile  people,  but  alfo  by  the  firft  noblemen,  citi- 
zens of  every  defcription,  mechanics,  feamen,  firmers, 
turf  diggers,  chimney-fweeps,  footmen,  maid  fervants, 
and  old  clothes-women,  &c.  At  firft,  every  one  won 
and  no  one  loft.  Some  of  the  poorell  people  gained  in 
a  few  months  houfes,  coaches,  and  horfes,  and  figured 
away  like  the  firft  charafters  in  the  land.  In  every 
town  fome  tavern  was  felefted  which  ferved  as  a  change, 
where  high  and  low  traded  in  flowers,  and  confirmed 
their  bargains  with  the  moft  fumptuous  entertainments. 
They  formed  laws  for  themfclvcs,  and  had  their  nota- 
ries and  clerks. 

To  get  poffeflion  of  fine  flowers  was  by  no  means  the 
real  objeift  of  this  trade,  though  many  have  faid  that  it 
was,  and  though  we  have  known  fome  individuals  in 
Scotland,  who,  led  away  by  what  they  thought  the 
fafhion,  have  given  ten  guineas  for  a  tulip  root.  Du- 
ring the  time  of  the  tulipomania,  a  fpeculator  often  of- 
fered and  paid  large  fums  for  a  root  which  he  never  re- 
ceived, and  never  wiflied  to  receive.  Another  fold  roots 
which  he  never  pofTcfled  or  delivered.  Oft  did  a  noble- 
man purchafe  of  a  chimney-fweep  tulips  to  the  amount 
of  2000  florins,  and  fold  them  at  the  fame  time  to  a 
farmer;  and  neither  the  nobleman,  chimney-fweep,  or 
farmer,  had  roots  in  their  pofteflion,  or  wiftied  to  polFefs 
them.  Before  the  tulip  feafon  was  over,  more  roots 
were  fold  and  purchalcd,  befpoke,  and  promiled  to  be 
delivered,  than  in  all  probability  were  to  be  found  in 
the  gardens  of  Holland  ;  and  when  Semper  Auguftus 
was  not  to  be  had,  which  happened  twice,  no  fpecies 
perhaps  was  oftener  purchafed  and  fold.  In  the  fpace 
of  three  years,  as  Munting  tells  us,  more  than  ten  mil- 
lions were  expended  in  this  trade  in  only  one  town  of 
Holland. 

To  underftand  this  gambling  traffic,  it  may  be  necef- 
fary  to  make  the  following  fuppofition,  A  nobleman 
befpoke  of  a  merchant  a  tulip  root,  to  be  delivered  in 
fix  months,  at  the  price  of  loco  florins.  During  thefe 
fix  months  the  price  of  that  fpecies  of  tulip  muft  have 
rifen  or  fallen,  or  remained  as  it  was.  We  fliall  fup- 
pofe  that,  at  the  expiration  of  that  time,  the  price  was 
ijco  florins;  in  that  cafe,  the  nobleman  did  not  wifli 
to  have  the  tulip,  and  the  merchant  paid  him  500  flo- 
rins,  which  the  latter  loft  and  the  former  won.  If  the 
price  was  fallen  when  the  fix  months  were  expired,  io 
that  a  root  could  be  purchafed  for  800  florins,  the 
nobleman  then  paid  to  the  merchant  200  florins, 
which  he  received  as  fo  much  gain  ;  but  if  the  price 
continued  the  fame,  that  is,  looo  florins,  neither  par- 
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Tiiliron^a-  ty  gained  or  loft.     In  all  thcfe   circuniftanccs,  liow- 
r.ia.        ever,  no  one  ever  thought  of  delivering  the  roots  or  of 

'"■""''"^  receiving  them.  Henry  Miinting,  in  1636,  fold  to  a 
merchant  at  Alkmair,  a  tulip  root  for  7000  florins, 
to  be  delivered  in  fix  months  ;  but  as  the  price  during 
that  time  had  fallen,  the  merchant  paid,  according  to 
agreement,  only  10  j>er  cent.  "  So  tliat  my  father 
(fays  the  fon )  received  700  florins  for  nothing;  but 
he  would  much  rather  have  deliveied  the  root  itfelf 
for  7^00."  The  term  of  thefe  cimtrafts  was  often 
mucli  fhorter,  and  on  that  account  the  trade  became 
bilker.  In  proportion  as  more  gained  by  this  trafSc, 
more  engaged  in  it  ;  and  thofe  who  had  money  to  pay 
to  one,  had  foon  Jiioncy  to  receive  of  another;  as  at 
faro,  one  lofes  upon  one  card,  and  at  the  fame  time 
wins  on  another.  The  tulip  dealers  often  dilconnted 
funis  alfo,  and  transferred  their  debts  to  one  another  ; 
fo  that  Urge  fums  were  pnid  without  cafli,  without  bills, 
and  without  goofis,  as  by  the  Virements  at  Lyons. 
The  whole  of  this  trade  was  a  game  at  hazard,  as  the 
Miffifiippi  trade  was  afterwards,  and  as  ftock-jobbing  is 
at  prefent.  The  only  difference  between  the  tulip  tit^de 
and  ftoi  k-jobbing  is,  that  at  the  end  of  the  contraft  the 
price  in  the  latter  is  determined  by  the  Stock  Ex- 
change ;  whereas  in  the  former  it  was  determined  by 
that  at  which  moft  bargains  were  made.  High  and 
low  priced  kinds  of  tulips  were  procured,  In  order  that 
both  the  rich  and  the  poor  might  gamble  with  them  ; 
and  the  roots  were  weighed  by  perits,  that  an  imagined 
whole  might  be  divided,  and  that  people  might  not  only 
have  whole,  but  half  and  quarter  lots.  Whoever  is  fur- 
prifcd  that  fuch  a  traffic  (hould  become  general,  needs 
only  to  refleft  upon  what  is  done  where  lotteries  are 
eftabliftied,  by  which  trades  are  often  negledled,  and 
even  abandoned,  becaufe  a  fpeedier  mode  of  getting 
fortunes  is  pointed  out  to  the  lower  clalTes. 

At  length,  however,  this  trade  fell  all  of  a  fudden. 
Among  fuch  a  number  of  contracts  many  were  broken; 
many  had  engaged  to  pay  more  than  they  were  able  ; 
the  whole  (lock  of  the  adventurers  was  confumed  by 
the  extravagance  of  the  winners  ;  new  adventurers  no 
more  engaged  in  it  ;  and  many  becoming  fenfible  of  the 
odious  traffic  in  which  they  had  been  concerned,  re- 
turned to  their  former  occupations.  By  thcfe  means, 
as  the  value  of  tulips  ftill  fell,  and  never  rofe,  the  fellers 
wilhed  to  deliver  the  roots  in  natura  to  the  purchafers 
at  the  prices  agreed  on  ;  but  as  the  latter  had  no  defire 
for  tulips  at  even  fuch  a  low  rate,  they  refufed  to  take 
them  or  to  pay  for  them.  To  end  this  difpute,  the 
tulip-dealers  of  Alkmaar  fent,  in  the  year  1637,  de- 
puties to  Amfterdam  ;  and  a  refolutlon  was  pafTed  on 
the  24th  of  February,  that  all  contrafts  made  prior  to 
the  laft  of  November  1636  fliould  be  null  and  void  ; 
and  that,  in  thofe  made  after  that  date,  purchafers 
(hould  be  free  on  paying  ten  per  cent,  to  the  vender. 

The  more  difgufted  people  became  with  this  trade, 
the  more  did  complaints  increafe  to  the  magiftrates  of 
the  different  town^  but  as  the  courts  there  would  take 
no  cognizance  of  it,  the  complainants  applied  to  the 
States  of  Holland  and  Weft  Friedand.  Thefe  referred 
the  bufinefs  to  the  determination  of  the  provincial  coun- 
cil at  the  Hague  ;  which,  on  the  27th  of  April  1637, 
declared  that  it  would  not  deliver  its  opinion  on  thia 
traffic  until  it  had  received  more  information  on  the  fub« 
jed ;  that  in  the  mean  time  every  vender  (hould  offer 
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his  tulips  to  the  purchafer  \  and,  in  cafe  he  refufed  to 
receive  them,  the  vender  (hould  cither  keep  them,  or  lell 
them  to  another,  and  hive  recourle  on  tht  purchafer  for 
any  lofs  he  mii;ht  fnllain.  It  was  ordered  alio,  that  all 
contrafts  (hould  remain  in  force  till  farther  enquiry  was 
mr.de.  But  fi'i,  no  one  could  forrfee  what  judgmint 
would  be  given  rtfpcfting  the  vali  llty  of  each  contrKCi, 
the  buyers  wire  more  oblliii.ite  in  refiifiiig  payment 
than  before  ;  and  veu'lcrs.  thinking  it  much  l^fcr  to  ^c- 
comniodate  matters  amicably,  were  at  length  latift<'d 
with  afmall  profit  inftcad  of  ixoibitant  gain  :  and  chui 
ciKkd  this  extraordinary  traffic,  or  rather  gambling. 
Beckmann's  H'tflory  of  fiiverilions,  vol.  i. 

TUMAR,  in  Bengal,  rent  roll  or  an'il''ment. 

TUMBREL,  is  a  kind  of  carriage  with  two  wheels, 
uftd  either  in  hufbatniry  for  dung,  or  in  artillery  toc^aiy 
the  tools  of  the  pioneers,  &c.  and  fometimes  likcwife 
the  money  of  an  army. 

TUNGSTEN  (See  Chemistry,  r^  i  78,  &c.  in  this 
Siippl.)  when  well  fufed,  is,  according  to  Gi'yton  alias 
Morveau,  of  no  higher  fpecific  gravity  than  8.3406. 
This  Is  very  different  from  the  fpecific  gravity  (.'.hicli 
has  hitherto  been  affigned  to  it.  The  lame  imi:ie:'.t 
cherr.ift  concludes,  from  Its  extreme  brittlenefs  and  dif- 
ficulty of  fufion,  that  It  affords  little  promife  of  uti- 
lity in  the  arts,  except  in  metallic  alloys,  or  by  vir- 
tue of  the  property  which  its  oxyd  pofTefTes,  of  afford- 
ing fixed  colours,  or  giving  fixity  to  the  colours  of  ve- 
getables. 

TURNSOL,  a  dye-ftuff  mr.nufaftured  in  Holland, 
the   preparation   of  which   was   long   kept  a  profound 
fecret-      In  order  to  miflead  foreigners,  the  Dutch  pre- 
tended that  turnfol  was  made  from   rags  dyed  with  the 
juice  of  the  fun-flower  (He/ianlius),  from  which  it  ob- 
tained its  name.      Since  the  late  revolution,  however,  in 
Holland,  the  true  method  employed  by  the  Dutch  for 
preparing  this  colour  has  been  difcoveivd,  and  the  pro- 
cefs  is  as  follows : — That    kind   of  lichen  called  orchil 
(LiCHEN-Rocella.     See  that  article  In  this  Suppl.),  or, 
when  that  cannot  be  procured,  the  large  oak  moff,  after 
being  dried  and  cleaned,  is  reduced  to  powder,  and  by 
means  of  a  kind  of  oll-prefs  the  powder  Is  forced  thro' 
a  brafs  fieve,  the  holes  of  vhich  are  fmall.     The  lifted 
powder  is  then  thrown    Into  a  trough   and  mixed  with 
an  alkali  called  -vetas,  which   Is  nothing  elfe  than  the 
alhes  of  wine  lees,  in  the  proportion  of  half  a  pound  of 
alhes  to  one  pound  of  powder.     This  mixture  is  moift- 
ened  with  a  little  human  urine,   for  that   of  other  ani- 
mals contains  lefs  ammonia,  by  which  a  fermentation  is 
produced  ;  and  the  moiftnefs  Is  ftiU  kept  up  by  the  ad- 
dition of  more  urine.     As  foon  as  the  mixture  alTumes 
a  red  colour,  it  is  poured  into  another  trough;  is  again 
moiftened  with  urine,  and  than  ftirred  round   in  order 
that  the  fermentation  may  be  renewed.     In  the  courfe 
of  a  few  days  it  acquires  a  blullh   colour,  and  Is  then 
carefully  mixed  with  a  third  part  of  very  pure  pulverifej 
potafh  ;   after  which   the  mixture  is  put   into  wooden 
pails,  three  feet  in  height,  and  about  half  a  foot  broad. 
When  the  third  fermentation  takes  place,  and  the  pafte 
has  acquired  a  confiderably  dark  blue  colour.  It  Is  mix- 
ed with  chalk  or   pulverlfed   marble,   and  (llrred  well 
round  that  the  whole  may  be  completely  united.     Thlt 
laft  fubftance  gives  the  colour  no  higher  quality,  and  n 
intended  merely  to  add  to  the  weight.     The  blue,  pre- 
pared in  thii  manner,  i>  poured  into  oblong  fquare  iron 
5  A  2  moulds  ; 
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ar.d  the  cakes,  when  formed,  are  placed  upon      and   ftill 


mould 

fir  boards  on  an  airy  floor  in  order  to  dry,  alter  which 

'i.hty  are  packed  no  tor  fale. 

TURPENTINE,  a  well  known  fiibftance  estrafted 
from  the  pine.  Under  the  aiticlePiNUS  [EmvcL), 
we  have  given  an  account  ot  out  procefs  by  which  this 
extraft  is  made  ;  but  the  following,  which  is  taken  from 
the  3  1 11  volume  ot  the  yournal  dc  Phyfique,  is  very  dif- 
ferent, and  probably  belter.  The  pine  from  which 
turpentine  is  cxcratled,  is  never  fit  for  this  operation 
till  It  be  thirty  years  of  age.  The  extraftion  is  begun 
in  February  and  continued  to  the  end  of  Oftober.  In- 
cifions  are  made  with  i.11  hatchet,  beginning  at  the  foot 
of  the  tree  on  or.e  fide,  and  liling  fucceffively  :  they  are 
repeated  once  or  twice  a  wetk,  the  fize  about  one  fin- 
ger s  breadth  acrofs,  and  three  or  four  inches  long. 
During  the  four  years  in  which  it  is  continued,  the  in- 
cilions  have  rifen  to  about  eight  or  nine  feet  Then 
the  incifions  are  begun  on  the  other  fide  ;  and  during 
this  time  the  old  ones  fill  up,  and  may  be  again  opened 
after  fome  years ;  fo  that  a  tree  on  a  good  foil,  and  well 
managed,  may  yield  turpentine  foi  a  centui-y.  At  the 
bottom  of  the  tree,  under  the  incifion,  a  hole  is  dug  in 
the  ground  to  receive  the  refin  wliich  flows  from  the 
tree.  This  refm  is  called  teretinthhie  brut,  is  of  a  milky 
colour,  and  i?  that  which  flows  during  the  three  fum- 
mer  months  ;  it  requires  further  purification. 

The  winter  crop  is  called  burras  galipot,  or  white  re- 
fin  :  it  fticks  to  the  bark  of  the  tree,  when  the  heat  has 
not  been  Itrong  enough  to  let  it  flow  into  the  trough 
ID  the  ground.      It  is  fcraped  off  with  iron  knives. 

Two  methods  are  piactifcd  for  purifying  thefe  refins. 
That  which  is  followed  at  Bayonne  is  to  have  a  copper 
cauldron  which  will  hold  30olb.  of  materials  fixed  over 
a  fire,  and  the  flame  circulating  at  the  bottom  of  the 
copper.  The  turpentine  is  put  in,  melted  with  a  gentle 
heat,  and,  when  hquid,  it  is  (trained  through  a  itraw- 
bafl{et  made  for  the  purpofe,  and  ftretched  over  a  barrel, 
which  receives  the  llrained  turpentine.  This  purifica- 
tion gives  it  a  golden  colour,  and  may  be  performed  at 
all  times  of  the  year. 

The  fecond  manner,  which  is  praiSifed  only  in  the 
mountain  of  De  Bu?h,  near  Boiirdeaux,  confilts  in  ha- 
ving a  large  tub,  leven  or  eight  f;et  fquare,  and  pierced 
with  fmall  holes  at  the  bottom,  fet  upon  another  tub  to 
catch  the  liquor.  This  is  expofed  to  the  hotteft  iun 
for  the  whole  day,  filled  two  thirds  wiih  turpentine, 
which  ?.s  it  mtlts  falls  through  tfie  holes,  and  leaves  the 
impurities  behind.  This  pure  turpentine  i,s  lefs  golden- 
coloured,  and  is  much  more  eftcemed  than  the  other. 
This  procefs  can  only  be  done  in  the  fummer. 

To  make  oil  of  turpentine,  an  alembic,  with  a  worm 
like  what  is  ufed  by  the  diftillers,  is  eiiployed  here.  It 
generally  contains  2501b.  of  turpentine,  which  is  boiled 
gently,  and  kept  at  the  boiling  point  till  no  more  oil 
paffes,  when  the  fire  is  damped  This  generally  gives 
6olb.  of  oil,  and  the  operation  lads  one  day. 

The  boiling  turpentine,  when  it  will  give  no  more 
oil,  is  tapped  off  from  the  ftill  and  flows  into  a  tub,  and 
from  thence  into  a  mold  of  fand,  which  it  fills,  and  is 
fuffered  to  cool  for  at  leall  two  days  without  difturbing 
it.  This  refidue  is  kno*n  under  the  name  oi  colophony. 
It  is  of  a  brown  colour,  and  very  dry.  It  may  be  made 
clearer  and  nearer  in  colour  to  that  of  the  refin,  by 
ajdding  hot  water  to  it  before  it  is  tapped  off  the  ftill, 
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boiling  and   ftirrirg  the  water  well  with   it, 


which  is  done  with  a  befom  of  wet  iliaw  ;  and  it  is  then 
fold  for  roHn,  but  is  little  elleenied,  as  it  contains  no 
effential  oil. 

TUSCUI.ANUM,  a  villa  belonging  to  Cicero,  near 
Tufculum,  where  he  wrote  his  ^lajliones  Tufculame, 
fo  named  from  the  place  ;  thus  become  famous  as  well 
for  the  produftions  of  genius  as  of  nature.  Formetly 
the  villa  of  Sylla :  now  called  Grolla  Ferrata. — A- 
nothcr  Tnf.u/anum  (infcription),  a  town  of  the  Tian- 
fpadana,  iituated  on  the  weft  fide  of  the  Lacus  Benatus. 
Now  faid  to  be  called  Tofcolano,  in  the  territory  of 
Brefcia,  fubjefl  to  Venice.  Here  many  monuments  of 
antiqaitv  are  dug  up. 

TUSCULUiSI  (anc.  geog.),  a  town  of  Latlum,  to 
the  north  of  Alba  ;  fituated  on  an  eminence,  and  there- 
fore called  Supernum  (Horace,  Strabo).  In  fight  of 
Rome,  at  about  the  diflance  ot  100  Itadia,  or  1  2  miles. 
'\dorned  with  plantations  and  princely  edifices  :  The 
fpot  remarkable  for  the  goodnefs  of  the  foil,  and  its 
plenty  of  water.  Built  by  Tclegonus,  who  flew  his  fa- 
ther UlyfTes  (Ovid,  Horace)  j  called  the  grandfon  of 
Ul)ires  in  Silius  Italicus.  A  municipium  (Cicero); 
the  birth-place  of  the  elder  Cato  (Nepos,  Cicero).  Now 
Frefcati,  in  the  Campania  of  Rome.  ' 

TU  TENAG,  according  to  Sir  George  Staunton,  is, 
properly  fpeaking,  zinc  extracted  from  a  rich  ore,  or 
calamine.  The  ore  is  powdered  and  mixed  with  char- 
coal-duft,  and  placed  in  earthen  jars  over  a  flow  fire, 
by  means  of  which  the  metal  rifes  in  the  form  of  va- 
pour, in  a  common  diftilling  apparatus,  and  afterwaids 
is  condt-'nled  in  water.  The  calamine  from  which  tute- 
nag  is  thus  extrafted,  contains  very  little  iron,  and  no 
kad  or  arfenic,  fo  common  in  the  calamine  of  Europe 
(See  Calaminh,  Encycl.)  Hence  it  is  that  tutenag 
is  more  beautiful  than  our  zinc,  and  that  the  white  cop- 
per of  the  Chinefe  takes  fo  fine  a  polifli.  See  IVhile 
CoPFEX,  in  this  Supplement, 

TYERS  (Thomas),  an  author  both  in  poetry  and 
profe,  the  friend  of  Johnfon,  and  well  known  to  moil 
of  the  eminent  chararters  of  the  prefent  time,  was  a 
itudent  of  the  Temple  in  1753.  His  father  intended 
l.ini  for  the  law,  but  the  young  man  it  ieems  penned  a 
fonnet  when  he  fhould  tngrois.  He  was  an  accom- 
phthed,  but  not  a  profound  man ;  and  had  tafte  and  ele- 
gance of  mind,  flightly  tinged  with  gleams  of  genius. 
He  wrote  fome  patlorals  and  political  trafts,  which  pro 
bably  will  not  lurvive  the  parti.ility  of  his  particular 
friends. 

TYPOGRAPHY,  as  the  word  imports,  is  the  art 
of  printing  by  types  ;  but  it  is  likewife  ufed  to  fignify 
the  multiplying  of  copies  by  any  mechanical  contri- 
vance. Of  the  art  of  printing  by  types,  and  the  many 
improvements  from  time  to  time  either  made  orattempt- 
ed  in  it,  a  pretty  full  account  will  be  found  in  the  Eitr 
cyclopedia,  under  the  titles  Letter,  Logographv, 
and  Pkinting  ;  and  in  this  Supplement  under  the  word 
PRiNriNG.  Of  typography,  in  the  other  and  larger 
fenie,  fome  account  may  likewife  be  found  in  the  En- 
cychp-tlia  under  the  title  Method  of  Copying  Wkitings  ; 
but  to  almoft  all  thefe  articl«s  thfire  is  ample  room  for 
fome  additions  here. 

The Jlereolype  printing  of  Didot  and  Herhan,  being 
confidered  in  France  as  a  great  improvement,  mull  noli 
be  palled  over  wholly  without  notice.  The  tetm_/?/r?o- 
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Typngra-  lipe  is   derived  from  the  Greek  words  (i^iik  and  ruro,,     and  this  liberty  it  affords  to  authors,  may  prove  highly 
f^y-       becaufe  in  this  method  the  types  are  tixcd  and  immove-     beneficial  in  works  of  which  the  chief  merit  confids  in 
'--     •  able    in    the   form,   io  that  none  of  them  can  be  pulled     the  order,  method,  and  connexion  of  ideas." 

or  diiplactd  by  the  preflinan.      AVe  need  liardly  obferve,  Rochon's  machine  confifts  of  two  brafs  wheels*,  pla- 

to  thofe  who  are  at  all  acquainted  with  the  hiftory  of  ccd  on  the  fame  axis  above  each  other,  and  feparated 
printing,  tliat  the  project  of  fuldtiing  a  whule  form  to-  by  a  number  of  pillars,  each  two  inches  in  length, 
gether,  or  of  callnig  a  folid  furm  from  an  impreliion  Thefe  two  wheels,  with  the  interval  winch  feparatcs 
made  by  a  general  fyftem  of  types,  or  page  ready  com-  them,  are  equivalent  to  a  iingle  wheel  about  three  inches 
pofed,  is  not  new.  It  was  realifcd  70  years  ago  by  thick.  In  order  therefore  to  fimplrfy  the  defcriptiim, 
William  Ged,  a  goldfmith  in  Edinburgh  ;  for  an  ac-  they  are  coniidered  as  a  fingle  wheel  which  moves  freely 
count  of  whofe  method   we  reter  the   reader  to  his  lite     o;i  its  axis. 

in   the  Encyclopedia.       DiJot    now   follows  nearly   the  This  wheel  is  perforated  near  its  cirnnnference  with 

fame  procefs  as  Ged.  He  does  not  indeed  call  his  a  number  of  fquare  holes,  which  arc  the  flieaths  or 
types  in  a  inafs,  but  after  the  form  is  compofed  and  fockets  through  which  a  like  number  of  ftcel  punches,  of 
carefully  coireAed,  he  cements  or  folders  the  types  to-  the  tame  ihape,  are  infcrted,  and  are  capable  of  moving 
gether  fo  firmly  that  none  of  them  is  liable  to  be  loolen-  up  and  down.  They  are  very  well  titteU  ;  and  from  this 
ed  by  the  aiSion  of  the  prcfs  or  the  adhefion  of  the  circumftance,  as  well  as  the  thickncfs  of  the  double 
balls.  How  far  this  method  of  printing  is  ot  value  with  wheel,  they  have  no  fnake,  or  fide  motion,  independent 
regard  to  books  which  are  altered  and  improved  in  of  the  motion  of  the  wheel  illtlf.  Every  punch  is  urged 
every  fubfequent  edition,  may,  perhaps,  be  qucllioned ;  upwards  by  a  feparatc  fpring,  in  fuch  a  manner,  that 
but  on  a  loofe  confideration  of  the  iubjeA,  it  teeiiis  as  the  wheel  armed  with  its  charaders,  or  (leel  types,  (the 
if  it  would,  in  every  cafe,  be  advantageous  to  a  book-  lower  faces  of  the  punches  being  cut  into  the  figures 
{(filer  to  print  a  few  copies  of  a  work,  and  keep  the  of  the  feveral  letters),  may  turn  freely  on  its  axis  ;  and 
types  Handing  to  print  others  as  they  may  be  wanted  ;  if  it  be  moved,  the  feveral  punches  will  pafs  in  fuccef- 
—  we  fay  it  would  be  advantageous,  if  it  were  not  for  fion  beneath  an  upright  fcrew,  forpreffure.  The  fcrew 
the  immenfe  value  in  types,  which  would,  by  that  is  fixed  in  a  very  firm  and  folid  fiame,  attached  to  the 
means,  be  locked  up.  To  form  fome  judgment  of  this,  fupports  of  the  machine  ;  and  by  this  arrangement  a 
it  may  be  ftated,  that  the  works  ot  Virgil,  printed  by  copperplate,  difpofeu  on  the  table,  or  bed  of  the  appa- 
Didot,  in  i8mo,  form  a  beautiful  volume  of  418  pages,  ratus,  will  receive  the  impreliion  of  all  the  punches  in 
of  :^5  lines  each.  The  cliaradter  ranges  line  for  line  fucceffion,  as  they  may  be  brought  beneath  the  vertical 
with  that  called  burgeois,  N''  2.  in  Caflon's  book  of  preifing  fcrew,  and  fubjefted  to  its  adion. 
fpecimer.s,   the  face  of  the  letter  being  rather  fmaller  ;  But  as  the  prefs  is  fixed,   it  would  neceffarily  follow 

'  ta  T)t-    and  we  are  told*   that  the  price  of  the   plates   of  this     that  each  fuccelTive  imprefiion  would,  in  part,  dellroy 
I*  i'iiV^'ii- work  is  twelve  hundred  franks,   or  ^ol.  ilerling.      From     or  mutulate  the  previous  impreflions,  unlefs  the  plate  it- 
*'?"'•         this  faft  fome  judgment  may  be  formed  of  the  commer-     felf  were  moveable.       It    therefore   becomes  necelTary 
cial  queftiou.      We   have   cafually  looked    at  different     that  the  plate  fnould  be  moveable  in  two  directions  : 
books  printed  by  Didot,  but  can  fay  nothing  of  their     the  fiift,  to  determine  the  interval  between  the  letters 
corretfnefs  :   the  page  is  very  pretty.  and  words,  and  form  the  lines  ;   and  the  other  motion,^ 

For  multiplying  copies  of  any  writing,  or  of  a  book  which  is  more  fimple,  becaufc  its  quantity  may  remain 
of  ordinary  fi/e,  Kochon,  of  the  French  National  In-  the  fame  through  the  whole  of  a  book,  ferves  to  ^ive 
ftitute,  and  now  Direftor  of  the  Marine  Obfervatory  the  interval  between  line  and  line,  and  to  form  the 
at  the  port  of  Brelt,  invented,  about  the  year  178 1,  a     pages. 

machine  for  engraving,  with  great  celerity  and  correft-  It  will  eafily  be  conceived  that  it  would  be  a  tedious 

nets,  the  pages  ot  the  book,  or  manulcript  on  fo  many,  operation  to  teck,  upon  the  circumference  of  the  wheel, 
plates  oi  copper.  It  was  fubmitieil  to  the  examination  each  feveral  ch.iractcr,  as  it  might  be  required  to  come 
of  a  committee  of  the  Royal  Academy  of  Sciences,  beneath  the  preis,  becaufe  it  is  necelTary  to  repeat  this 
whofe  report  of  its  utility  was  given  in  the  following  operation  as  many  tiaies  as  there  are  characters  in  a- 
words  :  work.      The  author    has    confiderably   dimioilhcd  the 

"  This  machine  appears  to  us  to  unite  feveral  ad  van-  tiipe  and  trouble  of  this  operation,  by  fixing  upon  the 
tages.  i^/?,  Engraved  editions  of  books  may  be  execu-  axis  of  the  great  wlieel,  which  carries  the  punches,  an. 
ted,  by  this  means,  fuperior  to  thofe  which  can  be  made  other  finall  wlieel,  about  four  inches  in  diameter,  the 
by  the  hand  of  the  engraver,  however  fl<ilful  ;  and  thefe  teeth  of  which  aft  upon  a  rack,  which  carries  a  rule 
engraved  originals  will  be  made  with  much  more  fpeed,  moving  between  two  Aiders.  This  rule,  or  llraight  line, 
and  much  lefs  expence.  zd.  As  this  machine  is  portable,  will  thereiore  reprcfent  the  developement,  or  unfolding 
and  of  no  confiderable  bulk,  it  may  become  very  ufeful  of  the  circumference  of  the  wheel  which  caufcs  it  to 
in  armies,  fleets,  and  public  offices,  for  the  impreflion  move,  and  will  lliew  the  pofition  of  the  great  wheel, 
of  orders,  inilruftions,  &c.  ^cl.  It  poflefTes  the  advan.  which  carries  the  punches.  For  thefe  two  wheels  be- 
tage  which,  in  a  variety  of  circumftances,  is  highly  va-  ing  contentric,  the  developement  of  the  fmall  toothed 
luable,  of  being  capable  of  being  ufed  by  any  man  of  wheel,  of  about  two  inches  radius,  will  exhibit,  in  a 
intelligence  and  flcill,  without  requiring  the  affillance  fmall  fpace  (for  example,  that  of  a  foot),  an  accurate 
of  any  profeffional  workman.  And,  lajily.  It  affords  regiller  of  the  relative  pofitions  of  the  punches  with  re- 
the  facility  of  waiting  for  the  entire  compofition  and  gard  to  the  preifing-fcrew.  To  obtain  this  effect,  no. 
engravings  of  a  work  before  any  of  the  copies  are  pull-  thing  more  is  neceflaiy  than  to  place  a  fi.xed  index  op. 
ed  off;  the  expence  of  plates,  even  for  a  work  of  con-  pohte  to  the  moveable  rule,  which  laft  is  divided  in  the 
iiderable  magmitude,  being  an  objeft  of  little  ckaj-ge  ;     following  tnanocr  ; 
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Ti-i'Ofri.  Tlie  punch  on  wliich  tlie  t'lril  Icttor  of  llie  alpliabot 
I  *'  ^'  is  engraved,  muil  be  brought  iindt-r  the  cciure  oi  the 
prcfling-fcie«-  ;  and  a  line  of  divifion  then  drawn  upon 
the  ini)»eal)le  rule,  to  which  the  letter  itfelf  niuft  be 
added  to  dillinguifh  it.  Tlie  Index,  already  mentioned, 
being  placed  oppolite,  and  upon  this  full  divifion,  will 
ferve  to  place  inimedialcly  beneath  the  prcirmg-fcrew 
the  punch,  or  rather  the  charatler,  corrclponding  with 
the  divifion  upon  the  rule,  without  its  being  attei  wards 
neceflary  to  inlpecl  the  place  cither  of  the  punch  or  the 
fcrew,  with  regard  to  each  other.  Conlequently,  as 
foon  as  the  divifions  which  correfpond  with  all  the 
punches  inferted  in  the  wheel  are  engraved  upon  the 
ftraight  rule,  the  fixed  index  will  immediately  determine 
the  pofition  into  which  that  wheel  muil  be  brought,  in 
order  to  place  the  punches  under  the  prefliug- fcrew  in 
the  order  which  the  work  may  require. 

This  regifter,  for  this  name  dilUuguifhes  the  rule 
and  its  index,  has  no  other  function  in  the  machine  than 
to  guide  the  hand  of  the  operator,  and  to  (hew  when 
the  punch  is  very  near  its  proper  pofition  beneath  the 
prefling-fcrcw.  When  this  is  the  cafe,  the  required 
pofition  is  accurately  obtained  by  means  of  a  detent  or 
catch. 

The  detent  which  he  ufes  for  this  operation  is  a  lever 
with  two  tails,  one  of  which  is  urged  toward  the  cir- 
cumference of  .the  wheel  by  a  fpriiig.  To  this  extre- 
mity of  the  lever  is  fixed  a  piece  of  hardened  fteel,  of 
the  figure  of  a  wedge,  which,  by  means  of  a  fpring,  is 
prcffed  towards  the  axis  of  the  great  wheel,  but  may  be 
relieved,  or  drawn  back,  by  prelTure  on  the  oppofite  tail 
of  the  lever,  fo  as  to  permit  the  great  wheel  to  revolve 
at  liberty. 

In  the  ntxt  place,  it  nuift  be  explained  how  this  de- 
tent takes  hold  of  the  wheel,  fo  as  to  retain  it  preciitly 
in  the  fituation  neceflary  to  caufe  any  one  of  the  punches, 
at  pleafure,  to  give  its  impreffion  to  the  plate.     For 
this  purpofc  there  are  a  number  of  notches  cut   in  the 
circumference  ot  the  wheel,  for  the  purpofe  of  receiving 
the  detent.      Thefe  notches  may  be  about  half  an  inch 
deep,  wider  towards  the  circumtcreuce  than  elfewhere, 
and  it  will  be  of  advantage  that  this  outer  width  fliould 
be  as  great  as  the  circumference  of  the  wheel  can  con- 
veniently allow.     By  this  contrivance,  the  wedge  will 
not  fail  to  prefent  itfelf  oppofite  to  one  of  the  notches 
into  which  it  will  fall,  and  draw  the  wheel  exaftly  to 
its  due  fituation,  even  though  the  index  of  the  regifter 
fliould  not  be  brought  precifely  to  the  line  of  divifion 
appropriated  to  any   particular  letter.      For  if  this  lail 
degree  of  precifion    were  required  in  working  the  ma- 
chine, it  would  be  very  prejudicial  to  the  requifite  fpeed 
which,  above  all  things,  is  required  in  its  ufe.     When 
the  wedge  is  therefore  left  at  liberty,  it  not  only  enters 
immediately  into  its  place,  and  moves  the  wheel  till  its 
two  fides  apply  fairly  to  the   interior  furfaces  of  the 
notch,  but  retains  the  wheel  in  this  ftate  with  the  necef- 
fary  degree  of  (lability. 

The  method  of  giving  the  proper  figure  to  tlicfe 
notches  is  very  eafy.  For  this  purpofe  it  is  neceflary, 
in  the  firft  place,  to  imprefs  all  the  charadlers  contained 
in  the  wheel  on  a  plate  of  copper  or  pewter.  The  fup- 
port  on  which  the  plate  is  fixed  mull  be  moved  in  a 
right  line,  after  each  ftroke  of  the  punch,  through  fuch 
a  fpace  that  the  charadlers  may  be  arranged  one  after 
tke  other  without  touching.     Now,  as  the  perfeA  li- 


near arrangement  (fuppofing  every  otliL-r  part  to  be 
true)  mud  depend  on  the  notches,  it  might  feem  fufH- 
cient  to  cut  thefe  according  to  the  method  ufed  for  the 
wheels  of  clock  work  :  but  as  it  is  very  difficult  to  avoid 
fome  obliquity  on  the  face  of  the  punch,  and  perhaps 
in  the  hole  through  which  it  paffes,  it  is  in  almoll  eveiy 
cafe  neceflary  to  retouch  the  notch  itfelf.  The  requi- 
fite degree  of  precifion  may  be  eafily  obtained,  when, 
upon  examining  with  attention  the  print  of  the  ctn- 
ratlers  engraven  upon  the  plate,  the  inequalities  (h;dl 
have  been  afcertaiiied  by  a  very  fine  line  puffing  exailly 
under  the  bafe  of  two  fimilar  letters,  affumed  as  objeSti 
of  comparifon  :  for  the  irregularity  of  linear  pofition 
may,  by  this  means,  be  detti  mined  with  great  exaft- 
nefs,  and  remedied  to  the  moft  extreme  nicety.  In  this 
operation,  the  workman  muil  file  away  part  of  that 
furface  of  the  notch  which  is  oppofite  to  the  diredlion 
of  the  motion  the  charadler  requires.  Great  care  mud 
be  taken  to  file  only  a  fmall  portion  at  a  time,  in  order 
that  the  inllant  may  be  leizcd  at  which  the  wedge,  by 
entering  into  the  notch,  brings  the  charafter  to  its  due 
fituation. 

Thefe  details,  refpefting  the  right-lined  arrangement 
on  the  characters,  mull  not  divert  our  attention  from 
the  very  great  celerity  with  wliich  any  letter  is  brought 
to  its  place  under  the  prefs  by  means  of  the  regiller 
and  detent.  This  celerity  is  an  objeft  of  fo  much  im- 
portance in  the  engraving  of  a  great  work,  that  every 
means  ought  to  be  purfued  which  may  tend  to  increafe 
it.  For  this  reafon  it  is,  that  inftead  of  following  the 
alphabetic  order  in  the  arrangement  of  punches  on  the 
furface  of  the  wheel,  we  ought  to  prefer  that  in  which 
the  fum  of  the  different  motions  to  be  given  to  the 
wheel,  for  engraving  an  entire  work,  ftiall  be  the  lead 
polfible.  This  tedious  enquiry  may  well  be  difpenfed 
with,  by  obferving  the  order  in  which  printers  dlfpoTe 
their  cales  of  characters,  that  the  letters  of  the  moft  fie- 
queiit  recurrence  may  be  moft  immediately  under  the 
hand  of  the  workman. 

If  all  the  characters  afl'orded   an  equal  refiftance  to 
impreffion  in  a  plate  of  metal,   a   conftant  force  would 
never  tail  to  drive  the  punches  to  the  fame  depth.     But 
the  laces  of  the   letters  are  very    unequal,   and  confe- 
quently   it   will   be   neceflTary   to   ufe  a  variable  force. 
Moft  workmen  ufe  the  hammer,  and  not  a  fcrew,  as  in 
this  machine,  for  ftamplng.     If  the  hammer  had  been 
ufed  in  this  machine,   it  Is  evident,  that  if  we  fuppofed 
it  to  have  fallen  from  the  fame  height  upon  every  one 
of  the  punches,  the  force  of  the  ftroke  could  be  ren- 
dered variable  according  to  the  nature  of  the  charaifters, 
by  placing  a  capital,  or  head,  upon  each,  of  an  height 
properly  adjuftcd   to  receive  the  hammer  after  paflTing 
through  a  greater  or  lefs  fpace.      But  the  heads  of  our 
punches  are  variable  at  pleafure,  becaufe  they  are  fcrew- 
ed  on  ;  and  thus  it  Is  that,  by  cxperlmentslly  adjufting 
the  heads  of  all  the  punches,  a  fet  of  impreflions  are  ob- 
tained of  equal  depths  from  every  one  of  them.     When, 
for  example,  the  letter  /  is  placed  under  the  hammer, 
the  upper  part  of  its  head  is  at  a  fmall  diftance  from  the 
head  of  the  hammer,  in  order  that  its  fall,  which  begins 
always  at  the  fame  place,  may  ftrike  this  letter  weakly  ; 
but  when  the  letter  M  is  brought  under  the  hammer, 
the  upper  part  of  its  head  being  much  lefs  elevated  than 
that  of  the  letter  i,  will  receive  a  much  ftronger  blow. 
The  impreffioBS  of  tke  letters  M  and  «  will  therefore  al- 
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•j-pr-gra-  vrays  be  equally  deep,  if  tlie  heads  of  t!ic  punches  be 
r^'V^       once  properly  fixed  by  experiment. 

■~*^  Inllead  of  the  iboke  of  a  hammer,  however,  our  au- 

thor makes  ufe  of  the  prefTurc  (»f  a  fcrew,  of  which  the 
threads  are  fo  inclined  that  it  tuns  through  its  female 
fdckct,  and  woidJ  fall  out  merely  by  its  own  weight. 
This  conllruftion  affords  the  doubh-  advantage  of  prc- 
ferving  the  imprffTions  from  the  effefts  of  the  circular 
rr.otion,  and  of  affording  a  fail  in  the  fcrew  of  nearly 
nine  lines  for  each  revolution.  The  head  of  thii  fcrew 
IS  folidly  fixed  in  the  centre  of  a  brafs  wheel,  of  which 
the  pofition  is  horizontal.  The  diameter  of  this  wheel 
mull  be  fiifficiently  large,  that  its  motion  may  not  be 
perceptibly  aifcfted  bv  the  irregularities  of  friftion  in 
the  fcrew.  This  eonfiderable  diameter  is  alfo  requifite, 
becaafe  the  preflTure  of  the  fcrc.v  depends,  not  only  up- 
on the  force  which  is  applied,  but  the  dillance  of  the 
place  of  application  from  the  centre  of  movement. 

It  is  efft  uti.it  that  this  wheel  (hould  have  very  little 
(liake  ;  for  which  reafon  it  is  advifahle  that  the  axis  of 
the  fcrew  (hould  be  prolonged  above  the  wheel  itfelf, 
that  it  may  flide  in  a  fockct  firmly  fixed  to  the  frame 
of  the  machine.  In  this  fituation,  the  wheel,  which  is 
fixed  on  the  prolongation  of  the  fcrew,  will  have  its 
plane  conlfantly  prcferved  in  a  fituation  parallel  to  it- 
felf, without  any  libratiou,  notwithdanding  the  rife  and 
fall  of  near  nine  lines,  or  three  quarters  of  an  inch, 
which  it  undergoes  for  each  revolution  on  its  axis. 

It  has  been  ftated,  as  a  requifite  condition,  that  the 
fcrew  fiiould  conftsr.tly  fall  from  the  fame  fixed  point, 
or  elevation,  upon  the  heads  of  every  one  of  the  punch- 
es. To  accomplilh  this  effential  purpofe,  a  lever  is 
firmly  fixed  to  the  fupport  of  the  fcrew  ;  which  lever  re- 
fembics  the  beam  of  a  balance,  having  o.ie  of  its  extre- 
mities armed  with  a  claw,  and  the  other  fenring  to  give 
it  m.otion  through  a  fmall  verticle  fpace.  The  claw 
falls  into  a  notch  in  the  upper  furface  of  the  wheel  at- 
tached to  the  fcrew,  as  foon  as  that  wheel  has  rifen  to 
the  defired  elevation  ;  and  the  lever  itfelf  is  fo  far  limit- 
ed in  its  motion,  that  it  cannot  take  hold  of  the  wheel, 
excepting  when  it  has  reached  that  height.  The  vpheel, 
therefore,  remains  confined  and  immoveable,  by  means 
of  this  detent,  and  cannot  defcend   until  it  ig  delivered 
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forms   one  of  the   firll    requifitcs.     He   was   therefore  T.-iogra. 
obliged  to  render  the  force  of  the  weight,   which  turn$. 
the  fcrew,  variable,  Ijy  caufing  it  to  adt  upon   levers  of 
greater  or  lefs  length?,  according  to  the  different  quan- 
tities of  impulfe  required  by  tiie  feveral  punches.      For 
this    purpofe  he  adopted   the    following    conftruflion  : 
He  connefted  by  a  tleel  chain  to  the  wheel,  which  move* 
the  fcrew,  another  wheel,  having  its  axis  horizontal,  fo 
that  the  two  wheels  refpeiflively  command  each  other. 
They  are  of  equal  diameter,  and  the  cliain  Is  no  longer 
than  to  make  an  entire  turn  round  each  wheel.     Th'S 
fecond  wheel,  or  leading  pulley,   is  intended   to  afford 
the  requifite  variations  of  force,  which  it  does  by  means 
of  a  fnail  fixed  upon  its  axis.      Tlie  fnail  is  afted  upon 
by  a  ccid    pafling    over    its    fpiral   circumference,    or 
groove,  and  bearing  a  weight  which  is  only  to  be  chan- 
ged ivhcn  a  new  fet  of  punches  for  characters  of  a  dif- 
ferent fize  are  put  into  the  great  wheel.     The  fpiral  is 
fo  formed,  that  when  the  weight  defcenus  o:ily  through 
a  fmall  fpace,  the  part  of  the  cord,  which  is  unwound, 
acls  at  a  very  ihort  diftance  from  the  centre  of  the  pul- 
ley ;  but  when  the  fall  is  greater,   the  part  of  the  Inail 
upon  which  it  afts  is  fo  far  enlarged  as  to  afford  a  much 
longer  lever,   and  confequently,  to  give  a  proportional- 
ly greater  effeft  to  the  Itroke.     This  conftruclion,  there- 
fore, by  giving  the  advr.ntageof  a  longer  lever  to  a  greater 
fall  of  the  fcrew,  affords  all  the  power  which  the  nature 
of  thework,  andthedifferent  fpacesof  the  lettersdemand. 
The  fupport  on  which  the  plate  Is  fixed  muft,  as  has 
before  been  remarked,  move  fo  as  to  form  firait  lines. 
This  motion,  which  ferves  to  fpace  the  different  cha- 
rafters  with  precifion,  is  obtained  by  means  of  a  fcrew, 
the  axis  of  which  remains  fixed,   and  carries  a  female 
fcrew  or  nut.     The  nut  itfelf  is  attached  to  the  fup- 
port of  the   metallic  plate,   which  receives  the  letters,, 
and  carries  it  In  the  right  lined  direftlon  without  any- 
deviation  ;  becaufe  it  is  confined  in  a  groove  formed  be- 
tween two  pieces  of  metal.     The  fcrew   Is  moved  by  a 
lever,  which  can  turn  It  in  one  direction  only,  becaufe 
it  a£ls  by  a  click  upon  a  ratchet-wheel,  which  Is  fixed  to 
the  head  of  the  fcrew-     The  aflion  of  this  lever  always 
begins  from  a  fixed  itop  ;  but  the  fpace  through  wiiich 
it  moves  is  variable,  according  to  the  refpeftlve  breadths 
of  the  letters.    This  new  confideration  induced  M.  Ro- 


by  prelTure  upon  the  oppofite  tail  of  the  lever.  In  this 
machine,  the  wheel  which  has  the  prefGng  fcrew  for  its  chon  to  fix  upon  the  rule  or  plate  of  the  regifter,  a 
axis  does  not  perform  an  entire  revolution.  It  was  number  of  pins,  correfponding  with  the  different  divi- 
wlth  a  view  that  there  might  never  be  any  fall  capable  fions  which  anfwer  to  each  punch  :  thcfe  pins  deter- 
mine the  diftance  to  which  the  lever  can  move.  It  there- 
fore becomes  a  condition,  that  its  pofition  in  the  ma- 
chine fhoulj  be  oppofite  to  tlie  fixed  index  which  de- 
termines the  character  at  any  time  beneath  the  prefTing- 
fcrew.  The  lever  and  Its  pin.  are  therefore  the  fole  agents 
employed  to  fpace  the  charafters.  If  the  plate  were  not 
moved  by  the  lever,  the  Imprefiions  would  fall  upon 
each  other  ;  and  thus,  for  example,  the  letter  ;'  would 
be  totally  obliterated  by  the  impreffion  of  the  letter  /. 

Whenever,  therefore,  it  is  required  to  difpofe  the  let- 
ters i  and  /  befide  each  other,  the  plate  muil  be  moved 
after  ftriking  the  letter  i  through  a  fpace  equal  to  the 
quantity  of  the  defired  operation.     Suppofe  this  to  be 


of  (baking  and  dlfturbing  the  machine  that  the  author 
determined  to  ufe  only  two-thirds  of  a  revolution  to 
ftrlke  thofe  punches,  which  afford  the  ftrongeft  refift- 
ance.  The  fcrew  confequently  falls  only  through  fix 
lines  upon  thofe  heads  which  are  leaft  eltvated,  and 
about  two  lines  upon  thofe  which  lland  highelL  Whence 
the  difference  between  the  extreme  heights  does  not  ex- 
ceed four  lines. 

It  is  obvious,  that  fo  fmull  a  difference  is  not  fuffi- 
cient  to  (Irike  all  the  charafters  from  M  to  the  letter »', 
when  the  wheel  which  governs  the  fcrew  is  put  In  mo- 
tion by  a  conflant  weight,  of  which  the  impulfe,  like 
that  of  a  hammer,  is  iucreafed  only  by  the  acceleration 


of  its  fall.  It  is  evident  that  this  requifite  variation  of  one-fourth  of  a  Hne,  and  that  the  lever  fhould  run 
force  might  be  had  by  changing  the  weight ;  but  it  is  through  an  arc  of  ten  degrees  to  move  the  plate  thro' 
equally  clear,  that  the  numberlefs  and  inceffant  changes  this  quantity  ;  as  foon  as  the  pin  of  the  letter  /  fhall  be 
which  the  engraving  of  an  entire  work  would  demand,  adjufted  to  the  neceffary  length  to  enable  the  lever  to 
■would  be  incompatible  with  that  degree  of  fpeed  which    defcribe  aa  arc  of  ten  degrees,  the  operation  of  fpacing 
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Tvrtsus,  the  two  letters  i  and  /  will  be  reduced  to  that  of  pla- 
^  rytler,  ^.j^g  fjjg  j^j).  [^.ttgr  beneath  the  fixed  index,  and  moving 
^  the  plate  till  the  lever  (hall  be  flopped  by  the  pin  be- 
longing to  the  letter  /.  All  the  other  letters  will  be 
equally  fpaced,  if  the  difpofition  of  the  puiiclies  in  the 
wheel  be  fuch,  that  the  laft  (Iroke  of  any  letter  Hiall 
confound  itfelf  ivith  any  letter  of  a  fmgle  ftroke,  fup- 
pofing  them  to  be  imprefTed  one  after  the  other,  with- 
out moving  the  lever  between  ftroke  and  ftroke.  This 
arrangement  deferves  to  be  very  ferioufly  attended  to, 
becaufe  the  procefs  could  not  be  performed  without  it. 
Many  well-informed  perfons  are  of  opinion,  that  the 
perfedl  equality  which  this  machine  for  engraving  af- 
fords in  the  formation  of  letters  and  figns  the  moft  dif- 
ficult to  be  imitated,  may  afford  a  means  of  remedying 
the  dangers  of  forgery.  It  is  certain  that  the  perform- 
ance exhibits  a  fimple  and  ftriking  charafter  of  preci- 
fion,  which  is  fuch,  that  the  leaft  experienced  eyes 
might  flatter  themfelves,  in  certain  cafes,  to  diftinguifti 
counterfeits  from  originals.  Lavoifier,  whom  the  friends 
of  fcience  and  the  arts  will  not  ceafe  to  regret,  made 
fome  experiments  of  this  kind  for  the  cai^e  de^fcompte, 
which  were  attended  with  perfeft  fuccefs.  Artifts  ap- 
pointed for  that  purpofe  endeavoured  in  vain  to  imitate 
a  vignette,  formed  by  the  iucceffive  and  equal  motion 
of  a  charafter  of  ornament. 

TYRT./EUS,  an  Athenian  general  and  muGcian,  is 
celebrated  by  all  antiquity  for  the  compofition  of  mili- 
tary fongs  and  airs,  as  well  as  the  performance  of  them. 
He  was  called  to  the  affiftance  of  the  Lacedasmonians 
in  the  fecond  vpar  with  the  MefTeriians,  about  68j  13. 
C.  ;  and  a  memorable  vitlory  which  they  obtained  over 
that  people  is  attributed  by  the  ancient  fcholiafts  upon 
Horace  to  the  animating  found  of  a  new  military  flute 
«r  clarion,  invented  and  played  upon  by  Tyrta;us.  Plu- 
tarch tells  us  that  they  gave  him  the  freedom  of  their 
city  ;  and  that  his  milit  iry  airs  were  conflantly  fnng 
and  played  in  the  Spartan  army  to  the  laft  hour  of  the 
republic.  And  Lycurgus  the  orator,  in  his  oration 
againft  JLeocrates,  fays,  "  The  Spartans  made  a  law, 
that  whenever  they  were  in  arms,  and  going  out  upon 
any  military  expedition,  they  fhould  all  be  firftfummon- 
ed  to  the  king's  tent  to  hear  the  fongs  of  Tyrtjeus  ;" 
thinking  it  the  beft  means  of  fending  them  forth  in  a 
difpofition  to  die  with  pleafure  for  their  country.  Frag- 
ments of  his  peotry,  in  elegiac  verfe,  are  preierved  in 
Stobaeus,  Lycurgus  Orat.  in  Fulvius  Urfinus,  at  the 
end  of  Poems  by  illuftrious  Women  ;  and  in  the  Ox- 
ford edition  of  Eleg.  is'  Lyric  Frag.  iS"  Scholia,  print- 
ed  1759.       ^^  J"?".""".  &c. 

TYl'LER  (William,  Efq;),  fo  well  known  in  the 
literary  world  as  one  of  the  ableft,  and  certainly  the 
moft  gentlemanly,  of  the  defenders  of  the  fame  of  Mary 
Queen  of  Scots,  w^as  born  at  Edinburgh,  OAober  i  2. 
1711.  He  was  the  fon  of  Mr  Alexander  Tytler,  wri- 
ter (or  attorney)  in  Edinburgh,  by  Jane,  daughter  of 
-  Mr  William  Leilie,  merchant  in  Aberdeen,  and  grand- 
daughter of  Sir  Patrick  Leflie  of  Idan,  provoft  of  that 
city.  He  received  his  education  at  the  grammar  fchool 
(or,  as  it  is  there  called,  the  High  School)  and  the  uni- 
verfity  or  his  native  city,  anfl  diftinguifhed  himfelf  by 
an  early  pr  .ficiency  in  thofe  claflical  ftudies,  which,  to 
the  lateft  period  of  his  life,  were  the  occupation  of  his 
leifurc  hours,  and  a  principal  fource  of  his  mental  en- 
joyments. 
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In  the  year  173T,  he  attended  the  academical  lec- 
tures of  Mr  Alexander  Bayne,  ProfefTor  of  municipal'' 
law  in  the  univerlity  of  Edinburgh,  a  gentleman  diftin- 
guiflied  alike  for  his  profeflional  knowledge,  his  literary 
arcomplidiments,  and  the  elegance  of  his  tafte.  The 
Profeffoi  found  in  his  pupil  a  congenial  fpirit;  and  their 
connexion,  notwithftanding  the  difparity  of  their  years, 
was  foon  ripened  into  all  the  intimacy  of  the  ftridefl 
friendfliip.  So  flrong  indeed  became  at  length  that  tie 
of  afFctlion,  that  the  worthy  Profeflor,  in  his  latter 
years,  not  only  made  him  the  companion  of  his  ftudies, 
but  when  at  length  the  viftim  of  a  lingering  difeafe, 
chofe  him  as  the  comforter  of  thofe  many  painful  and 
melancholy  hours  which  jireceded  his  death. 

At  the  age  of  31,  Mr  Tytler  was  admitted  into  the 
Society  of  Writers  to  his  Majefty's  Signet,  and  conti- 
nued the  practice  of  that  profeiTion  with  very  good  fuc- 
cefs,  and  with  equal  refpeft  from  his  clients  and  the 
public,  till  his  death,  which  happened  on  the  12th  of 
Septem.ber  1792.  Pie  married,  in  September  1745, 
Anne  Craig,  daughter  of  Mr  James  Craig  of  Dalnair, 
writer  to  the  (ignet,  by  whom  he  has  left  two  fons,  A- 
lexandcr  Frafer  Tytler,  one  of  the  Lords  of  Seflion  in 
Scotland  ;  and  Patrick  Tytler,  Lieutenant  colonel  of 
a  rejriment   of  fercible  infantry,  and  Fort-major  of  the 


one   daughter,  Mifs 


caftle  of  Stirling;   together  will 

Chriftina  Tytler.  His  wife  died  about  nine  years  be- 
fore him  ;  and,  previoufly  to  that  period,  he  had  loft  a 
fon  and  a  daughter,  both  grown  to  maturity. 

The  moft  remarkable  feature  of  Mr  Tytler's  charac- 
ter was  an  ardour  and  aftivity  of  mind,  prompted  al- 
ways by  a  ftrong  fenfe  of  rcflitude  and  honour.  He  felt 
with  equal  warmth  the  love  of  virtue  and  the  hatred  of 
vice  ;  he  was  not  apt  to  difguite  either  feeling,  nor  to 
compromiie,  as  fome  men  more  complying  with  the 
world  might  have  done,  with  the  tafhion  of  the  time, 
or  the  difpofition  of  thofe  around  him.  He  feldom 
waved  an  argument  on  any^  topic  of  hiftory,  of  politics, 
or  literature  ;  he  never  retjeated  from  one  on  any  fub- 
jeft  that  touched  thofe  more  important  points  on  which 
he  had  formed  a  decided  opinion.  Decided  opinions 
he  always  formed  on  fubjedls  of  importance  ;  for  on 
fuch  fubjcfts  he  formed  no  opinions  raflily  ;  and  what 
he  firmly  believed  he  avowed  with  confidence,  and  fome- 
times  with  warmth. 

Nor  was  it  in  opinion  or  argument  only  that  this 
warmth  and  ardour  of  mind  were  confpicuous.  They 
prompted  him  equally  in  adfion  and  conduft.  His  af- 
feflion  to  his  family,  his  attachment  to  his  friends  and 
companions,  his  compaflion  for  the  unfortunate,  were 
alike  warm  and  adfive.  He  was  in  feiitiment  alio  what 
Johnfon  (\^ho  felt  :t  ftrongly  in  himfelf,  and  mentions 
it  as  the  encomium  of  one  of  his  friends)  calls  z  good 
hater ;  but  his  hatred  or  refentm.ent  went  no  further 
than  opinion  or  words,  his  better  affeftions  only  rofc 
into  aciion.  In  his  opinions,  or  in  his  expreffion  of 
them,  there  was  fometimes  a  vehemence,  an  appearance 
of  acrimony,  which  his  friends  might  regret,  and  which 
ftraiigers  might  cenfure;  but  he  had  no  afperity  in  his 
mind  to  influence  his  adlual  condudl  in  life.  He  in- 
dulged oppofition,  not  enmity  ;  and  the  world  was  juft 
to  him  in  return.  He  had  opponents  ;  but  two  of  his 
biographers,  who  knew  him  well,  as  well  as  the  people 
with  whom  he  moft  aifociated,  declare  their  belief  that 
he  had  not  a  fingle  enemy.     His  contefls  were  on  opi- 

nions. 
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his  dirputts  were  hiftorical  and     tion  of  the  force  of  any  argument,  the  nicaneft  never 

He  confiilcrcd  it  as  beiriff 


.    nions,   not  on  things 

"'literary.  In  convcrfatlon,  he  carried  on  thefe  with  iin- 
cominon  interell  and  vivacity  ;  and  llie  fame  kind  of 
impulle  which  prompted  his  coiiverfation  (as  is  juftly 
obferved  by  an  autlior,  who  publilhed  fume  notices  of 
his  hfe  and  character  in  the  periodical  work  iiititltd 
The  Bet)  induced  him  to  become  an  author.  He  wrote 
not  from  vanity  or  vain  glory,  which  Roulfeau  holds  to 
be  the  only  inducement  to  writing  ;  he  wrote  to  open 
his  mind  upon  paper  ;  to  ipcak  to  the  public  thole  opi- 
nions which  he  had  often  fp^ken  in  private  ;  opinions 
on  the  truth  of  which  he  had  firmly  made  up  his  own 
conviclion,  and  was  fomctinies  furprifed  that  he  could 
not  convince  others  :  it  was  fair  to  try,  if,  by  a  fuller  ex- 
pofition  of  his  arguments,  he  could  convince  the  world. 
With  this  view,  he  publiflied,  in  17^9,  his  '•  Inqui- 
ry, hiilorical  and  critical,  into  the  Evidence  again  (I 
Mary  ^ucn  of  Scots,  and  an  Examination  of  the  Hi- 
ftorics  ot  Dr  Robenfon  and  Mr  Hume  with  refped.  to 
that  Evidence  ;"  in  which  he  warmly  efpoufed  the 
caufe  of  that  unfortunate  Princefs,  attacked  with  feve- 
rity  the  conduct  of  her  enemies,  and  expofed  the  fallacy, 
in  many  parts  the  fabrication,  of  thofe  proofs  on  which 
the  charges  againll  her  had  been  founded. 

This  was  a  caule  worthy  of  an  advocate  who  loved 
truth  better  than  popular  applinfe  ;   and  Mr  Tytler  e- 
vinced  hirafelt    to  be  fuch  an   advocate.      The  problem 
of  Mary's  guilt  or  innocence,  if  coniidered  merely  as  a 
detached  hiilorical  faft,  would  appear  an  objeA  which, 
at  this  diftance  of  time,   feems  hardly  to  merit  that  la- 
borious and  earned  inveftigation  to  which  it  has  given 
rife  ;  though,   even  in  this  point  of  view,   the  mind  is 
naturally  Simulated  to  fearch  out  the  truth  of  a  dark 
myfterious  erent,  difgraceful  to  human  nature  ;  and  our 
feelings  of  juftice  and  moral  retlitude  are  intereftcd  to 
fix  the  guilt  upon  its  true  authors.      But  when  we  con- 
fider  that  this  queftion   involves  a  difcuilion  of  the  poli- 
tics of  both   England  and  Scotland  during  one  of  the 
moft  interefting  periods  of  their  hiftory,   and  touches 
the  charafters,  not  only  of  the  two  fovereigns,   but  of 
their  minifters  and  ftatefmen,  it  muft  then  be  regarded 
in  the  ligiit  of  a  moft  important  hiilorical  inquiry,  with- 
out  which   our   knowledge  of  the  hillory  of  our  own 
country  muft  be  obfcure,  confufed,  ard  unfatisfadlory. 
In  addition  to  thele  motives  of  inquiry,  this  queftion 
has  exercifed  fome  of  the  ableft  heads  both  of  earlier 
and  of  later  times  ;  and  it  is  no  mean  pleafure  to  en- 
gage in  a  conteft  of  genius  and  of  talents,  and  to  try 
our  llrength  in  the  decifion  of  a  controvcrfy  which  has 
been  maintained  on  both  fides  with  confummate  ability. 
As  we  have  elfewhere  (fee  Mary,  Encycl.)  given  an 
abftraft  of  the  arguments  on  both  lides  of  this  difputed 
queftion,  it  would  be  altogether    improper   to   repeat 
them  here  ;  but  juftice  to  tlie  fubjeft  of  tin's  memoir  re- 
quires us  to  fay,   that  by  his  manner  of  difcuffing  it  he 
acquired  high  reputation  in  the  republic  of  letters.   Be- 
fore the  appearance  of  the  inquiry,  fays  an   ingenious 
writer,   it  was  the  falhion  for  literary  difputants  to  at- 
tack  each   other  like   mifcreants   and    banditti.       The 
per/on   was  never  feparatcd  from   the  caufe  ;  and  what- 
ever attached  the  one,   was  confidered  as  equally   affeft- 
ing  the  other  ;   fo  that   fcurrility  and  abufe  blotted  the 
pages  even  of  a  Bentley  and  a  Ruddiman.     The  Hifto- 
rical   Inquiry   was  free  from  every  thing  of  that  fort  : 
and  though  the  higheft  name  produced  not  a  mitiga- 
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fuffcred  the  fmallell  abufe 
greatly  beneath  the  dignity  of  a  man  contending  foT 
truth,  to  overftretch  even  an  argument  in  the  fmalleft 
degree,  tar  more  to  pervert  a  tatt  to  anfwer  \\h  purpofe 
on  any  occafion.  In  the  courfe  of  his  argument,  he 
had  too  often  occaiicsn  to  (;iew  that  this  had  been  doni 
by  others;  but  he  difdained  to  imitate  titem.  His  reafon- 
ing  was  forcible  and  elegant  ;  impartially  fevere,  but  al- 
wayspolite,  andbecomljig  thegcntleman  andthe  fcholar. 
When  this  book  appeared,  it  was  univerfally  read  iu 
Britain,  and  very  well  tran Hated  Into  French,  under  the 
title  of  "  Recherches  Hlftorlques  et  Critiques  fur  leg 
Princljiales  Prcuves  de  I'Accufatlon  ii'ttntte  contre  Ma- 
rie Keine  d'EcolFe."  The  interell  it  excited  among 
literary  men  may  be  judged  of  from  the  charafter  of 
thofe  by  whom  it  was  reviewed  on  its  publication, 
in  the  periodical  works  of  the  time.  Dr  Douglas, 
now  Bllhop  of  Sallft)ury,  Dr  Samuel  Johnlon,  Drjolin 
Campbell,  and  Dr  SmoUet — all  wrote  reviews  of  Mr 
Tytler's  book,  containing  very  particular  accounts  of 
its  merits,  and  elaborate  analyfes  of  the  chain  of  its 
arguments.  As  an  argument  on  evidence,  no  fuffrage 
could  perhaps  be  more  deciiive  of  its  merit  than  that 
of  one  of  the  greatetl  lawyers,  and  indeed  one  of  the 
ableft  men  that  ever  lat  on  the  woolfack  of  England, 
the  late  Lord  Chancellor  Hardwicke,  who  declared 
Mr  Tytler's  Inquiry  to  be  the  beft  concatenation  of 
circumftantiate  proofs  brought  to  bear  upon  one  point 
that  he  had  ever  perufed.  What  effeft  that  body  of 
evidence,  or  the  arguments  deduced  from  it,  ought  to 
have  upon  the  minds  of  thofe  to  whom  the  fubjedt  may 
become  matter  of  inveillgation,  we  do  not  prefume  to 
determine.  The  opinion  of  the  late  Dr  Henry,  au- 
thor of  the  Hiftory  of  Great  Britain  on  a  New  Plan, 
may  perhaps  be  thought  neither  partial  nor  confident. 
He  fays,  in  a  letter  to  Mr  Tytler,  publilhed  in  the  firll 
volume  of  TranfaAions  of  the  Antiquarian  Society  of 
Scotland,  That  he  would  be  a  bold  man  who  fliould 
now  publilh  an  Hillory  of  Qi|een  Mary  in  the  fame  ftrain 
with  the  two  hiftorians  (Mr  Hume  and  Dr  Robertfon), 
whofe  opinions  on  the  fubjefl  the  Inquiiy  had  exami- 
ned and  controverted. 

The  moft  exceptionable  part  of  Mary's  conduifl, 
which,  though  it  may  admit  of  an  apology,  cannot  be 
vindicated,  is  her  marriage  to  BothwcU  ;  and  for  that 
marriage  Mr  Tytler  made  an  apology,  founded  on  fafts, 
which  he  would  be  a  daring  or  very  bigotted  man  who 
would  attempt  to  controvert.  See  the  article  already 
referred  to. 

Befides  the  Hijlorical  Inquiry,  and  the  D'ljfertation  on 
the  Marriage  of  ^ueen  Mary  with  the  Earl  of  Bolhtuell, 
our  author  publilhed  feveral  other  works  on  hlftori- 
cal  and  literary  fubjefls  ;  of  which  the  firil  was,  the 
Poetical  remains  of  J^a?iies  I.  King  of  Scotland,  conlift. 
ing  of  the  King's  ^tier,  in  fix  cantos,  and  Ciri/i's  Kirk 
on  the  Green  ;  to  which  is  prefixed  a  differtatlon  on  the 
Life  and  Writings  of  King  James,  in  one  volume  8vo, 
printed  at  Edinburgh  in  1783.  This  dhlertation  forms 
a  valuable  morfel  of  the  literary  hillory  of  Europe  ;  for 
James  ranked  ftill  higher  in  the  literary  world  as  a  poet, 
than  in  the  political  world  as  a  prince.  Great  juf- 
tice is  done  to  his  memory  in  both  refpedls  in  this  dif. 
fertation  :  and  the  two  morfels  of  poetry  here  refcued 
from  oblivion  will  be  eftecmed  by  men  of  tafte  as  long 
5  B  as 
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Tytler.     as  the   language    in  which  they  arc  written  can  be  un-  intending  all  the   anions  of  in<llTidiial8  as  well  as  tlie    Tytltr, 

""""      ■ '  derftood  (a).  great  opttations  cf  Nature  :   lie  had  a  conftant   impref- """"v— 

2.   "A   differtation    on   Scottifh   Mufic,"  firft   fub-  fioii  of  the  power,  the  wiWoni,  and  the  bcnevi.lence  of 

joined   to  Arnot's  hillory  of   Ediiiburgh.      The  iimple  the  Supreme  Bein^r  ;   and  he   embraced,  with  thorough 

melodies  of  Scotland  have  been  loiig  the  delipjht  of  the  conviftion,  the  truths  of  Chrillianity. 
natives,  many  of  wliich,  to  them,  convey  an  idea  of  jia-  His  reading  was  various  and  extenfivc.      There  was 

thos  that  can  be  eqnallcd  by  none  other;  and  are  much  fcarcely  a  filbjeft  of  literature  or  tafte,  and  few  even  of 

admired   by   every  ftranger  of  mufical  talents  who  has  fcitnce,  that   had  not  at  times  engaged  his  attention, 

vifr.ed  this  country.     Thty  have  a  powerful  efFcft,  in-  In  hiflory  he  was  deeply  verfcd  ;  and  wliat  he  had  read 

deed,  when  properly  introduced,  as  a  relief,  into  a  mu-  his  (Irong  retentive  memory   enabled   him  eafily   to  re- 

fical  compofilion  of  complicated  harmony.      Thefe  are  cal.      Ancient  as  well  as  modern  ftory  was  familiar  to 

of  two  kinds,  pathetic  and    humorous.       Thofe    who  him  j  and,  in  particular,  the  Britifh  hiftory,  which  he 

wifli  to  receive  information  concerning;  this  curious  fub-  had  read  with   the  mod   minute  and   critical   attention, 

jeft,  will  derive  much  fatisfaftion   from  the  perufal  of  Of  this,  befides  what  he  has  given  to  the  public,  a  great 

this  riiffi^rtation.       There  is  yet  another    kind  of  mufic  number  of  notes,  which  he  lett  in  MS.  touchi;ig  many 

peculiar  to  the  Highlands  of  Scotland,   of  a  more  wild,  controverted  points  in  Engliih  aiid  Scottiili  hiftory,  af- 

irregular,  and    animating  ftrain,   which  is  but   flightly  ford  the  mod  ample  proof, 
treated  here,  and  requires  to  be  ftill  more  fully  elucidated.  In  mufic  as  a  fcience  he  was  uncommonly  (l<illed.    It 

3.  "  Obfervatious  on  the  Vifion,  a  poem,"  firil  pub-  was  his  favourite  amufcrrent  ;  and  with  that  natural 
lidicd  in  Ramfay's  Evergreen,  now  alfo  printed  in  the  partiality  which  all  entertain  for  their  favourite  objefts, 
Tranfaflions  of  the  Society  of  Antiquaries  of  Scotland,  he  was  apt  to  affign  to  it  a  degree  of  moral  importance 
This  may  be  confidcred  as  a  part  of  the  literary  hiftory  which  fome  might  deem  a  little  v^himfical.  He  has 
of  Scotland.  often  been  heard  to  fay,  that  he  never  knew  a  good  tafte 

4.  "  On  the  Fafhionable  Amufements  in  Edinburgh  in  mufic  affoclated  with  a  malevolent  heart :  And  being 
during  the  Lift  century,"  ibid.  It  is  unnecefiary  to  afked.  What  prcfcription  he  would  recommend  for  at- 
dwell  on  the  lix-ht  that  fuch  difTertaiions  as  thefe,  when  taining  an  old  age  as  healthful  and  happy  as  his  own  ? 
judicioufly  executed,  throw  upon  the  hiftory  of  civil  fo- 
ciety  and  the  piogrefs  of  manners.  Mr  Tytler  was 
llkewife  the  author  of  N°  1 6.  of  the  Lounger,  a  week- 
ly paper,  publiflied  at  Edinburgh  in  the  year  1786. 
His  fubjeO:   is   the  Defe£ls  of  Modern  Female  Educa- 


'  My  prefcription  (faid  he)  is  fimple — ftiort  but  cheer- 
ful  meals,  mufic,  and  a  good  confclence." 

In  domeftic  life,  Mr  Tytler's  charafter  was  particu- 
larly amiable  and  pralfe  worthy.  He  was  one  of  the 
kindeft  huft)ands  and  moft  affeftionate  lathers.     At  the 


tion  in  teaching  the  Duties  of  a  Wife  ;  and  he  treats  beginning  of  this  account,  we  mentioned  his  having 
that  fubjeft  like  a  mafter.  loft,  at  an  advanced  period  of  life,  an  excellent  wife, 
On  ail  Mr  Tytler's  compofitions  the  charafter  of  the  and  a  fon  and  a  daughter  both  grown  to  maturity,  who 
tnan  is  flironTlv  impreffed,  which  never,  as  in  fome  o-  merited  and  pofTeiFed  his  vvarmeft  afTtftions.  The  tcm- 
ther  inftances,  is  in  the  fmallcft  degree  contradidled  by,  per  of  mind  with  which  he  bore  thefe  loffes,  he  has  him- 
or  at  variance  with,  the  charader  of  the  author.  He  felf  exprefted  in  a  MS.  note,  written  not  long  before 
wrote  what  he  felt,  on  fubjefts  which  he  felt,  on  fub-  his  death  ;  with  which,  as  it  conveys  a  fentiment  equal- 
jcfts  relating;  to  his  native  country,  to  the  arts  which  ly  important  in  the  confideration  ot  this  life,  and  in  the 
he  loved,  to  the  times  which  he  revered.  His  heart,  contemplation  of  that  which  is  to  come,  we  fhall  con- 
indeed,  was  in  every  thing  which  he  wrote,  or  faid,  or  elude  the  prefent  memoir  :  ♦'  The  lenient  hand  of  time 
did.  He  had,  as  his  family  and  friends  could  warmly  (fays  he)  after  mentioning  the  death  of  his  wife  and 
atteft,  all  the  kindnefs  of  benevolence  :  he  had  its  anger  children),  the  lenient  hand  of  time,  the  afFtdionale  care 


too  ;  for  benevolence  is  often  the  parent  of  anger.  There 
was  nothing  neutral  or  indliferent  about  Mr  Tytler. 
In  phllofophy  and  in  hiftory,  he  could  not  bear  the 
coldnefs,  or  what   fome  might  call   the   temperance  of 


of  my  remaining  children,  and  the  duty  which  calls  on 
my  exertions  for  them,  have  by  degrees  reftored  me  to 
myfelf.  The  memory  of  thofe  dear  objefts  gone  before 
me,  and  the  foothing   hope  that  we  ftiall   foon  meet  a- 


fcepticifm  ;  and  what  he  firmly  believed,  it  was  his  dif-     gain,  is  now  the  fource  of  extreme  pleafure  to  me.      In 
pofition  keenly  to  urge.  my  retired  walks  in  the  country  I  am  never  alone  ;  thofe 

His  mind  was  ftrongly  impreffed  by  fentiments  of  re-  dear  ftiades  are  my  conftant  companions  !  Thus  what 
ligion.  His  piety  was  fervent  and  habitual.  Hebe-  I  looked  upon  as  a  bitter  calamity,  is  now  become  to  me 
lieved  in  the  doftrine  of  a  particular  Providence,  fuper-     the  chief  pleafure  in  life." 

U,  V. 


^a)  There  is  a  beautiful  hiftorical  pifture  of  this  prince  playing  on  the  harp,  with   his  queen  and  a  circle  of 
his  courtiers  liftening  to  the  mufic,  by  Graham,  in  Loudon  ;  one  of  the  moft  eminent  aitifts  of  the  age. 
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TrACUUM  BovLEANUM,  13  the  approacli  to  a  real 
*     vacuum,   to  which  we  can  arrive  by  means  of  the 
air-pump. 

TorricelHan  Vacuvh,  is  the  moft  complete  vacuum 
which  we  can  make  by  means  ot  the  torricelliaii  tube. 
See  B^>ROMETER,  and  Pneumatics,  Encycl. 

VADE-MECUM,  the  title  given  to  inch  book.i  as 
men  of  particular  profeffion.^,  having  frequent  occilkiu 
to  confult,  may  ealily  carry  about  with  them.  Thus  a 
fmall  volume,  publilhed  in  the  beginning  of  the  iSth 
century,  giving  an  account  of  the  aiicitnt  and  prcfent 
church  of  England,  and  of  the  duties,  rights,  privileges, 
and  h^.rdlhips  of  the  clergy,  is  known  by  the  title  of 
thi  Clergyman's  VaJe-mecurit. 

VAKEEL,  a  miniller.  agent,  or  ambatTador. 

VALGUS,  Boiu  or  Bamly  Legged.  Some  children 
are  bow-legged  from  thtir  birth  ;  others  become  fo  trora 
fettjng  them  on  their  feet  too  early.  The  tibia  of  fome 
is  crooked ;  the  knees  of  others  are  dillorted  ;  from  a 
fault  in  the  ankle,  the  feet  of  fome  are  turned  inwards, 
thefe  are  called  "vari  ;  and  in  others  they  turn  outwards, 
thefe  are  called  valg't.  The  bell  method  of  preventing 
thtfe  diforders  in  weakly  children,  is  to  exercife  them 
duly,  but  not  violently  ;  by  dancmg  or  toffing  them  a- 
bout  in  one's  arms,  and  not  fet  i.ig  them  muoii  on  their 
feet,  at  lealt  not  without  prooerly  fupporting  them  :  if 
the  dilorder  attends  at  the  birth,  or  increaies  after  it  is 
begun,  apply  emollients,  then  apply  boots  of  ftrong  lea 
ther,  wood,  &c.  as  required  to  diipofe  the  crooked  legs 
gradual!)  to  a  proper  torm;  or  other  iiiltruments  m  ly 
be  ufed  inftead  of  boots,  which,  when  not  too  coftly, 
are  ufually  to  be  preferred.  Slighter  inilances  of  thefe 
difordcr-i  yield  to  caretul  nurling  without  inftrumeiits. 

VAND  V,  the  Indian  n-ime  of  a  olant  of  the  genus 
Epidendrum;  which  fee,  Encycl,  The  vanda  is  thus 
delcnbed  by  Sir  WiiHam  Jones. 

"Cal.  6)5i7M«  minute,  draggling.  Cor.  Petals  ^ve, 
divevguig,  oval  oblong,  obtuie,  wavy  ;  the  two  lowctt 
larger ;  the  three  hightlt  equal,  bent  towards  the  nec- 
tary. NeClary  central,  rigid  :  Mouth  gaping,  oblique: 
Upper  lip  (horter  three  parted,  with  a  poliihcd  honey- 
cup  ;  under  lip  concave  in  the  middle,  keeled  above, 
with  two  Imaller  cavities  below,  two  procefles  at  the 
infe,  incurved,  hollow,  oval  pointed,  converging,  honey- 
bearing.  Stam.  Filaments  very  P.iort.  Anlh<.rs  lound, 
flatlilh,  margined,  covered  with  a  liJ,  ealily  deciduous 
from  t'.e  M/)^./' /;/ of  the  ucftary.  Pist.  G'cvm.  beneath 
long,  ribbed,  contorted  with  curves  of  oppofite  flexure. 
Style  very  fliort,  adhering  ro  the  upper  lip.  Stigin.i  friiple. 
Per.  Capfule  oblong-conic,  wreathed,  iijckeeled,  each 
with  t*o  Imaller  keels,  three-celled,  crowned  'iith  the 
di'y  cotol.  Seeds  innumerable,  like  tine  dull  affixed  to 
the  receptacle  with  extremely  line  haiis,  which  become 
thiek  wool.  Scapes  incurved,  folitary,  from  the  c?.vity 
of  the  leaf,  at  molt  fevcn  flowered  ;  pedicles  alternate. 
Petals  milk-white  externally,  tranfpareiit  ;  brown  with- 
in, yellow- Ipotted.  i7/i/i7- ///>of  the  netlary  fnow-white; 
under  tip  rich  purple,  or  light  crimfon,  llriated  at  the 
bafe,  with  a  bright  yellow  gland,   as  it  feems,  on  each 


pi-ocefs.  The  flower.1  gratefully  fragrant,  and  exqui- 
litely  beautiful,  looking  a.-;  if  compoled  of  (hells,  or  made 
of  enamel;  crifp  elallic,  vifcid  internally.  -Z-i.iwj- Hiealh- 
ing,  oppofite,  equally  curved,  rather  flefiiy,  fword-form, 
rctufe  in  two  wayk  at  the  fuminit,  with  one  acute  point. 
Roots  fibrous,  fmooth,  flexible  ;  fliooting  even  from  the 
top  of  the  leaves." 

This  lovely  plant  attaches  ilfelf  chiefly  to  the  high- 
eft  Amrcis  and  Bilvas  (the  Mangifera  and  Cralsva  of 
Lin.)  ;  but  it  is  an  air-plant,  and  lives  (fays  the  Prefi- 
dfnt)  in  a  pot  -without  earth  or  luater:  its  leaves  are  ex- 
cavated upwards,  to  catch  and  retain  de<,7. 

VANDALIA,  a  duchy  of  Farther  Pomerania,  fub- 
jed  to  the  king  of  Pruffia.      Stolpeii  is  the  capital. 

Vandalia,  a  country  in  Germany,  in  the  circle  of 
Lower  Saxony  and  duchy  of  Mecklenburg.  It  lies  be- 
tween the  bilhopric  and  duchy  of  Sthwerin,  the  lord-*- 
fhips  of  Stocrock  and  Stargatd,  Pomerania,  and  the 
marquillite  of  Brandenburg  ;  and  is  75  miles  in  leno-th 
and  7  in  breadth.  It  contains  feveral  fmall  lakes,  and 
the  principal  town  i^  Cniflrow, 

V AND ERMONDE,  member  of  the  National  In- 
ftitute  of  Sciences  and  Arts,  was  born  at  Paris  in  the 
year  1735.  Fie  devoted  his  jouth  to  felf  inllruclion  ; 
and  even  at  the  age  of  tliirty  *a.s  far  enough  fiom  fuf- 
peCling  that  he  was  deltined  to  inllrufl  others  in  his 
turn.  Chance  brought  him  near  to  the  celebrated  Fon- 
taine. That  fexagenary  geometrician  ealily  divined  the 
piogrels  which  Vandcrmonae  would  one  d.y  make  in 
the  mathematics  ;  in  him  he  anticipa;ed,  as  it  were  a 
fueccffor  to  himiclt  ;  he  patronifcd  and  carcHed  hirn, 
let  him  into  the  fecret  of  his  refearche^,  calcula'ions, 
inventions,  cf  that  lively  enjoyment  which  profi;und 
(peculation  gives  to  an  elevated  attentive  mind  ;  and 
which,  blepdcd  with  the  Iwects  of  tranquillity,  the 
charms  of  retreat,  and  tlie  confcioufnels  of  luccels,  be- 
comes often  a  (ort  of  paflion,  as  felicitous  as  durable. 
All  that  time  Fontaine,  whofe  attention  was  again  di- 
reded  to  the  tefearches  which  he  had  added  to  ihole  of 
Jean  Bernoulli,  relative  to  the  then  famous  que;tion  of 
the  touiocron.'s,  had  rht  glory  to  be  vanqiii.hed  only  by 
D'Alembert  and  La  Grange.  Vandermonde,  a  witnels 
to  this  combat,  neceirariiy  ilhillrious,  animated  by  the 
honour  which  he  i''asv  annexed  to  that  glorious  defeat, 
cnchiiued  with  the  light  01  Foiuuir:e,  as  happy,  in  fpite 
of  his  age,  trora  lis  love  of  geometry,  as  a  youth  of 
twenty  could  be  with  a  fcntimmt  lefs  tranquil,  ihouclit 
he  fliuuld  infure  his  happinefs  for  ever,  by  yitlcirg  to  a 
pifilon  wliich  the  ice  of  age  could  not  extinguilh  ;  in  a 
word,  he  devoted  himfelf  to  geometry. 

His  labours,  however,  were  for  i'ome  time  fecret  • 
and  perhaps  the  public  would  never  have  enjoyed  the 
beneht  of  aOy  of  his  works,  if  another  geometrician 
(i^hofe  name,  fays  Lacepede,  cannot  be  prcnuunced,  in 
this  place,  withput  a  mixture  cf  intereft  and  regret)  had 
not  inipired  him  with  a  confcioufnefsof  his  o.vn  (Iren-ith, 
and  courage  to  difplay  it.  Fontaine  had  already  devo- 
ted him  U.  geometry  ;  Duftjour  exhorted  h'ni  to  pene- 
trate even  into  its  fanduaiy.  In  brief,  he  prelencei 
5  ^  i  bltnTelf 


Vander- 
monde. 


*  See  Po- 
sition, 
Suffl. 
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liimfclf  to  the  Academy  of  Sciences,  into  wliich  he  was     ters,  dii'coveriiig,  by  learned  analytical  refearches,  irra-    Vander- 
that  very  year  jullified  the     thnal  quantities  of  a  new  fpecies,  {hewing  the  fequels 


admitted  in  1771  ;  and  m 

fufTrages  of  fiis  affociates,  by  a  paper  which  he  publifli- 

ed  relative  to  the  refolution  of  equations. 

From  the  i6th  century  the  method  of  refolving  equa- 
tions of  the  four  full  degrees  lias  been  known,  and  fince 
tliat  time  the  general  theory  of  equations  has  received 
great  improvements.  In  fpite,  however,  of  the  recent 
labours  of  many  great  geometricians,  the  folutions  of 
equations  of  the  fifth  degree  had  in  vain  been  attempt- 
ed.    Vandermonde   wiflied  to  confolidate   his  labours 


of  which  thefe  irrationals  are  the  terms  or  the  fum,  and 
pointing  out  a  dirett  and  general  method  of  making  in 
them  all  the  poffible  rcdurtions. 

In  the  fame  year  appeared  his  work  on  the  Elimina- 
tion of  unknown  Quantities  in  Algebra.  This  elimi- 
nation is  the  art  of  bringing  back  thofe  equations  which 
include  many  unknown  quantities,  to  equations  which 
only  contain  one.  The  perfeflion  of  retearches  in  this 
art  would  confiil  in  obtaining  a  general  and  particular 


monde, 
Vareniuj, 


with  thofe  of  other  iiluftrious  analylls  ;  and  he  propofed  formula  of  elimination  in  a  form  the  moR  concife  and 
?.  new  theory  of  equations,  in  which  he  feems  to  have  convenient,  in  which  the  number  of  equations  and  their 
made  it  particularly  his  bufmefs  to  funplify  the  methods     degrees    fliould  be  defigned   by  indeterminate   letters. 


of  calculation,  and  to  contraft  the  length  oi  ihe  forinulie, 
which  he  confidered  as  one  of  the  greateft  difBculties 
of  the  fubjeft. 

This  work  was  quickly  followed  by  another  on  the 
problems  called  by  geometricians  problems  of  Juuation. 
It  feems  to  have  beeli  the  delliny  of  Vandermonde,  as 
well  as  of  Fontaine,  who  firll  initiated  him  into  the  my- 
fteries  of  mathematical  fclence,  to  labour  frequently  up- 
on fubjefts  already  handled  by  the  greateft  raafter.  In 
liis  firll  memoir  he  had  itarted,  fo  to  fpeak,  in  compe- 
tition with  La  Grange  and  Euler ;  in  his  fecond,  with 
Euler  and  Leibnitz.  This  lad  was  of  opinion  that  the 
analyfis  made  ufe  of  in  his  time,  by  the  geometricians, 
was  not  applicable  to  all  queftions  in  the  phyfical  fcien- 
ces  ;  and  that  a  new  geometry  fhould  be  invented,  to 
calculate  the  relations  of  pofitions  of  different  bodies,  in 
fpace  :  this  he  called  geometry  offiluation*.  Excepting, 
however,  one  application,  made  by  Leibnitz  himfelf,  to 
the  game  oifolitaire,  and  which,  under  the  appearance 
of  an  objeft  of  curiofity,  fcarcely  worthy  the  fublimity 
and  ufefulnefs  of  geometry,  is  an  example  for  folving 
the  moft  elevated  and  important  queftions,  Euler  was 


Vandermonde,  while  he  confidered  the  geometers  as  ve- 
ry diftant  from  this  point,  had  fome  ghmpfe  of  a  poffi- 
bihty  ot  reaching  it,  and  propofed  fome  new  methods 
of  approaching  nearer  it. 

In  1778,  he  prefented,  in  one  of  the  public  fittings 
of  the  Academy,  a  new  fyftem  of  harmony,  which  he 
detailed  more  fully  in  anotiier  public  littiiig  of  1780. 
In  this  iyftem,  Vandermonde  reduces  the  modes  of  pro- 
ceeding adopted  until  his  time,  to  two  principal  rules, 
which  thus  become  eftabliftied  on  elfecls  admitted  by  all 
mulicians.  Thele  two  general  rules,  one  on  the  fuc- 
ccffion  of  according  lounds,  the  other  on  the  arrange- 
ment of  the  parts,  depend  th.emfelves  on  a  law  more  ele- 
vated, which,  according  to  Vandermonde,  ought  to  rule 
the  whole  fcience  of  harmony. 

By  the  publication  of  this  work,  he  fatisfaftorily  at- 
tained the  end  he  had  propofed  to  himfelf,  and  obtained 
the  fufFrages  of  three  great  men,  repreftntatives,  fo  to 
fpeak,  of  the  three  great  fchools  of  Germany,  France, 
and  Italy  ;   Gluck,  Philidor,  and  Piccini. 

With  thefe  labours,  intermingled  with  frequent  re- 
fearches  on   the  mechanic  arts,  as  wtll  as  on  objefls  of 


almoft  the  only  one  who  had  praftifed  this  geometry  of     political  economy,  the  attention  of  Vandermonde  was  ta- 


fituation.  He  had  reforted  to  it  for  the  folution  of  a 
problem  called  the  ca-valler,  which  alfo  appeared  very 
familiar  at  firft  fight,  and  was  alfo  pregnant  with  iife- 
ful  and  important  applications.  This  problem,  with 
the  vulgar,  confifted  merely  in  running  through  all  the 
cafes  of  the  chefs  board,  with  the  Inight  of  the  game  of 
chefs  ;  to  the  profound  gtometrician,  however,  it  was 
a  precedent  for  ti-acing  the  route  which  every  body 
muft  follow,  whofe  coiuie  is  fubmitted  to  a  known  law, 
by  conforming  to  certain  required  conditions,  through 
all  the  points  difpofed  over  a  fpace  in  a  prefcribed  or- 
der.    Vandermonde  was  chiefly  anxious  to  find  in  this 


ken  up  ;  when,  July  14.  1789,  the  voice  of  liberty  re- 
founded  over  the  whole  furface  of  France,  afld  fudden- 
ly  all  the  thoughts,  as  well  as  all  the  affedions,  of  Van- 
dermonde, were  engaged  on  the  fide  of  what  he  called 
liberty. 

He  became  fo  furious  a  democrate,  fo  outrageous  an 
enemy  to  every  thing  eftablllhed,  that  he  concurred  in 
the  abolition  of  the  Royal  Academy,  of  which  he  had 
been  fo  ambitious  of  becoming  a  member,  and  affociated 
himfelf  clofcly  with  Robefpierre,  Marat,  and  the  reft  of 
that  atrocious  gang  of  villains,  who  covered  France  with 
ruins,  with  fcaffolds,   and  with  blood.     This  part  of 


fpecies  of  analyfis  a  fimple  notation,  likely  to  facilitate     Vandermonde's    hiftory  is    fuppreffed    by  his   eulogift 
the  making  of  calculations  ;  and  he  gave  an  example  of     Lacepede,  becaufe,  forfooth,  difculTions  on  politics/  opi- 


this,  in  a  fiiort  and  eafy  folution  of  the  fame  problem 
of  the  cavalier,  which  Euler  had  rendered  famous. 

His  tafte  for  the  high  cenceptions  of  the  fpeculatnve 
fciences,  as  blended  with  that  which  the  amor  patrit 
naturally  infpires  for  objefts  immediately  ufeful  to  fo- 
ciety,  had  led  him  to  turn  his  thoughts  towards  per- 
fefting  the  arts  converfant  in  weaving,  by  indicating  a 
manner  of  noting  the  points  through  which  are  to  pafs 
the  threads  intended  to  form  the  lines  which  terminate 
the  furface  of  different  regular  bodies:  accordingly  a 
great  part  of  the  above  memoir  is  taken  up  with  this 
fubjeft. 

In  the  year  following  (1772)  he  printed  a  third  me- 
moir ;  in  which  he  traced  out  a  new  path  for  georae- 


nions  ought  not,  in  his  opinion,  to  be  admitted  into  the 
fanftuary  of  the  fciences. 

In  that  fanftuary  he  did  not  long  remain.  Soon  af- 
ter his  atrocities,  he  was  attacked  by  a  diforder  in  his 
lungs,  which  almoft  taking  away  his  breath,  manifcfted 
itfelf  by  alarming  fymptoras,  and  condufted  him  by  ra- 
pid fteps  to  the  tomb.  He  died  in  the  end  of  the  year 
1795  ;  a  ftriking  inftance  of  the  wayward  violence  of 
the  human  mind,  which  even  the  love  of  fcience  could 
not  keep  at  a  diftance  from  tumult  and  uproar. 

VARENIUS  (Bernard),  a  learned  Dutch  geogra- 
pher and  phyCcian  of  the  i  7th  century,  who  was  author 
of  the  beft  mathematical  treatife  on  geography,  intitled, 
Qeographia  Univerfalis,  in  qua  qffediones  generalis  Teliu- 


Il 

V»riol* 

Vaccina- 
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V»ri»ble  rlt  explicantur.    Tiiis  excellent  work  has  been  traiiflated  ter  it  has  undergone  the  modification  which  I  fiiall  pre-    Variol*- 

''         into  all  languages,  and   was  honoured  by  an  edition,  fcntly  fpcak  of),  which  bears  fo  ftrong  a  rcfemLlance  to    Viccinr. 

with  improvements,  by   Sir  Ifaac  N'ewtoii,  for  the  ufc  the   fmall-pox,  that  1  think   it  liighly  probaLU  that  il  ""^^"^"^ 

of  liis  academical  ftudcnts  at  Cambridge.  may  be  tlie  fomcc  of  that  difeafc. 

VARIABLE,  in  geometry  and  analytics,  is  a  terra  "   In  this  dairy  connty   (Gloucefterfhiit),   a   great 

applied  by  mathematicians  to  fuch  quantities  as  aie  con-  number  of  cows  are  kept,  and  the  office  of  milking  is 

f\dered  in  a  variable  or  changeable  ftate,  eiOi-ir  increa-  performed  indifcriminately  by  men  and  maid  fervant*. 

ling  or  decreafing.     Thus  the  abfciiTcs  and  ordinates  of  One  of  the  former  having  been  appointed  to  aoply  dref- 

an  ellipf;j,  or  other  curve  line,  are  variable  quantities  ;  fings  to  the  heels  of  a  horfe  affedted  with  the  greaj'e,  and 

becaufe  thtfe  vary  or  change  theirmagnitiide  together,  not  paying  due  attention  to   cleanlincfs,    incautioufly 

the  one  at  the   fame  time   with  the  ether.     But  fome  bears  his  part  in  milking  the  cows  with  fome  particles 

quantities  may  be  variable  by  themfelvcs  alone,  or  while  of  the  infcftious  matter  adhering  to  his  fingers.    Whea 

thofe  connciS^ed  with  thtm  are  conftant  :  as  the  abfcifl'es  this  is  the  cafe,  it  commonly   happens  that  a  difeafe  is 

of  a  parallelogram,  whofe  ordinates  may  be  confidered  comn)unicated  to  the  cows,  and  from  the  cows  to  the 

as  all  equal,  and  therefore  conilant  ;  alfo  the  diameter  dairy  maids,  which  fpreads  through  the  farm  until  moft 

of  a  circle,  and  the  parameter  of  a  conic  feftion,  -are  of  the  cattle  and  domeftics   feel  its   unpleafant   confe- 

£6»^<jo/,  whiletheir  abfciiTcs  are  far/di/i'.  See  Fluxions,  quences.     This  difeafe  has  obtained   the   name  of  the 

Encycl.  cow-pox.      It  appears  on  the  nipples  of  the  cows  in  the  Its  appeir- 

VARIATION  OF  Curvature,  in  geometry,  is  ufcd  form  of  irregular  pullules.     At  their   lirft  appearance ^"'' ™ 'l^* 

for  that  inequality  or  change  which  takes  place  in  the  they  arc  commonly  of  a  palifh  blue,  or  rather  of  a  co-'^"*"- 

curvature  of  all  curves  except  the  circle,  by  which  their  lour  fomewhat  approaching  to  livid,  and  are  f u rround- who'miUM 

curvature  is  more  or  lefs  in  difFertnt  parts  of  them  ;   and  ed  by  an  eryfipclatous  inflammation.      Thcfe   puftules  her. 

this  variation  conilitutes  the  quality  of  the  curvature  of  unlefs  a  timely  remedy  be  applied,  frequently  dctrene- 

any  line.  rate  into  phagedenic   ulcers,    wlu'ch    prove  extremely 

VARIOLiE   Vaccin/E,  or  Cow  pox,  is  the  name  troublefome.     The  animals  become  indifpofed,  and  the 

commonly,  though  as  fome  people  think,  improperly,  fecretion  of  milk  is  much  leifencd.     Inflamed  fpots  now 

longkuonn  given  to  a  very  lingular  difeafe,  which,  for  two  or  three  begin  to  appear  on  different  parts  of  the  hands  of  the 

!^  J.  ""'^  "  years  paft,  has  occupied  a  great  (hare  of  the  attention  of  domeilics  employed  in   milking,  and  fomctimes  on  the 

medical  men.    It  has  been  many  years  prevalent  in  fome  wriils,  which  quickly  run  on  to  fnppuration,  firft  afFu- 

of   the  great  dairy  counties  in   England,  particularly  ming  the  appearance  of  the  fmall  vefications  produced 

Glouceftcrfliire  ;  and  it   has  been  long   underflood  by  by  a  burn.    Moft  commonly  they  appear  about  the  joints 

the  farmers  and  others  in  thefe  counties,  that  it  forever  of  the  fingers,  and  at  their  extremities  ;   but   whatever 

exempts   all   perfons    who   have  been  infefted  with  it  parts  are  affefled,  if  the  fituation  will  admit,  thefe  fu- 

from  the  contagion  of  fmall-pos.  periicial  fuppurations  put  on  a  circular  form,  with  their 

It  is  very   iurprifing  that,  though  they   knew  this  edges  more  elevated  than  their  centre,  and  of  a  colour 

faS,  End  although  no  perfon  had  ever  been  known  to  diitantly  approaching  to  blue.    Abforptions  take  place, 

die  of  tlie  cow-pox,  they  never  thought   of  having  re-  and  tun;ors  appear  in  each  axilla.     The  fyftem  becomes 

tourfe  to  a  voluntaiy  infeftion  of  this  kind,  in  order  to  affected,  the  pulfe  is  quickened,  and  fliiverings,  with 

free  themfelves  and  their  families_from  the  pofllbility  of  general  lafTitude,   and  pains  about  the  loins   and   limbSj 

being  infefted  with  the  variolous  poifon,  which  fo  often  with  vomiting,  come  on.     The  head  is  painful,  and  the 

proves  mortal.     In  one  caie,  indeed,  communicated  to  patient  is   now  and   then  even  affefted  with  delirium. 

Dr  Pearfon  by  Mr  Downe  of  Bridport,  the  experiment  Thefe  fymptoms,  varying  in  their  degrees  of  violence, 

was  long  ago  tried  by   a  farmer  upon  his  own  peifon,  generally  continue  from  one  day  to  three  or  four,  lea- 
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ving  ulcerated  fores  about  the  hands,  which,  from  the 
fenfibility  of  the  parts,  are  very  troublefome,  and  com- 
moidy  heal  flowly,  frequently  becoming  phagedenic, 
like  thofe  from  whence  they  fpriuig.  The  lips,  nof- 
trils,  eyelids,  and  other  parts  of  the  body,  are  fometimes 


and  with  complete  fuccefa :   Biit  this  only  makes  it  the 

more  wonderful  that  his  example  fhould  not  have  been 

followed. 
And  in  the       I"  •■^'■'  town  of  Kiel,  however,  in  the  duchy  of  Kol 
duchy  of     ftein,  where  the  difeafe  is  laid  to  be  well  known,  as  fre 

quently  affe(Ring  cows,  we  are  told  that  children    are     affefted  with  fores  ;  but  thefe  evidently  arife  from  their 

fometimes  inoculated  with  cow-pox  (Die  Finncn),  with     being  needlefely  rubbed  or  fcratched  with  the  patient's 

a  view  to  preferve  their  beauty  ;  but  tliat  the  people  in     infedled  fingers.     No  eruptions  of  the  f!<in  have  follow- 

the  country  do  not  hke  this  inoculation,  becaufe   they     ed  the  decline  of  the  feverifh  fymptoms  in  any  inftance  . 

pretend  that  it  leaves  behind  it  feveral  diforders.  that  has  come  under  my  infpe<ftion,  one  only  excepted  • 

With  thefe  exceptions,  Dr  Jenner  was  the  firft  per-  and  in  this  cafe  a  very  few  appeared  on  the  arms  :  they 
inoculatien  fon  who  introduced  -the  vaccine  inoculation  ^  and  to  him  were  very  minute,  of  a  vivid  red  colour,  and  foon  died 
bv  D  Y  ^^^  public  are  alfo  indebted  for  the  firft  careful  and  ac-  away  without  advancing  to  maturation  :  fo  that  I  can- 
DC  "  curate   inveftigation  of  this  iaterefting    fubjeft.      The     not  determine  whether  they  had  any  connexion  witfi 

following  is  his  account  of  the  origin  and  hiflory  of  the     the  preceding  fymptoms. 

difeafe,  and  of  its  charaiTteriflic  fymptoms.  "  Thus  the  difeafe  makes  its  progrefs  from  the  horfe 

Origin  of        "  There  is  a  difeafe  to  which  the  hoife,  from  his     to  the  nipple  of  the  cow,  and  from  the  cow  to  the  hu- 
the  difeafe,  ftate  of  domeftication,  is  frequently  fubjedt.     The  far-     man  fubjeft. 
according    riers  have  termed  it  thegreafe.      It  i«  an  inflammatior. 
to  turn.        gj,^  fwelling  in  the  heel,  from  which  ifliies  matter  pof- 

feffing  properties  of  a  very  peculiar  kind,  which  feems 

capable  of  generating  a  difeafe  in  the  human  body,  ^af- 


Morbid  matter  of  various  kinds,  when  abforbed  in- Us  fingula- 
to  the  fyftem,  may  produce  effcfts  in  fome  degree  fimi-rity, 
lar  ;  but  what  renders  the  cow-pox  virus  fo  extremely 
iingular.is,  that .. the  .petfaa  wb«ivas  beea  tbus.a&a&ed  . 
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is  for  ever  after  fecure  from  the  iiifcdlion  of  the  fmall 
pox  ;  neither  expofure  to  the  variolous  effluvia,  nor  the 
infertion   of  the    matter  into  the   ftin,   producing  this 
dillemper. 

"  It  is  necelT.iry  to  obferv>?,  that  puftulous  fores  fre- 

■quently  appear  fpontaneoufly  on   the  nipples  of  cows  ; 

■and  inflanccs  have  occurred,  thougli  very  rarely,  of  the 
hatids  of  tlie  fcrvants  employed  in  milking  being  affect- 
ed with  fores  in  confcquence,  and  even  ot  their  feeling 
an  indiipofition  from  ahlorplioi-*.    Thefe  puflules  are  of 

•a  much  milder  nature  than  ths'le  which  arife  from  that 

■contagion  which  conftltutes  the  true  cow-pox.      They 

•are  always  free  from  the  hluifli  or  livid  tint  fo  confpicu- 
ous  in  that  difeafe.  No  eryfipelas  attends  them,  nor 
do  they  fliew  any  phagedenic  difpofition,  as  in  the  other 
cafe,  but  quickly  terminate  in  a  fcab,  without  creating 
any  apparent  diforder  in  the  cow.  This  complaint  ap- 
pears at  various  Icafons  in  the  year,  but  molt  common- 
ly in  the  ipring,  when  the  cows  are  fill  taken  from 
their  winter  food  and  fed  with  grals.  It  is  very  apt  to 
appear  alfo  when  they  are  fuckling  their  young.  But 
this  difeafe  is  not  to  be  confidered  as  fimilar  in  any  re- 
fpeft  to  that  of  which  I  am  treating,  as  it  is  incapabje 
of  producing  any  fpecific  etfefts  on  the  human  conftitu- 
tion.      However,   it   is  of  the  greatcft  confequence  to 

point  it  out  here,  left  the  want  of  difcrimination  fhould 
occ  dion  an  idea  ot  feeurity  from  the  infedtion  of  the 
fmallpox,  which  might  prove  delufive." 

Dr  Jenner  adds,  that  the  active  quality  of  the  virus 

•from  the  horfe's  heels  is  greatly  increafed  after  it  has 
afted  on  the  nipples  of  the  cow,  as  it  rarely  happens 
that  the  horie  affects  his  dreffer  with  fores,  and  as  rare- 
ly that  a  milkmaid  eleaprs  the  inftftion  when  (he  milks 
infedled  cows.  It  is  molt  aftive  at  the  commencement 
«f  the  difeafe,  even  bef  )re  it  has  acquired  a  pus-like  ap- 
pearance.  Indeed  the  Doctor  is  rather  induced  to  think 

■that  the  matter  lofcs  this  property  entirely  as  foon  as  it 
is  fecreted  in  the  torm  of  pus,  and  that  it  is  the  thin 
darkilh-fioking  fluid  only,  oozing  trom  the  newly  forra- 

-ed  cracks  in  the  heek,   fmiilar  to  what   fometimes  ex- 

•iides  from  eryiipelatous  blilters,  which  gives  the  difeafe. 
He  is  led  to  this  opinion,  from  having  often  inferted 
pus  taken  from  old  fores  in   the  heels  of  horfes,  into 

■fcratclics  made  with  a  lancet,  on   the  found   nipples  of 

-cow.';,  which  has  produced   no  other  effccl  than   fimple 

.inflammation. 

-     He  is  uncertain  if  the  nipples  of  the  cow  are  at  all 

'timi-j  liiveptibie  ot  being  acted  upon  by  the  virus  from 
the  liorlc.    but   ratlier  iulpeCls  that  thev  muft  be   in   a 

'ftate  of  predifpofition,  in  order  to  enfure    the  effedt. 

■But  he  thinks  it  is  clear  that  when  the  cow-pox  virus  is 
once  generated,   the  -cows,  when   milked  with   a   hand 

.really  infcfted,  cannot  refill  the  contagion,  in  what- 
ever ftate  their  nipples  may  chauce  to  be.-  He  is  alfo 
doubtful  whether  the  matter,  either  from  the  Cow  or 
the  horfe,  will  affett  the  lound  Ikin  of  the  human  body  ; 
but  thiii.ks  it  probable  that  it  will  not,  except  on  thofe 
parts  wtierc  the  cuticle  is  very  thin,  as  on  the  lips. 

At  what  period  the  cow-pox  was  firft  noticed  iu 
Gloucellerlhire  is  net  upon  record.  The  oldell  farmers 
were  not  unacquainted  with  it  in  ttitlr  carlieft  davs 
when  it  appeared  upon  their  farms,  without  any  devia- 
tion from  the  phenomena  which  it  now  exhibits.  Its 
counedtioa  with  the  fmall  pox  feems  to  have  been  un- 
known to  them.     Probably  the  general  introduction  of 
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inoculation  firil  occafioned  the  difcovery.     Dr  Jenner    Variols 
conjectures  that  its  rife  in  that  neighbourhood  may  not  V-'^':'"*. 
have  been  ot  very  remote  date,  as  the  praClice  of  milk-         • 
ing    cows  might  formerly  have   been   in   the  hands  of 
women  only  ;  and  coiifequently  the  cows  might  not  in 
former  times  have  been  expofed  to  the  contairious  mat- 
ter brought    by  the  men    fervants  from  the  heels    of 
horfes.      He  adds,  that  a  knowledge  of  the  fource  of 
the  infeftion  is  new  in  the  minds  ot  nioftof  the  farmers, 
but  has  at  length  produced  good  confequences  ;  and 
that  it   feems  probable,  from  the   precautions  they  are 
nowdilpoted  to  adopt,  that  the  appearance  of  the  cow- 
pox  in  that  quarter  may  either  be  entirely  extinguifhed 
or  become  extremely  rare. 

With  refpefl  to  the  opinion  adduced  ( Dr  Jenner  ob- 
ferves),  that  the  fource  of  the  infection  is  a  peculiar 
morbid  matter  arifmg  in  the  horie  ;  although  I  have 
not  (fays  he)  been  able  to  prove  it  from  aftual  experi- 
ments conduced  immediately  under  my  own  eye,  yet 
the  evidence  1  have  adduced  appears  to  eftablllh  it. 

"  They  who  are  not  in  the  habit  of  conducting  ex- 
periments, may  not  be  aware  of  the  coincidence  of  cir- 
cuinllauces,  necelfary  for  their  being  mauaged  fo  as  to 
prove  perteAly  decllive  ;  nor  how  often  men  engaged 
in  protefiional  purfuits  are  liable  to  interruptions,  which 
difappoint  them  almofl  at  the  inftant  of  their  oeing  ac- 
complKhed  ;  however,  I  feel  no  room  for  hefitation  re- 
fpefting  the  common  origia  of  the  difeafe,  being  well 
convinced  that  it  never  appears  among  the  cows,  except 
it  can  be  traced  to  a  cow  introduced  among  the  general 
herd  which  has  been  previoufly  infected,  or  to  an  in- 
feC^ed  fervant,  unlefs  they  have  been  milked  by  fome 
one  who,  at  the  fame  time,  has  the  care  of  a  horfe  af- 
fefted  with  dlleafed  heels." 

The  following  cafe,  which  we  alfo  quote  from  Dr 
Jenner,  would  feem  to  {hew  that  not  only  the  heels  of 
the  horie,  but  other  parts  of  the  body  of  that  anmial, 
are  capable  ot  generating  the  virus  which  produces  the 
cow-pox. 

"An  extenfive  inflammation  of  the  eryfipelatous 
kind  appeared,  without  any  apparent  caufe,  upon  the 
upper  part  of  the  thigh  of  a  fucking  colt,  the  property 
of  Mr  Millet,  a  farmer  at  Rockhanipton,  a  village  near 
Berkeley.  The  inflammation  continued  feveral  weeks, 
and  at  length  terminated  in  the  formation  of  three  or 
four  fmall  abtceffes.  The  inflamed  parts  were  foment- 
ed, and  dreffiugs  were  applied  by  fome  of  the  fame  per- 
fons  who  were  employed  in  milking  the  cows.  The 
number  of  cows  milked  was  twenty-tour,  and  the  whole 
of  them  had  the  cow-pox.  -The  milkers,  confitting  of 
the  farmer's  wife,  a  man,'  and  a  maid  fervant,  were  in- 
fefted  by  the  cows.  I'he  man-fervant  had  previoufly 
gone  through  the  fmall-pox,  and  felt  but  little  of  the 
covvpoX.  The  fei-vant  maid  hatl  lome  years  before 
been  inteCted  with  the  cow-pox,  a  id  the  alfo  felt  it  now 
in  a  flight  degree  :  but  the  farmer's  wife,  who  never 
■had  gone  through  eithei-  of  thefe  difeates,  felt  its  eft'efts 
very  fevci'ely.  That  the  difeafe  produced  upon  the 
co'.vs  by  the  colt,  and  from  them  conveyed  to  thofe 
who  milked  them,  was  the  Inn  and  not  the Jfiurious 
cowpoN,  there  can  be  Icarcely  any  room  for  fufpieion; 
yet  it  would  have  been  more  completely  latisfactory 
had  the  effects  of  variolous  matter  been  afcertained  on 
tho  farmer's  wife  ;  tjut  there  was  a  peculiarity  in  her 
fituation  which  prevented  my  making  the  experiment." 

Subfequent 
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Variolae         Suhfeqiient   authors  have  not   been    all  difpofed  to 
Vjccipx.  3(l<,pt  Dr  Jenner's  opinion  that  this  diftafe  derives  its 
g  oripiu   from   the  gre.ife   in  horfcs.     We   have   fceii  the 

Br  Je'.nci'sl^oi^tor  hiinlelf  allow  that  he  has  not  been  able  to  prove 
opinion  of  it  dceifivcly  by  athial  experiments;  and  to  eltablilh  a 
*f  k"^'^'r  ^^"^  ^"  contrary  to  all  analogy,  perhaps  no  weaker  cvl- 
eife  cim-  dence  ought  to  be  admitted.  Tlie  only  other  bcftial 
ttoverted.  diforder  with  which  we  are  acquainted,  which  is  ca- 
pable of  being  communicated  by  contagion  to  the  hu- 
man fpecies,  is  hydrophobia  :  but  here  the  diforder  is 
the  fame  in  man  as  in  the  animal  from  which  he  derives 
it  ;  and  the  analogy  holds  good  in  the  propagation  of 
the  vaccine  dileafe  from  the  cow  to  htr  milker.  But 
that  the  dlfcharge  from  a  local  difeafe  in  the  heel  of  a 
horfe  (hould  Oe  capable  of  producing  a  general  diforder 
in  the  conititution  of  a  cow,  witli  fyniptoms  totally  dif- 
ferent, and  that  this  new  difeafe  once  produced  (hould 
be  capable  of  maintaining  an  unitorm  character  in  the 
cow  and  in  man,  feems  a  much  greater  departure  from 
the  ordinary  proceeding  of  Nature.  We  are  very  far 
from  faying  that  this  is  impuffible  j  for  little  indeed  do 
we  know  of  what  Nature  can  or  cannot  do.  All  we 
mean  to  fay  is,  that  a  fa£l  fo  very  extraordinary  ought 
not  to  be  haftily  admitted. 

In  Holllcin,  we  are  told  that  the  farmers  do  not 
know  of  any  relation  exifting  between  the  greaie  and 
the  cow-pox,  at  leaft  a  perion  who  refided  three  years 
in  that  country  never  heard  of  any.  This,  however,  is 
certainly  no  proof.  The  fame  communication  which 
contains  this  remark  (a  letter  from  l)r  De  Carro  of 
Vit-nna  to  Dr  G.  Pearfon)  adds,  "that  in  great  farms 
men  do  not  milk  cows,  but  that  in  the  fmallcr  ones 
that  happens  very  often  ;  that  a  difeafe  of  horfes,  called 
mauke  (true  German  name  for  greafe),  is  kriown  by  all 
thofe  who  take  care  of  them  ;  that  old  horfes  particu- 
larly, attacked  with  the  mauke,  arc  always  put  in  cow's 
ftables,  and  there  are  attended  by  women  ;  and  that  it 
is  particularly  in  harveft  that  men  in  fmall  farms  milk 
cows."  It  niuft  be  allowed,  then,  that  in  this  fitua- 
tion,  foppofing  Dr  Jcnncr's  opinion  well  founded,  the 
it  _  cow-pox  was  naturally  to  be   looked  for,   and  here  ac- 

■  cordingly  we   find  it.     The  queftion   is  certainly  of  no 

B  real  utility,  and  therefore  it  has  very  properly  been  lefs 

^f  attended  to  than   other  points  refpe6tlng  this  diforder 

which  lead  to  important  practical  conclufions. 

Ot  all  the  qucllions  which  have  arilen  relative  to  the' 
cow-pox,  there  is  none  fo  interefting,  and  luckily  there 
is  none  which  has  received  fo  full  a  difcuffion,  or  io  fa- 
tisfatfory  an  anfwer,  as  the  one  we  are  now  about  to 
eonfider.  Are  thofe  ptrfons  who  have  once  had  the 
cow-pox  effectually  and  for  ever  fecured  againft  the  va-- 
9  riolous  contagion  ? 

A  previous  Dr  jenner,  in  his  firft  publication,  was  decidedly  of 
a'tacl;  of  opinion  that  a  previous  attack  of  this  diforder  rendered 
renders  the  ^  human  body  tor  ever  unluiceptililc  or  the  variolous 
body  un-  virus  ;  and  befides  the  univerlal  popular  belief  In  the 
iuiccpnbie  countries  where  cow-pox  is  known,  he  brought  f<ir- 
of  fmail-  vvard  a  number  of  cafes  in  fupport  of  his  adertion.  liy 
fome  of  thefe  it  appeared  that  perfons  who  had  been 
affedled  with  the  cow-pox  above  twenty  or  thirty  years 
before  continued  fecure  againll  infeclion,  either  by  the 
effluvia  from  patients  under  fmall  pox,  or  by  Inocula- 
tion. But  along  with  this  opinion  he  entertained  other 
two,  w-hich,  to  many  people,  appeared  fo  furprifnig  as 
to  take   away  all  credit  from   the  former.     The  lirll 


yox- 


was,  that  a  previous   attack  of  fmallpos  did   not  pre-    VatinlsB 
vent  a  fubfequcnt    attack  of  cow-p.ix  ;  and  the  fecond  ^^'"^ 
was  perhaps    Hill    more   wonderful,    that   the   cow-pox         ,q 
virus,  although  it  rendered  the  conllitntion   unfufcepti- Oifficuliics 
hie   of  the  fmall-pox,   (hould   rieverthclefs  leave  it   un-c»pl^iied. 
changed   w'ith    relpert  to   its  own  aflion,   for  that  the 
fame   perfoii  is  fufceptiole  of  repeated  attacks  of  the 
cow  pox. 

Thefe  opinioTiS  have  been  fubmitted  to  the  left  of 
very  extenfive  experience  by  a  variety  of  intelligent 
pradtitloners  ;  and  we  think  there  can  now  be  little  doubt 
that  the  two  la(l  are  erronecnis,  while  the  truth  of  the 
hrll  has  been  cllalilldied  by  an  immenfe  body  of  incon- 
trovertible evidence. 

-  ^The  opinions  that  a  perfon  who  has  had  the  fmall- 
pox  may  alterwards  have  the  cow-pox,  and  that  the 
fame  perfon  may  have  the  cow-pox  more  than  once, 
probably  arofe  from  the  dlllinftion  between  the  local 
eflects  of  the  vaccine  virus,  and  the  general  diforder  of 
the  conllitntion  not  having  been  fufficlently  'attended- 
to.  It  is  generally  admitted,  that  in  the  Inoculated 
fmall  pox  tlie  local  alTeftlon  may  go  fo  far  as  that  a 
pullule  (hall  arlle  on  the  part,  containing  matter  capable 
of  communicating  the  true  Imall-pox  to  others,  and  yet, 
it  no  general  aiieftlon  of  the  conllltution  takes  place, 
the  patient  is  not  fecure  from  the  diforder.  In  like 
manner,  there  arc  cafes  upon  record  which  prove  that  a 
perion  may,  after  having  had  the  fmall-))OX,  have  a  local 
afieClion  produced  by  inoculation,  in  which  true  vario- 
lous matter  (hall  be  formed  capable  of  communicating 
both  the  local  and  conltitutiunal  fymptoms  of  imall- 
pox  to  others  ;  and  n\n-fes,  when  much  expofed  to  va- 
riolous  contagion,  often  have  an  eruption  relembling 
fmall-pox  upon  fuch  ])arts  of  their  (liin  as  have  been  ex- 
pofed to  the  aftion  of  the  virus,  though  they  have  for- 
merly undergone  the  difeafe.  Yet  there,  is  probablyv 
no  perfon  at  this  day  who  will  go  fo  far  as  to  afl'ert  that: 
tlxe  fame  perfon  can  have  the  fpecific  vurlolous  fever, 
more  than  once. 

The  cafe  feems  to  be  precifely  the  fame  with  refpeft 
to  cow-pox.  Dr  Pearfon  and  others  have  inoculated- 
a  number  of  perfons  after  they  have  had  the  fmall-pox- 
wlth  the  vaccine  virus,  and  have  produced  only  the  lo- 
cal airedllon  ;  and  by  the  tame  tell  It  is  afcertaincd  that 
the  fame  perfon  cannot  more  than  once  have  the  con- 
(litutlonal  lymptomi  of  the  cow-pox.  Df  Woodville 
indeed  tells  us  that  he  has  feen  one  caie  of  genuine- 
cow-pox  pullule  and  fpecific  tever  in  a  conitituiion- 
whlch  had  prevloully  fuffered  the  fmall  pox.  There  can 
be  no  higher  authority  on  this  lubjecl  than  that  of  Dr 
Woodville  ;  and  if  he  had  adlually  feen  his  patient  ia 
the  fmall-pox  as  well  as  the  cow-pox,  we  (hould  have 
admitted  this  fingle  cafe  as  completely  declfive  of  the 
queRIon.  But  the  only  evidence  of  this  perfon  having 
had  the  fmall-pox,  is  the  afTertlim  of  the  patient  that  he 
had  It  ivbcn  a  child.  This  we  can  by  no  means  fullaln 
as  conclufive  In  oppofition  to  the  Dodfor's  own  expe- 
rience, as  well  as  the  experience  of  Dr  Pearfon. 

That  the  milkers  are  fubject  to  repeated  attacks  of 
the  local  fymptoms  of  cow-pox,  whether  they  have  had 
the  Imall-pox  or  not,  is  certain.  In  the  cafe  of  the 
farmer's  fervants  at  Rockhampton,  which  we  havo 
quoted  above  from  Dr  Jenner,  one  of  whom  had  pre- 
vioufly  undergone  the  fmall-pox,  and  the  other  the 
cow-pox,  and  both  cf  whom  were  afterwards  infcfted 
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by  the  cow-pox  in  aJTtght  degree,  It  feems  rcafonable  to 
conclude  that  the  local  fymptoms  only  were  piefent  in 
the  laft  attack.  We  may  at  the  fame  time  obfcrve,  that 
in  a  cafe  of  this  kinj,  where  a  very  painful  ulcer  is  pro- 
duced in  a  very  feulible  part,  this  may  probably  be  at- 
tended by  an  incrcaled  frequency  of  pulfe  ;  yet  if  this 
has  not  the  fpecilic  rncuk-i  of  the  cow-pox  lever,  we 
fliould  not  fay  that  fuch  a  perfon  has  the  diforder  con- 
flitutionully. 

With  refpefk  to  the  principal  propofition,  that  the 
fpecitic  fever  of  cow-pox  reriders  the  coriftitutiou  un- 
fufceptible  of  the  variolous  fever,  \re  think  no  doubt 
now  remains.  Abt)ut  looo  perfons  w-ho  have  under- 
gone the  vaccine  inoculation  have  been  aitcrwards  ino- 
culated with  variolous  matter,  which  has  produced  no 
other  than  local  eiTcfts.  •  Befides  thefe,  there  have  been 
a  vail  number  inoculated  by  private  praftitioners  in  dit- 
ferent  parts  of  the  kingdom,  the  refult  of  which  has  not 
been  reported.  But:  we  may  fafely  fnppofe,  that  if  any 
one  of  them  had  afforded  a  conclufiou  oppoiite  to  the 
one  now  generally  admitted,  it  would  have  been  com- 
municated to  the  public. 

We  muft  not,  however,  conceal  one  f<eemingly  well 
authenticated  cafe  which  has  lately  occurred,  and  which, 
fo  far  as  it  goes,  certainly  militates  againft  this  conclu- 
lion,  and  which,  we  doubt  not,  will  be  eagerly  caught 
at  by  the  opponents  of  the  new  praftice.  We  quote 
it  from  the  Medical  and  Chirurgical  Review  for  Sep- 
tember 1800. 

"  Mr  Mallm,  furgeon  of  Carey  Street,  London,  ino- 
culated a  child,  two  years  and  an  half  old,  with  vaccine 
matter  procured  from  Dr  Jenner.  On  the  third  day 
there  were  fufficient  marks  of  the  aftion  of  the  virus, 
and  from  this  time  to  the  end  of  the  difeafe  the  local 
affeftion  proceeded  regularly  and  without  interruption. 
On  the  eighth  day  the  child  complained  of  headache 
and  ficknefs ;  had  a  quick  pulfe,  white  tongue,  and  in- 
creafed  heat,  with  an  enlargement  and  tendernefs  in  the 
axilla.  Thefe  fymptoms  fubfided  in  the  courfe  of  the 
next  day,  and  the  child  remained  well  till  the  twelfth, 
ivhen  it  had  a  very  fevere  attack  of  fever,  fucceeded, 
the  following  day,  by  an  irruption  ;  the  appearance, 
progrefs,  and  termination  of  which,  left  no  doubt  in  the 
minds  of  feveral  eminent  pradtitioners  of  its  being  the 
fmallpox.  That  it  was  really  fo,  has  been  fince  clear- 
ly proved  by  inoculation.  There  was  a  child  ill  of 
fmall-pox  in  the  houfe  at  the  time  the  above  inoculation 
for  cow-pox  was  performed*" 

The  Reviewers  ju Illy  remark,  that  the  hiilory  is  de- 
feflive,  in  not  defcriblngmore  minutely  the  appearance} 
of  the  inoculated  parts  at  the  different  ftages,  as  well  as 
in  not  mentioning  the  length  of  time  that  the  matter 
had  been  taken  previous  to  being  ufed.  Both  thefe 
points  are  the  more  important,  as  a  fuipicion  naturally 
arifes,  that  the  local  affeftion  wljKch  fucceeded  the  vac- 
cine inoculation  was  not  the  genuine  cow-pox  puflule, 
but  one  of  the  fpurious  kind,  which  had  not  the  power 
of  deflroying  variolous  fufceptibility.  Ihe  matter  ha- 
ving been  furnidicd  by  Dr  Jenner,  no  doubt,  renders 
this  fuppofuion  the  lefs  probable  ;  but  if  it  was  either 
long  or  improperly  kept  after  it  came  out  of  his  hands, 
it  may  have  undergone  a  material  change,  by  putrefac- 
tion or  othervvife.  Dr  Jenner  mentioris  an  inftance  of 
a  praftitioner,  vA\o  had  been  accuflomed  to  preferve 
variolous  matter  in  a  warm  pocket;  a  fituatioii  favour- 
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able  for  producing  putrefa<Jtion  in  it.  This  matter, 
when  inferted,  was  found  to  prodflce  inflammation,  fwell- 
ings  of  the  axillary  glands,  fever,  and  fometi.Ties  crup- 
tlons  ;  but  not  of  the  true  variolous  kind,  as  patients 
thus  inoculated  were  found  ftill  fufceptible  of  the  fmall- 
pox contagion.  It  is  furtly  a  pofitble  fnppofition,  tlio' 
merely  a  conjedurc,  that  the  vaccine  matter  in  Mr  Ma- 
lirn's  cafe  had  undergone  feme  fuch  change. 

The  cafe,  however,  is  in  feveral  refpffls  an  interefling 
one.  As  it  has  been  fuppofed  that  variolous  contagion, 
communicated  in  the  form  of  exhalation,  docs  not  af- 
fedt  the  conftitution  in  lefs  than  fourteen  or  fifteen  days, 
and  as  the  vaccine  matter,  communicated  by  inocula- 
tion, produces  its  fpecilic  efletls  fome  days  earlier.  It 
has  been  fuggefted,  that  v/herever  a  ptrfon  has  been  ac- 
cidentally expofed  to  variolous  effluvia,  we  (hould  en- 
deavour to  anticipate  the  fmall  pox  by  iminediately  ino- 
culating with  the  vaccine  virus.  But  If  there  be  no- 
thing falacious  in  the  above  cafe,  it  appears  that  this 
meaiure  would  not  ftop  the  progrefs  of  the  fmall-pcx, 
but  that  our  patient  would  incur  the  additional  danger 
of  having  two  difeafes  Inltead  of  one. 

At  all  events,  it  mull  be  allowed  that  this  child  had  Probably 
been  Infefted  by  the  fmall-pox  before  the  vaccine  mat- accounted 
ter  had  begun  to  produce  its  fpecific  cfFeAs,  and  pro-'^"''* 
bably  even  before  the  Inoculation.  Thus  the  fmall-pox 
may  be  conlidered  as  having  begun  before  the  cow-pox  ; 
and  though  we  fhould  be  forced  to  allow  that,  matters 
being  thus  fituated,  the  latter  diforder  could  not  pre- 
vent the  farther  progrefs  of  the  former,  it  by  no  means 
follows,  that  when  the  cow-pox  has  fairly  run  its  courfe, 
the  conllitution  is  ItlU  fufceptible  of  fmall-pox.  The 
two  difeafes  mufl  have  exifled  in  this  patient  at  the 
fame  time,  though  the  one  was  in  a  latent  ftate  during 
the  aftive  (lage  of  the  other. 

This  folitary  cafe,  then,  is  by  no  means  conclufiv«, 
and  certainly  is  not  fufficient  to  outweigh  the  Immenfe 
mafs  of  concurring  evidence  which  is  oppofed  to  it. 

We  proceed  now  to  another  highly  important  branch ^j^j^fj^jj 
of  our  fubjeft — the   comparifon  of  the   advantages  and  of  the  new 
difadvantages  of  the  two  difeafes,  with  a  view  to  theF''''^'"' 
praftice  of  inoculation. 

Notvvithftanding  the  immenfe  number  of  cafes  in 
which  the  inoculation  of  the  cow-pox  has  been  tried, 
we  arl  not  yet  fully  qualified  to  appreciate  the  value  of 
the  new  praftlce  ;  becaufe  the  dileafe  has  varied  very 
much  in  feverity,  and  even  in  its  mofl  remarkable  fymp- 
toms,  and  that  without  any  cauCe  which  has  yet  been 
difcovered. 

Dr  Jenner's  account  of  the  difeafe  gave  us  reafon  to 
think,  that  the  local  affeftion  in  cow-pox  was  more  fe- 
vere than  In  the  inoculated  fmall-pox  ;  that  the  fever 
in  this  difeafe  was  never  attended  with  dangerous  fymp. 
toms  ;  tliat  thofe  fymptoms  which  afFeft  the  patient 
with  feverity  are  entirely  fecondary,  excited  by  the  Irri- 
tatinjf  proceffes  of  inflammation  and  ulceration  ;  that 
the  difeafe  was  not  attended  with  any  eruption  refcm- 
bllng  fmall-pox  ;  and  that  the  fore  produced  by  the  Ino- 
culation was  apt  to  degenerate  into  a  very  diltreffing 
pliagedenic  ulcer,  which  required  to  be  treated  with  ap- 
plications of  a  caullic  nature,  of  which  he  found  the 
ungiientum  hydrargyri  Tu'trati  the  moil  ufeful. 

Soon  after  Dr  Jenner's  publication,  the  attention  of 
medical  men  was  forcibly  drawn  to  the  fubjeft  ;  and  fe- 
veral eminent  praftitioners  in  London,  particularly  Dr 
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George  Ptarfon,  and  Dr  Woodville  pliyfician  lo  tlie 
fmall-pox  and  inoculation  hoipitals,  immediately  began 
to  praiStife  the  vaccine  inoculation.  The  latter  gentle- 
man foon  publiflieJ  an  accurate  and  candid  account  of 
the  effeft  of  this  virus  upon  ?oo  patients,  with  a  table 
of  the  rcfults  of  above  500  cafes  in  which  the  inocula- 
tion was  performed. 

It  is  very  remarkable,  tliat  in  none  of  tlicfe  cafes  did 
in  the  pro-  jj,^  inoculated  part  ulcerate  in  the  manner  delcribtd  by 
grrfs  of  the  jj^  Jtimer,  nor  did  the  intlanimatioii  everoccafion  any 
inconvenience,  excepting  in  one  inttance,  in  which  it 
was  foon  fubdued  by  the  aqua  lytliargyri  acetali.  The 
general  affection  of  the  conllitiilion,  on  the  other  hand, 
though  in  a  great  majority  of  cafes  it  was  very  (liglit, 
yet,  in  foine  uillanees,  was  fevere.  An  eruption,  ex- 
a<5tly  rtfemblnig  fiiiail-pox,  was,  contrary  to  expeiila- 
tion,  a  very  common  occurrence,  and  iu  fome  the  puf- 
tules  were  not  fewer  than  1000  ;  and  although  in  thele 
cafes  the  difcafe  was  ftill  unattentlcd  with  fecondary  fe- 
ver, yet  the  febrile  fymptoms  which  took  place  from 
the  commencement  were  confiderabie,  and  even  alanii- 
ing,  as  fometimes  alfo  happens  with  the  inoculated 
fmallpox. 

Dr  Woodville  fometimes  inoculated  with  matter  from 
the  primary  fore  in  the  arm,  and  fometimes  with  mat- 
ter taken  from  the  pullular  eruption  ;  and  it  appears 
froin  the  table  that  a  much  larger  proportion  of  thofe 
who  were  inoculated  in  the  latter  way  had  pullules, 
than  of  thofe  who  were  inoculated  either  with  matter 
immediately  from  the  cow,  or  from  the  primary  fore 
in  the  human  body.  There  were  447  patients  in  all 
inoculated,  either  from  the  cow  or  from  the  primary 
fore;  and  of  thefe  t^i  had  puftules,  and  206  had 
none.  Sixty-two  perfons,  on  the  other  hand,  were  ino- 
culated with  matter  from  the  puftules  of  ten  different 
patients  ;  and  of  thefe  no  fewer  than  57  had  puftules, 
and  only  5  efcaped  without.  Nor  can  it  be  laid  that 
this  difproportion  arofe  from  thefe  10  patients  having 
the  difeafe  in  a  more  virulent  form  than  ordinary,  for 
matter  was  alfo  taken  Irom  the  primary  fore  in  4  of 
the  10,  with  which  48  were  inoculated  ;  of  whom  27 
had  puftules,  and  21  had  none:  whereas,  of  9  perfons 
who  were  inoculated  with  matter  from  the  puftules  of 
thefe  fame  4,  only  2  efcaped  without  puftules.  This 
obfervation  correlptiuds  alio  with  Dr  Pearlon's  expe- 
rience. 

Although  thefe  eruptions  have  been  met  with  by 
other  prat^lltioners,  yet  they  certainly  appear  very  rare- 
ly in  private  pratJlice.  Dr  Woodville,  for  thisreafon, 
confiders  them,  in  a  more  recent  publication,  as  the  ef- 
ie&  of  fome  adventitious  caufe,  independent  of  the  cow- 
pox  :  And  this  he  fuppofes  to  be  the  variolated  atmof- 
phere  of  the  hoipital,  which  thofe  patients  were  necef- 
farily  obliged  to  infpire  during  the  progrefs  of  the  cow- 
pox  infetition.  This  opinion,  however,  does  not  feem 
to  agree  well  with  his  former  remark,  which,  as  we 
have  faid,  is  confirmed  by  Dr  Pearfon,  that  eruptions 
rarely  took  place,  if  care  was  taken  to  avoid  matter  for 
inoculation  from  luch  as  had  puftules  ;  a  fatS.  that  can- 


pratftitioner  at  dilTerent  times,  is  one  of  the  njofl  tinac- 
countable  circumftanccs  refpei!:^ing  this  lingular  dilor- 
der.  ["here  is  fome  curious  information  on  tliis  fubjed, 
containeti  in  a  letter  from  Mr  Stromcyer  of  Hanover 
to  Mr  Hainiehmaun. 

"  This  year  (fays  he)  we  have  inoculated  40  perfons, 
as  well  with  the  vaccine  matter  recei/ed  of  Dr  Pearfon 
as  with  that  from  Dr  Jeuner  ;  all  of  whom  underwetit 
the  diicafe  properly. 

"  Betwixt  the  London  and  Glcucefter  vaccine  mat- 
ter, it  appears  to  nie  there  fublifts  an  eflential  dilfti- 
ence.  The  Londi.n  matter  pioUuces  frequently  an 
eruption  of  fmall  pimples  ;  but  they  difappear  within  a 
day  or  two  at  farthelt.  Dr  Peailjii  calls  thefe  eruo- 
tions  pujluhs. — The  Gloucefter  matter  has  never  produ- 
ced thiscffetA  here  ;  but  frequently  uuajioned  ulcerationi 
of  the  iiwculaled  part,  of  a  tedious  and  long  duration  ; 
•which  the  latter  never  did  :  on  account  of  which  I  now 
only  make  ufe  of  Dr  Pearfou's  vaccine  matter.  The 
nettle-fever  like  eruptions  luave  oliferved  feveral  tiir.es, 
but  never  that  fort  of  eruption,  repeatedly  notii;ed  iii 
London,   which  fo  nmch  refembles  tiie  fmall-pox." 

If  thele  obfcrvatious  of  Mr  Stronieyer  Ihoultl  be 
confirmed  by  the  experiments  of  others,  they  would  i;o 
far  to  explain  the  difference  whil-h  the  London  ])radi- 
tioncrs  have  found  in  this  difeafe  from  the  account  gi- 
ven of  it  by  Dr  Jeinier,  notwithftanding  the  abfence 
of  the  eruption  rtlembling  fmall-pox  at  Kanover.  We 
believe  an  interchange  of  vaccine  matter  has  once  or 
twice  taken  place  between  London  and  Glouceftcr- 
(hire.  Is  it  fince  that  period  that  the  eruption  has 
been  lefs  frequent  at  London  >.  Dr  Pearfon  is  incilned 
to  fuppofe,  that  the  couiparative  feverity  of  the  difeafe 
at  London,  during  the  rirft  winter,  arofe  rather  from 
the  difference  in  the  human  conllitution  at  the  diiferent 
feafons  of  the  year,  than  from  any  change  in  tlie  Itate 
of  the  vaccine  matter.  , 

In  comparing  the  degree  of  danger  fmm  the  inocu-  Mnrtali't/ 
lation  ot  cow  pox  with  that  arifing  inim  the  inoculated'"""  'he  uld 
fmall  pox,  we  are  convinced  that  Dr   Pearfon  greatly '"^*''"   . 
over-rates  the  mortality  in  the  huter  diforder.     He  fup-  by't'iiraX 
pofes  it  to  be  no  lefs  than  one  in  200.     Dr  Mofeley,  vuccua  for 
on  the  other  hand,  who  is  a  violent  opponent  of  the  vac-''^"=  ■"="• 
cine  inoculation,  afferts,  that  he  has  inoculated  feveral 
thoufands  with  variulous  matter,  in    Europe   and  the 
Weft  Indies,   without  ever  lofing  a  patient,  and  that 
feveral  other  perfons,  whom  he  knows,   have  done  the 
fame,  with  the  fame  fuccefs.     We  are  afraid,  however, 
that  the  experience  of  other  inoculators  does  not  afford 
fo  favourable  a  refiilt.    We  believe  that  in  this  country 
the  mortality  is  often  occafioned  by  improper  treatment; 
and  from  comparing  the  accounts  which  we  have  recei- 
ved from  praititioners  of  extenfive  experience,  and  un- 
doubted veracity,  we  believe  that,  where  the  treatment 
is  proper  from  the  beginning,  the  fymptoms  very  rarely 
arlfe  to  an  alarming  height,  and  that  the  mortality  is 
not  fo  great  as  one  in  600.     And  this  eftimate  nearly 
correfponds  with  DrWoodville's  very  great  experience. 
It  mufl;  be  allowed,  that  patients  in  an  hofpital  are  fub- 


not  be  explained  on  fuch  a  fuppolition.    Neither  is  this    jeft  to  fome  difadvantages,  which  may  be  avoided  in 


idea  reconcileable  with  what  he  alfo  tells  us,  that  the 
proportion  of  cafes  in  the  hofpital  attended  with  puf- 
tules has  been  of  late  only  three  or  four  in  a  hundred. 

This  change  in  the  appearances  of  the  difeafe  in  the 
hands  of  different  praftitioners,  and  even  of  the  fame 
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private  praftice  ;  yet,  out  of  the  laft  5000  cafes  of  va- 
riolous inoculation  at  the  inoculation  hofpital,  prior  to 
the  publication  of  the  Doctor's  reports,  the  mortality 
did  not  exceed  one  in  600. 
Notwithflanding  this  ilatement,  however,  we  are  hap. 

jC  py 
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VariolE  py  to  fay,  that  the  danger  in  the  vaccine  difeafe  is  ft  ill 
Taccina.  ,^^^^l^  j^fj,  Dy  Pearfon  tells  11s,  that  in  little  more  than 
*  fix  months  alter  the  new  inoculation  was  introduced  in- 
to London,  which  includes  the  period  at  which  the 
cow-pox  afTumed  the  mod  unfavourable  appearance, 
2000  perfons  at  kail  underwent  the  operation  ;  of  thefe, 
one  only,  an  infant  at  the  breail,  under  the  care  of  Dr 
Woodville,  died.  In  this  folitary  fatal  cale,  the  local 
tumor  was  but  very  inconfiderable  ;  and  the  eruptive 
fymptoms  took  place  on  the  feventh  day,  when  the 
child  was  attacked  with  fits  of  the  fpafmodic  kind, 
which  recurred  at  fliort  intervals,  with  increafed  violence, 
and  carried  it  off  on  the  eleventh  day  after  the  cow- 
pox  matter  had  been  infeAed  into  its  arm,  and  after  an 
eruption  of  about  80  puftules  had  appeared. 

Since  that  time  a  much  greater  number,  amounting 
certainly  to  feveral  ihoufands,  have  been  inoculated 
with  cow-pox  in  different  parts  of  Great  Britain  and 
on  the  continent.  Among  thefe,  not  one  fatal  inllance, 
that  we  have  heard  of,  has  occurred. 

But  even  if  the  danger  to  the  individual  from  the  fmall- 
pox  and  from  the  cow-pox  were  equal,  there  is  an  impor- 
tant advantage  to  the  public  attending  the  latter,  which 
we  think  would  alone  be  fufficient  to  intitle  it  to  a  prefer- 
ence— It  is  not  cap.'.ble  of  being  propagated  by  the  ef- 
fluvia atifing  from  the  bodies  of  perfors  infeifed  with 
it.  There  are  m?ny  fituations  in  «'hich  a  prudent  fur- 
geon  will  be  rcftrained  from  inoculating  with  fmall-pox, 
left  the  contagion  ihould  fpread  to  other  people,  who 
may  be  either  prevented  by  prejudice  from  fubmitting 
to  the  operation,  or  in  whom  it  would  be  obvioudy  im- 
proper, from  the  circumftances  of  age,  teething,  or  the 
prcfence  of  fome  other  difeafe.  Here  the  cow-pox  vi- 
rus may  be  fubftituted  with  great  propriety.  It  is 
chiefly  from  this  quality  that  the  cow-pox  bids  fair  to 
extirpate  the  fmall-pox  entirely. 

This  valuable  property  of  the  vaccine  diforderis  not, 
however,  to  be  admitted  without  fome  limitation.  When 
it  produces  numerous  puftules  on  the  body,  Dr  Wood- 
ville tells  U6,  that  the  exhalations  they  fend  forth  are 
capable  of  affefting  others,  in  the  fame  manner  as  the 
fmall-pox.  Tv.'o  inftanccs  of  cafual  infcftion  in  this 
way  have  fallen  under  his  obfervation.  In  one,  the  dif- 
eafe was  fevere,  and  the  eruption  confluent;  in  the  other, 
the  difeafe  was  mild,  and  the  puftules  few.  It  has  been 
remarked,  that  the  inoculated  cow  pox  is  little,  if  at 
all,  different  from  the  difeafe  when  cafually  caught. 
But,  ftriftly  fpeaking,  the  above  are  the  only  two  cafes 
in  which  the  difeafe  has  been  communicated  othcrwife 
than  by  inoculation. 

The  writers  upon  this  fubjeft  are  divided  in  opinion, 
whether  the  cow-pox  and  fmall  pox  ought  to  be  confi- 
dered  as  different  difeafes,  or  whether  they  are  merely 
varieties  of  the  fame  difeafe. 

They  certainly,  notwithftanding  the  ftrong  analogy 
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The  local  tumor  produced  by  the  inoculation  of  the  Variola 
cow  pox  is  commonly  of  a  different  appearance  from  ^*"^a. 
that  which  is  the  confequence  of  inoculation  with  va- '  ''^-^ 
riolous  matter :  for  if  the  inoculation  of  the  cow-pox 
be  performed  by  a  fimple  pundure,  the  confequent  tu- 
mor, in  the  proportion  of  three  times  out  of  four,  ac- 
cording to  Dr  Woodville,  affumes  a  form  completely 
citcular,  and  it  continues  circuinfcribed,  with  its  edges 
elevated  and  well  defined,  and  its  fuiface  fliit,  through 
every  ftage  of  the  difeafe  ;  while  that  which  is  produ- 
ced from  the  variolous  matter,  either  preferves  a  pecu- 
liar form,  or  fpreads  along  the  flcin,  and  becomes  angu- 
lated,  or  irregular,  or  disfigured  by  nrnnerous  veficuhe. 
Another  diftindtion  ftill  more  decifive  and  general,  is  to 
be  drawn  from  the  contents  of  the  cow-pox  tumor ;  for 
the  fluid  here  formed  very  rarely  becomes  puriform  ; 
and  the  fcab  which  fucceeds  is  of  a  harder  texture,  ex- 
hibits a  fmoother  furface,  and  differs  in  its  colour  from 
that  which  is  formed  by  the  concretion  of  pus.  The 
appearances,  however,  are  fometiines  fo  changed,  that 
they  can  in  no  lefpeft  be  dillingin'fhed  from  thofe  which 
arife  Irom  the  inoculation  of  fmall- pox.  We  may  alfo 
mention  that  the  tendency  of  the  fore  in  the  inoculated 
part  to  degenerate  into  a  phagedenic  ulcer  does  not  oc- 
cur in  fmall-pox. 

On  the  other  hand,  the  points  in  which  thefe  two 
difeafes  refemble  each  other  arc  very  remarkable.  When 
introduced  into  the  body  by  inoculation,  they  affeft  the 
conftitution  in  nearly  the  fame  length  of  time,  and  feem 
to  be  governed  by  nearly  the  lame  laws.  They  mu- 
tually detlroy  the  fufceptibility  of  the  body  for  the  ac- 
tion of  each  other. 

Dr  Pearfon,  who  thinks  the  difeafes  ought  to  be  con- 
fidcred  as  dillinft  fpecies,  neverthelefs  draws  the  follow- 
ing conclufions,  as  ellablilhed  by  experience. 

•''  That  in  certain  conlHtutions,  or  under  the  circum- 
ftances of  certain  co-operating  agents,  the  vaccine  poifon 
produces  a  difeLlf^  refembling  ihe  Jiiudl-ptjx  ;  and  of  courle 
the  puftule  in  the  inoculated  part  is  "very  different  from 
that  of  the  vaccine  pox  ordinarily  occurring,  and  the  erup- 
tions refemble  very  much,  if  not  cxal}!y,  fome  varieties  of 
the  fmall-pox  :  That  in  fome  inftances  thefe  eruptions 
have  occurred,  although  the  inoculated  part  exhibited 
the  genuine  vaccine  puftule  :  That  the  matter  of  fuch 
eruptive  cafes,  whether  taken  from  the  inoculated  part, 
or  from  other  parts,  produces  univerfally  (  a),  or  at  lealt 
generally,  fimilar  eruptive  cafes  j  and  has  not  (he  be- 
lieves) been  feeu  to  go  back,  by  pafiing  through  diffe- 
rent conftitutions,  to  the  ftate  in  which  it  produces  what 
is  called  the  genuine  vaccine  difeafe  .•  That  eruptions,  of 
a  different  appearance  from  variolous  ones,  fometimes 
occur  Lt  the  true  cow-pox." 

From  thefe   fads  we  are  ftrongly  inclined  to  thinkj-j^     ?' 
that  the  vaccine  difeafe  and  the  fmall-pox  ought  mere- probably 
ly  to  be  confidered  as  varieties  of  the  fame  dileafe  ;  and  only  varie. 


as  different  which  fubfifts  between  them,  diff'er  from  each  other  in     we  have  little  doubt  that  they  both  derive  their  origin '"^' "f'!;* 

eafe. 


difeafes. 


The   cow-pox   comes  to 
capable   of  being   carried 


feveral  ftriking  particulars 

man   from  the   cow,  and  is 

back  from  him  to  that  animal.     Similar  attempts  with 

variolous  matter  have  failed  :  in  this  refpeft,  then,  thefe 

two  morbid  pcifons  are  altogether  different  .^ 


from  the  fame  fource. 

If  Dr  Jenner's  opinion,  that  the  vaccine  difeafe  is  de- 
rived horn  the  greafe,  were  fully  eftablilhed,  we  {hould 
be  difpofed  to  offer  a  conjefture,  that  the  fmall-pox,  in 
coming  from  the  horfe  to  man,  may  have  paffed  thro' 

fome 


(a)  We  have  feen  that  Dr  Woodville's  table  contains  a  few  exceptions  to  this  rule,  though  it  flrongly  con- 
firms  the  general  truth  of  the  propofition. 
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Variola,  fome  animal  different  from  the  cow.  and  may  tlius  have 
Vaccina,  undergone  a  modification    limilar   to,   but   not  exaftly, 
^'^^         the  fame  with  what  takes  place  in  the  pafiage  of  the  vi- 
rus through  the  conftitution  of  the  cow. 

But  without  having  recourfe  to  this  conjefture,  which 
is  perfeftiy  gratuitous,  we  are  of  opinion  that  the  varia- 
tions which  have  taken  place  in  the  cow-pox  witliin  the 
lall  three  years  are  fiilficient  to  wauant  a  beliei'",  that 
the  fmall-pox  may  have  originally  been  exadly  the  fame 
difeafe,  even  in  the  human  conilitution,  as  the  cow-pox 
is  now  ;  but  that  in  a  fncceHlon  of  ages,  and  from  the 
operation  of  caufes  wholly  unknown  to  us,  it  may  have 
been  changed  to  what  we  now  lee  it. 

We  (hall  now  conclude  this  article  with  a  few  prac- 
tical remarks,  which  we  hope  may  be  of  ufe  to  pradi- 
tioncrs  who  mean  to  begin  the  vaccine  inoculation. 

It  is  of  the  utmoft  confequence  that  the  inatter  em- 
ployed lliould  be  the  genuine  vaccine  virus.  Dr  Jen- 
ner  poiiit,=i  out  the  following  particulars  as  louiccs  of  a 
fpurious  cow  pox:  i.  'That  arifing  from  puftules  on  the 
nipples  or  udder  of  the  cow,  which  puftules  contain  no 
fpecific  virus.  2.  From  matter,  although  originally  pol- 
fefilng  the  fpecific  virus,  which  has  fufFered  a  decompo- 
(ition,  either  from  putrcfaftion,  or  any  other  caufe  lefs 
obvious  to  the  fenfes.  3.  Front  matter  taken  from  an 
ulcer  in  an  advanced  ftage,  though  the  ulcer  arofe  from 
a  true  cow-pox.  4.  From  matter  produced  on  the  hu- 
man flvin  from  the  contaft  of  fome  peculiar  morbid 
matter  generated  by  a  horfe. 

Many  have  remarked  that  inoculation  with  the  vac- 
cine matter  is  more  apt  to  fail  in  communicating  the 
infeftion  than  with  variolous  matter,  efpecially  if  it  be 
futfered  to  dry  upon  the  lancet  before  it  is  ufed.  This 
does  not  feem  to  depend  upon  the  virus  of  the  former 
being  more  volatile,  but  upon  its  becoming  more  hard 
and  indiflbluble  upon  exficcation.  Care  (hould  there- 
fore be  taken  to  moillen  it  a  confiderable  time  before  it 
is  ufed. 

We  have  already  noticed  the  danger  that  may  arife 
from  miftaking  the  local  effedls  of  the  vaccine  difeafe 
for  its  effeiSs  upon  the  conftitution.  To  guard  prafti- 
tioners  againtt  this  error,  Dr  Woodville  makes  the  fol- 
lowing remarks  :  "  When  a  confiderable  tumor  and  an 
extenfive  rednefs  take  place  at  the  inoculated  part, 
within  two  or  three  days  after  the  infeftious  matter 
has  been  applied,  the  failure  oi  inociJation  may  be  con- 
fidered  as  certain  as  where  neither  rednefs  nor  tumor 
is  the  confequence.  This  rapid  and  premature  advance- 
ment of  the  inflammation  will  always  be  fufficient  to 
prevent  the  inoculator  from  miftaking  fuch  cafes  for 
thofe  of  efficient  inoculation.  But  there  are  other  cir- 
cumftances  under  which  I  have  found  the  inoculation  to 
be  equally  ineffeftual,  and  which,  as  being  more  likely 
to  deceive  the  inoculator,  require  his  utmoft  circum- 
fpeflion  and  diferimination.  I  here  allude  to  cafes  in 
which  it  happens  that  though  the  local  affeftion  does 
not  exhibit  much  more  inflammation  than  is  ufual,  yet 
neither  veficle  nor  puftule  fupervenes  ;  and  in  which, 
about  the  fixth  or  feventh  day,  it  rapidly  advances  into 
an  irregular  fuppuration,  producing  a  fettering  or  cruf 
taceous  fore.  Care,  however,  (hould  be  taken  to  di- 
ftinguifti  this  cafe  from  that  in  which  the  inoculated 
part  affumes  a  puftular  form,  though  it  continues  for 
one  or  two  days  only,  when  the  fame  appearances  fol- 
low as  thofe  above  defcribed ;  for  I  have  experienced 


the  latter  inoculation  to  be  as  eflVftual  ag  where  the  tu-    Viriolse 
mor  has  proceeded  in  the  moft  regular  manner."  V.ccin* 

"  The  efflorefcenre  at  the  inoculated  part,  which  y.  "-r 
fcldnm  intervenes  before  the  eighth,  or  later  than  the  tiou.' 
eleventh,  day,  is  to  be  regarded  ?.s  an  indication  that  the  — v  ■  ■■ ' 
whole  iyfteni  is  afl'crted  ;  and  if  the  patient  has  not  felt 
any  inditpolUion  on  or  before  its  approach,  he  may  be 
afl'ured  that  there  will  not  be  any  afterwards.  When 
cfflorefcence  does  not  commence  til  the  eleventh  day, 
it  is  almoft  always  attended  with  more  indifoolition 
than  when  it  occurs  on  the  eighth  or  ninth  day.  The 
eftlorefcence  is  more  frequent  in  young  infants  than  in 
children  aLlvanced  to  three  or  four  years  of  age  ;  and 
the  former  have  the  eiflorcfcence  and  the  difeafe  more 
favourably  than  the  latter,  infomuch  that  by  far  the 
greater  part  ot  them  have  no  perceptible  illuef?,  and  re- 
quire no  medicines.  On  the  other  hand,  in  adults,  the 
cow-pox  frequently  produces  headache,  pain  of  the 
limbs,  and  other  tebrile  fymptoms,  for  two  or  three 
days,  which  are  greatly  relieved  by  a  brifli  pur«ra- 
tive." 

We  would,  upon  the  whole,  recommend  the  vaccine 
inoculation  to  our  medical  readers  as  being  an  effeftual 
preventative  againft  the  fmall  pox,  and  faler  to  the  in- 
dividual, while  it  is  more  advantageous  to  the  public  at 
large,  in  being  lefs  capable  of  propagation  by  conta. 
gion. 

VECTOR,  or  Radius  Vectoh,  in  aftronomy.  Is  a 
line  fuppofcd  to  be  drawn  from  any  planet,  moving 
round  a  centre,  or  the  focus  of  an  ellipfe,  to  that  centre 
or  focus.  It  is  fo  called,  becaufe  it  is  that  line  by 
which  the  planet  feems  to  be  carried  round  its  centre  ; 
and  with  which  it  defcribes  areas  proportional  to  the 
times. 

VEGETABLES.!      See  Fegetaile  Substjkcf.s  in 

VEGETATION  J  this  Supp/. 

VENTILATION  ok  Ships  is  a  matter  of  fo  great 
importance,  that  we  would  rather  hazard  the  ftating  of 
an  idle  projeft  for  this  purpofe,  than  omit  any  thing 
which  may  be  ufeful.  We  hazard  nothing,  however,  ' 
in  ftating  the  following  plan  by  Mr  Abernethy,  who 
canrlidly  acknowledges  that  It  is  built  upon  the  prin- 
ciples which  we,  together  with  the  learned  editor  of 
Chambers's  Cyclopxdia,  have  borrowed  from  Dr  Hailes. 
This  plan  confifts  merely  in  caufing  two  tubes  to 
defcend  from  above  the  deck  to  the  bottom  of  a  velfel, 
or  as  low  as  ventilation  is  required  ;  and  which  (hould 
communicate  by  fmaller  pipes  (open  at  tlieir  extremi- 
ties)  with  thofe  places  defigned  to  be  ventilated.  There 
(liould  be  a  contrivance  for  Hopping  thefe  communica- 
ting pipes,  fo  that  ventilation  may  be  occafionally  pre- 
vented from  taking  place,  or  confined  to  any  particular 
part  of  the  veifel. 

One  of  the  principal  air  tubes  fliould  defcend  a?  near 
to  the  ftern  of  the  velfel  as  convenient,  and  the  other  as 
near  to  the  ftem. 

J'hrough  that  tube  which  is  in  the  head,  the  foul  air 
is  to  be  extrafted  ;  and  through  that  which  is  in  the 
ftern,  the  fre(h  air  is  to  defcend  to  the  different  decks 
and  other  apartments  of  the  veflel. 

The  extraction  of  the  air  is  eafily  effefted  In  the  fol. 
lowing  manner :  Let  a  tranfverfe  tube  be  fitted  to  that 
which  defcends  in  the  head  of  the  veffel;  it  may  he  funk 
within  the  level  of  the  deck,  fo  as  to  caufe  no  inequa- 
lity of  furface.  Let  it  be  cuntinued  till  it  comes  be- 
5  C  2  neath 
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Ventiia-  neath  the  fite-place,  then  afcend  in  a  peiptiidicular  di- 
tioii.  reftion  through  the  fire,  and  open  a  little  above  it ;  or 
^  it  may  be  made  to  communicate  with  the  chimney.  It 
would  be  more  convenient  if  the  fire  was  near  the  place 
where  the  tube  rifes  through  the  deck  ;  but  the  expe- 
riment mull  equally  fucceed,  if  the  tube  be  made  to 
defcend  again  till  it  is  beneath  the  co:umon  fire-place. 
The  efieft  that  will  rrlult  from  this  contrivance  is  ob- 
vious ;  when  the  tube  which  palTcs  through  the  fire  is 
heated,  the  air  will  afcend  with  a  force  proportionable 
to  its  levity,  and  the  afcending  column  can  only  be  lup- 
plicd  from  below,  confequently  it  muil  come  from  all 
thofe  parts  of  the  ftiip  with  which  the  main  tube  com- 
municates. 

When  the  ports  are  open,  the  quantity  of  air  thus 
exhaiifted  from  the  fhip  will  be  fupplied  trora  all  quar- 
ters ;  but  if  they  were  all  (hut,  and  the  hatchways  and 
other  openings  completely  clofed,  the  rencvsral  of  fielh 
air  is  made  certain  by  means  of  the  tube  which  defcends 
in  the  Hern.  The  main  air  tube,  where  it  tifes  above 
the  deck  in  the  ftern,  (hould  have  an  horizontal  one 
fitted  to  it,  which  might  be  made  to  traverfe,  fo  that 
it  could  be  turned  to  windward  ;  it  might  alfo  expand 
at  its  extremity  like  the  mouth  of  a  trumpet ;  and  thus 
perfeftly  frefh  air  mult  enter,  and  the  force  ot  the  gale 
would  tend  to  impel  it  into  the  vefleL 

When  that  part  of  the  tube  which  pafles  through  the 
fire  is  red  hot,  the  draught  which  would  be  thus  occa- 
fioned  might  perhaps  be  too  great,  and  the  open  pipes 
which  communicate  with  the  decks  might  emit  and  im- 
bibe  the  frefh  air  in  fo  dired  a  dream,  that  it  might 
be  injurious  to  thofe  perfons  within  the  current. 

Mr  Abernethy  therefore  thinks  it  would  be  better  if 
thofe  fmaller  pipes  which  lead  from  the  main  tubes  were 
made  to  run  along  the  decks,  and  communicate  with 
them  by  numerous  orifices.  Two  pipes  opening  into 
the  main  exhaufting  tube  might  be  extended  along  the 
tops  of  the  deck,  in  the  angle  formed  between  the  fides 
and  the  cieling  :  and  thus  the  air  would  be  extrafted 
equally  from  all  parts,  and  in  a  manner  not  likely  to  oc- 
Cdfion  injurious  currents.  Some  divifion  of  the  Itream 
of  air  which  enters  from  the  ftern  might  alfo  be  made, 
if  it  were  thought  neceffary. 

Thus  a  very  complete,  and  in  no  way  injurious,  ven- 
tilation may  be  obtained  :  the  air  in  the  velfel  would 
be  perfectly  changed  when  the  fire  was  llrong,  with- 
out txpence  or  tiouble  ;  and  a  gradual  and  fdlubrious 
alteration  of  it  might  at  all  times  be  made,  by  a  very 
little  additional  quantity  of  fuel.  The  air  tubes  (hould 
confiHof  fcparate  joints,  fo  that  occafioually  they  might 
be  taken  to  pieces ;  and  to  prevent  their  being  injured 
or  put  out  of  order  by  rough  ufage,  the  copper  pipes 
thould  be  made  of  confiderable  llrength,  placed  againlt 
the  fides  of  the  velTcl,  and  even  incaled  in  wood. 

In  the  Letters  and  Papers  of  the  Bath  Society,  &c. 
we   have  the  following   defcription  of   a  ventilator  for 
preferving  corn  on   fhip-board,  by  Thomas  South,  Efq; 
■Phte  t'g-  '•  is  a  cyhndrical  air-vcffcl,  or  forcing  pump,  of 

XLVII.  lead,  tin,  or  other  cheap  metal;  its  internal  diameter  be- 
ing ten  inches,  and  its  length  three  feet ;  having  a 
crutch- handled  pillon  to  work  with,  and  an  iron  nofie, 
■viz.  a  hollow  inverted  cone,  t*o  feec  long,  to  condenfe 
the  air,  and  increafe  its  power  in  its  pafTage  downwards. 
This  cyhnder  (hould  be  rivetted  or  Icrewed,  by  means 
of  an  iron  collar  or  ftiaps,  to  the  deck  it  palTes  through, 


both  above  and  below,  as  at  a  a;  and  (hould  be  farther 
fecured  by  fome  holdfaft  near  i,  to  keep  it  fteady  in 
working. 

Fig.  2.  is  a  bottom  of  wood,  four  inches  and  a  half 
thick,  with  a  projefting  rim  at  its  bafe,  for  the  metal 
cylinder  to  reft  on  when  cemented  and  fcrewed  to  the 
wood.  The  centre  of  this  bottom  is  excavated,  for  the 
reception  of  the  crown  of  tlie  node.  In  the  fame  fi- 
gure the  node  is  reprefented  wiih  its  crown  like  a  bdlvl 
di(h,  to  condenfe  the  air  gradually,  without  refiftance, 
in  its  advance  to  the  more  contracted  bafe  of  the  in- 
verted cone,  i.  e.  the  top  or  entrance  of  the  nofle.  A- 
bout  two-thirds  down  this  node  may  be  fixed  a  male 
fcrew,  as  cc,  for  the  purpofe  hereafter  mentioned. 

A^.  B.  The  forcing-pump  (hould  be  cafed  in  wood, 
to  prote£l  it  from  outward  bruifes,  which  would  pre- 
vent the  working  of  the  pifton,  and  ruin  its  effetts. 
The  leather  round  the  embolui  (hould  be  greafed  when 
ufed. 

Fig.  3.  is  a  crutch-handle,  faftened  to  the  embolus 
A  by  its  iron  legs  B,  B.  A  is  a  -cylinder  of  wood, 
cafed  with  leather,  fo  as  to  fit  well,  but  glide  fmoothly, 
in  the  metal  cylinder  ;  having  an  opening  as  large  as 
its  ftrength  will  permit,  for  the  free  accefs  of  atmofphe- 
ric  air.  C  is  a  valve  well  leathered  on  its  top,  and 
yielding  downwards  to  the  prefTure  of  the  air  when  the 
pillon  is  raifed  up.  D  is  a  crofs  bar  of  iron,  to  con- 
fine the  valve,  fo  that  it  may  clofe  inftantly  on  the  re- 
turn of  the  pifton  downwards. 

Fig.  4.  is  a  tin  pipe  or  tube,  of  lefs  than  four  inches 

diameter,  and  ot  fuch  length  as,  when  fixed  to  the  bafe 

of  the  cylinder,  fig.  1.  (hall  admit  the  node  (/.  fig.  2.  to 

within  half  an  inch  of  the  valve  E,   at  the  bottom  of 

the  wooden  cylinder  F,   in  fig.  4 ;   which  valve  E  will 

then  yield  to  the  preQure  of  air  condenfed  in  its  paffage 

through  the  nolle,   and  deliver  it  into  the  pipes  below. 

This  valve  muft  be  well  leathered  on  its  upper  iurface, 

and  faftened  wiih  an  hinge  of  leather  to  the  cylinder  it 

is  meant  to  clofe  :  affixed  to  its  bottom  is  the  fpindle 

G,   paffiug   through  a  fpiral   fpring   H,    which,   being 

compreffcd  on  the  defcent  of  the  valve,  will,  by  its  ela- 

lUcity,  caufe  it  to  rife  again,   clofe  the  aperture  above, 

and  retain  the  air  delivered  beneath  it.     On  connecting 

this  cyhnder  with   the  upper   end  of  the  node,  at^f, 

fig.  2.  we  muft  carefully  prevent  any  lapfe  of  air  that 

way,   by  a  bandage  of  oakum  fmeared   with  wax,  on 

.  which  to  fcrew  the  cyhnder,   like  the  joints  of  a  flute 

air-tight.     I   is  a  bar   of  iron,   having  a  rifing  in   its 

centie,   wide  enough  for  the  fpindle  to  play  through 

but  at  the  fame  time  fufficiently  contracied  to  prevent 

the  p  adage  of  the  fpiral  fpring. 

Fig.  5.  IS  an  afl'tmblage  of  tin  pipes,  of  any  lengths, 
(haped  lultably  and  conveniently  to  their  fituation  iit 
tiie  Ihip.  to  the  torm  of  which,  when  fhut  into  one  an- 
other, they  muft  be  adapted  ;  obferving  only,  that  the 
neck  be  liraight  for  a  length  fulHcient  to  admit  the  low- 
er end  of  the  cyhnder,  fig.  4.  as  high  as  the  letter  F, 
or  higher. 

Fig.  6.  To  the  middle  pipe,  which  runs  along  the 
bottom,  (hould  be  fixed  a  perpendicular  one,  fully  per- 
forated, to  convey  the  air  more  readily  into  the  centre 
of  the  heap  ;  and  this  may  have  a  conical  top,  as  re- 
prefented in  the  Plate,  perforated  with  a  fmaller  punch 
to  prevent  the  air  from  efcaping  too  haftily.  In  large 
cargoes,  two  or  three  of  thefe  perpendiculars  may  be 

neceffary  j 
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Vtntlla-    neceffary  ;  and  each  fiiould  be  well  fecured  by  an  iron 
bar^,  fcrewed  down  to  prevent  their  being   injured  ^y 
,  the  Ihifting  of  the  cargo  in  llormy  weather  or  a  rolling 
fea.     The  top  of  the   conical  cap  of  thcfe  pipes  may 
reach  two-thirds  up  the  cargo. 

Fig.  7.  is  a  valve  of  the  fame  cnndruftion  as  that  re- 
prefented  in  fig.  4.  but  inclofed  in  a  tube  of  brafs,  ha- 
ving a  feiujle  fcrew  at  //,  adapted  to  the  male  fcrew 
cc,  on  the  nolle  fig  2.  and  may  then  be  infettcJ  into 
the  head  of  the  pipe  fig.  j.  This  will  add  to  the  ex- 
pence  ;  but  in  a  large  apparatus  is  to  be  preferred,  as 
a  more  certain  fecuricy  from  lapfe  of  air,  than  the  junc- 
tion of  the  tube  fig.  4.  to  the  neck  f  ?  in  fig.  2. 

N.  B.  ?f  is  a  neck  of  wood,  making  a  part  of  the 
bottom  fig.  I.  whereon  to  fccure  the  tube  fig.  4.  when 
applied  to  the  nolle.  The  joints  of  the  pipes,  when 
put  together  for  ufe,  fliould  be  made  air-tight,  by  mean-! 
of  bees  wax  or  fomc  llronger  cem^int,  till  they  reach  the 
bottom  of  the  vefTel,  when  there  is  no  farther  need  of 
this  precaution.  The  horizontal  pipes  (hould  run  by 
the  fide  of  the  keifon  the  whole  length  of  the  hold. 
The  tin  plates  of  which  K  is  made,  (hould  be  punched 
in  holes,  like  the  rofe  of  a  watL'ringpot,  in  two  or 
three  lines  only  at  mod,  and  then  formed  into  a  tube, 
with  the  rough  fide  outwards.  L  m.ry  have  four  or 
five  fines  of  the  like  perforaiio.is.  M,  and  the  rell, 
{hould  gradually  incrcafe  in  their  number  as  they  ad- 
vance towards  the  middle  of  the  hjld,  and  continue 
fully  perforated  to  the  lall  pipe,  which  (hould  be  clofed 
at  its  end  to  prevent  the  ingrefs  of  the  corn.  It  is  the 
centre  of  the  cargo  which  moft  requires  ventilating,  yet 
air  (hould  pervade  the  whftle.  Like  the  trade  winds, 
it  will  dircft  its  courfe  to  the  part  moil  heated,  and, 
.  having  effected  its  falatary  purpofe  there,  will  difocrfe 
itfelf  to  refrelh  the  mafs. 

Where  the  hatches  are  clofc-caulked,  to  prevent  the 
influx  of  water,  vent-holes  may  be  bor^d  m  convenient 
parts  of  the  deck,  to  be  bunged  up,  and  opened  occa- 
fionally,  from  whence  the  (late  of  the  corn  may  be 
known  by  the  eiEuvia  which  afcend  when  the  ventilator 
is  working. 

The  power  of  the  ventilator  is  determined  by  the 
fquare  of  its  diameter  mukipKed  into  the  length  of  the 
ftroke,  and  that  again  by  the  number  of  ihok.es  in  any 
given  time. 

The  air-ve(rcl  or  fore  ng  p'Jmp,  with  the  rell  of  the 
apparatus  here  dcfcribed,  is  adapted  to  a  velTel  of  1  20 
tons  burden  ;  but  by  lengthening  the  air  vefTcl,  extend- 
ing its  diamLter  to  14  mches,  and  adding  10  inches 
more  to  the  length  of  the  ftroke,  a  power  may  be  ob- 
tained of  ventilating  a  cargo  of  400  tons  within  the 
hour.  If  this  machine  be  properly  wrought  for  one 
hour  eveiy  day,  or  even  every  two  days,  beginning  the 
operations  immediately  when  the  corn  is  put  on  board, 
the  cargo  may  be  preferved  from  taint  or  injuiy  of  eve- 
ry kind  during  the  longelt  voyage. 

VERDEN,  a  duchy  of  Germany,  in  the  circle  of 
Lower  Saxony.  It  is  bounded  on  the  eall  and  fouth 
by  that  of  Lunenburg,;  on  the  well,  by  the  Wefer  and 
the  duchy  of  Bremen  ;  and  on  the  north,  by  the  duchies 
of  Bremen  and  Lunenburg  ;  extending  both  in  length 
and  breadth  about  28  miles.  It  confids  chiefly  of 
heaths  and  high  dry  lands ;  but  there  are  good  marflies 
on  the  rivers  Wefer  and  Aller.  In  17 12,  the  Danes 
wrefted  this  duchy  from  Sweden,  and,  ia  1 7 15,  ceded 
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it  to  the  king  of  Great  Britain,  as  clcftor  of  Hanover;  VerJinris. 
which  ccfTion,  in  17  iH,  was  confirmed  by  the  Swedes.  -~~v— — ' 
The  inhabitants  are  Lutherans. 

VERDIGRIS,  or  Acetite  of  Coppkr.  Ste  that 
article,  Encyd.  where  an  account  is  given  of  the  pro- 
cefs  by  which  verdigris  was  long  manufaiitured.  A 
different,  and  more  economical  procefs,  however,  has 
for  fome  years  been  praftifed  in  Montpeliier,  which  is 
worthy  of  notice,  becaufe  it  may  be  adopted  in  this 
country  by  fubllituting  the  hulks  of  goofeberries  or  cur- 
rants for  thofe  of  grapes 

In  tile  maiiutadure  of  verdigris,  the  materials  are 
copper  and  the  huOcs  of  grapes  after  the  lall  preffing. 
The  copper  is  formed  into  round  plates,  half  a  fine  in 
thicknefs,  and  from  twenty  to  twenty  five  Inches  in 
diameter.  Each  plate,  at  Montpeliier,  is  divided  into 
t*enty-five  laminae,  forming  alinod  all  oblong  fquares 
of  from  four  to  fx-i.  inches  in  length,  thiee  in  breadth, 
and  weighing  about  four  ounces.  They  are  beat  fe- 
paraiely  with  the  hammer  on  an  anvil  to  fnooth  their 
furfaces,  and  to  give  the  copper  the  necedary  confid- 
ence. Without  this  precaution  it  would  exfoliate,  and 
It  Would  be  more  difficult  to  fcrape  the  furface  in  order 
to  detacli  the  oxydated  cruft.  Befides  this,  fcales  of 
pure  metal  would  be  taken  ofT,  which  would  haden  the 
confumption  of  the  cippcr. 

The  hulks,  which  (hould  not  be  too  much  prefled, 
are  firil  made  to  ferment  by  being  put  into  clofe  vats, 
and  the  fermentation  is  generally  completed  in  three  or 
four  days.  The  time,  however,  mud  vary  according 
to  the  temperature  in  which  they  are  kept,  and  other 
civcumdances.  Whilll  the  hu(li;s  arc  fermenting,  a  pre- 
limi.nary  preparation  is  given  to  the  copper  plates.  This 
confills  in  difiolving  verdigris  in  water  in  an  earthen 
ve(rel,  and  rubbing  over  cicn  plate  with  a  piece  of  coarfe 
linen  dipped  in  thii  folutirm.  The  plates  are  then  im- 
mediately placed  clofe  to  each  other,  and  left  in  that 
manner  to  dry.  Sometimes  the  plates  are  only  laid  on 
the  top  of  the  fermented  hu(l<,-,  or  placed  under  thofe 
which  have  been  already  uftd  for  can  ing  the  copper  to 
oxydate.  It  has  been  obierved,  ihat  wjien  this  opera- 
tion has  not  been  employed,  the  plates  grow  black  at 
the  firft  operation,  ialtead  of  Lecom.ing  green.  It  is 
not,  however,  necelTary  to  thofe  which  have  been  once 
ufed,  and  are  to  be  ulcd  again. 

When  th-e  places  are  tnus  prepared,  and  the  hudcj 
have  been  brought  to  fermeht,  the  workmen  try  whetlier 
the  latter  arc  proper  for  the  proce.'s,  by  placing  under 
them  a  plate  or  copper,  and  leaving  it  burled  tnere  for 
twenty-four  hours.  If  the  plate,  after  this  period,  is 
found  covered  with  a  fuK.oth  green  cru.l,  in  fuch  a 
manner  that  none  of  die  metal  appears,  they  are  then 
thought  fit  for  being  dilpol'ed  in  layers  with  the  copper. 
On  the  other  hand,  if  drops  of  water  are  obferved  on 
the  furface  of  the  plales,  the  plates  are  faid  to  f1ue.1l, 
and  it  is  concluded  that  the  heat  of  the  hudcs  has  not 
fufficiently  lublldcd.  They  confequently  defer  making 
another  trial  till  the  next  day.  When  they  are  adured 
that  the  hudcs  are  in  a  proper  date,  they  form  them  in- 
to layers  in  the  following  manner  : 

The  plates  are  all  put  into  a  box,  which,  indead  of 
having  a  bottom,  is  divided  in  the  middle  by  a  wooden 
grate.  The  plates  difpofed  on  this  grate  are  fo  drong- 
ly  heated  by  a  chaffing-di(h  placed  under  them,  that 
the  woman  employed  in  this  labour  is  fometimes  obliged' 

to: 


V    E    R 


{     75S     1 


V    E     R 


Verdigris,  to  take  them  up  with  a  cloth,  in  ortkr  that  flie  may 
y^"^'^"'.  "°'^  ''"''"  ^"  hands.  As  foon  as  they  have  acquired 
^""^  that  heat,  they  are  put  «ito  jars  in  layers  with  the 
hulks.  Each  jar  is  then  cl  led  with  a  covering  of 
ftraw,  and  left  to  oxydite.  Thirty  or  forty  pounds  of 
copper,  more  or  led  according  to  the  thickncfs  of  the 
plates,  are  put  into  esch  jar.  At  the  end  of  ten,  twelve, 
fifteen,  or  twenty  days,  the  jar  is  opened  ;  and  if  the 
huflcs  are  whltr,  it  is  time  to  take  uut  the  plates.  The 
cryllals  are  then  feen  detached,  and  of  a  filky  appear- 
ance on  their  furfacc.  The  huflcs  are  thrown  back, 
and  the  plates  are  put  in  what  is  called  re/ai.  For  that 
purpofe  they  are  immediately  dcpofiled  in  a  corner  of 
the  cellar  on  (licks  ranged  on  the  floor.  They  are  pla- 
ced in  an  upright  poCtion,  one  leaning  agaiiift  the 
other ;  and  at  the  end  of  two  or  three  days  they  are 
tnoiltened,  by  taking  them  up  in  handfuls  and  immer- 
fing  then  in  water  in  earthen  pans.  'I'hey  are  depofi- 
ted  quite  wet  in  their  former  pofition,  and  left  there 
for  fevtn  or  eight  days ;  after  whicli  they  are  once  or 
twice  iramerfed  again.  This  in»merfion  and  drying  are 
renewed  fix  or  eight  times  every  fevcn  or  eight  days.  As 
the  plates  were  formerly  put  into  wine,  thefe  immerf'ons 
were  called  one  wine,  two  wines,  t.'jree  wines,  accorduig 
to  the  number  of  times.  By  this  procefs  the  plates 
fwell  up,  the  green  is  nonrifhed,  and  a  coat  of  verdigris 
is  formed  on  all  their  furfaces,  which  may  be  eafily  de- 
tached by  icraping  them  with  a  knife. 

This  verdigris,  which  is  called  /re/Jj  verdigris,  morfl 
•verdigris,  is  fold  by  the  manufaAurers  to  people  who 
dry  it  for  foreign  exportation.  In  this  firft  ftate  it  is 
only  a  pafte,  which  is  carefully  pounded  in  large  wooden 
troughs,  and  then  put  into  bags  of  white  leather,  a  foot 
in  height  and  ten  inches  in  diameter.  Thefe  bags  are 
txpoied  to  the  air  or  the  fun,  and  are  left  in  that  ftate 
till  the  verdigris  hns  acquired  the  proper  degree  of  dry- 
nefs.  By  this  operation  it  decreafes  about  ^o  per  cent. 
more  or  lefs  according  to  its  primitive  ftate.  it  is  faid 
to  ftand  proof  by  the  knife,  when  the  point  of  that  in- 
ftrument  pufhed  againft  a  cake  of  verdigris  through  the 
iltin  cannot  penetrate  it.  White  lead  may  be  made  by 
a  fimilar  procefs. 

Cryftalli^ed  Ferdigkis  is  manufaftured  at  Montpel- 
lier  in  the  following  manner  :  A  vinegar,  prepared  by 
the  diftillation  of  four  wine,  is  put  into  a  kettle,  and 
boiled  on  the  common  verdigris.  After  faturation  the 
folution  is  left  to  clarify,  and  then  poured  into  another 
kettle  of  copper,  where  it  is  evaporated  till  a  pellicle 
forms  on  the  furface.  Sticks  are  then  immerfed  into 
"it,  and  by  means  of  fome  packthread  are  tied  to  fome 
wooden  bars  that  reft  on  the  edge  of  the  kettle.  Thefe 
fticks  are  about  a  foot  long,  and  are  fplit  crofswife 
nearly  two  inches  at  the  end,  fo  that  they  open  into 
four  branches,  kept  at  about  the  diftancc  of  an  inch 
from  each  other  by  fmall  bags.  The  cryttais  adhere 
to  thefe  fticks  and  cover  them  entirely,  forming  theni- 
fdves  into  groups  or  clufters,  of  a  dark  blue  colour,  and 
a  rhomboidal  (liape.  Each  clufter  A-eighs  from  five  to 
fix  pounds.  Three  pounds  of  moift  verdigris  are  re- 
quired for  one  pound  of  the  cryftals  ;  the  undiflblved  re- 
•fiduum  is  thrown  a*ay. 

VERDUN',  an  ancient,  ftrong,  and  confiderable  town 
of  France,  in  the  department  of  M>.ufe,  and  late  pro- 
vince of  Lorrain,  with  a  bifliop's  fee,  and  a  ilri..ng  ci- 
;iadel.     Its  fortidcations  were  conftrutled  by  the  Che- 


valier de  Villc  and  Marfhal  de  Vauban.  The  latter  was  Vermifuge.' 
a  n^.tive  of  this  plae-.  In  17  s  ,,  great  part  of  the  ca-  -~~y~^^ 
thedral  was  deftroycd  by  lightning.  Verdun  was  taken 
by  the  Fruffiins  in  i'92,  uut  retaken  by  the  French 
foon  after.  The  inhabrtants  are  noted  for  the  hne 
fweetmeats  they  make.  It  is  feated  01.  the  river 
Maefe.  which  runs  through  the  middle,  42  miles  fouth- 
weft  of  Luxemburg,  and  i  jd  eaft  of  Paris  E.  i-on.  5° 
28'  N.  l.at.  43'  9- 

VERMIFUGE,  a  medicine  which  expels  worms 
from  the  intcftines.  Of  thefe  medicines  numbers  are 
daily  advertifed  in  the  ntwfpapers  as  infallible,  though 
the  ingredients  of  which  they  are  compofed  are  care- 
fully kept  fecret.  We  think  it  our  duty  therefore  to 
alTure  our  readers,  that  the  medicines  ve-.'.ded  by  quacks 
are  generally  the  very  fame  that  would  be  prcfciibed 
by  a  regular  phyfician  for  the  difeafe  in  which  tliey  arc 
pretended  to  be  fpi-ciucs,  with  this  otily  difference,  that 
the  unfcen  and  unprincipled  quack  generally  prefcribes 
them  in  more  poweriul  dofcs  than  the  regular  phyficiari 
deems  fafe  for  his  patient.  Thus  Ching's  famous  worm 
medicine,  which  has  been  fo  ftrenuoudy  recommended, 
is  nothing  more  than  mercury  given  in  the  very  fame 
form  in  wli'ch  it  is  given  by  every  phyfician;  but  Ching 
gives  it  in  dofes,  which,  though  they  have  not  injured 
the  children  of  a  bifhopand  a  judge,  we  have  known  to 
faii-vate  other  children  to  the  great  hazard  of  their  lives. 
It  is  indeed  wonderful  that  parents  (hould  truft  the 
health  and  the  lives  of  their  children  to  men  whom 
they  never  faw,  and  whom  they  know  to  be  not  op- 
prelfed  with  an  over  dehcate  fenfe  of  honour,  in  pre- 
ference to  a  man  of  fcience  who  has  a  charafter  to  fup- 
port,  and  who  is  probably  their  friend,  and  almoft  al« 
ways  their  acquaintance. 

Of  the  diftercnt  vermifuges,  however,  it  muft  be  con- 
feffed  that  the  greater  number  are  liable  occaflonally  to 
fail.  One  of  the  moft  powerful  which  we  have  men., 
tioned  in  the  article  MtDiciNE,  Encycl.  is  compofed  of 
the  fpiculas  of  'he  cowhage  or  cow-itch  ;  and  iince  that 
article  was  pubhftied,  it  has  come  more  into  ufe,  chiefly 
through  the  recommendation  of  Mr  Chambetlaine  fur- 
geon.  He  fays  that  a  tea-fpoonful  of  the  eleftuary 
(See  Medicine.,  £nncl.  p.  342.)  may  be  fafely  given 
to  a  young  child,  and  one  or  even  two  table  fpoonfuls 
to  adults.  The  medicine  is  to  be  taken  in  the  morn- 
ing fafting  ;  and  the  dole  to  be  repeated  for  two  or 
three  mornings,  after  which  a  gentle  purge  completes 
the  cure.  This  medicine,  however,  Mr  Chamberlains 
prohibits  in  every  cafe  where  there  is  a  tendency  to  in- 
flammation in  any  part  of  the  intettina!  canal,  or  where 
the  mucus  has  been  carried  oft'  or  greatly  diminiftied  by 
dyfentery  or  any  other  ciufe. 

Dr  Haemmeilin  of  Ulm  has  lately  recommended  as 
a  very  powerful  '.nd  lafe  verrairjge  the  coraline  of  Cor- 
fica,  and  lays  that  it  has  been  fo  afed  in  that  ifland  with 
complete  iuccefs  from  time  immemorial.  It  is  a  fucuS 
adhering  to  the  rocks  waihed  by  the  fea,  and  foinetimes 
to  the  Itones  and  (hells  thrown  upon  the  Ihoie.  It  is 
found  in  little  tufts.  It  is  generally  of  a  yellow  colour, 
with  a  reddilh  tinfture.  When  dried,  as  it  appears 
when  offered  for  fale,  it  contains  a  ftiong  fraell  of  the 
fea.  It  confifts  of  little  cartilaginous  Italks,  wit.^i  full 
threads  gradually  cylindrical  and  Uib'ilattJ.  It^  tale 
is  fait  a  id  unplejfa;:t.  Iii  trie  fyftem  of  plants  of  Lm- 
nseui,  It  belongs  to  the  clafa  cryptogamia.  Its  maft  com- 
mon 
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mon  names  are,  fearock  mofs  ;  the  Grecian  herb  ;  le- 
mithochorton  ;  and  the  coraline  of  Corlica.  It  is  the 
conferva  hettiiinlhnrlos  of  Schwendimann,  and  the /ucur 
he/m'mlhocorton  of  Latourette.  There  is  reafon  to  think 
that  all  thofe  fpecies  of  fucus  whofe  texture  is  fnft  and 
fpungy,  might  be  applied  to  the  fame  medicinal  iifes. 
I'here  is  a  fort  of  red  coraline  found  in  Sweden  which, 
according  to  fome  writers,  is  a  greater  deltroyer  of 
worms  than  any  other  known  fubilance  ;  being  not  too 
ilrong  for  the  Homach  either  of  infants  or  of  adults. 
Schwendimann  afferts  that  the  ronferva  dirhotomi  of  Lin- 
mus,  which  is  found  in  the  ditches  in  England,  bears 
a  ftrong  analogy  to  the  coraline  of  Corlica.  Might 
not  this  conferva  be  tried  as  a  vermifuge  i'  The  Cor- 
fican  coraline  is  in  great  eftimation  in  the'pharmaco. 
poeias  of  the  Continent,  efpecially  in  that  of  Geneva,  in 
which  is  given  a  recipe  for  preparing  a  fyrup  of  it. 

VERMONT,  one  of  the  United  States  of  North 
America,  bounded  on  the  north  by  Canada  ;  on  the 
eaft,  bv  the  river  Connefticut,  which  divides  it  from 
New  Hampfhire  ;  on  the  foiith,  by  Maffachufets ;  and 
on  the  welt,  by  New  York.  It  is  about  155  miles 
long,  and  60  broad,  and  is  divided  into  7  counties.  A 
chain  of  high  mountains,  running  north  and  fouth,  di- 
vides this  itate  nearly  in  the  centre,  between  the  river 
Connefticut  and  lake  Champlain.  The  height  of  land 
is  generally  from  20  to  ja  miles  from  the  river,  and 
about  the  fame  diftance  trom  the  New  York  hne.  The 
natural  growth  upon  this  mountain  is  hemlock,  pine, 
fpruce,  and  other  evergreens :  hence  it  has  always  a 
green  appearance,  and,  on  this  account,  has  obtained 
the  defcriptive  name  of  Vermont,  from  the  French  Verd 
Mont,  Green  Mountain.  On  foune  high  parts  of  this 
mountain,  fnow  lies  till  Mav,  and  fometimes  till  July. 
The  country  is  generally  hilly,  but  not  rocky.  It  h 
finely  watered,  the  foil  is  very  fertile,  and  there  is  not 
a  better  climate  in  the  world.  The  inhabitants  have 
very  lately  been  eftlmated  at  ioo,oco.  The  bulk  of 
them  are  emigrants  from  Connefticiit  and  MafTachufets. 
The  principal  town  is  Bennington,  but  the  affembly 
generally  hold  their  fcffions  at  Windfor. 

VESPA  (See  EncycL).  A  new  fpecies  of  this  ge- 
nus of  in  feds  has  been  lately  defcribed  by  Cuvier,  in  a 
note  read  before  the  Philomathic  Society  of  Paris.  It 
h-is  iome  refcmbhnce  to  the  vcfpa  nidulans  of  Fabrioius, 
which,  as  is  generally  known,  is  a  native  of  certain 
parts  of  America.  The  nefts  of  the  vefpa  nidulans  ate 
conflrufted  of  a  very  fine  web,  of  a  very  folid  and  pret- 
ty white  pafte.  Their  form  is  that  of  a  bell  clofed  up- 
on all  fides,  excepting  a  narrow  hole  at  the  bottom ; 
and  they  are  fufpended  from  the  branches  of  trees. 

The  vefpa  defcribed  by  Cuvier,  which  is  a  native  of 
Cayenne  in  America,  has  in  general  more  volume  than 
the  preceding  fpecies,  and  its  pafte  is  grey,  coatfcr,  lefs 
homogeneous,  and  lefs  folid.  The  bottom  of  its  neft 
alfo,  in  lieu  of  being  fhaped  funnel-like,  is  flat,  and  the 
orifice  appears  at  one  of  the  fides  of  the  bottom  part, 
and  not  in  the  middle.  In  the  country  where  it  is  found, 
this  fpecies  of  wafp  is  called  the  tatoii  fly  {nouche  lulou). 
It  differs  greatly  in  form  from  that  which  Fabriciushas 
defcribed  ;  it  is  all  entirely  of  a  fhining  black  ;  the  firft 
articulation,  or  joint  of  its  abdomen,  is  narrow,  and  in 
form  of  a  pear ;  the  fecond,  larger  than  the  others,  is 
in  form  of  a  bell :  the  wings  are  brown.  The  follow- 
ing; is  the  character  afligned  to  it  by  Cuvier ; 


Vefpatatua,  Nigra,  Nil'tda,  Alii fufcis,  aidomine pedi-VcfpcttiViot 
ccl/alo.  — V       ' 

VESPERTILIO  (fee  Enfyc/.)  has  been  fubjeded 
to  fome  cruel,  but  curious  experiments,  by  the  Abbe 
Spallanzani  and  M.  de  Jurine.  The  former  of  thefe 
philofophers  having  let  loofe  feveral  bats  in  a  chamber 
peifeflly  dark,  found  that  they  flew  about  in  it  with- 
out any  impediment,  neither  rufhing  againft  any  thing 
in  the  apartment,  nor  touching  the  walls  with  their 
wings.  This  furprifed  him  ;  but  imagining  that  they 
were  condufted  by  fome  glimpfe  of  light  which  he  did 
not  perceive,  he  blindfolded  tiiem  with  a  fmall  and  very 
clofe  hood.  They  then  ceafed  to  fly  ;  but  he  obfervcd, 
at  the  fame  time,  that  this  did  not  proceed  from  any 
deprivation  of  light,  but  rather  from  the  conflraint 
thence  occafioned,  efpecially  when  a  hood  of  a  very 
light  texture  was  attended  with  the  fame  effed. 

He  then  conceived  the  idea  of  palling  up  the  eyes  of 
the  bats  with  a  few  drops  of  fize  or  gum  ;  but  they  ilill 
flew  about  in  the  fame  manner  as  if  their  eyes  had  been 
open.  As  this,  however,  was  not  fufScient,  he  pafted  up 
the  eyes  of  thefe  animals  with  round  bits  of  leather  ;  and 
this  even  did  not  impede  them  in  their  flight. 

That  he  might  at  length  be  certain  of  his  objed,  he 
blinded  them  entirely,  either  by  burning  the  cornea 
with  a  red  hot  wire,  or  by  pulling  out  the  pupil  with  a 
pair  of  fmall  pincers,  and  fcooping  out  the  eye  entirely. 
Not  contented  even  with  this  precaution,  he  covered 
the  wounds  with  pieces  of  leather,  that  the  light  mig^it 
have  no  influence  whatever  on  the  remains  of  the  organs 
which  had  been  deftroyed.  The  animals  leemed  to  fuf- 
fer  very  much  by  this  cruel  operation  ;  but  when  they 
were  compelled  to  ufe  their  wings,  either  by  day  or  by 
night,  ?j\d  even  in  an  apartment  totally  dark,  they  flew 
perfedly  well,  and  with  great  caution,  towards  the 
walls,  in  order  to  fufpend  themfelves  when  they  wiflied 
to  refl:.  They  avoided  every  impediment,  great  or  fmall, 
and  flew  from  one  apartment  to  another,  backwards 
and  forwards,  through  the  door  by  which  they  were 
conneded,  without  touching  the  frame  with  their  wings. 
In  a  word,  they  fhcwed  themfelves  as  bold  and  lively  in 
their  flight  as  any  other  animals  of  the  fame  fpecies 
which  enjoy  the  ufe  of  their  eye-fight. 

Thefe  experiments  were  repeated  by  M.  Jurine,  and 
with  the  fame  rcfulls.  Spallanzani  had  fuppofcd  that 
the  bat  pofTefled  fome  organ  or  fenfe  which  is  wanting 
in  the  human  fpecies,  and  which  fupplies  to  thefe  ani- 
mals the  place  of  vifion  ;  and  Jurine  determined  to  af- 
certain  the  truth  or  falfehood  of  this  hypothefis  by  ana- 
tomical refearches.  During  the  courfe  of  thefe,  he. 
found  the  organ  of  hearing  very  great  in  proportion  to- 
that  of  other  animals,  and  a  confiderable  nervous  appa- 
ratus afligned  to  that  part.  The  upper  jaw  alfo  is  fur- 
nifhed  with  very  large  nerves,  which  are  expanded  in  a 
tiffue  on  the  muzzle. 

M.  Jurine  then  extended  his  experiments  to  the  or- 
gan of  hearing  and  that  of  fmell.  Having  put  a  fmall 
hood  on  a  long-eared  bat,  it  immediately  pulled  it  off, 
and  flew.  He  (lopped  up  its  ears  with  cotton  ;  but  it 
freed  itfeif  i.n  the  like  manner  from  that  inconvenience. 
He  then  put  into  its  ears  a  maftic  of  turpentine  and 
wax.  During  the  operation  the  animal  fhewed  a  great 
deal  of  impatience,  and  flew  afterwards  very  imperfedly. 

A  long-eared  bat,  the  ears  of  which  had  been  bound 
up,  fkw  very  badly  :  but  this  did  not  arife  from  any 
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T<.'rr''rt'l'''.paln  occafioned  by  the  ligatire  ;  for  when  its  ears  were 

Vih'afion  f^^.ed  up,   it  flrvv  exceedi^ip;!/  w,-)l.     la  all  probability 

'  *''*^"'^""    the  animal  would  have   preferred  having  its  ears  bound 

"         up  to  having  them  fewed.     Sometimes   it  flew  towards 

the  cieling.  extending  its  muzzle  before  it  fettle:!. 

M.  Jur  ne  poured  liquid  pomatum  into  the  ear?  of  a 
bat  which  crjoyed  the  ufe  of  it3  fight.  It  appeared  to 
be  much  afFefted  by  this  operation  ;  but  when  the  fub- 
Hance  was  removed  it  took  flight.  Its  cars  were  again 
filled,  and  its  C)  cs  were  taken  out;  but  it  flew  then 
oiilv  in  an  irregular  manner,  without  any  certain  or  fix- 
cd  ''ireAion. 

The  ears  of  a  horfe-flioe  bat,  which  had  the  ufe  of  its 
fi;rht,  were  filled  with  tinder  mixed  with  water.  It 
was  nneafy  under  tiic  operation,  and  appeared  after- 
wards reftiefs  and  llunned  ;  but  it  coiiduftcd  itfelf  tole- 
rably well.  On  being  blinded,  it  rufhed  with  its  head 
againft  the  cieling,  and  made  the  air  relbund  with 
ftrokes  which  it  gave  itfelf  on  the  muzzle.  This  ex- 
periment was  repeated  on  other  bats  with  the  like  cf- 
fcAs, 

The  tympanum  of  alargehorfe-fhoebat  was  pierced 
with  a  pin  (irois  quart).  The  animal  appeared  to  fuf- 
fer  much  from  the  operation,  and  fell  down  in  a  per- 
pendicular direftion  when  thrown  into  the  air.  It  died 
next  morning.  The  fame  efFed  was  produced  on  pier- 
cing the  tympanum  of  a  long  eared  bat  with  a  needle. 

The  author  then  made  very  accurate  relearches  on 
the  difference  between  the  organifation  of  the  brain  of 
thefe  two  kinds  of  bats  ;  and,  after  a  careful  dilfeftion, 
found  that  the  eye  of  the  long-eared  bat  is  much  larger 
than  that  of  the  horfe-lhoe  bat,  but  that  tbe  optic 
nerve  is  proportioned  to  it.  The  outer  part  of  the  ear 
of  the  former  is  much  larger  than  that  of  the  latter,  but 
the  interior  part  is  fmaller. 

The  horfe  £hoe  bat  is  indemnified  for  this  difference 
by  a  greater  extcnfion  of  the  organ  of  fmell,  as  evident- 
ly appears  when  the  external  elevations  and  irregulari- 
ties of  its  niuz/.le  are  examined.  When  it  Is  about  to 
take  flight,  it  .agitates  its  nofe  much  more  than  the  long- 
eared  bat. 

From  thefe  experiments,  the  author  concludes  :  Firjl, 
That  the  eyes  of  the  bat  are  not  indifpenfably  neceflary 
to  it  for  finding  its  way  ;  feioiul/y.  That  the  organ  of 
hearing  appears  to  fupply  that  of  fight  in  the  dilcovery 
of  bodies,  and  to  furnilh  thefe  animals  with  different 
fenfations  to  diretl  their  flight,  and  enable  them  to  a- 
void  thofe  obftack-s  whicli  may  prefent  themfclves. 

VIBRATION  FiouRts,  are  certain  figures,  form- 
ed by  fand  or  very  dry  faw-duft,  on  a  vibrating  furface, 
which  is  conneded  with  the  fenfation  of  found  in  our 
organs  of  hearing.  If  the  furface,  on  which  the  figures 
are  to  be  formed,  be  ftrewed  over  with  bodies  eaCly  put 
.  in  motion,  thefe,  during  the  vibration,  remain  on  the 
parts  at  icft,  and  are  thrown  from  the  parts  in  motion. 
The  form  of  the  parts  at  red,  which  will  be  (hewn  by 
the  fand  that  remains  unmoved,  and  which,  in  general, 
is  fymmetric,  is  called  a  ■vibmlion  Jigure.  To  produce 
fuch  a  figure,  nothing  is  neceffary  but  to  know  the  me- 
thod of  bringing  that  part  of  the  furface  which  you  wifh 
not  to  vibrate  into  a  ftate  of  relt,  and  of  putting  in  mo- 
tion that  which  you  wifh  to  vibrate.  On  this  depends 
the  whole  expertnefs  of  producing  vibration  figures. 

Thus  take  a  fquare  piece  of  glafs,  pretty  thin,  and  very 
fmpotb,  fuch  as  that  ufed  for  windows,  about  four  or 
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five  inches  over,  or  even  more.  Smooth  it  at  the  edges 
on  a  grinding-ftone  ;  ilrew  a  little  faw  dud  over  its  fur- 
face, and  lay  hold  of  it  gently  with  the  thumb  and  fore- 
finger of  the  left  hand.  Holding  it  thus  by  the  middle,  " 
with  the  right  hand  rub  a  violin  bow  foftly  againlt  one 
of  its  edges,  drawmg  the  bow  either  up  oi-  down  in  a 
diretlion  almofl  perpendicular  to  the  furface  of  the 
glafs,  and  you  will  fee  a  tremulous  movement,  and  t!ie 
whole  duft  leap  about.  If  the  bo*  be  exattly  in  the 
middle  of  one  of  the  fides,  the  dull  will  arrange  itfelf 
almoft  in  the  direftion  of  the  two  diagonals,  dividing 
the  fquare  into  four  ifofceles  triangles.  If  the  bow  be 
applied  at  a  (piarter  only  of  the  diflance  of  the  one  cor- 
ner from  the  other,  the  dufl  will  arrange  itfelf  in  fuch  a 
manner  as  to  befound  in  thetvvodlametersof  the  fquare, 
dividing  it  into  four  equal  fquares.  At  other  times, 
when  the  bow  diviates  a  little,  the  dull  forms  a  figure 
like  a  double  C,  when  the  two  letters  are  jcjincd  back 
to  back.  If  the  fquare  he  held  by  the  two  extremities 
of  the  diameter,  oppofite  to  that  agauill  which  the  bow 
is  applied,  the  duft  will  form  a  kind  of  oval,  one  of  the 
axes  of  which  will  be  the  fame  diameter.  If  the  glafs 
be  of  a  circular  figure,  and  be  held  by  the  middle,  the 
dull  will  arrange  itfelf  in  fuch  a  manner  as- to  form  the 
fix  radii  of  a  regular  hexagon.  Tiiefe  difcoveries  were 
made  by  Dr  Chladni,  about  the  time  that  he  invented 
the  mufical  inftrument,to  whichhe  gave  the  name  of  EU- 
PHON  (lee  that  article,  Suppl.)  ;  and  as  he  found  the  vi- 
bration figures  to  vary  in  form  with  the  various  tones 
produced  by  the  vibrating  fubftances,  a  profeciitlon  of 
his  experiments  may  probably  contribute  to  throw  new 
light  on  the  philofophy  of  mufical  founds.  We  fliall 
therefore  give,  from  the  3d  volume  oi  Neues  yournal d<:r 
PbyJ'th,  by  profefTor  Gren,  a  few  direftions  for  making 
fuch  experiments. 

Any  fort  of  g'afs  may  be  employed,  provided  its  fur- 
face be  fmooth  ;  and  when  the  plate  has  acquired  the 
proper  vibration,  it  fhould  be  kept  in  that  (late  for 
fome  feconds,  by  continuing  to  rob  it  with  the  bow. 
The  figures  w'll  thus  be  accurately  formed. 

Such  plates  ihould  be  procured  as  are  pretty  equal  in 
thicknefs.  It  may  be  faid,  in  general,  that  a  plate  the 
thinner  it  is  will  be  fo  much  the  fitter  for  thefe  experi- 
ments, though  in  this  refpedl  there  is  a  certain  mini- 
mum. In  fmall  plates,  fuch  as  thofe  that  are  circular, 
and  not  above  fix  inches  m  diameter,  the  obfcrvation  is 
general  ;  but  in  larger  plates  too  grtat  thiniiefs  is  pre- 
judicial. Befides,  it  will  be  found  that  very  thm  glals 
is  commonly  very  uneven,  and  mutl  therefore  be  unfit 
for  the  experiments. 

In  pradifing  the  experiments,  it  will  be  proper  to 
have  plates  of  different  fizes  ;  and  the  fand  employed 
fhould  not  be  too  tine.  In  other  words,  it  mufl  be  of 
fuch  a  nature  that  when  you  incline  the  glafs-plate  it 
may  readily  roll  off ;  becaufe,  in  that  cafe,  it  will  be 
eafily  thrown  from  the  vibrating  parts.  It  will  be  of 
advantage  that  it  be  mixed  with  fine  dull,  which  Ihews 
peculiar  phenomena  during  the  experiments,  as  it  col- 
iefts  itfelf  at  one  place  of  the  vibrating  part. 

The  plate  mull  be  equally  beflrewed  with  fand,  and 
not  too  thick,  as  the  lines  will  then  be  exceedingly  fine, 
and  the  figures  will  acquire  a  better  deliiied  appearance. 

VIETA  (Francis),  a  very  celebrated  French  ma-Hu«i"''' 
thematician,  was  born  in  1540  at  Fontenai,  or  Fonte- •^'''*."['''' 
nai-le-Comte,  in  Lower  Poitou,  a  province  of  France. ""    '  "* 

He-^^' 
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Victs-  He  was  Mafter  of  requcfti  at  Pari!),  whcte  he  died  in 
"~"v~— '  lf>o?,  being  the  63d  year  of  his  age.  Among  other 
branches  of  learning  In  which  he  excelled,  he  was  one 
of  the  moft  refpedlable  matheraaticians  of  the  i6th  cen- 
tury, or  indeed  of  any  a,re.  His  writings  abound  with 
marks  of  great  oiiginality,  and  the  finell  genius,  as  well 
as  intenfe  application,  lils  application  was  fncli,  that 
he  has  fometiines  remained  in  his  ftudy  for  thrcre  days 
to'rether  without  eating  or  nccpitig.  His  inventions 
and  imorovetnents  in  all  pirta  of  the  matlieniaiics  wore 
veiv  oinluk'.'able.  He  was  in  a  manner  the  inventor 
and  introducer  of  Soecious  Algtbra,  in  which  letters 
aie  uffd  indcad  of  numbers,  as  well  as  of  many  beau- 
tiful thcore^ns  in  that  fcience.  He  made  alfo  confi- 
derable  improvements  in  geometry  and  trigonometry. 
His  angular  feftions  are  a  very  ingenious  and  ma- 
fterly  performance  :  by  thcfc  he  v.-as  enabled  to  refolve 
the  prublem  of  Adrian  Romanus,  propofcd  to  all  ma- 
thcmatlciana,  amountiig  to  an  equation  of  the  45th 
degree.  Romanus  was  fo  ft.uck  with  his  fagacity,  that 
he  immediately  quitted  iiis  refidence  of  Wirtzbouvg  in 
Franconia,  and  came  to  France  to  vifit  him,  and  lolicit 
his  friendlfiip.  His  Apollonius  Gallus,  being  a  relto- 
ration  of  Aoollonius's  trail  on  'i'-^ngenciesi,  and  many 
other  geometrical  pieces  to  be  found  in  his  works,  (hew 
the  fined  tafte  and  genius  for  ti  ue  geometrical  Ipecula- 
tions. —  He  gave  fome  malterly  tracls  on  Trigonometry, 
both  plane  and  Ipherical,  which  may  be  found  in  the 
coUettion  of  his  works,  publifhed  at  Ley  den  in  1646, 
by  S^hooten,  befides  another  large  and  feparate  volume 
in  folio,  publiOicd  in  the  authoi's  life-time,  at  Paris,  in 
I? 79,  containing  extenfive  trigonometrical  tables,  with 
the  conftruAion  and  ufe  of  the  fame,  which  are  particu- 
la'ly  dclcribcd  in  the  introdudion  to  IDr  Hutton's  Lo- 
garithms, p.  4.  &o.  To  th;s  complete  trcatife  on  tri- 
gonometry, plane  and  Iphirrical,  are  fubjoincd  feveral 
mifcellaneous  problems  and  obfervarions  ;  fuch  as,  the 
quadrature  of  the  circle,  the  duplication  of  the  cube, 
&c.  Computations  arc  here  given  of  the  ratio  of  the 
diameter  of  a  circle  to  the  ciroimference,  and  of  the 
length  of  the  fine  of  i  minute,  both  to  a  great  many 
places  of  figures  ;  by  which  he  found  that  the  fine  of 
I  minute  i$ 

between   2908831959 
and  2908882056; 

alfo  the  diameter  of  a  circle  being  1000,  &c.  that  the 
perimeter  of  the  infcribed  and  circumfcribed  polygon  of 
393216  fides  will  be  as  fo)fovrs,  viz.  the 

perim.  of  the  infcribed  polygon     -     3141  ^926535 
perim.  of  the  circumfcribed  polygon   3I415926'37 
and  that  therefore  the   circumference  of  the  circle  lies 
between  thofe  two  numbers. 

Vieta  having  ohferved  that  there  were  many  faults 
in  the  Gregorian  Kalendar,  as  it  then  exifted,  compo- 
fed  a  new  form  of  it,  to  which  he  added  perpetual  ca- 
nons, and  an  explication  of  it,  with  remarks  and  ob- 
jeAions  againft  Clavius,  whom  he  accufed  of  having  de- 
formed the  true  Lelian  reformation,  by  not  rightly  un- 
derflandlng  it. 

Befides  thefe,  it  feems  a  work,  greatly  eftecmed,  and 
the  lofs  of  which  cannot  be  fufBciently  deplored,  was  his 
Harmonicon  Calejle,  which,  being  communicated  to  fa- 
ther Merfenne,  was,  by  fome  perfidious  acquaintance  of 
that  honeft- minded  perfon,  furreptitioufly  taken  from 
him  and  irrecoverably  lolh  or  fuppreffed,  to  the  great 
Sujpt.  Voi..  IL  Part  11. 


detriment  of  the  learned  world.  There  virere  alfo,  it  is 
faid,  other  works  of  an  aftronomical  kind,  tiiat  liave 
been  buried  in  the  ruins  of  time. 

Vieta  was  alfo  a  profound  decipherer,  an  accomplish, 
ment  that  proved  very  ufeful  to  his  country.  As  the 
diffetent  puts  of  the  Spanifh  mnntrchy  lay  very  -iillant 
from  one  another,  when  they  had  occafion  to  commu 
nicate  any  fecrct  deli^ns,  they  wrote  them  in  ciphc-s 
and  unknown  characters  during  the  'liforders  of  the 
Icagut.  I'he  cipher  was  coinp.ifed  of  mo-e  than  500 
different  charaCtcs.  which  vielded  their  hidden  cr.nteiits 
to  the  penetrating  gei.uia  of  Vieta  alone.  His  fldll  fo 
dilconcertcd  the  Spani(h  couucih  for  two  years,  that 
they  publifhed  it  at  Rome,  and  other  parts  of  Europ-, 
that  the  French  king  had  only  difcovcred  their  ciphe'S 
by  means  of  magic. 

VTNTaIN,  a  town,  lituatcd  about  two  miles  up  a 
creek  on  the  foj'hern  fide  of  the  river  Ginibi.i.  it  ii 
much  ref'jrted  ti)  by  Europeans,  on  account  of  the 
great  quantities  of  bees-wax  which  are  brought  iiitiicr 
tor  fale.  The  wax  is  coUefted  in  the  woods  by  the  I'e- 
loops,  a  wild  and  unfoci;ible  race  of  people.  Their 
country,  which  is  of  confiderable  extent,  abounds  Iii 
rice  ;  and  the  natives  fnppW  the  traders,  ho'li  on  the 
Gambia  and  Caflamanfa  rivers,  with  that  article,  and 
alfo  with  goats  and  poultry,  on  very  reafonable  terms. 
The  honey  which  they  colled  is  chit  fly  ufed  by  iheni- 
felves  iu  making  a  ftrong  intoxicating  liquor,  much  the 
fame  as  the  mead  which  is  produced  from  houey  in 
Great  Britain. 

In  their  traffic  with  Europeans,  the  Feloops  general- 
ly  employ  a  faAor,  or  agent,  of  the  Mandlngo  w  tion, 
who  fpeaks  a  little  Englifh,  and  is  acquainted  with  th^ 
trade  of  the  river.  This  broker  makes  the  bargain  ; 
and,  with  the  connivance  of  the  European,  receives  a 
certain  part  only  of  the  payment;  which  he  gives  to 
his  employer  as  the  whole;  the  remainder  (which  is 
very  tiuly  called  the  cheating  money)  he  receives  when 
the  Feloop  is  gone,  and  appropriates  to  himfelf  as  a  re- 
ward lor  his  trouble.  Vintaiu,  according  to  Mr  Park, 
from  whofe  valuable  travels  this  account  of  the  Feloops 
is  taken,  is  fituated  in  13°  9'  North  Lat.  and  I  >'  56' 
Long.  Welt  trom  Greenwich. 

VIRGINITY,  the  tell  or  criterion  of  a  virgin  ;  or 
that  which  intitles  her  to  the  denomnuiion.  See  Hy- 
men, Encycl. 

VISION.  In  the  article  Optics,  n*  154.  {Eieycl.), 
it  is  faid,  that  as  we  have  a  power  of  contrafting  or  «e- 
laxing  the  l't^amini.,t  ciiiaria,  and  thereby  altering  the 
form  of  the  cryftalline  humour  of  the  eye,  we  hence  fee 
objefts  diltindtly  at  difi'crent  dillances.  ft  appears, 
however,  fr  im  fome  experiments  made  by  Mr  Everard 
Home  and  Mr  Ramfden,  in  the  year  1794,  that  this 
power  of  contracting  and  relaxing  the  iigamenta  ciiia- 
ria is  not  alone  fufficient  to  account  for  the  phenome- 
non. Converfing  with  Mr  Home  on  the  different  uies 
of  the  chryllalline  humour,  Mr  Ramfden  faid,  that  as 
that  humour  "confifts  ot  a  fubftance  of  different  den- 
fities,  the  central  parts  being  the  nioft  compact,  and 
from  thence  diminifhing  in  denfity  gradually  in  every 
direftion,  approaching  the  vitreous  humour  on  one  fide, 
and  the  aqueous  humour  on  the  other,  its  refraitivc 
power  becomes  nearly  the  fame  with  that  of  the  two 
contiguous  fubftances.  That  fome  philofophers  have 
Uated  the  ufe  of  the  cryftalline  humour  to  be,  for  ae- 
5  D  commodating 
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ViCdn.  commodating  the  eye  to  fee  objcfis  at  dlfFsrcnt  diSan- 
•"*"'  tes  ;  but  the  firmnefs  of  the  cential  part,  and  the  very 
fmall  difference  between  its  refr-idive  power  ne?.r  the 
circu;:jference  and  that  of  the  vitreous  or  the  aqueous 
humour,  feemed  to  render  it  un  't  for  tliat  puipof;  ;  its 
principal  ufe  rather  ap'jearing  to  be  for  corrLdting  tlie 
aberration  arifng  from  the  fpiiericsl  figure  of  the  cor- 
nea, where  the  priiieipd  part  of  the  refraftion  takes 
place,  produci:;g  the  fame  eifeCt  that,  in  an  achromatic 
objeftglafi,  we  obtain  in  a  lefs  perfect  manner  by  pro- 
portioning the  radii  of  curvature  of  the  different  lenies. 
In  the  eye  the  corrtdtion  feenis  perteiit,  which  in  the 
objec^glafs  c?.n  only  be  an  approximation  ;  the  contra- 
ry' abcriations  of  the  Ijnfes  not  having  the  lane  ratio  : 
fo  thtit,  if  this  aberration  be  ptrfcclly  corrected,  at  any 
given  diL^.ance  from  the  centre,  in  every  other  it  mull 
be  HI  loine  degree  impcrfcS. 

"  Purfuing  the  fame  comparifon  :  I5  the  achromatic 
objeft  glnfs  we  may  conceive  ho.v  much  an  objtA  nmit 
appear  famter  from  the  gieat  quantity  of  li^ht  loll  by 
refleftion  at  the  furfaces  of  the  different  lenfcs,  there 
beit'ig  as  m^ny  primary  refleiftions  as  there  are  iurfacts  j 
and  it  would  be  forrurale  if  this  rcflcfted  light  was  to- 
tally loft.  Part  of  it  is  again  refledted  tovi-ards  the  eye 
by  the  interior  furfaeec  of  the  ler.fes  ;  which,  by  dilu- 
ting the  image  formed  in  the  focus  of  the  objtct-glals, 
makes  that  image  appear  far  Itfs  bright  than  it  Mould 
other  wile  have  done,  producing  that  milky  appearance 
f(i  often  complamed  of  in  viewing  lucid  objedts  through 
this  fort  of  ttlifcope. 

"  In  ll  e  eye,  the  fame  properties  that  obviate  this  de- 
fedl,  ferve  alfo  to  corredl  the  errors  from  the  fpherical 
frgure,  by  a  regular  diminution  of  denfity,  fiom  the 
ceptre  of  the  cryflalline  outward.  Every  appearance 
fhevvs  the  crySalline  to  coniift  of  laminae  of  JifTtrtnt 
(lenfities;  and  if  we  examine  the  jundlion  of  different 
nedia,  having  a  very  fniall  diffeience  of  rtfiadlion,  we 
fhall  find  that  we  may  have  a  fenhble  refradtion  with- 
out rcfli'dtion.  No»v,  if  the  difference  between  the  con- 
ti.  nous  media  in  the  eye,  or  the  lamina:  in  the  cryftal- 
hne,  be  very  fmall,  we  fhall  have  refradlion  without  ha- 
ving re'ledlion  :  and  this  appears  to  be  the  ftate  of  die 
eye  j  for  allliongh  we  have  two  furfaces  of  the  aqueous, 
two  of  the  cryflalline,  and  two  of  the  vitieous  hu.Tiour, 
yet  we  have  only  one  refltdttd  image  ;  and  that  being 
liom  the  anterior  (inface  of  the  cornea,  there  can  be 
jio  furfacc  to  refltdl  it  back,  and  dilute  an  image  on 
the  rttin.^, 

"  This  hypotbtfis  may  be  put  to  the  tell  whenever  ac- 
cident fhall  fulni.^l  us  with  a  fubjedl  having  the  cryflal- 
line extradttd  from  one  eye,  the  other  remaining  per- 
feft  m  its  natural  ftate  ;  at  the  fame  time  we  rnay  af- 
eertain  whether  or  no  the  ci7ilalline  is  that  part  of  the 
organ  which  ferves  for  viewing  ohjcffs  at  different  di- 
ftances  dillindily.  Seeing  no  refiedfion  at  the  furface 
of  the  cryilalhne,  might  lead  fomc  perfons  to  infer  that 
its  refadtive  power  is  very  inconfiderable  ;  but  many 
circumftancts  Ihew  the  contrary  :  yet  what  it  really  is 
may  be  readily  afcertained  by  having  the  focal  length 
and  diflance  of  a  lens  from  the  operated  eye,  that  ena- 
bles it  to  fee  objedls  the  moll  diltindlly  ;  alfo  the  focal 
length  of  a  lens,  and  its  dillance  from  the  perfedl  eye, 
that  enables  it  to  fee  objedts  at  the  fame  diflance  as  the 
imperfeft  eye :  tliefe  data  will  be  fufficient  whereby  to 
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calculate  the  refradlive  power  of  the  cryftuUine  with    Vifioff. 
conCderable  precifion.  *— v— • 

"  Again,  having  the  fpherical  aberration  of  the  dif- 
ferent  humours  of  the  eye,  and  having  afcertained  the 
nfradlive  pov/cr  of  the  cryilalline,  we  have  data  from 
whence  to  determine  the  proportional  incieale  of  its 
dcfifity  as  it  approaches  the  central  part,  on  a  fuppoli- 
tion  that  this  pioperty  conedls  the  aberration. 

"  An  oppjitunity  prefented  itfelf  for  bringing  the 
obfervaiious  of  Mr  Rarafden,  lefpedting  the  uie  of  ilia 
cryilalhne  lens,  to  the  proof.  A  young  man  came  in. 
to  St  George's  Kofpital  with  a  cataradt  in  the  right 
eye.  The  cryilaliine  lens  was  readily  extracted,  and 
the  union  of  the  wotiud  in  the  cornea  took  place  unat- 
tended by  inflammation  ;  fo  that  the  eye  futf.-red  the 
fmallelt  degree  of  injury  that  can  attend  fo  ftvere  an 
operation.  The  man  himCeif  was  in  health,  2  1  years 
of  age,  intelligent,  and  his  left  eye  perfedt  :  the  other 
ha'l  been  an  uncommonly  fhoit  lime  in  a  difeafed  Hate, 
and  27  days  after  the  operation  appeared  to  be  free 
from  every  other  defcdl  but  the  lofs  of  the  cryflalline 
lens. 

"  A  number  of  experiments  were  made  on  the  im- 
perfedl  eye,  afTilled  by  a  lenn,  and  compared  with  tlis 
perfect  eye.  The  aim  of  thtfe  trials,  which  were  ju- 
dicioufly  varied,  was  to  afcertain  whether  the  eye  which 
had  been  deprived  of  the  cyltalline  lens  was  capable  of 
a:ljutling  itltlt  to  diltirdt  vilion  at  diffeient  dillances. 
Among  other  refults,  the  perfecl  eye,  with  a  glafs  of 
6i  i-.iches  focus,  had  di.tindl  viiicn  at  3  inches;  the 
near  limit  was  i^  inch,  the  diilant  limit  lefs  than  7 
inches.  The  imperftdl  eye,  with  a  glafs  2,\,  inches 
focus,  with  an  aperture  ^^ths  of  an  inch,  had  diilir.dl 
vifion  at  2^  inches,  the  near  limit  1^  inch,  and  the  di- 
flant  limit  7  inches,  i  he  accuracy  with  which  the  eve 
was  brought  to  the  fame  point,  on  repeating  the  expe- 
riment, proved  It  to  be  uncominonly  corredl ;  and  as 
he  did  not  himfelf  fee  the  fcale  uled  for  admeafurenient, 
there  could  be  no  fource  of  fallacy.  From  tiie  refuii  of 
thi:;  expenment,  it  appears  that  the  range  of  arjullment 
of  the  iinpcittdl  C;e,  when  the  two  eyes  were  ma:ae  to 
fee  at  nearly  the  fame  focal  diflance,  exceeded  that  of 
the  perfedt  eye.  Mr  llaii.ldeu  fuggelled  a  reafon  why' 
the  point  of  diflindl  viiion  of  the  imperfect  eye  might 
appear  to  the  mv:ii  hi.mfelf  nearer  than  it  was  in  reality; 
namely,  that  from  the  iaiperfectijn  of  this  organ  he 
might  find  it  eafier  to  read  the  letters  when  they  fub- 
tended  a  greater  angle  than  at  Iiis  real  point  of  dillindl 
vifion.  1  he  experiments,  however,  appear  to  fhew  that 
the  internal  power  of  the  eye,  by  which  it  is  adjulled 
to  fee  a:  different  diflance^,  dots  not  relide  in  the  cry- 
flailine  lens,  at  leaft  not  altogether  ;  and  that  if  any 
agency  m  this  refpedt  can  be  proved  to  refide  in  the 
cryilaliine,  the  other  powers,  whatever  they  may  be» 
are  capable  of  exertion  beyond  their  ufual  limits,  fo  as 
to  pertorm  its  office  in  this  refpedt. 

"  From  ihele  confjderatlons,  and  in  confequence  of 
other  refledlions  tending  to  ihew  that  an  elongation  of 
tfie  optical  axis  is  not  probably  the  means  of  adjuflment, 
thcfe  philolophers  directed  their  enquiries  to  afcertain 
how  far  the  curvature  ol  the  cornea  might  be  fubjedl  to 
change.  1  hey  found  by  trial  that  this  part  ot  the  or- 
gan poffeffes  a  degree  of  elaltlcity  which  is  Very  conii- 
derable,  both  for  its  perfedtion  and  its  range  ;  and  by 

anatomical 
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anatomical  difleftion  it  was  found  that  the  four  ftraight 
'  mufclcs  of  the  eye  do  in  effcA  terminate  in  the  cornea 
at  their  tendinous  extremities  ;  that  the  whole  external 
lamina  of  the  cornea  could  by  gentle  force  be  feparated, 
by  means  of  thefe  mufcles,  from  the  eye  ;  fo  that  the 
tendons  feem  loft  in  the  cornea,  and  this  laft  has  the 
appearance  of  a  central  tendon.  It  was  alfo  fcen  that 
the  central  part  of  the  cornea  is  the  thickeft  and  the 
raoll  elaftic. 

"Thefe  were  confiderabie  advances  towards  eftablifli- 
ing  the  hypothefis  of  adjuftment  by  the  external  curre 
ef  the  eye.  It  remained  to  be  fliewn,  by  experiments 
on  the  living  fubjeft,  that  this  curve  does  really  vary  in 
the  due  direction,  when  the  mind  perceives  the  dllh'nci 
vifible  fenfatinn  of  objeds  at  different  diflances.  For 
this  pnrpofe  Mr  Rainfden  provided  an  apparatus,  con- 
fifting  of  a  tliick  board  fteadily  fixed,  in  which  was  a 
fquare  hole  large  enough  to  admit  a  perfon's  face  ;  the 
forehead  and  chin  refting  againft  the  upper  and  lower 
bars,  and  the  check  againft  either  of  the  fides  ;  fo  that 
when  the  face  was  protruded,  the  he:id  was  fteadily 
fixed  by  refting  on  three  fides  j  and  in  this  oofition  the 
left  eye  projected  beyond  the  outer  furface  of  the  board. 
A  microfcope,  properly  mounted,  fo  as  with  eafe  to  be 
fet  in  every  requifite  pofition,  was  applied  to  view  the 
cornea  with  a  magnifying  power  of  thirty  times.  In 
this  fituation,  the  perfon  whofe  eye  was  the  objeft  of 
experiment  was  defired  to  look  at  the  corner  of  a  chim- 
ney, at  the  diftancc  of  255  yards,  through  a  fmall  hole 
in  a  brafs  plate,  fixed  for  that  purpofe,  and  afterwards 
to  look  at  the  edge  of  the  hole  itielf,  which  was  only 
fix  inches  diftant.  After  fonie  management  and  cau- 
tion, which  the  delicate  nature  of  thefe  experiments  re- 
fjuires,  the  motion  of  the  cornea,  which  wa'  immediate- 
ly perceptible,  became  very  diftinift  and  certain.  The 
circular  feftion  of  its  furface  remained  in  a  line  with  the 
wire  in  the  field  of  the  microfcope,  when  the  eye  was 
adjufted  to  the  diftant  objeA,  but  projeiited  confiderably 
beyond  it  when  adapted  to  the  near  one.  When  the 
diftant  objeft  was  only  go  feet  from  the  obferver,  and 
the  near  objeft  fix  inches,  the  difference  in  the  promi- 
rence  of  the  cornea  was  eftimated  at  i-8o;th  of  an 
inch.  Thete  experiments  were  repeated  and  varied  at 
ditferent  times  and  on  different  fubjefts.  The  obferver 
at  the  microfcope  found  no  difficulty  in  determining, 
from  the  appearance  of  the  cornea,  whether  the  eye 
was  fixed  on  the  remote  or  the  near  object. 

"  From  thefe  different  experiments  Mr  Home  con- 
fiders  the  following  faCls  to  have  been  afcertained: 

"  I.  That  the  eye  has  a  power  of  adjufting  itfelf  to 
diifevent  diftances  when  deprived  of  the  cryttalline  lens; 
and  therefore  the  fibi-ous  and  laminated  ftrufture  of  that 
leirs  is  not  intended  to  alter  its  form,  but  ro  prevent  re- 
fleftions  in  the  paftage  of  the  rays  through  the  furfaces 
of  media  of  different  denUties,  and  to  correft  fpherical 
aberration. 

"  2  I  hat  the  cornea  is  made  up  of  laminae ;  that  it  is 
elaftic,  and  when  ftretrlied  is  capable  of  being  elonga- 
ted i-i  ith  part  of  its  diameter,  contracting  to  its  for- 
mer length  immediately  upon  being  left  to  itielf 

"  3.  1  hat  the  tendons  of  the  four  ftralght  mufcles  of 
the  eye  are  contuiued  on  to  the  edge  of  the  cornea,  and 
terminate^i  are  inlerted,  in  its  external  lamina  :  their 
.adion  T  ill  therefore  extend  to  the  edge  of  the  cornea. 

"  4.  That  in  changing  the  focus  of  the  eye  from  fee- 
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ing  with  parallel  rays  to  a  near  diftancc,  there  18  a  vi. 
fible  alteration  produced  in  the  figure  of  the  cornea, 
rendering  it  more  convex  ;  and  when  the  eye  is  agiin 
adapted  to  parallel  rays,  the  alteration  by  which  the 
cornea  is  brought  back  to  its  former  ftate  is  equally  vi- 
fible." 

Mr  Home  mademany  other  experiments  with  a  view 
to  throw  light  upon  this  curious  fubjeft  ;  and  the  rcfult 
of  the  whole  appears  to  be,  that  the  adjuftment  of  tlis 
eye  is  produced  by  three  different  changes  in  that  or- 
gan ;  an  increafe  of  curvature  in  the  cornea,  an  elonga- 
tion of  the  axis  of  vilion,  and  a  motion  of  the  cryftal- 
xne  lens.  Thefe  changes,  in  a  great  meafure,  depend 
upon  the  contraftion  of  the  four  llralght  mufclcs  of  the 
eye.  Mr  RamHen,  from  computations  grounded  on 
the  principles  of  optics  and  general  ftate  ot  the  fafts, 
eftimatcs  that  the  increafe  of  curvature  of  the  cornea 
may  he  capable  of  producing  on^- third  of  the  effcft, 
and  that  the  change  of  place  of  the  lens,  and  elonga- 
tion of  the  axis  of  vifion,  fufticiently  account  for  the 
other  two  thirds  of  the  quantity  of  adjuftment  neceffary 
to  make  up  the  whole. 

VITALITY,  the  po^ver  of  fu'-.fifting  in  life,  which 
the  falhlonable  philofcpher-s  of  the  French  and  German 
fchools  attribute  to  chemijlry.  For  a  confutation  of 
their  abfurd  and  impious  jargon  on  this  fubjeft,  we  re- 
fer our  readers,  with  f  )me  degree  of  confidence,  to  the 
articles  Physiologv  [EncyaL),  zai  j4nimal  SuBiTAU- 
ces  [Siippl.) 

VIVERRA  (fee  Encycl.)  A  new  foecies  of  this 
geiiu.i  of  animals  wa;  difcovered  by  Vaillant  during  hi» 
laft  travels  in  Africa;  at  leaft  he  ranks  under  the  gene- 
ric name  Fiverra,  tho  animal  of  which  he  gives  the  fol- 
lowing defcription.  Its  body  wai  of  the  fize  of  th.it 
of  a  kitten  fix  months  old  :  it  had  a  very  large  nofe, 
the  upper  jaw  exceeding  the  lower  near  two  thirds  of 
an  inch  in  length,  and  forming  a  fort  of  movci^ble  fnout 
refetnbllng  that  of  the  coati  of  Guiana.  The  for-c  feet 
were  armed  with  four  large  chws,  very  fharp  and  cur- 
ved ;  the  hind  ones  have  each  five,  but  they  are  ft.ort 
and  blunt.  All  the  fur  on  the  upper  part  of  the  body 
is  marked  with  cioi's  bands  of  a  deep  brown  colour,  oq 
a  ground  of  light  brown  with  which  miny  white  hiirg 
arc  intermixed,  'i'he  lower  part  of  the  body  and  in- 
fides  of  the  legs  are  of  a  i-cddi(h  white.  The  tail,  which 
is  very  flcllvy,  and  more  than  two  thirds  hiii.;er  than  the 
body,  is  black  at  the  tip,  and  the  reft  brown,  intermix- 
ed with  white  hairs 

This  animal  employs  its  fore  paws  to  dig  very  deep 
holes  in  the  earth,  in  which  it  remains  concealed  during 
the  day,  not  going  out  till  fun-fet  in  qiieft  of  food. 

The  Hottentots  who  accompanied  our  traveller  call- 
ed it  muys-hoiui  (a  mo  life  dog)  ;  a  general  mme  among 
the  inhabitants  of  the  Cape  for  all  the  frnaller  carnivo- 
rous quadrupeds, 

VIVES  (Ludovlcas),  the  contemporary  and  fricud 
of  Eralmus,  vras  a  native  of  Valentia  in  Spain.  Though 
well  traiired  in  all  the  fubtlcties  of  the  fcholaftic  philofo- 
phy  at  Paris,  he  had  the  good  fenfe  to  difcaver  its  futi- 
lity, and  diligently  applied  hinrulf  to  more  ufeful  ftu- 
dies.  At  I.ouvam  he  undertook  the  office  of  a  precep- 
tor, and  exerted  tiimfelf  with  great  ability  and  fuccefs 
in  corrcfting  birbarllm,  cha.'trfing  the  corrupters  of 
learning,  and  reviving  a  tafte  for  true  fcience  and  ele- 
gant letters.  Erafmus,  with  whom  he  lived  upon  the 
i  D  2  footing 
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footing  of  intimate  ftiendfhip,  fpeaking  of  Vives  when  biinlion.     New  light  has  been  thrown  on  this  fiibie>S    Unicorn 

he  was  only  26  years  of  age,   lays,  that  there  was   uo  by  Morvcau,  who   has  difcovered   that  fclenite  loaded    Vurticci. 

part  of  philofoohy  in  which  he  di'i  not  excel  ;   and  that  with  iron,  when  decompolcd    by  cerbonaceous  matter    "'""'      "^ 

he  had  made  fuch   proficiency  in   leatnir.g,   and  in  the  yields  a  blae  fulphuret  ot  iron  of  equal  permanency  with 

arts  of  fpeaking  and  writing,  that  he  fcarccly  knew  his  the  true  ultramarine. 

equal.    He  wrote  a  omment^ry  upon  AuguiHne's  trea-  At  prefrnc,  fmalt  of  a  good  colour  is  often  purchafed 

tife  D:  C^'vltati  Del,  which  difcovers  an    exttnfive  ac-  at  a  dear  rate  and  fubftituted  for  ultramarine  ;  and  it  is 

quaiiitancc  with  ancient   phi'jfophy.      Henry  Vill.  of  foi'nd   that   the  colour   of  this  preparation  of  cobalt  is 

England,  to  whom  he  dedicated  this  work,  was  fo  plea-  more  durable  in  the  hre  than   even  that  of  the  lapis  la- 

For  the  analyfis  of  lapis  lazuli,  fee  Mineralo- 


led  with  it,  that  he  invited  the  author  to  his  court,  and 
r.iade  him  preceptor  to  hi;;  daughter  Mary.  Though 
he  difcharged  his  office  with  grtat  fidelity,  yet  in  con- 
fcquencc  of  his  oppolition  to  the  king's  divorce,  he  fell 
under  his  difpleaiure  ;  and  it  was  not  without  difiiculty 
that  he  efcaped  to  Bruges,  where  he  jevoted  the  re- 
mainder of  his  days  to  ftudy.  He  died  in  the  year 
15^7,  or,  according  to  Thuanus,  in  1  541.  With  E- 
ralmus  and  Buddaeus  he  formed  a  triumvirate  of  litera- 
ture which  did  honour  to  the  age.  He  wrote  /)f  Pri- 
ma Philofophia,  "  On  the  Firft  Philofophy  ;"  De  Ex. 
ptanntione  Ejfevtinrum,  "  On  the  Explanation  of  Eflen- 
ces  ;"  De  Cenfura  Veri,  "  On  the  Teft  of  Truth  ;" 
T)c  Iiiiiiis,  Se8is,  et  Laudihus  Ph'tlofofh'iit,  *'  On  the  O- 
rigin,  Sefts,  and  Praifes  of  Philofophy  ;"  and  De  Cor- 
ruptis  Artibus  et  Tradendis  Di/iifi/inis,    "  On   the  Cor- 
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UNICORN,  the  fcriptural  name  of  an  animal, 
which  was  undoubtedly  the  one  horned  rhinoceros. 
Ariftotle,  however,  defcribes  a  unicorn  of  a  different 
kind  ;  and,  from  his  delcription,  fceni s  to  have  been  de- 
rived the  idea  of  that  figure,  which  is  one  of  the  fnp- 
poiters  of  the  royal  amis  of  Great  Britain,  and  is  ge- 
nerally fuppoled  to  reprefent  a  fidlitious  animal,  or 
creature  of  the  imagination.  But  this  fuppolition,  if 
not  groundlefs,  feerns  to  be  carried  by  much  too  far. 
Under  the  word  Unicorn  ( Encycl.)  wc  have  recorded 
the  ttftimony  of  Sparman  and  Labo,  to  the  exillence 
of  a  unicorn  fhaped  like  a  beautiful  horfe  ;  and  their 
teftimony  has  lately  bfen  llrongly  corroborated  by  Mr 
Barrow,  (4)   a   man  of  unquellioiiable   veracity,  who 


ruption  of  Science,   and   on  Education."      Thefe  wri-     held  a  high  office  under  government  when  the  Cape  of 


tings,  of  which  the  two  laft  are  the  mod  valuable,  dif- 
cover  great  flrength  of  judgment,  an  extcnfive  know- 
ledge of  philofophy,  much  enlargement  of  conception, 
uncommon  iagacity  in  detefting  the  errors  of  ancient 
and  modern  philofophers,  patticularly  of  Ariftotle  and 
hi.s  followers,  and,  in  fine,  a  mind  capable  of  attempt. 
ing  things  beyond  the  ftandaid  of  the  age  in  which  he 
lived.  To  all  this  he  added  great  perfpicuity  and  ele- 
gance of  ftyle,  not  unworthy  of  the  friend  of  Erafmus. 
ULTRAMARINE  is  a  very  hne  blue  powder,  al- 
moft  of  the  colour  of  the  corn-fiower  or  blue-bottle, 
which  has  this  uncommon  property,  that,  when  expo- 
fed  to  the  air  or  a  moderate  heat,  it  neither  fades  nor 
becomes  tarnifhed.  On  this  account  it  is  ufed  in  paint- 
ing; but  it  was  employed  formerly  for  that  purpofe 
much  more  than  at  prefent,  as  Imalt,  a  far  cheaper  ar- 
ticle, was  not  then  known.  (See  Cobalt,  in  this 
Suppl.)  Ultramarine  is  made  of  the  blue  parts  of  the 
lapis  lazuli,  by  ieparating  them  as  much  as  pofGble  from 
the  other  coloured  particles  with  which  they  are  mixed, 
and  reducing  th-em  to  a  fine  po.vder.  The  real  lapis 
lazuli  is  found  in  the  inountains  of  that  part  of  Tarcary 
called  Bucharia,  which  extends  eaftwaids  from  the  Caf- 
pian  fea,  a.id  particularly  at  Kalab  and  Budukfchu.  It 
is  fent  thence  to  the  Eaft  Indies,  and  from  the  Eail 
Indies  to  Europe.  Good  ultramarine  muft  be  of  a 
beautiful  dark  colour,  and  free  from  fand  as  well  as  every 
other  mixture.  It  mult  unite  readily  wiiii  oil;  it  mu^ 
not  become  tarniihed  on  a  red-hot  tile  or  plate  of  iron, 
and  it  ought  to  difiolve  in  ftrong  acids,  almoll  like  .the 
i^colite,  without  caufing  an  cfiervefctnce.  In  the  year 
1763,  an  ounce  of  it  at  Paris  cofl  four  pounds  fterling, 
and  an  ounce  of  cendre  d'cuiremer,  which  is  the  refufe, 
two  pounds.     The  bafis  of  this  colour  was  long  fuf- 


Good  Hope  was  in  the  pollelfion  of  the  Euglifh.  He 
actually  law  figures  of  the  unicorn,  fuch  as  defcribed 
by  Labo,  drawn  with  thofe  of  the  elephants  and  other 
animals  on  the  fmooth  rocks  in  the  interior  of  the 
country  ;  and  he  very  naturally  infers  that  fuch  figures 
would  not  have  been  conceived  by  favagcs,  who  had 
not  feen  the  living  animal.  The  Bolhmcn  or  Bojef- 
mans,  were  furprifed  at  his  expreffing  any  doubt  of  its 
exiilencc  ;  and  the  Dutch  cclonilts  take  it  for  granted 
that  fuch  an  animal  is  to  be  found  beyond  the  limits 
of  the  colony.  Some  of  the  Bajcfmans  feemed  ready 
to  tindertake  an  expedition  to  the  north  fide  of  the 
great  range  of  mountains,  and  for  a  proper  reward  to 
bring  to  the  author  a  real  unicorn ;  but  what  prevent- 
ed the  expedition  we  are  not  told.  It  may  be  per- 
formed, and  is  furely  as  well  worthy  of  the  amateurs 
of  natural  hiftory  as  a  journey  into  the  heart  of  Africa 
in  quelt  of  birds,  flowers,  or  lerpeiits.  Till  very  lately 
the  Mammoth  (fee  Encycl.)  was  confounded  with  the 
elephant,  and  Itrange  inferences  were  thence  drawn 
refpefting  the  change  of  the  poles  of  the  earth.  But 
now  (  1 802  )  the  tki:!cton  of  a  Mammoth  is  exhibiting  in 
London,  whence  it  appears  that  the  two  animals, 
though  nearly  the  fame  fize,  are  quite  diftiiift,  and 
that  the  one  may  have  lived  in  countries,  where  the 
bones  of  the  mammoth  are  indeed  generally  found, 
oi  fuch  a  temperature,  that  the  elephant  could  not 
exift  in  thtm  five  months.  Now,  indeed,  the  mam- 
moth  fccms  to  be  extinft,  and  fo  may  the  unicorn  be  ; 
but  it  appears  uiiequetlionable  that  both  have  once 
exiftcd  ;   and  it  is  probable  that  the  latter  ftill  exifts. 

VORTICES  of  Des  Canes  are  now  jullly  exploded  ; 
but  being  the  fiftion  of  a  very  fuperior  mind,  they  are 
ftill  an  objeft   of  curiofity,  as  being  the  foundation   of 


pefted  to  be  copper,   but  the  experiments  of  Margraff     a  great  philofophical  romance.     According  to  the  au- 
itewed  that  it  was  iron,  in  fome  unknown  ftate  of  com-     thor  of  that  romance,  the  whole   of  infinite  fpace  was 

,  full 


(a)   See  his  Travels  Into  the  Interior  of  Southern  Africa,  in  the  years  1797)  ^79?*- 
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Venice?,  full  of  matter  ;  for  with  him  matter  and  cxtenfion  were 

•■^ » the  fame,  and  confequently  there   could  be   no   void. 

This  immeiiQty  of  matter  he  fupnofed  to  be  divided  in- 
to an  infinite  number  of  very  fmall  cuhes  ;  all  of  which, 
being  whirled  about  uoon  their  own  cepfres,  neccflavily 
gave  ocralior!  to  the  produftion  of  two  different  elcmetita. 
The  iirll  conliled  of  thofo  anp;ii!ar  pirts  which,  ha- 
ving been  necefTatily  rubbed  off.'aui  grinded  yet  fmaller 
by  their  mutual  frIAion,  conllituled  the  tnoil  fuhtle 
and  moveable  patt  of  matter.  'I'he  fecond  confided  of 
thofe  little  globjie-!  that  were  formed  by  the  rubbir.g 
off  of  the  firll.  The  intcrftices  betwixt  thefe  globules 
of  the  fecond  element  were  filled  up  by  the  particleii  of 
the  firll.  But  in  the  infinite  coUidons,  wlrich  muft  oc- 
cur 111  an  infinite  fpate  filled  with  matter,  and  all  in  mo- 
tion, it  rauft  neceffarlly  h?ppen  thnt  many  of  the  glo- 
bules of  the  fecond  element  fhould  be  broken  and  grind 
ed  down  into  the  firll.  The  quantity  of  the  Mrll  cle- 
ment having  thus  been  increifcd  beyond  what  was  fuf 
t^cient  to  fill  up  the  interltices  of  the  fecond,  it  muli, 
in  many  places,  have  been  heaped  up  together,  without 
any  mixture  of  the  fecond  along  with  it.  Such,  ac- 
cording to  Des  Cartt-s,  was  the  original  divifion  of  mat- 
ter. Upon  this  infinitude  of  matter  thus  divided  a 
certain  quantity  of  motion  was  originally  im-preffei  by 
the  Creator  of  all  things,  and  the  laws  of  motion  were 
fo  adjuP.ed  as  alwrys  to  pieferve  the  fame  quantity  in 
it,  without  increaft,  and  without  diminution.  What- 
ever motion  was  loft  by  one  part  of  matter,  was  com- 
municated to  feme  other  ;  and  whatever  was  acquired 
by  one  part  of  matter,  was  derived  from  fome  other : 
and  thus,  through  an  eternal  revolution  from  reft  to 
motion,  and  from  motion  to  reft,  in  every  part  of  the 
Univerfe,  the  quantity  of  motion  in  the  whole  was  al- 
ways the  fjme. 

But  as  there  was  no  void,  no  one  part  of  matter  could 
be  movt  J  without  thruiling  fome  other  out  of  its  place, 
nor  that  without  thruiling  fome  other,  and  fo  on.  To 
avoid,  therefore,  an  infinite  progrefs,  he  fuppofed  that 
the  matter  which  any  body  pulhed  before  it  rolled  im- 
mediately backwards  to  fupply  the  place  of  that  matter 
which  flowed  in  behind  it ;  as  we  may  obferve  in  the 
fwlmming  of  a  filli,  that  the  water  which  it  pufhes  be- 
fore it  immediately  tolls  backwards  to  fupply  the  place 
of  what  flows  in  behind  it,  and  thus  forms  a  fmall  circle 
or  vortex  round  the  body  of  the  fifh.  It  was  in  the 
fame  manner  that  the  -motion  originally  imptefled  by 
the  Creator  upon  the  in.finitude  oi  matter  neceifarily 
produced  in  it  an  infinity  of  greater  and  fmaller  vor- 
tices, or  circular  Itreanis  :  and  the  law  of  motion  being 
fo  adjiilted  as  always  to  preferve  the  fame  quantity  of 
motion  in  the  univerfe,  thofe  vortices  either  continued 
for  ever,  or  by  their  diffolution  gave  birth  to  others  of 
the  fame  kind.  There  was  thus  at  all  times  an  infinite 
number  of  greater  and  fmaller  vortices,  or  circular 
ftrcaras,  revolving  in  the  univerfe. 

But  whatever  moves  in  a  circle  is  con;1antIy  endea- 
vouring to  fly  off  from  the  centre  of  its  revolution.  For 
the  natural  motion  of  all  bodies  is  in  a  llraight  line.  All 
the  particles  of  matter  therefore,  in  each  of  thofe  greater 
«)rtices,  were  continually  preffing  from  the  centre  to  the 
circumference,  with  more  or  lefs  force,  according  to  the 
different  (kgrees  of  their  bulk  and  folidity.  The  larger 
and  more  folid  globules  of  the  fecond  element  forced 
themfelTcs  upwards  to  the  circumference,  while  the 


fmaller,  more  ytflding,  ^.,1  more  aftive  parlicica  of  the   Vortices, 
firll,  which  could  flow  even  through   the  inlerlliccs   of  — v—- ^ 
the  fecmd,  were  forced  dowuwanls  tothe centre.  They 
were  forced  downwanl;  to  the  centre  notwithllanding 
their    natural    tendency  was   upwards  to   the  circum- 
ference; for  tue  fame  reafon  that  a  piece  of  wood,  when 
plunged  ill  water,  is  forced  upwards  to  the  furf.ice,  iiot- 
withllanding  its  n>itur.il  tendency  is  downwards  to  the 
bottom  ;  btcaufe  its  (end.-ucy  downwards  is  lefs  llrong 
than  that  of  the  particles  of  water,  which,  therefore,  if 
one  may  fay  fo,  prefs  in  before  it,  and  thus  force  it  up- 
wards.   But  there  being  a  grenter  quantity  of  the  firll 
element  than  what    was  necclfary   to    fill  up  the  inter- 
ftices  of  the  fecond,   it  was  neceifarily  accumulated  in 
the  centre  of  edcli  of  thefe  great  circular  ftieams,  and 
formed  there  the  fiery  and  adive  fublbiiice  of  tlie  fun. 
Tor,  according  to  that   pliilofopher,  the    folar  fyllems 
were  infinite  in  number,  each  fixed  (lar  being  the  centre 
of  one  ;  and  he   is  among  tlu'  firll  of  the  lUuJcrns  who 
thus  took  away  the  b^iundaries  of  the  univerfe:  even 
Copernicus  and   Kepler,    themfelvcs,   have  confined  it 
is'ithin  what  they  fu|)pofed  the  vault  of  the  firmament. 
The  centre  of  each  vortex  being  thus  occupied  by 
the  mo.l  active  and  moveable  parts  of  matter,  there  was 
neceifarily  among  tliem  a  more  violent  agitation  than  in 
any  other  part  of  the  vortex,  and  this  violent  agitation 
of  the  centre  cherifhed  and  fiipported  the  movement  of 
the  whole.      But  among  the  particles  of  the  firfl  ele- 
ment, which  fill  up  the  inttrdicesof  the  fecond,  there 
are  many,  v/hich,  from  the  preffure  of  the  globules  on 
all  fides  of  them,   neceffarity  receive  an  angular  form, 
and  thus  conllitute  a  third  element   of  particles  lefs  fit 
for  motion  than  thofe  of  the  other  two.     .\s  the  par- 
ticles, however,  of  this  thir.l    element  were  formed    in 
the  intevftices  of  the  fecond,  they  arc  neccffarily  fmaller 
than  thofe  of  the  fecond,  and  are  therefore,  along  with 
thofe  of  the  firft,  urged  dr>wn  tow  irds  the  centre,  where, 
when  a  number  of  them  happen  to  take  hold  of  one  an- 
other, they  form  fuch  fpots  upon  the  furface  of  the  ac- 
cumulated particles  of  the  firlt  element,  as  are  often  dif- 
covered   by  telcfcopes  upon   the  face  of  that  fun  which 
enlightens   and  animates  our  particular  fyllem.     Thofe 
fpots  are  often  broken  and  dilpelled  by  the  violent  agi- 
tation of  the  particles  of  the  firll  element,  as  has  hitlierto 
happily  been  the  cafe  with  thofe  which  have  fiicceffively 
been   formed  upon    the  face   of  our  fiin.     Sometimes, 
however,    they  encrull    the  whole   furface  of  that  fire 
which  is  accumulated  in  the  centre  ;  and  the  com-riiini- 
cation  betwixt  the  moll  adtive  and  the  moil  inert  parts 
of  the  vortex  being  thus  interrupted,  the  lapidity  of  its 
motion    immediately   begin.^    to   languifh,    and   can   no 
longer  defend    it  from  being  f-.^allowed    up  and  carried 
away  by  the   fuperior  violence  of  fome   other  like  cir- 
cular  llream  ;  and,  in  this  manner,  what  was  once  a  fun 
becomes  a  planet.     Thus   the   time  was,   according  to 
the   fyllem,  when   the   moon   wag  a  body  of  the   fame 
kind  with  the  fun,  the  fiery  centre  of  a  circular  ilream 
of  ether,  which  flowed  continually  round  her;  but  her 
face  having  been  crulled  over  by  a  congeries  of  angular 
particles,  the   motion  of  this  circular  llream  began  to 
languifh,  and   could  no  longer  defend  itfelf  from  being 
abforbed  by  the  more  violent  vortex  of  the  earth,  which 
was  then,  too,  a  fun,  and  which   chanced  to  be  placed 
in  its  neighbourhood.     The  moon   therefore  became  a 
plan€t,  and  revolved  round  the  earth.     In  procefs  of 

timcj. 
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Vorficef,  time,  the  fame  fortune,  which  had  thus  befallen  the  and  execution  of  the  impoftor  (See  ScrwoROtv,  5k^*/.), 
Uralian.  moon,  befel  alfo  the  earth ;  its  fr-.ce  was  encrulkd  by  a  in  order  to  extinguifh  all  remembrance  of  this  rebellion, 
'"'■"*'  grofs  and  inaftive  fubllance  ;  the  motion  of  its  vortex  the  river  Yaik  was  called  Ural i  the  Yaik  CotTacs  were 
began  to  languilh,  and  it  was  abforbed  by  the  greater  denominated  Uraltan  Cojfaci  ;  and  the  town  of  Yaitfk, 
vortex  of  the  fun  :  but  though  the  vortex  of  the  earth  Uralfk.  The  Uralian  CoOTacs  enjoy  the  right  of  fifii- 
had  thus  become  languid,  it  lllll  had  force  enough  to  ing  on  the  coaft  of  the  Cafpian  Sea.  for  47  miles  on 
occafion  both  the  diurnal  revolution  of  the  earth,  and  each  fide  of  the  river  Ural.  Their  principal  fifhery  is 
the  monthly  motion  of  the  m.oon.  For  a  Imall  circular  for  iiurgeons  and  beluga,  whofe  roe  fupplies  large  quan- 
ftreani  may  cafily  be  conceived  as  flowing  round  the  tities  of  caviare  ;  and  the  fifh,  which  are  chiefly  falted 
body  of  the  earth,  at  the  fame  time  that  it  is  carried 
along  bv  that  great  ocean  of  ether  which  is  continually 
revolving  round  the  fun  ;  in  the  fame  manner  as,  in  a 
great  whirpool  of  water,  one  may  often  fee  fcveral  fmall 
whirpools,  which  revolve  round  centres  of  their  own, and 
at  the  fame  time  are  carried  round  the  centre  of  the  great 
one.  Such  was  the  caufe  of  the  original  formation 
and  confequent  motions  of  the  planetary  fyllera.   When 
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and  dried,  aff'ord  a  confiderable  article  of  ccnfiimption 
in  the  Ruffian  empire.  In  conftquence  of  thele  tilheries, 
thefe  Coffacs  a^e  very  rich. 

URBINO,  a  town  of  Italy,  in  the  territory  of  the 
Pope,  and  capital  of  the  dnchy  of  Urbino,  with  an  old 
citadel,  an  archbifhop's  fee,  and  a  handfome  palace, 
where  the  dukes  formerly  refided.  The  houfes  are 
well  built,  and  great  quantities  of  fine  earthen  ware  are 


a  folid  body  is  turned  round  its  centre,  thofe  parts  of  made  here.     It  is  feated  on  a  mountain,  between   the 

it  which  are  neartft,  and  thofe  wliich  are  rcmotell  from  rivers  Metro  and  Foglia,  18  miles   fouth  of  Rimini,  58 

the  centre,   complete  their  revolntions  in  one  and  the  eaft.  of  Florence,  and  120  north-eaft  of  Rome.   E.  Lon. 

fame  time.    But  it  is  otherwife  with  the  revahitions  of  12.  40.  N.  lat.  45.  46. 

a  fluid  :  the   parts  of  it   which  are  neareft  the  centre  Urbino,  a  duchy  of  Italy,  in   the  territory  of  the 

complete  their  revolutions  in  a  fhorter  time  than  thofe  church,  bounded  on  the  north  by  the  gulph  of  Venice; 

which  are  remoter.     The  planets,   therefore,  all  float-  on    the  fouth,    by  Perugino  and  Umbria  ;   on  the  eaft, 

ing  in  that  immcnfe  tide  of  abther  which  is  continually  bv  the   raarquifate   of  Ancona  ;    and   on   the  welt,    by 

fetting  in  from  weft  to  eaft  round  the  body  of  the  fun,  Tufcany  and  Romagna.    It  is  about  55  miles  in  length, 

complete  their  revolutions  in  a  longer  or  a  ftiorter  time,  and  45  in  breadth.     Here  is  great  plenty  of  game  and 

according  to  their  nearnefs  or  diftance  from  him.  fi(h  ;  but  the  air  is  not  very  wholefome,   nor  is  the  foil 

This  bold  fyftem  was  eminently  fitted  to  captivate  fertile.     Urbino  is  the  capital, 

the  imagination  ;   and  though  fraught  with  contradic-  URCEOLA,   a  lately  difcovered  genus  of  the />fn- 

tions  and  impoffibilities,  attempts  have  been  made  to  re-  taniiria  clafs,  and   monrjgyma   order  of  plants,    ranking 

vive  it,  even  in  this  country,  under  different  names.    All  immediately   after  Tabern.*:  Montana  (fee   EncycL), 

thofe  fyftems  which   reprcfent  the  motions  of  the  hea-  and  consequently  belonging  to  tlie  30tli   natural   order 

venlv  bodies  as  being  the  effeft  of  the  phyfical  agency  or  clafs  called  Con/ona  by  Linnseus  in   his   natural  me- 

of  others,   of  air,  of  fire,   and  of  light,    of  which  the  thod  of  ariangemcnt.   One  of  the  quahties  of  the  p'ants 


univerfe  is  conceived  to  be  full,  labour  under  the  fame 
difficulties  with  the  Cartefian  hypothcfis  ;  and  very  few 
of  them,  if  any,  are  fo  neatly  put  together.  It  is  fure- 
!y  fufflcient,  however,  to  demolilh  this  goodly  fabric, 
barely  to  aflc  how  an  abfolute  infinity  of  matter  can  be 
divided  into  cubes,  or  any  thing  elfe  i  how  there  can 
pofiibly  be  interftices  in  a  perfect  plenum?  or  how  in 
fuch  a  plenum  any  portion  of  matter  can  be  thruft  from 
its  place  ? 

URALIAN  CossAcs,  a  people  that  inhabit  the 
Ruiuan  province  of  Orenburg  in  Afia,  on  the  fouth 
fide  of  the  river  Ural.  Thefe  CofTacs  are  defcended 
from  thofe  of  the  Don  :  they  are  a  very  valiant  race 
They  profefs  the  Greek  religion  ;  but  there  is  a  kip.d 
of  diffenters  from  the  eftabliflied  religion,  whom  the 
RuGians  called  Rojio/niki,  or  Separatifts,  and  who  ftyle 
themfelves  Starover/ii,  or  Old  Believers.  They  confi- 
der  the  fervice  of  the  eftabliflied  church  as  profane  and 
faciilegious,  and  have  their  own  priells  and  ceremonies. 
The  Uralian  Coflacs  are  all  enthufiaiU  for  the  ancient 
ritual,  and  prize  their  beards  almoft  equal  to  their  lives. 
A  Ruffian  officer  having  ordered  a  number  of  Coffac 
r.ecruiis  to  be  publicly  flraved  in  the  town  of  Yaitfli,  in 
177  I)  this  wanton  infult  excited  an  infurre&ion,  which 
was  li.ppreffed   for  a  time  ;    but,   in  1773,  that  daring 


of  this  order  is  their  yielding,  on  being  cut,  a  juice 
which  is  generally  milky,  and  for  the  moft  part  deemed 
of  a  poifonous  nature.  The  genus  is  thus  charatterifed 
by  Dr  Roxburgh  :  Ca/yx  beneath  five-toothed  ;  corol 
one  petaled,  pitcher  Ihaped,  with  its  coiitratled  mouth 
five  toothed  :  neftary  entire,  furrounding  the  germs; 
follicles  two,  round,  dtupicious  ;  feeds  numerous,  im- 
merfed  in  pulp.  '.  here  is  but  one  known  fpecies,  which 
is  thus  defcribed  by  the  fame  eminent  botanift  ; 

Urceola  ELASTicA  :  Shrubby,  twining,  leaves  op- 
pofite,  oblong,  panicles  terminal,  is  a  native  of  Sumatra, 
Prince  ot  Wales's  Ifland,  &c.  Malay  countries.  S/em 
woody,  climbi:  g  over  trees.  Sec.  to  a  very  great  extent, 
young  fiioots  twining,  and  a  little  hairy,  bark  of  the 
old  woody  paria  thick,  dark  coloured,  confiderably  un- 
even, a  little  Icabrous,  on  which  are  found  fcveral  fpecies 
ot  moffi,  particularly  large  patches  of  lichen  ;  the  wood 
is  white,  ligiit,  and  porous.  Lea-ues  oppofite,  (hort- 
petioled,  horizontal,  ovate,  obUmg,  pointed,  entire,  a 
little  fcabrous,  with  a  few  fcattered  white  hairs  on  the 
under  fide.  Stij'uliis  none.  Panicles  terminal,  brachiate, 
very  ramus.  Fliwers  numerous,  minute,  of  a  dull 
greenilh  colour,  and  h=>.iry  on  the  outfide.  Bra8s  lan- 
ceolate, one  at  each  divifion  and  fubdivifion  ot  the  pa- 
nicle. Calyx-  perianth,  one-leaved,  five-toothed,  perma- 
impoftor,  Pugatchef,  having  aftumed  the  name  and  per-  nent.  Corol  ont  petaled,  pitcher  Ihaped,  hairy,  mouth 
fon  of  Pttcr  III.  appeared  among  them,  and  taking  much  contrafted,  five-toothed,  divilions  erect,  acute, 
advantrge  of  this  circuraftance,  and  of  their  religious  nectary  entire,  cylindric,  embracing  the  lower  two- 
prtjudices,  ruuled  them  once  more  into  open  rebellion,  thirds  of  the  germs.  Stamens,  filaments  five,  very  thort 
This  being  at  lall  effedually  fuppreflcd  by  the  defeat  from  the  bale  of  the  corol.  Anthers  arrow.lhaped,  con- 
verging, 
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Urceola.  verging,  bearing  their  pollen  in  two  grooves  on  the  in- 
'~~"»"^~'  (ide,  near  the  apex  ;  betwten  thefe  (grooves  and  the  in- 
fertions  of  the  tilameiits  they  are  covered  with  white 
foft  hairs.  PlUil,  germs  two  ;  above  the  neflary  they 
are  very  Yitutv  round  the  margins  of  their  truncated 
tops.  Style  finylt,  Hiorter  than  the  llamens.  Stigma 
ovate,  with  a  circular  band,  dividlni;  it  into  two  por- 
tions of  different  colours.  Per.  Follicles  t«'o,  round, 
lateially  comprcfled  into  the  (hape  of  a  turnip,  wrink- 
led, leathery,  about  three  inches  in  their  greateft  diame- 
ters— one  ceiled,  i^vo  valvtd.  Seeih  very  numerous,  re- 
niform,  immeMed  in  firm  flefhy  pulp. 

See  Piate  XLVII.  where  fig.  1 .  is  a  branchlet  in 
flower  of  the  ralural  fize.  2.  A  flower  magnified.  3. 
The  fame  laid  open,  which  expofcs  to  view  the  fituation 
of  the  it.imens  infetted  into  the  bottom  of  the  corol, 
the  neflariiim  furrounding  the  lower  half  of  the  two 
germs,  their  upper  hilf  with  hairy  margins,  the  ftyle 
and  ovate  party  colouied;  ttigma  appearing  above  the 
ne^ary.  4.  Outfide  of  one  of  the  ftamens  ;  and,  5. 
Infide  of  the  fame,  both  much  magnified.  6  The 
neiftarium  laid  open,  expofing  to  view  the  whole  of  the 
piftil.  7.  The  two  feed  veffels  (called  by  Linnaeus/^/- 
Jkles).  natural  fize;  half  of  one  of  them  is  removed,  to 
iliew  the  feed  immerfed  in  pulp.  A  portion  thereof  is 
alio  cut  away,  which  more  clearly  fhews  the  fituation 
and  lliape  of  the  feed. 

From  wounds  made  in  the  bark  of  this  plant  there 
oozes  a  mdky  fluid,  which  on  expofure  to  the  open  air 
feparatea  into  an  elaftlc  coaguhim,  and  watery  liquid 
apparently  of  no  ufe,  after  the  feparation  takes  place. 
This  coagulum  is  not  only  like  the  American  caout- 
chouc or  Indian  rubber,  but  pofTeffes  the  fame  proper- 
ties ;  for  which,  fee  Caoutchouc,  both  in  the  Encycl. 
and  Supfl. 

The  chemical  properties  of  this  vegetable  milk,  while 
fredi,  were  found  by  Mr  Howifon,  late  lurgeon  on 
Prince  of  vV'ales's  Ifland,  furprifingly  to  refemble  thoie 
of  anim.rl  milk.  From  its  dccompofition,  in  confe- 
quence  C'f  fpontaneous  fermentation,  or  by  the  addition 
of  aciis,  a  feparation  takes  place  between  its  caleous 
and  ferous  parts,  both  of  which  are  vety  fimilav  to  thofe 
produced  by  the  fame  procefles  from  animal  milk.  An 
oily  or  butyrous  matter  is  alfo  one  of  its  component 


parts,  which  appears  upon  the  furface  of  the  gMm  h  tTrinary, 
foon  ae  the  latter   has  attained   its  folid  form.     He  en-    Urtici. 
deavoured  to  form  an  extract  of  this  milk  fo  as  to  ap-         ' 
proach  to  the  confi(>ence  of  new  butter,  by  which  he 
hoped  to  retard   its  frrmcniative  flage,  witliout  depri- 
ving it  of  its  ufeful  qualities  ;   but  as  he  had   no  appa- 
ratus for  dilliUing,  the  furface  of  the  milk,  that  was  cx- 
pofed  to  the  air,   inftantly  formed  into  a  folid  coat,  by 
which  the  evaporation  was  in  a  great  degree  prevented. 
He,  however,  learned,  by  collrcSing  the  thickened  milk 
from  the  infide  of  the  coats,  and  depofitin^^  it  in  a  jelly 
pot,  tiiat,  if  excluded  from  the  air,  it  might  be  prefer- 
ved  in  this  flate  for  a  confiderable  length  of  time  ;  and 
even  viithout  any  preparation  be  kept  in  bottles,  toler- 
ably Rood,  upwards  of  twelve  months. 

URINAR.Y,  CONCRETIONS.  See  Animal  Substan- 
ces, Suppl. 

URTICA.  See  Encycl.  where  it  is  obfervcd  that 
the  common  nettle,  though  it  has  a  place  in  the  materia 
medica,  is  now  very  little  ufed.  It  has  lately  been  re- 
commended, however,  by  Zannetini,  a  phyfician  who 
attended  the  French  army  in  Italy,  as  a  good  fubftitute 
in  ievers  for  cinchona.  The  fuccels  of  fome  experi- 
ments, which  he  made  with  it  in  tertian  and  quartain 
malignant  fevers,  furpalTed,  he  fays,  his  moft  fanguinc 
expcilation.  The  nettle  often  produces  a  fpeedier  ef- 
fect than  bark;  for  it  heats  in  a  great  degree,  and  when 
trie  dofe  is  pretty  ilrong,  occalions  a  lethargic  fleep. 
The  dofe  mull  never  exceed  a  dram,  and  is  given  in 
wine  two  or  three  tines  in  the  courfe  of  24  hours. 
Zannetini  found  this  medicine  of  great  fervice  to  guard 
againll  that  total  exhauftion  which  forms  the  principal 
charafter  of  malignant  fevers  ;  and  he  recommends  a 
flight  infufion  of  it  in  wine  as  an  excellent  prefervative 
for  thofe  who  refide  in  marfhy  and  infalubrious  dillridls. 
In  employing  the  nettle  in  fever,  Zannetini  gives  the 
fame  caution  as  ought  to  be  obfervcd  in  regard  to  cin- 
cliona,that  is,  that  it  mufl  not  be  employed  where  there 
is  an  inclination  to  Inflammation,  or  where  a  continued 
fever,  arifingfrom  obltruiilions,  cxllls.  This  difcovery 
is  not  unworthy  the  attention  of  phyficians,  and  de- 
ferves  at  leaft  to  be  taither  Invelligatcd,  as  a  great  deal 
would  be  laved  if  cinchona  could  be  entirely  difptufrd 
with. 


w. 


Wales.     '\KJ'^^^'^''  ^^*  SouT«r,  13  a  cotrntry  which  muft  be 
•—SI  interctling   on   account    of  the   Angular  colony 

which  was  fettled  there  In  the  year  1788.  Under  the 
title  NeiK  Holland  (Encycl.)  fome  account  has  been 
given  of  that  fettlement,  as  well  as  of  the  climate  and 
the  foil  about  Port  Jackfon  ;  but  it  will  probably  gra- 
tify tiie  curiofity  of  our  readers,  if  we  give  a  fhort  hi- 
ftory  of  thole  European  fcttlers,  of  whom  it  is  to  be 


hoped  that  they  carried  not  with  them,  to  that  ciftant 
fhore, 

"  Minds  not  to  be  changed  by  time  or  place." 

This  hiftory  we  fliall  take  from  the  accurate  .,'ceount 
of  the  Englijh  Colony  in  Niw  South  ICu/ei,  by  David 
Collins,  Efq;  who  went  out  with  Governor  Phillip,  a^nd 
continued  to  execute  tlie  offices  of  Judge-advocate  and 

Secretary 
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^Vi'.cs,     Secretary  till  the  clofe  of  the  year  1796  ;  and  we  (hall 
'~~'*'~~^  begin  our  narrative  from  the  difembarkation  of  the  fird 
colonills,  when  hia  Majelly's  comminion  to  the  gover- 
nor, and  the  letters  patent,  eilablifhing  courts  of  crimi- 
nal and  civil  judicature  in  the  territory,  were  read. 

The  criminal  court  was  coiftltuted  a  court  of  record, 
and  was  to  confill  of  the  judge-advocate  and  fnch  fix 
officers  of  the  fea  and  land  fervice  as  the  governor  ihall, 
by  preceot  HI'ued  under  his  hand  and  feal,  require  to  af- 
femble  for  that  purpofe  This  court  has  power  to  in- 
quire of,  hear,  determine,  and  punifh  all  treafons,  mif- 
piifions  of  treafons,  murders,  felonies,  forgeries,  perju- 
ries, trefpaffes,  and  other  crimes  whatfoever  that  may 
be  comriiitted  in  the  colony  ;  the  punifhment  for  fuch 
offences  to  be  inflifted  according  to  the  laws  of  Eng- 
land as  neatly  as  may  be,  confidering  and  allowing  for 
the  circumftances  and  fituation  of  the  fettlement  and  its 
inhabitants.  I'he  charge  agflinlt  any  offender  is  to  be 
reduced  into  writing,  and  exhibited  by  the  judge-advo- 
cate :  witnefTes  are  to  be  examined  upon  oath,  as  well 
for  as  agalnft  the  prifoner  ;  and  the  court  is  to  adjudge 
whether  he  is  guilty  or  not  guilty  by  the  opinion  of  the 
major  part  of  the  court.  If  guilty,  and  the  offence  is 
capital,  they  are  to  pronounce  judgment  of  dtath,  in 
like  manner  as  it  the  prifoner  had  been  convicled  by  the 
verdict  of  a  jury  in  England,  or  of  fuch  corporal  pu- 
nifhment as  the  court,  or  of  the  major  part  of  it,  fhall 
deem  meet.  And  in  cafes  not  capital,  they  are  to  ad- 
judge fuch  corporal  punilhmcnt  as  the  majority  of  the 
court  (liall  determine.  But  no  oflender  is  to  fuffer 
death  unlefs  iive  members  of  the  comt  lliail  concur  in 
adjudging  him  to  be  guilty,  until  the  proceedings  ihall 
have  been  tranfmitted  to  Englatid,  ar.J  the  king's  plea- 
fure  fignified  thereupon.  The  provoft-mariha'l  is  to 
caufe  the  judgement  of  the  court  to  be  execut;.'d  accord- 
ing to  the  governor's  warrant  under  his  hand  and  feal. 

Befide  this  court  for  the  trial  of  criminal  o.ffenders, 
there  is  a  civil  court,  confiding  of  the  judge  advocate 
and  two  inhabitants  of  the  fettlement,  who  are  to  be 
appointed  by  the  governor;  which  court  has  full  power 
to  hear  and  determine  m  a  funimary  way  all  pleas  of 
lands,  houfcs,  debts,  contrads,  and  ail  perfon^l  pleas 
whatfoever. 

From  this  couit,  on  either  party,  plaintiff  or  defen- 
dant, finding  himfelf  or  themfelves  aggrieved  by  the 
judgment  or  decree,  an  appeal  lies  to  the  governor,  and 
from  him,  where  the  dtbt  o-  thing  in  demand  ihall  ex- 
ceed the  value  of  L.  300,  to  the  king  in  council. 

A  vice- admiralty  court  was  alio  appointed,  for  the 
trial  of  offences  on  the  high  feas  ;  -and  the  governor, 
lieutenant  governor,  and  judge-advocate,  were  by  patent 
made  jufticcs  of  the  peace,  with  a  power  in  the  gover- 
nor to  appoint  other  jullices. 

The  fituation  which  Governor  Phillip  had  feleclcd 
for  his  refidence,  and  for  the  principal  fettlement,  was 
the  eaft  fide  of  a  cove  in  Port  Jackfon,  which  he  called 
Sydney  Cove.  Its  latitude  was  found  to  be  3^^  52'  30" 
fouth,  and  its  longitude  152-  19'  30"  ead.  This  fitua- 
tion was  chofen  without  due  examination  ;  for  it  foon 
appeared  that  the  head  or  upper  part  of  the  cove  wore 
a  much  more  favourable  appearance  than  the  ground 
immediately  about  the  fettlement.  From  the  natives, 
the  new  fettlers  met  no  oppoCtion  :  during  the  firft  fix^ 
weeks  they  received  only  one  vifit  from  them,  two  men 
ftroUing  one  evening  into  the  camp,  and  remaining  in 


it  for  about  half  an  hour.  They  appeared  to  admire  Wnlc 
whatever  they  faw  j  and  after  receiving  a  hatchet  (of  —~r' 
the  ufe  of  which  the  eljeil  inflantly  and  curioully  lliew- 
ed  his  knowledge,  by  turning  up  Ills  foot  and  fliarptn- 
ing  a  piece  of  wood  on  the  fole  with  the  liatchet)  took 
their  leave,  apparently  well  pieafed  with  their  reeeption. 
The  fifhing  boats  alfo  frequently  repoiled  their  havirig 
been  vifited  by  many  of  thcfe  people  when  hauling  the 
feine  ;  at  which  labour  they  often  alFilled  with  cheer- 
fulnels,  and  in  retuin  were  gcnerall  revva.dtd  with  a 
part  of  the  fiPn  taken. 

The  firll  labour  in  which  the  convicts  were  employ- 
ed was  that  of  building  huts  ;  and  for  this  purpufe  it 
was  found  neceffary  to  divide  them  iato  gangs,  and  to 
appoint  an  overfeer  to  each,  wiro  ihould  fee  that  the 
proper  quantity  of  work  was  performed.  Tlie  provi- 
fions  were  dillributed  by  a  weekly  ration,  and  to  each 
man  were  allowed  ylb.  of  bifcuit,  lib.  of  llour,  jlb.  of 
beef  or  41b.  of  pork,  3  pints  of  peaft,  and  6  ounces  of 
butter.  To  the  female  convicts  two  tliirds  of  this  ra- 
tion were  allowed.  This  was  the  full  ration,  wliich,  in 
many  inftances,  it  beejme  neceiTary  to  reduce  ;  and 
once,  in  confequence  of  the  delay  of  trantports  with  a 
fupply,  the  conviiSls  were  put  on  an  allowarce  of  which 
flefh  meat  eonflituted  no  part. 

The  tempotary  huts  in  which  the  colonilU  lived,  for 
fome  time  after  their  arrival,  were  formed  principally  of 
the  cabbage-tree.  With  this  the  fides  and  ends  were 
filled  ;  the  polls  and  plates  being  made  of  the  pine  ; 
and  the  whole  was  plallered  with  clay.  The  roofs  were 
generally  thatched  with  the  grafs  of  the  gumrufh ; 
though  fome  were  covered  with  clay  ;  b:it  feveial  of 
thefe  failed,  the  weight  of  the  clay  and  rain  foon  de- 
ftioying  them.  In  a  (hort  time  they  applied  themfclvci 
to  ttie  burning  of  bricks  ;  by  wiiich  their  habitations 
foon  became  much  more  lalling  and  comfortable.  The 
progreis  of  the  colony,  however,  towards  that  degree 
of  convenience  wiiich  was  within  its  reach,  v/as  greatly 
impeded  by  tlie  incorrigible  vices  of  thofe  who  princi- 
pally conipofed  it.  Drunkennels,  theft,  robbery,  and 
unconquerable  laziuefs,  continued  to  mark  the  charac- 
ter of  tlie  great  body  of  the  convitls.  though  to  liy 
from  the  colony,  and  venture  into  the  interior  01  the 
country,  was  inevitable  death  in  the  torm  ot  famine  or 
of  murder,  yet  fuch  was  the  invincible  antipathy  to  la- 
bour manifelted  by  fome  of  thofe  people,  that  they  often 
fled  to  the  woods,  from  which  they  feldoin  returned  ; 
iome  dying  of  hunger,  and  fome  being  facrificcd  by  the 
natives.  Difinclination  to  labour  prodiictd  here,  as  elfe- 
where,  its  natural  tffeft — robbery. 

In  the  month  of  May  1788,  a  lad  of  17  years  of  age 
was  tried,  convicled,  and  executed,  tor  breakii^g  open  a 
tent  belonging  to  one  of  the  tranfport  (hips  ;  fcveral 
others  were  taken  into  cuftody  in  that  month  for  various 
thefts  and  burglaries,  and  two  were  afterward  tried  and 
executed.  One  of  thefe  had  abfconded,  and  lived  in  the 
woods  for  19  days,  fubfilfing  by  what  he  was  able  to 
procure  by  nofturnal  depredations  among  tiie  huts  and 
flock  of  individuals.  His  vifits  for  this  purpofe  were 
fo  frequent  and  daring,  that  it  became  abfolutely  necef- 
fary to  proclaim  him  an  outlaw.  By  the  negligence  of 
one  of  thofe  fellows  who  had  been  entrufted  with  the 
care  of  the  cattle,  the  bull  and  four  cows  were  loft : 
he  left  them  in  the  fi£ld3,  and  returned  to  his  hut  to 
dine  ;  and  in  the  mean  time  they  either  llrayed  away  or 

were 
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•Walei.     were  driven  off  by  the  natives     Five  years  elapfed  lie- 
•  fore  thefe  cattle  were  difcovered  wild,  at  a  conliderable 

dillance  up  the  country,  and  greatly  multiplied. 

The  perpetration  of  crimes,  chiefly  theft  and  robbe- 
ry, had  become  fo  prevalent  before  twenty  months  had 
pafTed  fince  tlie  colony  was  etlablifhed,  that  it  was  ne- 
celTary  to  think  of  a  fyftem  of  police.  A  plan  was 
prelented  to  the  governor  by  a  conviil,  which  with  lome 
improvements  was  adopted  on  the  8th  of  Augull  1789. 
The  following  are  the  heads  of  the  arrangement. 

The  fettlement  was  divided  into  four  diftriils,  over 
each  of  which  was  placed  a  watch  coniilbng  of  three 
perfons,  one  principal  and  two  fubordinate  watchmen. 
Thefe  being  feleded  from  among  thole  convicls  vvhofe 
conduct  and  character  had  been   unexceptionable  fince 
their  landing,  were  veP.ed  with  authority  to  patrole  at 
all  hours  in  the  night,  to  vifit  fuch  places  as  might  be 
deemed  requifite  for  the  difcovery  of  any  felony,  trel- 
pafs  or  mifdemeanor,  and  to  fecure  for  examination  all 
perfons  that  might  appear  to  be  concerned  therein  ;  for 
.which  purpofe  they  were  direded  to  enter  any  fjfpeCted 
hut  or  dwelling,  or  to  ufe  any  other  means  that  might 
appear  expedient.      They  were  required  to  detain  and 
give  information  to   the  r.earell  guardhoufe  of  any  fol- 
dier  or  teaman  who  Ihould  be  found  (treggling  after  the 
tattoo  had  been  beat.      i'hey  were  to  ufe  their  utmoit 
endeavours  to  trace  out  offenders  on  receiving  accounts 
of  any  depredation  ;  and   in   addition   to   their  night- 
duty,   tliey  were  diretled   to  take  cognizance  of  luch 
conviiSs  as  gamed,   or  fold  or  bartered   their  flops  or 
provifions,  and  report  them  for  puniihment.      A  return 
of  all  occurrences  during  the  night  was  to   be  made  to 
the  judge-advocate  ;  and  the  military  were  required  to 
furnilh  the  watch  with  any  affiltance   they  might  be  in 
need  of,  beyond  what  the  civil  power  could  give  them. 
They  were  provided  each  with  a  fhort   ilaff,    to  diltin- 
gnifh  them  during  the  night,  and  to  denote  their  office 
in  the  colony  ;  and  were  inllruCted  not  to  receive  aiiy 
ftipulatcd  encouragement  or  reward  from  any  individual 
for  the  convi&ion  of  offenders,  but   to   expecl  that  ne- 
gligence or  miiconducl  m   the  execution  of  their  truil 
would  be  punilTied  with  the  utmoll  rigour.      It  was  to 
have  been  wirtieo,  fays   Mr  Collir.s,  that  a  watch  ella- 
bliflied  for  the   prefervation  of  public  and   piivate  pro- 
perty had  been  formed  of  free  people,  and  that  ncccf- 
hty  had  not  compelled  us,  in  lelefling  the  h;ll  members 
of  our   little   police,    to   appoint   them  from  a  body  of 
nven,  in  whofe  eyes,  it  could  not  be  denied,  the  proper- 
ty of  icdividuals  had  never  before  been  facred.      But 
there  was  not  a:!y  choice  :   The  military  had  their  line 
of  duty  marked  out  for  them,   and   between   them  and 
the  convict  there    was   no   defcription  of  people  from 
whom   overfeers  or   watchmen  couid  be  provided.      It 
might,  however,   be  fuppoled,  that  amocg  the  convicts 
there  mull   be  many  who  would   feel  a   pride  in  being 
dillinguilhed  from  their  fellows,  and  a  pride  that  might 
give  birth  to  a  returning  principle  of  honelly.      It  was 
hoped  that  the  convicts  whom  we  had  chofen  were  of 
this  deicription  ;  fomc  effort  had  become   necefiary  to 
detect  the  various  offcndcis  who  were  prowling  about 
with  fecurity  under  cover  of  the  night  ;  and  the  con- 
victs who  had  any  prjptrty  were   themfelves  intcrelled 
in  defeating  fuch  practices.    They  piomifed  fidelity  and 
diligence,  fiom  which  the  fcorn  of  their  lellow-priloners 
fliould  not   induce   them   to  fwerve,  and   began  with  a 
SupPL.  Vol..  II.  fart  II. 
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confidence  of  fucctfa   the  duty  which  they  had  them- 
ielveg  offered  to  undertake.  * 

A  fpeciesof  didurbernow  infefted  the  colony,  ag.iinft 
which  the  vigilance  of  a  police  could  not  ginrd.  Rats, 
in  immenfe  numbers,  had  attacked  the  provifion  Horen, 
and  could  be  counteraAed  only  by  removing  the  provi- 
fions from  one  ftore  to  another.  When  their  ravages 
were  tirft  difcovered,  it  was  found  that  eight  caflc,<  of 
flour  were  already  dc-llroyed  by  thefe  vermin.  Such  of 
thele  animals  as  elcaped  the  dogs,  which  were  fct  upon 
them,  flew  to  the  gardens  of  individuah,  where  they  rio- 
ted on  the  Indian  corn  that  was  groA-in^^,  and  did  coii- 
Cderable  milchief. 

Our  author  gives  the  rood  melancholy  account  of  tire 
extreme  fufferinga  of  the  early  colonllls  from  want  of 
provifions,  and  of  the  difeafes  imported  into  the  coun- 
try by  newcomer^,  who  had  either  caught  them  on  the 
voyage  or  brought  them  from  EiigiaiiJ  The  fcttltra 
on  NoRtOLK-IJlaaJ  (fee  Enc^^cL),  to  which  New  South 
Wales  was  a  mother  country,  mull  have  been  much 
more  liable  than  that  colony  U)  fuffer  from  famine,  had 
they  not  fometimes  obtained  a  temporary  fupply  from  a 
fource  which  was  unknown  at  tiydney  Cove.  On  a 
mountain  in  the  ifland,  to  which  had  been  given  the 
name  of  Mount  Pill,  they  were  fortunate  enough  to  ob- 
tain, in  an  abundance  slmoll  incredible,  a  fpecies  of  a- 
quatic  birdf,  anfwering  the  dcfcription  of  that  known 
by  the  name  of  the  puffin.  Thefe  birds  came  in  from 
the  fea  every  evening,  in  clouds  literally  darkening  the 
air,  and  dc«'jending  on  Mount  Pitt,  depofited  their  eggs 
in  deep  holes  made  by  themfelves  in  the  ground,  gene- 
rally quitting  them  in  the  morning,  and  leturning  to 
feek  their  fubfilicnce  in  the  fea.  From  two  to  tliree 
thoufand  of  thefe  birds  were  often  taken  in  a  night. 
Their  feeking  their  food  in  the  ocean  left  no  duubc  of 
their  own  fleffi  partaking  of  the  quahiy  of  that  upon 
which  they  fed  ;  but  to  people  circumitanced  as  were 
the  inhabitai.ts  on  Norfolk  ifland,  this  Icifened  not  their 
importance  ;  and  whde  any  Moimt  Pitt  birds  (luch  be- 
ing the  name  given  them}  were  to  be  had,  tiiey  were 
eagerly  fought, 

The  Grit  fettler  in  New  South  Wales,  who  declared 
himfelf  able  to  live  on  the  produce  of  his  farm,  without 
any  affiftancc  from  the  llores,  was  James  Rule  ;  who  in 
April  179J  rellnquiihed  his  claim  to  any  f.irthtr  (hare 
of  the  public  provilion.  As  a  rewar.l,  the  governor 
immediately  put  him  in  poffefiion  of  an  allotmtnc  of  30 
acres 

In  the  J.uly  of  the  fame  year,  the  convicls  whofe 
terms  of  traufportation  had  expired  were  noA'  collected 
and  by  the  authority  of  the  governor  informed,  that 
luch  of  them  as  w.ihctl  to  become  iettlers  in  this  coun- 
try  fcould  receive  every  encourage  nent  ;  that  thofe 
who  did  not,  were  to  labour  for  their  ptovilions,  ffipn. 
lating  to  work  for  i  2  or  1  8  months  certain  ;  and  that 
in  the  way  of  fuch  as  preferred  returning  to  Englarrd 
no  obltacles  would  be  thrown,  provided  thev  could  pro- 
cute  padages  from  the  mailers  of  fuch  fliips  as  might 
arrive  ;  but  that  they  were  not  to  expect  any  affillancc 
on  the  part  of  government  to  that  end.  1  he  wilh  to 
leturn  to  their  friends  appeared  to  be  the  prevailin!? 
idea,  a  few  only  giving  in  their  names  aa  fettlers,  and 
none  engaging  to  work  for  a  certain  time. 

That  the  wi(h  to  return  home  was  llrong  indeed,  and 

paramount  to  all  other  feehngs,  was  evinced  in  a  very 

5  E  melancholy 
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'Wales,     melancholy  inftance  fome  time  before.     A  convict,  an 

'~~^' elderly  man,  was  found  dead  in  the  woods,  near  the  fet- 

tiement ;  who,  on  being  opened,  it  appeared,  had  died 
from  want  of  noiirilhmcnt  ;  and  it  was  found  that  he 
was  accuftomed  to  deny  hinifclf  even  what  was  abfo- 
hitely  neceffary  to  his  exiftence,  abftaining  from  his  pro- 
vilions,  and  felling  them  for  money,  which  he  was  re- 
ferving,  and  had  fome  where  concealed,  in  order  to  pur- 
chafe  his  paflage  to  England  when  his  time  fhould  ter- 
minate ! 

Of  fome  convifls  whofe  te'-ms  of  tranfportation  had 
expired,  the  governor  eilablifhed  a  new  fettlement  in 
Augiift  1  791,  at  a  place  which  he  called  Pro/pea  Hill, 
about  twenty  miles  diltant  fiom  Sydney  Cove;  and  an- 
other refidence  was  formed  at  the  Ponds  within  three 
or  four  miles  of  the  former.  This  made  the  fourth 
fettlement  in  the  colony,  txclufivcly  of  that  at  Norfolk 
Ifland. 

About  this  time  the  governor  received  from  England 
a  public  feal  for  the  colony  :  on  the  obverfe  of  which 
were  the  king's  arms  and  royal  titles  ;  and  on  the  re- 
vcrfe,  emblematic  figures  fuited  to  the  fituation  of  the 
people  for  whofe  ufe  it  was  dtiigned.  The  motto  was 
'' Sic  fortis  JEtrurta  crevit ;"  and  in  the  margin  were 
the  words  "  Slgillum  Nov.  Camb.  Aujl."  A  commif- 
fion  alfo  arrived,  empowering  him  to  remit  abfolutely, 
or  conditionally,  the  whole  or  any  part  of  the  term  for 
which  the  felons  fent  to  the  colony  might  be  tranfport- 
ed.  By  this  power  he  was  enabled  to  bellow  on  fupe- 
rior  honefty  and  induftty  the  naoft  valuable  regard  which, 
in  fuch  circumftances,  they  could  receive. 

In  addition  to  the  calamities  under  which  the  fettle- 
ment had  fo  often  laboured  from  being  reduced  to  very 
fliort  allowance  of  ptovifions,  and  the  frequency  of  the 
ordinary  difeafes  which  were  to  be  expetted  among  a 
people  fo  fituated,  a  new  malady  of  a  very  alarming 
nature  was  perceived  about  April  1792.  Several  con- 
yifts  were  feized  with  infanity  ;  and  as  the  major  part 
of  thofe  who  were  vifited  by  this  calamity  were  females, 
who,  on  account  of  their  fex,  were  not  harafied  with 
hard  labour,  and  who  in  general  (hared  largely  of  fuch 
little  comforts  as  were  to  be  procured  in  the  fettlement, 
it  was  difficult  to  affign  a  caufe  for  this  diforder.  It 
feems,  however,  to  have  been  of  (hort  duration  ;  for  we 
hear  not  of  it  again  during  the  period  that  Mr  CoUins's 
narrative  comprehends. 

About  this  time  {1792)  the  colony  had  aflumed 
fcmething  of  an  cltablilhed  form.  Brick  huts  were  in 
hand  for  the  convifts  in  room  of  the  miferable  hovels 
occupied  by  many,  which  had  been  put  up  at  their  lirft 
landing,  and  in  room  of  others  which,  fiom  having  been 
erefted  on  fuch  ground  as  was  then  cleared,  were  now 
found  to  interfere  with  the  direAion  of  the  ftreets  which 
the  governor  was  laying  out.  People  were  alfo  em- 
ployed in  cutting  paling  for  fencing  in  their  gardens. 
At  a  place  called  Paramatta,  about  16  miles  from  Syd- 
ney l-ove,  fituated  on  a  fiuall  river  which  runs  into  Port 
Jackfon,  the  people  were  employed,  during  the  greateft 


part  of  the  month  of  May,  in  getting  in  the  maize  and 
fcwing  wheat.  A  foundation  for  an  hofpital  was  laid, 
a  houfe  built  for  the  mailer  carpenter,   and   roofs  pre- 
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pared  for   the  different  huts  either  building  or  to  be 
built  in  future.  * 

In  December  1792,  when  Captain  Phillip  refigned 
the  government,  nearly  five  years  from  the  foundation 
of  the  colony,  there  were  in  cultivation  at  the  different 
fettlements  1429  acres,  of  which  417  belonged  to  fct- 
tlerj :  that  is,  67  fettlers,  for  there  was  no  more,  cul- 
tivated nearly  half  as  much  ground  as  was  cultivated  by 
the  public  labour  of  all  the  convltfls  ;  a  ftriking  proof 
of  the  fuperior  zeal  and  diligence  with  which  men  ex- 
ert  themfelves  when  they  have  an  intcreft  in  their  la- 
bour. Of  free  fettlers,  whofe  exertions  promifed  fo 
fairly  to  promote  the  irterefts  of  the  colony,  feveral  ar- 
rived from  England  in  January  179]!,  and  fixed  them- 
felves in  a  fituation  which  they  called  Liberty  Plains. 
To  one  of  thefe,  Thomas  Rofe,  a  farmer  from  Dorfet- 
fhlre,  and  his  family 'of  a  wife  and  four  children,  120 
acres  were  allotted.  The  conditions  under  which  thefe 
people  agreed  to  fettle  were,  "  to  have  their  paflage 
provided  by  government  (a)  ;  an  aflbrtment  of  tools 
and  implements  to  be  given  to  them  out  of  the  (lores ; 
that  they  fhould  be  fupplied  with  two  years  provifions ; 
thaftheir  lands  fhould  be  granted  free -of  expence  ;  the 
fervlce  of  convifis  alfo  to  be  afligned  to  them  free  of 
expence ;  and  that  thofe  convids  fhould  be  fupplied 
with  two  years  rations  and  one  year's  clothing." 

Among  the  great  difficulties  with  which  this  infant 
eflablifhment  had  to  ftruggle,  not  the  lead  was  that  of 
procuring  cattle.  Of  thofe  which  were  embarked  in 
England  and  other  places  for  the  colony,  a  very  fmall 
proportion  only  arrived  ;  for  of  1 5  bulls  and  1 1 9  cows, 
which  had  been  embarked  for  Botany  Bay,  only  3  bulls 
and  28  cows  were  landed  at  the  fettlement.  It  was  not 
until  the  arrival  of  the  Endeavour,  Captain  Bampton, 
in  1 795,  that  the  mode  of  conveying  cattle  to  the  co- 
lony without  material  lofs  was  difcovered.  In  that 
veffel,  out  of  130  head  which  he  embarked  at  Bombay, 
one  cow  only  died  on  the  paflage,  and  that  too  on  the 
day  before  his  arrival. 

The  fcarcity  of  cattle  naturally  raifed  their  price. 
Even  after  this  laft  importation,  an  EnglilTi  cow  in  calf 
fold  for  L.80. 

Notwithftanding  the  various  obftacles  which  induftry 
had  met  in  the  cuhivation  of  this  fettlement,  it  yet 
made  confiderable  advances  ;  for  in  Oftober  17931  the 
value  of  land  had  fo  rilen,  that  one  fetller  fold  his  al- 
lotment of  30  acres  for  as  many  pounds;  and  one  farm, 
with  the  houfe,  &c.  fold  for  L.  100.  The  value  of 
ground,  indeed,  was  confiderably  enhanced  by  govern- 
ment agreeing  to  purchafe  the  redundance  of  the  pro- 
duce of  the  fettlers  at  fixed  prices.  Wheat  properly 
dried  and  cleanfcd  was  received  from  the  fettlers  at 
Sydney,  by  the  commlflary,  at  1  o  3.  per  bufhel.  Some 
cultivators,  however,  bad  devifed  another  mode  of  dli- 
pofiiig  of  their  corn.  One  of  them,  whofe  fituation 
was  near  Paramatta,  having  obtained  a  fmall  ftill  from 
England,  found  it  more  advantageous  to  draw  an  ar- 
dent diabolical  fpirit  from  his  wheat,  than  to  fend  it  to 


Wild. 


the  ftorcs.  From  one  bufhel  of  wheat  he  obtained 
nearly  five  quarts  of  fpirit,  which  he  fold  or  paid  in  ex- 
change for  labour,  at  the  rate  of  five  or  fix  (hillings  per 

quart. 


(a)  Government  paid  for  the  palTage  of  each  perfon  above  ten  years  of  age  L.8,  8  8.  and  one  ftiilling  per  day 
fpr  vidualling  them. 


W     A    L 


Wa'cu.     quart.     A  better  ufe  was   made   of  grain  by   anotber 
'"~"V~~'  fettler  ;   who,  having  a  mill,   ground   it,  and  procured 
441b,  of  good   flour,   from  a  bufliel  of  wheat  taken  at 
591b.     This  flour  he  fold  at  4d.  per  lb. 

By  a  return  of  the  number  of  perfons  in  New  South 
Wales  and  Norfolk  Kknd  in  April  1794,  it  appeared 
that  there  were  in  all  4414,  including  women  and  chil- 
dren ;  the  annual  expence  of  «'hom,  to  the  mother- 
country,  Mr  Collins  eilimates  at  L.  161,101.  Rajiid 
ftrides,  however,  were  at  that  time  making  towards  in- 
dependence, if  not  towards  an  ability  of  repaying  to 
England  a  pait  of  what  the  fettlement  had  coll  licr. 
Already  the  colony  lived  on  grain  of  its  own  growth, 
and  an  increafc  of  live  ftock  was  become  almolt  certain. 
There  were  now  4665  acres  of  ground  cleared  for  cul- 
tivation ;  more  tliim  half  of  which  had  been  efFerted  by 
thofe  who  had  become  fettlers  In  the  courfe  of  fifteen 
months 

To  this  fpirit  of  iinprovemc'it  fuch  a  check  was  given 
in  September  1  704,  'hat  not  more  than  a  third  of  go- 
vernment ground,  and  a  fifth  of  ground  belonging  to 
individuals,  was  in  cultivation  in  i  79?.  As  this  event  has 
been  mifreprefented,  we  fufpeft  purpofely,  by  fomc  of 
our  jnurnalills,  we  fliall  give  the  true  account  of  it  in 
the  words  of  Mr  Collins  himfelf. 

"  The  Francis  fchooner  (fays  he) returned  from  Nor- 
folk, having  been  abient  about  eight  weeks  and  three 
days.  From  Mr  King,  who  commanded  in  that  ifland, 
we  learned  that  his  harveft  had  been  prodigioufly  pro- 
duAive.  He  had  purchafed  from  the  firil  crops,  which 
the  fettiers  had  brought  to  market,  upwards  of  i  1,000 
bufhels  of  maize  ;  and  bills  for  the  amount  were  drawn 
by  him  in  favour  of  the  refpeftive  fettiers;  but  requl- 
ring  the  faiiAion  of  the  Lieutenant  governor,  they  were 
now  fent  to  Port  Jackfon.  Mr  King  had  been  partly 
induced  to  make  this  provilional  kind  of  purchale,  un- 
der an  idea,  that  the  corn  would  be  acceptable  at  Port- 
Jackfon,  and  alfo  in  compliance  with  the  conditions  on 
which  the  fettiers  h.id  received  their  refpeftive  allot- 
ments under  the  regulations  of  Governor  Phillip;  that 
is  to  fay,  that  their  overplus  grain  fhould  be  purchafed 
at  a  fair  market  price.  Being,  however,  well  Hocked 
with  that  article  already,  the  Lieutenant  governor  did 
not  think  himfelf  juftifiable  in  putting  the  crown  to  fo 
great  an  expence  (nearly  L.^000  Sterling),  and  de- 
clined accepting  the  bills."  This  naturally  excited 
fome  difcontents  in  Norfolk  Ifland,  and  one  or  two 
fettiers  gave  up  their  farms;  but  immediately  on  the 
arrival  of  Governor  Hunter,  he  paid  for  the  corn,  and 
tranquillity  was  reflored  to  the  ifland." 

Tbough  feveral  quarrels  had  occurred  between  the 
natives  and  individuals  among  the  colonifts,  yet  it  was 
fuppofed  that  our  people  were  in  general  the  aggreffors. 
Thfi  governor  had  taken  much  pains  to  infpire  the  na- 
tives with  confidence,  and  had  in  a  great  meafure  fuc- 
ceeded.  To  theft  they  were  naturally  and  irrefiftibly 
inclined  :  but,  like  other  favages,  they  feemed  uncon- 
fcious  of  the  crime,  and  were  feldom  deterred  by  detec- 
tion from  mixing  with  the  colonifts.  At  a  fettlement 
which  had  early  been  formed  at  a  river  called  the 
Ifa'Ufie/iury  (and  at  which,  cultivation  having  gone  on 
well,  there  was,  in  courfe,  much  grain  to  ftimulate  to 
depredation),  the  natives  afTumed  a  more  formidable 
appearance. 

"  At  that  fettlement  (fays  Mr  Collios)  an  open  war 
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feemed  about  this  time  to  have  cotnmenced  between  the 
n:\tives  and   the  fettiers;  and    word  was  received  over. 
land,  that  two  people  were  killed  by  them  ;  one  a  fet- 
tler of  the  name  of  Wilfon,  and  the   other  a  freeman, 
one  William  Thorp,  who  had  hired  himfelf  to  this  Wil- 
fon as  a  labourer.      The   natives  appeared  in    large  bo- 
dies, men,  women,  and  children,  provided  with  blankets 
and  nets  to  carr)'  off  the  corn,  of  which  thcv  appeared 
as  fond  as  the  natives  who  lived  among  us,  and  feemed 
determined  to  take  it  whenever  and  wherever  tliey  could 
meet   with   opportunities.      In  their   attacks  they   con. 
dufted  themfelves  with  much  art  ;   but  where  that  ft(il- 
ed  they  had  recoinfe  to  force  ;  and  on  the  leafl  appear, 
ance  of  refinance  made  ufe  of  their  fpears  or  clubs.  To 
check  at  once,  if  pollihle,  tlicie  dangerous  I'.epredators, 
Captain  Paterlon    directed    a  party    of  the  corps  to  be 
fent  from  Paramatta,  with  inllruttions  to  delfrov  ;\f  ma- 
Tiy  as  they  could  meet  with  of  the  wood  tribe  (Bedia- 
gal)  ;   and,  in  the  hope  of  flriking  terror,  to  erctt  gib- 
bets in  different  places,   whereon  the  bodies  of  all  they 
might  kill  were  to   be  hung.      It  was  rtporled  that  fe- 
veral of  thefe  people  were  killed  in  confequcncc  of  this 
order;  but    none   of  their  bodies  being  found  (perhaps 
if  any  were  killed  they    were  carried  off  by  their  com- 
panions), the  number  could  not  be  afcertained.      Some 
prifoners,   however,  were  taken,  and  fent   to  Sydney  ; 
one  man  (apparently  a  cripple),   five  women,  and  fome 
children.  One  of  the  women,  with  a  child  at  herbreafl, 
had  been  Ihot  through  the  Ihoulder,  and  the  fame  fhot 
had  wounded  the  babe.   They  were  immediately  placed 
in  a  hut  near  our  hofpit  d,  and  every  care  taken  of  them 
that  humanity   tuggelled.     The  man  was   faid,  inltead 
of  being  a  cripple,  to  have  been  very  aflive  about  the 
farms,   and  inltrumental   in  fome  of  the  murders  which 
had  been  committed.      In  a  Ihort  time  he  found  merins 
to  efcape,  and  by  fwimming  reached  the  north  (here  i'l 
fafety  ;  whence,  no  doi;bt,  he  got  back  to  his  friends. 
Captain  Paterfon  hoped,  by  detaining  the  prifoners  and 
treating  them  well,  that  fome  good  efveft  might  refult  ; 
but  finding,  after   fome  time,  that  coercion,  not  atten- 
tion, was    more   likely  to  anfwer  his  ends,   he  fent  the 
women  back.     While  they  were  with  us,  the  wounded 
child  died,   and   one  of  the  women    was  delivered  of  a 
boy,  which   died   immediately.     On   our   withdrawing 
the  party,  the    natives  attacked  a  farm  nearly  oppofite 
Richmond  Hill,  belonging  to  one  William  Rowe,  and 
put  him  and  a  very  fine  child  to  death  ;  the  wife,   after 
receiving  fcvera!  wounds,  crawled  down  the  bank,  and 
concealed  herfelf  among  fome  reeds  half  immerfed    in 
the  river,  where  Ihe  remained  a  confiderable  time  with- 
out afhltance  :   being   at    length  foujid,   this  poor  crea- 
ture, after  having  feen  her  hufband  and  her  child  flangh- 
tered  before  her  eyes,  was  brought  into  the  hofpital  at 
Paramatta,  where  fhe  recovered,  though  flowly,  of  her 
wounds." 

By  the  vigorous  meafures  which  were  adopted,  the 
colony,  towards  the  clofe  of  1796,  had  acquired  a  de- 
gree of  ftrength  which  feemed  to  enfure  its  future  pro- 
fperity.  Not  only  the  neceffary  edifices  were  raifed  for 
the  habitations  of  its  people,  hut  fome  for  the  purpofei 
of  religion,  amufement,  &c.  A  playhoufe  had  been 
erefted  at  the  expence  of  fome  perfons  who  performed 
in  it  for  their  own  emolument,  and  who  admitted  audi- 
tors at  one  (hilling  each.  A  convenient  church  had 
been  built,  a  printing  prefs  had  been  fet  up,  the  civil 
f  S  ^  2  court 
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Wale',  court  was  open  for  the  recovery  of  debts  by  aftion  and 
—~\~'-"  f|,|-  proviiifr  wills,  licences  had  betn  iflued  to  regulate 
the  fale  of  fpjrils,  and  pafTaj^c-boats  were  cftabliihed  for 
the  coiiveiiituce  of  commiiiueation  between  the  different 
leltlcments  In  the  honfes  of  individuals  uere  to  be 
found  inofl  of'the  comforts,  and  rot  a  few  of  the  hixii- 
jics,  of  life  ;  and,  in  a  word,  the  former  years  of  fa- 
itiine,  toil,  and  difficulty,  weie  now  exchanged  ior  thole 
of  pler.ty,  eafe,  and  pleufnie. 

Tlie  quantity  of  grounil  at  this  time  in  cultivation 
was  5419  acres  ;  of  which  2547  were  occu)>ied  by  fet- 
tkrs.  The  number  of  perfons  in  Nevy  South  Wales 
Hnd  its  dependencies  amounted  to  4R48.  The  price  of 
labour,  however,  compared  with  the  prices  of  provi- 
fion,  (as  given  in  Mr  Collins's  Tables),  does  not  ap- 
]jear  fo  high  as  to  enable  the  workman  to  live  very 
comfortably.  He  who  receives  hnt  three  (hillings  ior 
his  day's  work,  and  gives  two  (liiUings  for  a  pound  of 
mutton,  fifteen  pence  for  a  pound  of  pork,  and  half  of 
that  fum  for  a  pound  of  flour,  will  fcarcely  derive  trom 
))is  mere  labour  the  fupport  ncceflary  for  a  family. 

That  many  things  are  yet  wanted  to  give  full  efTeft 
to  the  adviTutages  which  the  colony  now  erjoys,  Mr 
Collins  declares  in  the  tdUowing  paragraph,  with  which 
he  concludes  his  account  : 

"  The  want  at  this  time  of  fcveral  public  buildings 
in  the  fettlement  has  already  been  mentioned.  To  this 
want  mull  be  added,  as  abfolutely  necelTary  to  the  well- 
being  and  comfort  of  the  fettlers,  and  the  profperity  of 
the  colony  in  general,  that  of  a  public  ftore,  to  be  open- 
ed on  a  plan,  though  not  exaftly  the  fame,  yet  as  libe- 
ral  as  that  of  the  I  Hand  of  St  Helena,  where  the  Eall 
India  Company  ifTue  to  their  own  fervants  European 
and  Indian  goods  at  10  per  cent,  advance  on  the  prime 
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a  greater  advance  would  be  necelfary  ;  and  the  fettlers 
and  others  would  be  well  fatisfied,  and  think  it  equally 
liberal,  to  pay  50  per  rent,  on  the  prime  coll  of  all 
goods  brought  from  Enghnd  ;  for  at  prefent  they  pay 
never  lefs  than  100,  and  frequently  \ 02c,  per  rent,  on 
■what  thcyjiave  occafion  to  purchafe.  It  may  be  fup- 
jiofed  that  government  vKould  not  choofe  to  open  an  ac- 
lount,  and  he  concerned  in  the  retail  of  goods;  but  any 
individual  would  find  it  to  his  intereft  to  do  this,  par- 
ticularly if  aiTided  by  goyernmtnt  in  the  freight  ;  and. 
the  inhabitants  would  gladly  prefer  the  manufaAures  of 
their  own  country  to  the  fweepings  of  the  Indian  ba- 
zars. 

"  The  great  want  of  men  in  the  coluny  mull  be  fup- 
plied  as  foon  as  a  pieaoe  Ihall  take  place  ;  but  the  want 
f)f  refpedtable  fettlers  may,  perhaps,  be  longer  felt  ;  by 
thefe  are  meant  men  of  property,  with  whom  the  gen- 
tlemen of  the  colony  co'.iLl  afTociate,  and  who  fhould  be 
t.Toroughly  experienced  in  the  bufinefs  of  agriculture. 
Should  fuch  men  ever  arrive,  the  adminillration  of  juf- 
lice  might  affunje  a  lefs  military  appearance,  and  the 
trial  by  jnry,  ever  dear  and  moil  congenial  to  Englilh- 
mtn,V)e  icen  in  New  South  Wales." 

There  is,  however,  one  ferious  difficulty  which  the 
colony  has  not  yet  overcome,  and  which,  until  it  be 
«)vercome,  will  certainly  prevent  fueh  men  from  fettling 
in  New  South  W(ales.  Till  fome  Itaple  commodity  can 
be  raifed  for  exportation,  indullrious  free  fettlers  will 
never  be  tempted  to  emigrate  from  Europe  to  a  coun- 
try where  their  induftry  cannot  procure  the  comforts  as 


2     }  W    A     L 

well  as  the  neceffaries  of  life.  The  American  colonies,  Wale«, 
in  their  infancy,  did  not  labour  under  this  difadvantage.  ^  ^'^'l  "tf. 
Tobacco  foon  became,  and  ftill  continues  to  be,  an  ar-  * 
tide  of  fuch  importance,  that  its  cultivation  afforded 
the  trans-atlantic  termer  a  resdy  exchange  for  European 
commodities  ;  whilft  in  New  South  Wales  there  fccms 
to  be  no  vegetable  produftion  of  much  value,  except 
New  Zealand  hemp,  which  is  produced  indeed  in  great 
abundance  in  Norfolk  Ifland,  and  wduch  Captain  Cook 
long  ago  pointed  out  as  an  article  of  great  importance 
to  the  Britifli  navy.  This  is  indeed  a  valuable  plant, 
and  grows  in  all  the  cliffs  of  the  ifland,  where  iiothing 
elfe  will  grow,  in  fufficient  abundance  to  give  conllant 
employment  to  500  people  ;  yet  when  Mr  Collins  kft 
the  fettlement,  there  was  no  more  than  one  loom  on  the 
ifland,  and  the  flay  or  reed  was  dcfigned  for  coavfe  can- 
vas ;  nor  did  they  poffefs  a  fingle  tool  required  by  flax- 
drelfers  or  weavers  beyond  the  poor  fubftitutes  which 
they  were  obliged  to  fabric.ite  for  themfelves.  In  this 
defeft  of  neceffaries  for  the  manufatture,  only  18 
people  could  be  employed  in  it;  and  of  thefe  the  uni- 
ted labour  in  a  week  produced  j6  yards  of  canvas,  of 
the  lize  called  N°  7. 

Befides  a  ufeful  manufaftory  of  this  plant,  which 
certainly  might  be  eftabliflied,  the  colony  appears  to 
poffefs  ieveral  important  advantages.  From  Mr  Col- 
lins's narrative,  it  appears  probable  that  a  feal  and  per- 
haps a  whale  -iifhery  might  be  eftabliflied  with  a  fair 
profpeft  of  fuccefs ;  good  rich  earth  is  found  near 
Sydney  Cove;  there  are  immenfe  ftvata  of  coal  in  the 
fouthern  part  of  New  Holland  ;  Noifolk  Ifland  abounds 
with  lime  ;  and  vaft  quantities  of  fhcUs,  which  anfwer 
the  fame  purpofe,  have  been  found  on  the  main- land. 
Though  the  wood  in  general  be  not  of  a  durable  kind, 
it  appears  that  there  is  fimie  good  timber  near  the- 
Hawkeibury  river;  and  at  Norfolk  Ifland  and  New- 
Zealand  it  is  remarkably  fine. 

WALPOLE  (Horace,  Earl  of  Orford),  was  the 
youngell  fon  of  the  celebrated  Sir  Robert  Walpole,  af- 
terwaids  Earl  of  Oiford,  by  his  firll  wife,  Catharine, 
daUj;hter  ot  Robert  Shorter,  Efq.  of  Bybrook  in  Kent. 
He  was  born  1716;  and  «3S  educated,  lirft  at  Eton 
tchool,  and  afterwards  at  Cambridge.  At  Eton  he 
formed  an  intimate  acquaintance  with  the  celebrated 
poet  Gray;  and  they  went  together  on  the  tour  of  Eu- 
rope, in  the  years  1739,  1740,  and  1741.  Unhappily 
they  had  a  difpute  in  the  courfe  of  their  travels,  which 
produce.!  a  fcparation. 
—  Mr  Walpole  was  able  to  make  a  Iplendid  figure  du- 
ring the  reauiinder  of  his  deftined  courfe  ;  hut  poor 
Gray,  after  the  feparation,  was  obliged  to  oblerve  a 
very  levcre  economy.  "  This  difference  arofe  trom  the 
difference  of  their  tempers  :  the  latter  being,  from  his 
eailieft  years,  curious,  penfive,  and  philofophical  ;  the 
former,  gay,  lively,  and  inconfiderate.  This,  therefore, 
occafioned  their  feparation  at  Rcggio.  Mr  Gray  went 
before  him  to  Venice  ;  and  ftaying  there  till  he  could 
find  means  of  returning  to  England,  he  made  the  belt 
of  his  way  home,  repalling  the  Alps,  and  following  al- 
inoft;  the  fame  rout,  through  France,  which  he  bad  be-, 
fore  gone  to  Italy.  In  juftice  to  the  memory  of  fo  re- 
fpeftable  a  friend,  Mr  Walpole  (fays  Mr  Mafon,  Life 
of  Gray,  4to,  p.  41.)  enjoins  me  to  charge  him  with 
the  chief  blame  in  their  quarrel,  confeffing  that  more 
attention,  complaifance,  and  deference,  to  a  warm  friend- 

{hip, 
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.Ipo'e.      fhip,  and  fuperiur  judgment  ar*d  prudence,  might  have     doles,  whether  true  or  falfe,  of  that  auguft  family,  fromWjrinir. 
—^  prevented  a  rupture  that  gave  much  uneafinefs  to  tliem      whom  he  acknowledged  his  whole  fortune  to  be  deri-         ** 

both,  and  a  lafting  concern  to  the  lurvivor  ;  though  in  vcd.  He  had,  indeed,  another  reafon  for  difliking  John- 
the  year  1744.  a  reconciliation  was  afFefted  between  fon.  Lord  Orford  (lione  in  converfation,  and  furpaf- 
them,  by  a  lady  who  wilhed  well  to  both  parties." —  fed  all  his  contemporaries  in  that  kind  of  talk  which. 
This  event  took  pbce  after  their  return   to  England  ;      without  dazzling  by  its  wit,  always   delighted  ;  while 

Johnfon,  when  ronfed,  knocked  down,  as  by  a  flalh  of 
lightning,  his  Lordfliip,  and  every  one  clfe  who  had  the 
confidence  before  him  to  talk  profanely.  Johnfon'g 
wit  was  original  ;  Lord  Orford's  confilled  of  ludicrous 
ftories  and  of  literal y  and  political  anecdotes.  His 
voiks,  of  which  by  far  the  moll  valuable  part  has  long 


but  the  ti'otiru/  in   thtir  friendftip  left  a  /cur  that  neve 
wa-  totally  effaced. 

We  do  not,  indeed,  think  that  Horace  \V;dp(le  and 
Mr  Gray  were  forme<l,  cither  by  nature  or  by  habits, 
to  continue  long  in  a  ftate  of  intimate  triendlhip.  Gray 
appears  to  have  been  a  man  of  the  purell  moral  pi  in 


ciples,   a  friend   to  religion,   penfive,   and  at  lead  fuffi-     been  in  the  hands  of  the  public,  were  colltrted  in  1798, 


ciently  confcious  of  his  inttlleftual  powers  and  intellec- 
tual attainments.  Walpolc's  morality  was  certainly  of 
a  loofer  kind  ;  he  feems  to  have  had  no  religion  ;  he 
was  often  unfeafonably  gay  ;  and  to  an  equal  (liave  of 
intelleftual  pride,  tliuugh  without  equal  reafon,  he  add- 
ed the  pride  of  birth,      it  can  therefore  excite  no  fnr- 


and  publiflud  in  five  volumes  .^to.  They  refemble  his 
converfation,  being  rather  amufing  than  profound  or 
inilruflive. 

WARING  (Edward,  M.  D.),  Lucafian  Profeffor 
of  Mathematics  in  the  univerfity  of  Cambridge,  was  the 
fon  of  a  wealthy  farmer,  of  the  Old  Heath,  near  Shrewf- 


prifc  that  a  man  of  Gray's  independent  fpirit  could  not  bury.     The  early   part  of  his  education  he  received  at 

loear  the  fupercilious  freaks  of  fuch  a  charaAer.  the  free-fchool  in   Khrewfbury  ;  whence  he  removed  to 

Mr  Walpole  was  nominated  to  reprefent  the  city  of  Cambridge,   and  was  admitted  on  the  24th  of  March 

Norwich,   when  his  father  vifited  it  July  3d,  1733,   ha-  1  753  a  member  of  Magdalen  college.      Here  his  talents 

ving  acquired  confcqucnce,  not  only  as  the  fon  of  the  for  abftrufe  calculation  foon  developed  thenifelves,  and, 

minifter,  but  as  having  attended  the  Prince  of  Orange  at  the  time  of  taking  his  degree,    he  wis  confidered  ai 

to  England  in  that  year.      He  was  chofen  member  for  a  prodigy  in  thofe  fciences  which  m^ke  the  fubjeft  of 

CoUington,  in  Cornwall,  in  the  parliament   which  met  the  bachelor's  examination.   The  name  of  Senior  Wrang- 

June  2jtb,    I  741  ;   was  a  fecond  time  in  parliament  as  ler,  or  the  firft  of  the  year,  was  thought  fcarcely  a  fuf- 

reprefentative  for  Caftle-Rifing,    in    Norfolk,  in  1747;  ficicnt   honour  to  dilfinguifh  ope  v»ho  fo  far  outfiione 


and  for  King's  Lynn  in  1754  and  1761  ;  and,  at  the 
expiration  of  that  parliament,  he  finally  retired  irom  the 
ftage  of  ppUtics,  and  confined  himfelf  wholly  to  literary 
purfuits.      He  hild  to  his  death  the  ofBce  of  uflier  of 


his  contemporaries  ;  and  the  merits  of  John  Jtbb  were 
fufficiently  acknowledged,  by  being  the  fecond  in  the 
lift.  Waring  took  his  firft,  or  bachelor's  degree,  in 
1757,  and  the  Lucafian  Profeflbrftiip  became  vacant  bt- 


al- 


his  Ma^efty's  exchequer,  comptroller  of  the  p^pe,  and  fore  he  was  of  fufScient  ftanding  for  the  next,  or  inafter's 
clerk  hi  the  eilreats.  Upon  the  death  of  his  nephew,  degree,  which  is  a  neccffary  qualiiication  for  that  office. 
Georglf,  third  Earl  of  Orford,  1 791,  he  fucceeded  to  This  dcfeift  was  fupplird  by  a  royal  mandate,  through 
the  title  and  eftates  ;  but  that  event  made  fo  little  alte-  which  he  became  mafter  of  arts  in  1760  ;  and  ihortly 
ration  in  his  mode  of  living,  that  we  know  not  whether     after  his  admiffion  to  this  degree,  the  Lucalian  Profcffor. 

The  roy^l  mandate  is  too  frequently  a  fcreen  for  in- 
dolence ;  znd  it  is  now  become  alnioft  a  cuftom,  that 
heads  of  colleges,  who  ought  to  kt  the  example  in  dif- 
cipline  to  others,  are  the  chief  violaters  o{  it,  by  making 
their  office  a  pretext  for  taking  their  dcttoi's  de- 
gree in  divinity r  without  performing  thofe  e.\ercift3 
which  were  deligned  as  proofs  of  their  qualifications. 
Sv:ch  indolt  lire  cannot  be  imputed  to  Waring  ;  yet  fe- 
veral  circuni (lances,  previous  to  his  eleition  into  the 
proleflorial  chair,  dilcovcrtd  that  there  was,  at  leaft,  one 


he  ever  took  his  feat  in  the  houie  of  peers.  During 
moft  the  whole  courfe  of  his  lite  he  was  the  vidlim  of 
the  gout,  which  at  laft  reduced  him  to  a  cripple  :  but 
it  never  impaired  his  faculties;  and,  to  the  \cry  mo- 
ment of  death,  hi?  undcrllanding  fcemcd  to  bid  defi- 
ance to  the  fliock  of  Nituve.  He  died  at  his  huufe  in 
]3erke(!ey  Square,  in  1796,  having  jnft  enteredhis  8otli 
year;  and  was  interred  in  the  family  vault  at  Hough- 
ton, in  a  private  manner,  agreeably  to  his  particular  di- 
rcftions. 

Horace,  I^ord  Orford,  was  never  married,  and,  by  perfon  in  the  univerfity  who  difapprbved  of  the  antici 
one  of  his  biographers,  his  chief  miftreis  through  liie  is  ]).ition  of  degrees  by  external  inlluence.  —  Waring,  be- 
faid  to  have  been  the  mufe  It  is  certain  that  iie  devo-  fore  his  eletlion,  gave  a  fmall  fpecimcn  of  his  abilities, 
ted  the  greater  part  of  his  life  to  belles  lettres  and  vir-  as  proof  of  liis  qualification  for  the  office  which  he  was 
tu,  though  he  ridiculoufly  affcfled.  in  his  letters  to  his  then  foliciting  ;  and  acontroverfy  on  his  merits  enfued  : 
friends,  to  defpife  learning  and  learned  men,  for  which  Ur  Powell,  the  mafter  of  St  John's  College,  attacking, 
he  was  very  properly  reprimanded  both  by  Gray  and  in  two  paniphlets,  the  ProfelTor  ;  and  his  friend,  alter- 
Hume.  It  was  an  affectation  peculiaily  abfurd  in  him,  wards  Judge  Wilfon,  defending.  The  attack  waafcarce- 
who  was  conftantly  publifhing  fomething,  and  who  wrote  ly  warranted  by  the  errors  in  the  fpecimcn;  and  the 
with  uncommon  acrimony  againft  all  who  prelumed  to  abundant  proofs  of  talents  in  the  exercile  of  the  pro; 
call  in  queftion  the  fidelity  of  the  pidlure  which  he  had  fedorial  office  arc  the  bell  anfwers  to  the  farcafms  which 
drawn  of  Richard  HI.  or  indeed  to  controvert  any  of  the  learned  divine  amufed  himfelf  in  cafting  on  rifing 
his  opinions.  Hence  his  antipathy  to  Johnfon,  becaufc  merit.  An  office  held  by  a  Banow,  a  Newton,  a  Whi. 
he  was  a  toiy,  a  Chriflian,  and  a  rigid  moralift  ;  whilft  fton,  a  Cotes,  and  a  Sanderfon,  muft  excite  an  ingenu. 
he  himfelf  was  a  whig,  an  infidel,  and  fuch  a  moralift  as  ous  mind  to  the  greateft  exertions  ;  and  the  new  Pro. 
eould  retail,  without  blulhing,   all  the  fcandalous  ancc-     fellor,  wluitever  may  have  been  his  fuccefs,  did  not  fall 

behind 


WAR 


I     774     ] 


\V     A     R 


"wyiK.  behind  any  of  his  predecefTors,  in  either  zeal  for  the 
^  fcience,  or  application  of  the  powers  of  his  mind,  to 
extend  its  hounderies.  In  1762,  he  publiflied  his  Mif- 
cellanea  Analytica  ;  one  of  the  moll  abftrufe  books 
written  on  the  abftrufcft  parts  of  algebra.  This  work 
extended  liis  fame  over  all  Europe.  He  was  elefted, 
without  lolicitation  on  his  part,  member  of  the  focie- 
ties  of  Uononid  and  Gottingen  ;  and  received  flatter- 
ing marks  of  eitcem  from  tiie  mod  eminent  mathema- 
ticians at  home  and  abroad.  Tlie  difficulty  of  this 
work  may  be  prefumed  from  the  writer's  own  words, 
"  I  c>i;inot  iav  that  I  know  any  one  who  thought  it 
worth  while  to  read  throngh  the  wliole,  and  perhaps 
not  the  half  of  it." 

Mathematics  did  not,  however,  cngrofs  the  whole  of 
his  attention.  He  could  dedicate  fome  time  to  the 
ftudy  of  his  future  profeffion  ;  and  in  1767,  he  was  ad- 
mitted to  the  degree  of  doftor  of  phyfic  ;  but,  whether 
from  the  incapacity  of  uniting  together  the  employ- 
ments of  aftive  life  with  abllrufe  fpecuiation,  or  from 
the  natural  diffidence  of  his  temper,  for  which  he  was 
moft  pecuh'arly  remarkable;  the  degree  which  gave  him 
the  right  of  exercifing  his  talents  in  medicine  was  to 
him  merely  a  barren  title.  Indeed  he  was  fo  embarraffed 
in  his  manners  before  ftrangers,  that  he  could  not  have 
made  his  way  in  a  profeffion  in  which  fo  much  is  done 
hy  addrels  ;  and  it  was  fortunate  that  the  cafe  of  his 
•circumllances  permitted  bim  to  devote  the  whole  of  his 
time  to  his  favourite  purfuit.  His  life  paffcd  on,  mark- 
ed out  by  difcovtries,  chiefly  in  abftraA  fcience  ;  and 
by  the  publication  of  them  in  the  Philofophical  Tranf- 
aftions,  or  in  feparate  volumes,  under  iiis  own  iiifpec- 
tion.  He  lived  fome  years  after  taking  his  doAor's 
degree,  at  St  Ives,  in  Huntingdonfhire.  While  at  Cam- 
bridge he  married — quitted  Cambridge  with  a  view  of 
living  at  Shrewlhury ;  but  the  air  or  Imoke  of  the  town 
beinginjurioustoMrsWaring'shealth,  he  removed  tohis 
own  eftate  at  Phiifley,  about  8  miles  from  Shrewfbury, 
where  hedied  in  I797,univerlallyefteenied  for  inflexible 
integrity,  modclly,plainnefs,  and  fimplicity  of  manners. 
They  who  knew  the  greatnefs  of  his  mind  from  his  wri- 
tings  looked   up   to  him  with  reverence  everywhere  ; 

;  but  he  enjoyed  himfelf  in   domeftic  circles  with  thofe 

chiefly  among  whom  his  purfuits  could  not  be  th.:  ob- 
jeft  either  of  admiration  or  envy.  The  outward  pomp 
which  is  afFtfted  frequently  in  the  higher  departments' 
iin  academic  life,  was  no  gratification  to  one  whole  ha. 
bits  were  of  a  very  oppolite  nature  ;  and  he  was  too 
much  occupied  in  fcience  to  attend  to  the  intrigues  of 
the  univerfity.  There,  in  all  queftions  of  fcience,  his 
word  was  the  law  ;  and  at  the  annual  examination  of 
the  candidates  for  the  prize  initituted  by  Dr  Smith,  he 
appeared  to  the  greateft  advantage.  The  candidates 
were  generally  three  or  four  of  the  beft  proficients  in 
the  mathematics  at  the  previous  annual  examination  for 
the  bachelor's  degree,  who  were  employed  from  nine 
o'clock  in  the  morning  to  ten  at  night,  with  the  excep- 
tion of  two  hours  for  dinner,  and  twenty  minutes  for 
tea,  in  anfwering,  viva  voce,  or  writing  down  anfwers 
to  the  profeffiar's  queilions,  from  the  firft  rudiments  of 
philofophy  to  the  deepeft  parts  of  his  own  and  Sir 
Ifaac  Newton's  works.  Perhaps  no  part  of  Europe 
affords  an  inftance  of  fo  fevere  a  procefs  ;  and  there  was 
never  any  ground  for  fufpedling  the  Profeflbr  of  partia- 
Jlty.    The  zeal  and  judgment  with  which  be  perform- 


ed thi.s  part  of  his  office  cannot  be  obliterated  from  the  Wring, 
memory  of  thofe  who  paffcd  through  his  fiery  or-  ^— v— 
deal. 

Wifhing  to  do  ample  juftice  to  the  talents  and  virtue 
of  the  ProfefTor,  we  feel  ourftlves  fomewhat  at  a  lofs  in 
(peaking  of  the  writings  by  which  alone  he  wll  be 
known  to  pofterity.  He  is  the  difcoverer,  according 
to  his  own  account,  of  nearly  400  propofitions  in  the 
analytics.  Tiiis  may  appear  a  vain  glorious  boaft,  efpe- 
cially  as  the  greater  part  of  thofe  difcoveries  are  likely 
to  fink  into  oblivion  ;  but  he  was,  in  a  nunner,  com- 
pelled to  make  it  by  the  infolence  of  Lalande,  who,  in 
his  life  of  Condorcet,  aflerts  that,  in  176.),  there  was 
no  firft-rate  analyft  in  England.  In  reply  to  this  affer. 
tion,  the  Profeflbr,  in  a  letter  to  Dr  Maikelyne,  firft 
mentions,  with  proper  refpeft,  the  invemions  and  wri- 
tings of  Harriot,  Briggs,  Napier,  Wallis,  Halley, 
Brunker,  Wren,  Pell,  Barrow,  Mercator,  Newton,  De 
Moivre,  Maclaurin,  Cotes,  Stirling,  Taylor,  Simpfon, 
Emerfon,  Landen,  and  others  ;  of  whom  Emerfon  and 
Landen  were  living  in  I7f>4-  He  then  gives  a  fair  and 
full  detail  of  his  own  inventions,  of  which  many  were 
published  anterior  to  1764  ;  and  concludes  his  letter  in 
thefe  words. 

"  I  knoVv  that  Mr  Lalande  is  a  firftrate  aflronomer, 
and  writer  of  aftronomy  ;  but  I  never  heard  that  he  was 
much  converfant  in  the  deeper  parts  of  mathematics  ; 
for  which  reafon  I  take  the  liberty  to  afk  him  the  fol- 
lowing queftions : 

"  Has  he  ever  read  or  underftood  the  writings  of 
the  Englifh  mathematicians :  and,  as  the  qucftion  comes 
from  me,  I  fubjoin,  particularly  of  mine  ?  If  the  an- 
fwer  be  in  the  negative,  as  it  is  my  opinion,  if  his  an- 
fwer  be  the  truth,  that  it  will,  then  there  is  an  end  of 
all  further  controvei'fy  ;— but  if  he  afferts  that  he  has, 
which  is  more  than  Condorcet  did  by  his  own  acknow- 
ledgment, then  he  may  know,  from  the  enumeration  of 
inventions  made  in  the  prefaces,  with  fome  fubfequejit 
ones  added,  that  they  are  laid  to  amount  to  more  than 
4C0  of  one  kind  or  other.  Let  him  try  to  reduce  thofe 
to  as  low  a  number  as  he  can,  with  the  leaft  appearance 
of  candour  and  truth  ;  and  then  let  hi.m  compare  the 
number  with  the  number  of  inventions  of  any  French 
mathematician  or  mathematicians,  either  in  the  prefenf 
or  pall  times,  and  there  will  relult  a  compariion  (if  I 
miftakenot)  not  much  to  his  liking  ;  and,  further,  let 
him  compare  fome  of  the  firft  inventions  of  the  French 
mathematicians  wich  fome  of  the  firft  contained  in  my 
works,  both  as  to  utility,  generality,  novelty,  difficulty, 
and  elegance,  birt  wifely  as  to  utility,  there  is  little  con 
tained  in  the  deep  parts  of  any  fcience;  he  will  find  their 
difficulty  and  novelty  from  his  difficulty  of  underlland- 
ing  them,  and  his  never  having  read  any  thing  finn'lar 
before  ;  their  generality,  by  the  application  of  them  ; 
principles  of  elegance  will  differ  in  different  perfons. — 
I  muft  fay,  that  he  will  probably  not  find  the  difference 
exptfted.  After  or  before  this  inquiry  is  inftituted 
for  mine,  let  him  perform  the  fame  for  the  other  Eng- 
lifh mathematicians  ;  and  when  he  has  completed  fuch 
inquiries,  and  not  before,  he  will  become  a  judge  of  the 
juflice  of  his  affertion  ;  but  I  am  afraid  that  he  is  not 
a  fufficient  adept  in  thefe  ftudies  to  inftitute  fuch  in- 
quiries ;  and  if  he  was,  fuch  inquiries  are  invidious, 
troublefome,  and  of  fmall  utility." 

By  mathematical  readers  this  account,  which  was  not 
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Waring.  publi(hed  by  the  ProfefTor  liimfelf,  is  allowed  to  be  very 
^~~V~— '  little,  if  at  all,  exaggerated.  Yet  if,  according  to  his 
own  confeflion,  "  few  thought  it  worth  their  while  to 
read  even  halfof  his  works,"  theremufl  befome  grounds 
ior  this  negleft,  either  from  the  difficulty  of  the  fub- 
jeCt,  the  unimportance  of  the  ditcoveries,  or  a  deftfrt  in 
the  communication  of  them  to  the  public.  The  fubjefts 
Ere  certaiiily  of  a  difficult  nature,  the  calculations  are 
abltrufe  ;  yet  Europe  contained  many  perfons  not  to  be 
deterred  by  the  inrill  intricate  theorems.  Shall  we  fay, 
then,  that  the  difcoveries  were  unimportant  ?  If  tliis 
were  really  the  cafe,  the  want  of  utility  would  be  a 
very  fmill  difpara^ement  among  thofe  wiio  cultivate 
fcif  nee  with  a  view  chiefly  to  entertainment  and  the  ex- 
ercifc  of  their  rational  povvers.  We  are  compelled,  then, 
to  attribute  much  of  tliis  negleft  to  a  perplexity  in 
ftyle,  manner,  and  language  ;  the  reader  is  (lopped  at 
every  inllant,  firll  to  make  out  the  writer's  meaning, 
then  to  fill  up  the  chafm  in  the  demonttration.  He 
mull  invent  anew  every  invention  ;  for,  after  the  enun- 
ciation of  the  theorem  or  problem,  and  the  mention  of 
a  few  Heps,  little  alTillance  is  derived  from  the  Proftf- 
for's  powers  of  explanation.  Indeed,  an  anonymous 
writer,  certainly  of  very  conliderable  abilities,  has  apt- 
ly compared  the  works  of  Waving  to  the  heavy  appen- 
dages of  a  Gothic  building,  which  add  little  of  either 
beauty  or  (lability  to  the  llruiture. 

A  great  part  of  the  difcoveries  relate  to  an  afTump- 
tion  in  algebra,  that  equationsmay  be  generated  by  mul- 
tiplying together  others  of  interior  dimenfions.  The 
roots  of  thefe  latter  equations  are  frequently  terms 
caWed  negalix<e  or  impoffibls  ;  and  the  relation  of  thefe 
terms  to  the  coefficients  of  the  principal  equation  is  a 
great  objcft  of  inquiry.  In  this  art  the  profe(ror  was 
very  fuccefsful,  though  little  aflillance  is  to  be  derived 
from  his  writings  in  looking  for  the  real  roots.  We 
(hall  not,  perhaps,  be  deemed  to  depreciate  his  merits,  if 
we  place  the  feries  for  tlie  lum  of  the  powers  of  theroots 
of  any  equation  among  the  mod  ingenious  of  his  difco- 
veries ;  yet  we  cannot  add,  that  it  has  very  ufefully  en- 
larged the  bounds  of  fcience,  or  that  the  algebraill  will 
ever  find  occafion  to  introduce  it  into  practice.  We 
may  fay  the  fame  on  many  ingenious  transformations 
of  equations,  on  the  ditcovery  of  impoffible  roots,  and 
fimilar  exertions  of  undoubtedly  great  talents.  They 
have  carried  the  affumption  to  its  utmod  limits  ;  and 
the  difficulty  attending  the  fpeculation  has  rendered 
perfons  more  anxious  to  afcertain  its  real  utility  ;  yet 
they  who  rejeft  it  may  occafionally  receive  ufeful  hints 
from  the  Mi'.cellanea  Analytica. 

The  fird  time  of  Waring's  appearing  in  public  as  an 
author  was,  we  believe,  in  the  latter  end  of  the  year 
'759'  when  he  publiihed  the  firll  chapter  of  the  Mif- 
cellanea  Analytica,  as  a  fpeclmen  of  his  qualifications 
for  the  profelTorfnip  ;  and  this  chapter  he  defended,  in 
a  reply  to  a  pamphlet,  intitled,  "  Obfervations  on  the 
Firll  Chapter  of  a  book  called  Mifcellanea  Analytica." 
Here  the  Profelfor  was  (Irangely  puzzled  with  the  com- 
mon paradox,  that  nothing  divided  by  nothing  may  be 
equal  to  various  finite  quantities,  and  has  recourfe  to 
unquedionable  authorities  in  proof  of  this  pofition.  The 
names  of  Maclaurin,  Sanderfon,  De  Moivre,  Bernoulli, 
Monmort,  are  ranged  in  favour  of  his  opinion  :  ButDr 
Powell  was  not  fo  eafily  convinced,  and  returns  to  the 
charge  in  defence  of  the.  Obfervations  j  to  which  the 


Profeflbr  replied  in  a  letter  to  the  Rev.  Dr  Powell, 
Fellow  of  St  John's  college,  Cambridge,  in  anfwcr  to  * 
his  obfervations,  &c.  In  this  conirovcrfy,  it  is  certain 
that  the  Profeffor  gave  evident  proofs  of  his  abilities  ; 
though  it  is  equally  certain  that  he  followed  too  im- 
plicitly the  decifioiis  of  his  prcdecc(fors.  No  apparent 
advantage,  no  authority  whatever,  (hould  induce  mathe- 
maticians to  fwcrve  from  the  principles  ot  right  rcafon- 
iiig,  on  which  their  fcience  is  fuppofed  to  be  peculiarly- 
founded.      According  to  Maclaurin,  Dr  Waring,  and 

a  —  .X 
others.  If  P  =  — : :,  then,  when  .v  =  a,  P  isiqual 
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tliat  is,  when  x  is  equal  to  a,  P  := 
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a-h.' 


a  -fx' 

But  when  .v  is  equal  to  a,  the  numerator  and  de- 


2  a 


nominator  of  the  fraftion 


-;  are  both,  in  their 


language,  equal  to  nothing.     Therefore,  nothing  divi- 
ded by  nothing  is  equal  to  — .     In  the  fame  manner. 


a  ■ 
"a^ 


-,  which,  when  x  i» 


equal  to  a,  becomes  ■ 


by  nothing  is  equal  to  - — j 


Therefore,  nothing  divided 

'  '  '         t.      •      ' 

or  — ;  = ;  that  is,  — 

3a         la  '  3a 

=r  —  ;  which  is  abfurd.     But  we  need  only  trace  back 

our  deps  to  fee  the  fallacy  ;n  this  mode  of  reafoning. 

•        ^  —  * 

For  Pis  equal  to  fome  number  multipled  mto  > 

that  is,  wlien  x  Is  equal  to  a,  P  is  equal  to  fome  num- 
ber multiplied  into  nothing,  and  divided  by  nothing  ; 
that  is,  P  is,  in  that  cafe,  no  number  at  all.  For  a  — a 
cannot  be  divided  by  a  —  x  when  x  is  equal  to  a,  fince, 
in  that  cafe,  a  —  x  is  no  number  at  all. 

If,  in  the  beginning  of  his  career,  the  Profeffor  could 
admit  fuch  paralogifms  into  his  fpeculations,  and  the 
writings  of  the  mathematicians,  for  nearly  a  century  be- 
fore him,  may  plead  in  his  excufe,  we  are  not  to  be 
iurprifed  that  his  difcoveries  Ihould  be  built  rather  on 
the  alFumptions  of  others  than  on  any  new  principles  nt 
his  own.  Acquiefcing  in  the  drange  notion,  that  no- 
thing could  be  divided  by  nothing,  and  produce  a  va- 
riety of  numbers,  he  as  eafily  adopted  the  pofition,  that 
an  equation  has  as  many  roots  as  it  has  dimenfions. — 
Thus  2  and  —  4  are  faid  to  be  roots  of  the  equation 
x' —  2x  =:  8,  though  4  can  be  the  root  only  of  the 
equation;  x'  —  2  .-c  =:  8,  which  dilFcrs  fo  materially 
from  the  preceding,  that  in  one  cafe  a  x  is  added,  in  the 
otlier  cafe  it  is  fubtradled  from  x^. 

Allowances  being  made  for  this  error  in  the  prin- 
ciples, the  deduftions  are,  in  general,  legitimately 
made  ;  and  any  one,  who  can  give  himlelf  the  trouble 
of  demonftrating  the  propofitions,  may  find  fufficient 
employment  in  the  Profeflbr's  analytics.  Perhaps  it 
will  be  fufficient  for  a  ftudent  to  devote  his  time  to 
the  fimpled  cafe  x"  +  1  =  o  ;  and  when  he  has  found 
a  few  thouiand  roots  of  -J-  i  and  —  j,  the  publication 
of  them  may  afford  to  pofterity  a  ftrong  proof  of  the- 
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I'anng.    ingenuity  of  their  predecefTors,  and  tlie  application  of 
"~*  the  powers  of  their  mind  to  ufeful  and  Important  truths 

In  this  exercife  may  be  confulted  the  metiiod  given  by 
the  rrofcircir,  of  finding  a  quantity,  which,  multiplied 
into  a  given  irrational  quantity,  will  produce  a  rational 
produtt,  or  confequently  exterminate  irrational  quan- 
tities out  of  a  given  equation  ;  but  if  an  irrational  quan- 
tity cannot  come  into  an  equation,  the  utility  of  this 
invention  will  not  be  admitted  without  hefitation. 

The  "  Proprietatcs  Algebraicarum  Curvarum,"  pub- 
liflicd  in  1772,  neccfTarlly  labour  under  the  fame  defecls 
with  the  Mifcellanea  Analytica,  the  Meditationes  Al- 
gebraic!, pulililhed  in  1770,  and  the  Meditationes  A- 
tialyticsE,  which  were  in  the  prcfs  during  the  years 
1773'  '774>  '775'  •776-  Thefe  were  the  chief  and 
the  moil  laborious  works  edited  by  the  ProfelTor ; 
and  in  the  Philofophical  Tranfaftions  is  to  be  found  a 
variety  of  papers,  which  alone  would  be  fufScient  to 
place  him  in  the  firft  rank  in  the  mathematical  world. 
The  nature  of  them  may  be  fcen  from  the  following  ca- 
talogue. 

Vol.  LIII.  p.  294,  Mathematical  Problemc. — LTV. 
193.  New  properties  in  Conies. — LV.  143.  Two  The- 
orems in  Mathematics. — LXIX.  Problems  concerning 
Interpolations. — 86.  A  General  Refolution  of  Alge- 
braical Equations. — LXXVI.  81.  On  Infinite  Series. 
LXXVII.  71.  On  Finding  the  Values  of  Algebraical 
Quantities  by  Converging  Seriefes,  and  Demonftrating 
and  Extending  Propofitions  given  by  Pappus  and  o- 
thers.— LXXVIII.  67.  On  Centripetal  Forces.  -lb. 
588.  On  fome  Properties  of  the  Sum  of  the  DIvifion 
of  Numbers. — LXXIX.  166.  On  the  method  of  Cor- 
refpondent  Values,  &c. — lb.  1S5.  On  the  Refolution  of 
Attraftive  Powers. — LXXXI.  146.  On  Infinite  Serie- 
fes.—  LXXXIV.  385  —  415.  On  the  Summation  of 
(hofe  Seriefes  whofe  general  term  is  a  determinate  func- 
ion  of  z,  the  diftance  of  the  term  of  the  Series. 
'  For  thefe  papers,  the  Profeffor  was,  in  17  84,  defer- 
vedly  .honoured  by  the  Royal  Society  with  Sir  God- 
frey Copley's  medal  ;  and  moft  of  them  afford  very 
ftrong  proofs  of .  the  powers  of  his  mind,  both  in  ab- 
ftraft  fcience,  and  the  application  of  it  to  philofophy  ; 
though  they  labour,  in  common  with  his  other  works, 
under  the  difadvantage  of  being  clothed  in  a  very  un- 
attractive  farm.  The  mathematician,  who  has  rclo- 
lution  to  go  through  them,  will  not  only  add  much  to 
his  own  knowledge,  but  be  ufefully  employed  in  dila- 
ting on  thofe  articles  for  the  benefit  of  the  more  gene- 
ral reader.  We  might  add  in  this  place,  a  work  writ- 
ten on  morals  and  metaphyfics  in  the  Englifh  language  ; 
but  as  a  few  copies  only  were  prefented  to  his  friends, 
and  it  was  the  ProfciTor's  wilh  ihat  they  fliould  not  have 
a  more  extenfive  circulation,  we  (hall  not  here  enlarge 
upon  its  contents. 

I.i  the  mathematical  world,  the  life  of  Waring  may 
be  cor.fidered  as  a  dlftliigulfl\ed  aera.  T'he  ftrjtlncfs  of 
demoiiftration  required  by  the  ancients  had  gradually 
fallen  into  difufe,  and  a  more  commodious,  though  al- 
moft  mechanical  mode  by  algebra  and  fluxions  took  lis 
place,  and  was  carried  to  the  utmofl  limit  by  the  Pro- 
t'effor.  Hence  many  new  demonftrations  may  be  attri- 
buted to  him,  but  400  difcoveries  can  fcarcely  fall  to 
the  lot  of  a  human  being.  If  we  examine  thoroughly 
thofe  which  our  Profeffor  would  diftlnguifli  by  fuch 
names,  we  Ihall  find  many  to  be  mere  dedudions,  o- 
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thers,  a.5  in  the  folution  of  biquadratics,  anticipated  by    Warton. 

former  writers.     But  if  we  cannot  allow  to  him  the  me-  ' 1'*"*- 

rit  ot  fo  inventive  a  genius,  we  mud  applaud  his  alndui- 
ty  ;  and,  diftinguilhed  as  he  was  in  the  fcientific  world, 
the  purit)  of  his  life,  the  fimplicity  of  his  manners,  and 
tile  zeal  which  he  always  manifeiled  for  the  truths  of 
the  Gofpel,  will  intitle  him  to  the  vefpeft  of  all  who 
do  not  efteem  the  good  qualities  of  the  heart  inferior  to 
thofe  of  the  head. 

WARTON.  (Jofeph,  D.  D.)  was  born  either  to- 
wards the  end  of  the  year  1721,  or  in  the  beginning  of 
the  year  1722.  He  was  the  eldell  fon  of  Thomas  War- 
ton,  B.  D.  who  had  been  fellow  of  Magdalen  College, 
Oxford;  poetry  profeffor  from  the  year  1718  to  1728, 
and  vicar  of  Bafingftoke  in  Hamplhire,  and  of  Cob- 
ham  in  Surrey.  Where  the  fubjeA  of  this  memoir  was 
born  we  have  not  learned,  though,  were  we  to  hazard 
a  conjedure,  we  would  fay  that  it  was  in  Oxford,  as 
his  f.Hther  probably  refided  in  that  city  during  his  pro- 
fefforfhip. 

Our  knowledge  of  the  private  hiftory  of  Dr  Warton 
is  indeed  extremely  limited.  We  do  not  even  know  at 
what  fchnol,  or  in  what  college,  he  was  educated  ;  tho* 
It  was  probably  at  Wincheller  fchool,  and  certainly  in 
fome  ot  the  colleges  in  the  univerfity  of  Oxford.  For 
many  years,  he  was  fucccflively  under  and  upper  mailer 
of  Wmchelter  college  ;  but  refigned  the  lall  of  thefe 
offices  when  he  found  the  infirmities  of  age  coming  up- 
on him  ;  and  was  fucceeded  by  Dr  Goddard  the  prclent 
excellent  mafler.  He  was  likewife  prebendary  of  the 
cathedral  church  of  Wincheller,  and  reftor  of  Wlck- 
ham  in  Hamplhire,  where  he  died,  aged  78. 

His  publications  aie  few,  but  valuable.  A  fmall  col- 
ledlion  ot  poems,  witliout  a  name,  was  the  firfl  of  them, 
and  contained  the  Ode  to  Fancy,  which  has  been  fo 
much  and  lo  defervedly  admired.  They  were  all  of 
them  afterwards  printed  in  Dodfley's  colieftion.  He 
was  alfo  a  confiderable  contributor  to  the  Adventurer, 
publilhed  by  Dr  Hawkefwoi  th  ;  and  all  the  papers 
which  contain  critlcifms  on  Shakcfpeare  were  written 
by  him  and  his  brother  Thomas  Warton,  the  fubjeA  of 
the  next  article. 

The  firll  volume  of  his  Effay  on  the  Life  and  Wri- 
tings of  Pope  was  publilhed,  had  paffed  through  feveral 
editions,  and  an  interval  of  between  20  and  30  years 
hud  elapfed,  before  he  gave  a  fecond  volume  of  that  ele- 
gant and  inllru(iUve  work  to  the  world.  He  had  not 
only  meditated,  but  had  colletlcd  materials  for  a  literary 
hiltory  of  the  age  of  Leo  X.  ;  and  propolals  were  ac- 
tually in  clrculatiun  for  a  work  of  that  kind  ;  but  it  is 
probable  that  the  duties  of  his  flation  did  not  leave  him 
the  neccffary  leifuce  for  an  undertaking  which  required 
years  of  ieclufion  and  independence.  His  lall  anu  late 
worJt,  which  he  undertook  for  the  boukfellers  at  a  very 
advanced  age,  was  an  edition  of  Pope's  Works,  that 
lias  not  altogether  fatisRed  the  public  expcdtation.  He 
retained,  with  great  propriety  indeed,  many  of  the 
nutes  of  Warbuiton  ;  but  is  feveiely  reprehended  by 
the  autho'  of  the  Purfuitsof  Literature  for  fupprelTing 
the  name  of  that  prelate  on  his  title-page,  or  Including 
it  only,  as  fubordinate  to  his  own,  in  the  general  ex- 
prefTion  others. 

Dr  Warton  was  cheerful  in  his  temper,  convivial  in 
his  difpofition,  of  an  elegant  talle  and  lively  Imagina- 
tion,   with  a  large  portion  of  fcholarfhip,   and  a  very 

general 
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Warton.   general  knowledge  of  the  BeUe3  Lettrej  of  Europe ;  it  cularly  on  tlieir  own  works.     A  pleafing  account  of  \V.irton 

*"'    V         may   be   prefumed  that  Dr  Warton  pofTt-ned,  beyond  this  vilit  wae  communicated  by  Mr  Wartoii  to  Mr  Bof-  — ~v~~~ 

inoll  men,   the  power  of  enlivening  ClafTical  Society,  well,  who  has  inferted  it  in  his  life  of  Johnfon. 

He  was  the  intimate  friend  of  Dr  Jcjinfon  ;   was  fcen  In  1755,  Mi'  Warton  exerted  hinifclf  to  procure  for 

at  the  parties  of  Mrs  Montague,  as  well  as  at  the  table  his  friend  the  degree  of  matter  of  arts  by  diploma  from 

of  Sir  Jodiua   Reynolds,   and  was  an  original  member  the   univcrfity  of  Oxford  ;   an   honour  which  Juhnfoii 

of  the  Literary  Club.      He   poflelFed  a  liberal  mind,  a  elleemed  of  great  importance  to  grace  tlie  tide  page  of 

generous  difpofition,  and  a  benevolent  heart.      He  was  his  diitionary    which   he   was   about   to   piil)lifli.       In 

not  only  admired  for  his  talents  and  his  knowledge,  but  l  7  56,  Mr  Warton  was  elefted  profellor  of  poetry,  which 

was  beloved  for  thofe  qualities  which  are  the  bell  gifts  office  he   held  for  the  ulual  term   of  ten   years.     His 

of  this  imperfeft  ftate.  lecliures  were  remarkable  for  elegance  of  diction  ;'nd 

Warton  (Thomas)  the  brother  of  the  preceding,  jullnefs  of  obiervation.     One  of  them,  on  the  fubjetl  of 

was  born  in  the  year  1728.      He  received,  as  we  hive  pall  iral  poetry,  was  afterwards  prefixed  to  liis  edition 

reafon  to  believe,  the  firfl  part  of  his  education  at  Win-  of  Tiiocritus.      In"  1758,  lie  contributed  to  alTid  Dr 

chefter  ;  and  at  the  age  of  16  was  entered  a  commoner  Joliufon   iu  the  fuhfcription   to  his  edition   of  Shake- 

JSiM.  I'j^^.pf  Trinity  College,   Oxford,    under  the  tuition  of  Mr  Ipeare,  and    furnilhed  him   wi:h    forne  valuable   notes. 

Geering.  The  Duftor  remai  ks,  in  a  letter  to  him,  wheii  foliciiing 

He    began   his  poetical  career  at   an  early  age.      In  his  farther  aii!,  "  It  will  be  reputable  to  my  work,  and 

1745,  he  publlilied  five  paftoral  eclogues,  '"  whieh  are  fuitable   to  ytj.ir  jTofeirorfiiip,    to   iiave  iumcthing    of 

beautifully  defcribed  the  miferies  of  war  to  v/liich   tlie  yours  in  my  notes." 

fbepherds  of  Germany  vi^re  expofed.      Not  long  :ifter,  From  the  Cl.rendon  prefs,  in  the  year  1766,  he  pub- 

in  the  year  1748,  he  had  full  fcope  afforded  for  the  ex-  lifhed    "   Anthologis  Graecae,   a  Conftantino  Cephala 

ertion  of  his   genius.      It  is  well   known  that  Jacobite  conditse,  Libri  trcs,"  iu  z  vols,    1  2mo.      He  concludes 

principles  were  fufpcfted  to  prevail  in  the  university  of  the  learned  and  claflic:il  preface  to  this  work,  which  13 

Oxford  about  the  time  <if  the  rebellion  in  the  year  T745.  replete  with  accurate  remarks  on  the  Greek   epigram. 

Soon  after  its  fupprefiion,  tlie  drunkenncfs  and  folly  of  in  the  following  words,  which  mark  this  publication  foi" 

fome  young  men  g.ive   offence  to  the  court,  in  Confe-  his  own  :   "  Vereor  ut  haftenus  in  plexendis  flurum  co- 


quence  ot  which  <i  profecution  was  inftituted  in  tiie 
court  of  King's  Bench,  and  a  (ligma  was  fixed  on  the 
vice  chancellor  and  fome  other  heads  of  colleges  in  Ox- 
ford. Whilft  this  affair  was  the  general  fubjeft  of  con- 
verfation,  Mr  Mafon  publifhed  his  "  ICs,"  an  elegy,  in 
which  he  adverts  to  the  above-mentioned  circuniftances. 


rollis  otium  nimis  longum  periraxerim.  Proxime  le- 
quetur,  cui  nunc  omnes  operas  et  vires  inteudo,  Theo- 
critus. Interea  quafi  proniulfidem  convivii  Lecloribua 
meis  elegantias  hal'ce  vctuflatis  etiiditse  propino. 

In  the  year  177:,  he  conferred  a  finiilar  honour  up. 
on  the  academical  prefs  by  his  edition  of  Tiieocritus, 
In  anfwer  to  this  poem,  Mr  Warton,  encouraged  by  in  2  vols,  8vo.  He  undertook  this  work  by  the  advice 
Dr  Huddestord,  the  prefident  of  his  college,  publidied,  of  Judge  Blatkftone,  then  fellow  of  All  Souls  College, 
in  1749,  "The  Triumph  of  Ifis,"  which  excelled  more  and  an  ardent  promoter  of  every  publication  that  was 
in  manly  expoftulation  and  dignity  than  the  poem  that  likely  to  do  credit  to  the  Clarendon  \neh.  Tliis  ela- 
produced  it  did  in  nentnels  and  elegance.  With  great  borate  publication  refledls  no  fmall  credit  on  .the  learn- 
poetical  warmth,  and  a  judicious  feleftion  of  circum-  ing,  diligence,  and  taftc  of  the  editor, 
ftances,  he  charadlerifes  the  eminent  men  who  had  been  In  1771.  he  was  eledred  a  fellow  af  the  Antiquarian 

educated  in  Oxford,  and  draws  a  ftriking  and  aniinated  Society,  and  was  prefentcd  by  the  Earl  of  Litchfield  to 
portrait  of  Dr  King,  the  celebrated  public  orator  of  the  fmall  living  of  Kiddiiigton  in  Oxfordihire,  which 
that  time.  The  whole  poem  flicws  the  early  maturity  he  held  till  his  death.  He  likewife  in  this  year  piiblilh- 
of  his  genius,  and  is  hniihed  with  happy  diligence.  ed  an   improved  account  of  "  The  I^ife  of  Sir  Thomas 

In  the  )'ear  1751,  he  lucceedcd  to  a  fellowfliip  of  his  Pope,  founder  of  Trinity  College,  Oxford.  In  com- 
college,  and  was  thus  placed  in  a  fituation  ealy  and  in-  pofing  thefe  memoirs,  he  bellowed  much  labour  and  re- 
dependent,  and  particularly  congeni.al  with  his  habitsof  fcarch,  and  fliewed  great  judgment  in  the  arrangement 
retirement  and  ftudy.  In  1753,  appeared  his  obferva-  of  his  materials.  But  poffihly,  in  his  ardour  to  pay  a 
lions  on  "  The  Faery  Q_uecn  of  Spencer,"  in  8vo,  a  debt  of  gratitude,  he  has  not  fufficieiitly  confidereJ 
work  which  he  correfted,  enlarged,  and  republifhed,  in  what  was  due  to  his  own  fame.  The  fame  ftrenglh  of 
t\yo  volumes  crown  oflavo,  in  the  year  1762.  He  lent  delcripti<in  and  vigour  of  remark  would  have  better 
a  copy  of  the  firft  edition  to  Dr  Johnfon,  who,  in  a  fuited  the  life  of  fome  eminently  diitiiiguiilied  charafter, 
letter  to  him  upon  the  fubjeft,  exprefftd  this  handfome  and  extended  the  reputation  of  the  author  as  a  bio- 
compliment  :  "  I  now  pay  you  a  very  honeft  ackiiow-  grapher  beyond  the  circle  of  thofe  academical  reader* 
iedgment  for  the  advancement  of  the  literature  of  our  who  are  influenced  by  the  fame  feelings  of  veneration, 
native  country  :  you  have  fliewn  to  all,  who  (liall  here-  refpeft,  and  gratitude  which  prompted  Mr  Warton  to 
after  attempt  the  fludy  of  ancient  authors,  the  way  to  coiTipofc  this  work.  The  preface  coiUains  fome  excellent 
fuccefs,  by  direAIng  tliem  to  the  perufal  of  the  books     remarks  on  biographical  writing. 

which  thefe  author.s  had  read."  The  plan  for  a  hiftory  of  Englifii  poetry  was  laid  by 

In  1754,  Dr  Johnfon  vlfited  Oxford  for  the  fit  ft  Pope,  etdarged  by  Gray:  but  to  bring  an  original  plan 
time  after  he  had  quitted  rcfidence  there.  Much  of  his  nearly  to  a  completion  was  refcrved  for  the  perl'everance 
time  was  fpent  with  Mr  Wirton  ;  ai:d  there  appeared  of  Warton.  In  1744  appeared  his  firft  volume;  in 
to  have  been  a  confiderable  degree  of  confidential  inter-  1778,  the  fecond  and  third  ;  which  brings  the  narrative 
courle  between  them  upon  literary  fubjedls,  and  parti-  down  to  the  commencement  of  the  reign  of  Elizabeth 
EtjppL.  VoL.II.  PaitIL  5F  in 
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Warton.  ,'n  1  ^8l.  This  work  difplays  the  nioft  fingular  com- 
V"  '  hinatioii  of  extraordinary  talfiits  and  attainment?.  It 
unites  the  deep  and  tninuto  refearclies  oftlie  antiquary 
with  the  elegance  of  the  cldlTical  Icholar  and  tlie  fl<ill 
of  the  pradlifed  writer.  Tlie  ilylc  is  vigorous  and  man- 
Iv  ;  the  ohfei-vations  acute  and  juU  ;  and  the  views  of 
the  fubjeft  are  extenfive  and  accurate. 

In  1777,  he  collefted  his  poems  into  an  oftavo  vo- 
lume, containing  mifcellaneous  pieces,  odes,  and  fon- 
nets.  This  pubhcation  may  be  confidered  in  fome 
meafnre  origi'i:il  ;  there  being  only  feven  pieces  that 
had  before  appeared,  and  near  three  times  that  num- 
ber which  were  then  printed  for  the  firft  time. 

In  vindication  of  the  opinion  he  had  given  in  his  fe- 
cond  volume  of"  The  Hiftnry  of  Poetry,"  relative  to 
the  ingenious  attempt  of  Cliatterton  to  iinpofe  upon 
the  ])ubHc,  he  produced,  in  i7R2,  "  An  Inquiry  into 
the  Authenticity  of  the  Poems  attributed  to  Rowley." 
In  this  excellent  pamphlet  the  pr'  iciples  of  true  criti- 
cifm  are  laid  down,  an  appeal  is  properly  made  to  the 
internal  evidence  of  the  poems;  and  upon  thele  grounds 
it  is  proved,  in  the  moll  fatisfaftory  manner,  that  they 
could  not  have  been  written  by  a  monk  of  the  fourteenth 
century. 

The  year  1785  brought  him  thofe  diftinftions  which 
were  no  lefs  honourable  to  thofe  who  conferred  than  to 
him  who  received  them.  He  was  appointed  poet-laureat 
on  the  death  of  Whitehead,  and  elcfted  Camden  pro- 
feifor  of  ancient  hiftory  on  the  refignation  of  Dr  Scott. 
His  inauguration  letkure  was  delivered  in  a  clear  and 
impreffive  manner  from  the  profefforial  chair.  It  con- 
tained excellent  obfervations  on  the  Latin  hil^orians, 
and  was  written  in  a  (Irong,  perfpicnous,  and  clafTical 
ftyle.  In  his  odes,  the  vigour  and  ..brilhancy  of  his 
fancy  were  not  proftituted  to  an  infipid  train  of  courtly 
complements:  each  prefcnts  an  elegant  fpecimen  of  de- 
fcriptive  poetry,  and  as  all  of  them  have  only  a  flight 
relation  to  the  particular  occafion  on  which  they  were 
written,  and  have  always  a  view  to  fome  particular  and 
jnterefting  fubjeti,  they  will  be  perufed  with  pleafure  as 
long  as  this  fpccics  of  compofition  is  admired. 

He  made  occafional  journeys  to  London  to  attend 
the  literary  club,  of  whicli  he  was  fome  years  a  member; 
and  to  vifit  his  friends, particularly  Sir  JofhuaReynolds. 
At  his  houfe  he  was  fure  to  meet  perfons  remarkable 
for  falhion,  elegance,  and  taile. 

His  laft  publication,  except  his  official  odes,  confift- 
ed  of  Milton's  fmaller  poems.  A  quarto  edition  ap- 
peared in  1790,  with  correftions  and  additions.  The 
great  objeft  of  thefe  notes  is  to  explain  the  allufions  of 
Milton,  to  trace  his  imitations,  and  to  illuftrate  bis 
beauties. 

Until  he  reached  his  fixty  fecond  year,  he  continued 
to  enjoy  vigorous  and  uninteriupted  health.  On  being 
feized  with  the  gout,  he  went  to  Bath,  and  flattered 
himfelf,  on  his  return  to  college,  that  he  was  in  a  fair 
way  of  recovery.  But  the  change  that  had  taken  place 
in  his  conftitution  was  vifible  to  his  friends.  On 
Thurfday,  May  20,  1790,  he  pafTcd  the  evening  in  the 
common  room,  and  was  for  lome  time  more  cheerful 
than  ufual.  Between  ten  and  eleven  o'clock  he  was 
flruck  with  the  palfy,  and  continued  infenfible  till  his 
death,  which  happened  the  next  day  at  two  o'clock. 
On  the  27th,  his  remains  were  interred  in  the  college 
chapel  with  the  moft  diftinguiftied  academical  honours. 


The  infcription  upon  the  flat  (lone  which  is  placed  Warton. 
over  his  grave  contains  only  an  enumeration  of  his  pie-  ^~~v~— 
ferments. 

Such  was  the  general  conduA  and  behaviour  of  Mr 
Warton  as  to  render  him  truly  amiable  and  refpeftable. 
By  his  friends  he  was  beloved  for  his  open  and  eafy 
manners  ;  and  by  the  membtrs  of  the  univerfity  at  large 
he  was  refpeded  for  his  conllant  rcfidence,  ftrong  at- 
tachment to  Alrna  Mater,  his  ftu-iious  purfi:itf,  and 
high  literary  charafler.  In  all  parties  where  the  com- 
pany accorded  with  his  inclination,  his  ccnverfation  was 
eafy  and  gay,  enlivened  with  humour,  enriched  with 
anecdote,  and  pointed  with  wit.  Among  hi?  pecu- 
liarities it  may  be  mentioned  that  he  was  fond  of  all 
military  fights.  He  was  averfe  to  (Irangers,  particii- 
l?.rly  to  thofe  of  a  literary  turn  ;  and  yet  he  took  a  great 
pleafure  in  encouraging  the  efforts  of  rifing  genius,  and 
aflifting  the  ftudious  with  his  advice  ;  as  many  of  the 
young  men  of  his  college,  who  fhared  his  affabiltty  and 
honoured  his  talents,  could  teftify.  He  was  bred  in  the 
fcliool  of  pun'.lcvs ;  and  made  as  many  good  ones  as  Bar- 
ton and  Leigh,  the  celebrated  word-hunters  of  his  day. 
Under  the  mallv  of  indolence,  no  man  was  more  bufy ;  his 
mind  was  ever  on  the  wing  in  fearch  of  fome  literary  prey. 
Although,  at  the  accullotried  hours  of  Oxford  Rudy,  he 
was  often  feen  fauntering  about,  and  converfing  with 
any  friend  he  chanced  to  meet  ;  yet,  when  others  were 
wafting  their  mornings  in  fleep,  he  was  indulging  his 
rrjtditations  in  his  favourite  walks,  and  courting  the 
Mufes.  His  (ituation  in  Oxford  was  perfeftly  conge- 
nial with  his  diipnfition,  whether  he  indulged  his  faUies 
of  pleafantry  in  the  common  room,  retired  to  his  own 
flutly,  or  to  the  Hodleian  library  ;  fauntend  on  the  banks 
of  his  favourite  Cherwtll,  or  furveyed,  with  the  enthii- 
fiaflic  eye  of  tafte,  the  ancient  gateway  of  Magdalen 
College,  and  other  fpecimens  of  Gothic  architeftiire. 

The  following  Is  a  lift  of  Mr  Warton's  works  : 
I.  "  Five  Paftoral  Eclogues,"  410,  1745.  Reprinted 
in  Ptarch's  Colledlion  of  Poems.  2.  "  The  Pleafures 
of  Melancholy,"  written  in  1745  ;  firft  printed  in  Dod- 
fley's  Collection,  and  afterwards  in  the  Colleilion  of 
Mr  Warton's  Poems.  3.  "  Progrels  of  Difcontent," 
written  in  l  746.  Fitfl  printed  in  the  "  Student,"  a 
periodical  paper.  4.  "  The  Triumnh  of  [fis,  a  Poem," 
410,  1750.  5.  "  Newmarket,  a  Satire,"  folio,  l~sl. 
6.  "  Ode  for  Mufic,"  performed  at  the  theatre  in  Ox- 
ford 1 75  I.  7.  "  Obfervations  on  the  Faerie  Qu^een  of 
Spenfer,"  8vo,  1754-  8.  "  Infcriptionuni  Metrica- 
ruin  Dcleftus,"  4to,  1758.  9.  "  A  Defcription  of  the 
City,  College,  and  Cathedral,  of  Wincheller,"  8vo,  no 
date.  10.  "  The  Life  of  Sir  Thomas  Pope,"  in  the 
5th  volume  of  the  Biogiaphia  Britannica,"  republifhed 
in  1772.  II.  "The  Life  and  literary  Remains  of 
Ralph  Bathurft,  M.  D.  Dean  of  Wells,  and  Prefident 
of  Trinity  College  in  Oxford,"  1761.  i  2.  "  A  Com- 
panion to  the  Guide,  and  a  Guide  to  the  Companion," 
i2mo,  1762.  13.  "  The  Oxford  Saufage,"  in  which 
are  feveral  Poems  by  Warton.  14.  "  Anthologia; 
Graccas  a  Conftantino  Cephala  conditae  Libri  tres,' 
2tora.  1766.  i;.  "  Theocritis  Syracufii  quas  fuperfunt,. 
cum  Scholiis  Grsscis,"  &c.  2  torn.  4(0,  1770.  16. 
"  Hiftory  of  Englifh  Poetry,  from  the  Cloie  of  the 
iith  to  the  Commencement  of  the  i8th  Century," 
4to,  Vol.  I.  1774.  VoL  II.  1778.  Vol.  HI.  1781. 
17.  "  Poems,"    Svo,   1777.     18.   "   Specimen  of  a 
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Hiftory  of  OxfordlhrVe,"  1783.  19.  "  An  Enquiry  intrepidity  whit Ii  lie  fliewcd  in  that  dilficult  fituatlon,  U-ufliln^- 
into  thi  Authenticity  of  t!)e  Poems  attributed  to  and  the  vohintury  obedience  which  was  fo  cheerfully 
Thomas  Rowley,"  8vo,  178a.  20.  Vcrfcs  on  Sir  J.  paid  by  the  whole  army  to  his  fiiperi<ir  mind.  Alter 
Reynolds's  painted  Window  in  New  College  Chapel,  having  atted  a  dillingniihcd  part  in  a  fubfcqucnt  and 
410,"  1782.  J  I.  "  Foems  on  fevcral  Occafions,  by  more  fiiccefaful  expedition  to  the  Ohio,  he  was  obliged 
John  Milton,  with  Notes  critical  and  explanatory,"  8vo,  by  ill  health,  in  the  year  1758,  to  relign  his  military 
17>^--  '  iituation.  The  lixteen  years  which  followed  of  the  life  c,f 
WASHINGTON  (George),  whofe  name  Is  likely  Walhington  fupply  few  materials  for  the  bio>j-iai)her. 
to  live  as  long  as  tliat  of  any  modem,  was  born  on  the  Having  married  Mrs  Cuilis,  a  Virginian  hdy  of^amiablc 
J  I th  of  February  17?:,  in'  the  paiilh  of  Walhington,  charattci  dnd  refpciilable  coiinecliuns,  he  fettled,  at  his 
Virginia.  He  wai?  defcended  from  an  ancient  iatnily  in  beautiful  feat  of  Mount  Vernon,  of  which  we  have  had 
Cheihire,  of  which  a  brancli  had  been  ellablilhed  in  Vir-  (o  many  delcriptions  ;  where,  with  the  exception  of 
ginia  about  the  middle  of  the  17th  century.  We  are  fuch  attendance  as  was  requiicd  by  his  duties  as  a  ma- 
not  acquainted  with  any  remarkable  circumllances  of  giftrale  and  a  member  of  the  adembly,  his  time  was  oc- 
his  education  or  his  eatly  youth  ;  and  we  Ihould  not  in-  cupied  by  his  domeltic  enjoyments,  and  the  cultivation 
deed  expecl  any  marks  of  that  dilorderly  prematurenefs  of  his  ellate,  in  a  manner  well  fuited  to  the  tranquillity 
of  talent,  v^'hich  is  fo  often  fallacious,  in  a  charafter  of  his  pure  and  unambitious  mind.  Ai  the  end  of  thi.« 
whofe  diftinguifhing  praife  was  to  be  regular  and  na-  period  he  was  called  by  the  vi)ice  of  his  country  from 
tural.  H!3  clafTical  inllruftion  was  probably  fmall,  fuch  this  iUte  of  calm  and  fecure  though  unoftentatious  hap- 
as  the  private   tutor  of  a  Virginian   country  gentleman  pinels. 

could  at  that  period  have  iir.parted  ;  and  if  his  opportuni-  For  almoft  half  a  century  fymptoras  of  difafl'tftion  f  o 

tieeof  information  had  been  more  tavourable,  the  lime  was  t!ie   mother-country    had    been   fo  vilible   in   the   New 

too  Ihort  to  profit  by  them  (a).    Before  he  was  twenty  England  provinces,  that  fo  early  as  17J4  the  celebrated 

he  was  appointed  a  major  in  the  colonial   militia,   and  Bifhop    Berkeley  had  predided   a  total   feparation   of 

he  had  ve:y  early  occafion  to  difplay  thofe  political  and  North   America   from   Great    Britain.      Tliat   prelate 

military   talents,  of  which   the   exertions   on  a  greater  when   a   private   clergyman,   had   lived    three  years   in 

theatre  have  lince  made  his  name  fo  lamous  throughout  Rhode  Ifland,  and  was  an  attentive  and  fagacious  ob- 

the  world.  ferver   of  the   manners   and    principles  of  tlie   people. 

The  plenipotentiaries  who  framed  the  treaty  of  Aix  among  whom  he  perceived  the  old  leaven  of  their  foie- 

la  Chapelle,   by  leaving   the   boundaries   of  the  Biitilh  fathers  fermenting  even  then  uith  wrcat  violence.     The 

and  French  territories  in  North  America  unfixed,  had  middle   and   fouthern   provinces,   however,   were  more 

(own  the  feeds  of  a  new  war,  at  the  moment  when  they  loyal,  and  their  influence,  together  with  perpetual  dread 

concluded  a  peace. — The  hmits  of  Canada  and  Loui-  of  the  French   before   the  peace  of  176?,  put  off  the 

fiana,  negligently  defcribed  in   vague  language   by  the  fcparation  to  a  more  diltant  day  than  that  at  which,  we 

treaties  of  Utrecht   and  Aix  la  Chapelle,  bccaufe  the  have  reafon  to  believe,  the  Bilhop  expefted  it  to  take 

greater  part  of  thefe  va!l  countries  was  then   an  impe-  place.     Virginia,  the  moll  loyal  of  all  the  colonies,  had 

netrable   wildernefs,   furnilhed  a  motive,  or   a  pretext,  long  been  in  the  habit  of  callinj;  itfelf,  with  a  kind  of 

for  one  of  the  moll  fuccefsful,  but  one  of  the  moil  bloody  proud  pre-eminence,  his  Majcjlfs  ancient  dominion  ;  and 

and  wafteful  wars  in  which  Great  Britain  had  ever  been  it  was   with   fome   difficulty  that   the  demagogues  of 

engaged.     See  Britain,  Encycl.  New  England  could  gain  over  that  province  when  the 

in  the  difputes  which  arofe  between  the  French  and  time  arrived   for  effecting   their  long  meditated   revolt. 

Englifh  officers  on  this  fuljed,  Major  Wafliington  was  At   lall,  however,   they   fucceeded  ;   and  we  find   Mr 

employed  by  the  governor  of  Virginia,  in  a  negociation  Walhington   as   a  delegate   from  Virginia  in   the  Con- 

with  the   French  governor  of  Fort   du  Qaelne  (now  grefs  which  met  at  Philadelphia  on  the  26th  of  OAobcr 

I'ilfburgh)  ;   who  threatened  the  Englilli  frontiers  with  1774.      (See  America,  n^  i  74.  £nyic/.)      As  no  A- 

a  body  of  French  and  their  Indian  allies.      He  fuccecd-  merican   united   in  fo  high  a  degree  as  he  did,  military 

ed  in  averting  the  inva.'lon  ;  but  holtilities  becoming  in-  experience  with   refpedtability  of  charafter,  he  was  ap- 

evitable,   he  was  in  the  next  year  appointed   lieutenant  pointed  to  the  command  of  the  army  which  had  affeai- 

colonel  of  a  regiment   raifed   by  the  colony  for  its  own  bled  in  the  New  England  provinces,   to  hold  in  check 

defence;   to  the  command  of  which  he  foon  after  fuc-  the  Britilh  army  which  was  then  encamped  under  Ge- 

ceeded.     The  expedition  of  Biaddock  followed  in  the  neral  Gage  at  IJofton. 

At  this  period  there  is  fome  reafon  to  believe  that  nei- 
ther Mr  Walhington  nor  his  conftituents  entered  heartily 
into  the  views  of  the  New  Englanders;  but  afraid  left 
the  army  of  thofe  rebellious  fanatics,  after  (haking  off  the 
yoke  ot  Great  Britain,  might  give  law  to  the  continent, 
he  took  upon  himfelf  the  command  of  that  army  in  the 
i  F  2  month 


year  1755;  °^  which  the  fatal  iffue  is  too  well  known 
to  require  being  defcribed  by  us.  Colonel  Walhington 
ferved  in  that  expedition  only  as  a  volunteer ;  but  fuch 
was  the  general  confidence  in  his  talents,  that  he  may 
be  faid  to  have  conduftcd  the  retreat.  Several  Britilh 
officers  are  Hill  alive  who  remember  the  calmnefs  and 


(a)  Several' accounts  of  the  life  of  Wafhington  have  dated  that  he  ferved  as  3  midlLipman  on  board  a  Britilh 
frigate.  This  is  a  miftake.  His  elder  brother,  who  died  young,  ferved  in  that  capacity  in  Vernon's  expedition 
againd  Carthagena  ;  whence  the  family  (eat  was  called  Mount  Vernon.  Walhington  himfelf  never  left  the  U- 
nited  States,  except  in  one  fltoit  voyage  to  a  Weft  India  ifland,  when  he  was  very  young. 
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Wifliing-  month  of  July  1775  (a).    To  detail  his  conduft  in  the 
'■°"-       years  vliich  foiiowcd,  would  be  to  relate  the  hiliory  of 
^~"'"*'~*'  the  Arr,erican\var,  which  we  h.-vc  tiready  rtldcca  in  the 
article  Amsrua  {£::i:yii.).  Withn  a  vcr)  ihott  ptiiod 
afttr  the  declaration  (.f  indepei deuce,   the  ..tlaus.  oi  A- 
uicrica  were   in   a  condition  I'o  dclperatt,  liist   perhaps 
nothing  but  the  pecuiiar  character  of  Waihiiigion's  ge- 
nius could  haveictrievcd  them.      Attivity  was  the  po 
licy  of  invaders.     In  the  lield  of  battle  tlie  luperionty 
of  a  difciplined  army   i»  difplayed.     Uut  delay  was  the 
wifdom  of  a  country  dcfei:ded   by  undilciphi.cO  ioldiers 
a^ainlt  an  enemy  who  nuift.  be  more  exiiaufted  by   time 
t^an  he  couW  be  weakened  by  defeat.      It  required  the 
confumn^ate  piudtnce.    the  cilm    wifdom,  the  nifltxibie 
frmi^efs,   the    moderate   and    well  balanced    temper   of 
Wafhing'.on  to  embrace   Inch    a  plan  of  policy,  and  to 
ptvfeveie  in  it  :   to  refill  the  temptatior.s  of  tntei  prize  ; 
to  fix  the  contidence  of  his  foldicrs  without  the  ai trac- 
tion of  viftory  ;    to  fupport  the  Ipirit  of 'the  army  and 
the  people  amidft  thole   flow  and   cautious  plans  of  de- 
fenlive  warfaie  which  are  more  difpiriung  than  deieat 
itfelf  ;  to  contain  his  own  ambition  and  the  impetuofi- 
ty  of  his  troops  ;  to  endure  temporary  obfcuriiy  ior  the 
falvation  of  his  country,  and  for  the  attainment  of  lolid 
and  immortal  glory  ;   and  to  lufter  even  temporary  re- 
proach and  obloquy,  fuppotted  by  the  approbation  of  his 
own  conlcitnce  and  the  applaule  of  that  Imall  number  of 
wife  men,  whofe  praife  is  an  earnclt  of  the  admiration  and 
gratitude  of  pofterity.    Vjftorious  genetals  ealily  acquire 
the  confidence  of  their  at  my.      i  heirs,   however,  is  a 
confidence   in   tVa  fortune   of  their   geneial.      That  oi 
Walliingion's  army   was  a  confidence   in   his   luij'dom. 
Viftory  gives  fpirit  to  coward^  and  even  the  agitations 
«f  defeat  fometixes  impart  a  courage  of  delpair.     Cou- 
rage is  inlpired  by  iuccefs,   and  it  may  be  llimulated  to 
delpeiate  e.sertion  even  by  calamity;  but  it  is  generally 
pahied  by  inaftivity. —  A  fylkm  of  cautious  defence  13 
the  fevereft  trial  of  human  fortitude  ;   and   by  this  tell 
the  firmnefs  of   Wafhii.gton   was    tried.      It  mull  not, 
Jiowevcr,    be  concealed,   that  iome  of  the  Britilh  com- 
manders gave  him  advantages,  which  he  furely  did  not 
expett  ;   for  moie  than  once,  as  it  appears  to  us,  they 
had  it  in  their  power  to  annihilate  his  army,  merely  by 
-following  up  their  vitfories.      i  he   ifiue  of   the  contelt 
is  known. 

Much  has  been  faid  by  the  Britifh  and  American  de- 
IBOcratesot  the  magnanimity  of  \|'v afhingtoii  during  the 
ravages  of  a  civil  war,  in  which  he  aited  fo  conlpicii- 
t)US  a  cart  ;  and  we  feel  not  ourlelves  inclined  to  refufe 
him  the  praife  which  he  may  have  merited  on  this  or 
ori  any  other  account.  But  granting  that  duty  requi- 
red hinv  to  execute  as  a  fpy  the  accomplilhed  yliidre, 
true  magnanimity  would  have  prevented  him  from  in- 
fultingly  ercfting,  in  the  view  ol  that  unfortunate  of- 
ficer, the  gallows  on  which  he  was  to  be  hung,  fevcral 
day?  befoie  his  execution  .'  When  Eail  Cornwallis  was 
overpowered  by  numbers,  and  obliged  at  Yoik  town  to 
Jurrender  to  the  united  armies  of  America  and  France, 
a  magnanimous  conqueror  would  not  have  malicioufly 
claimed,  contrary  to  the  ufage  of  civilized  war,  the 


fword  from  the  fiands  of  that  gallant  nobleman.     On  Wafliing^ 

ihele  two  occalions,  and  on  fome  others,  the  condudi  of  "'"; 
Walhington  agreed  fo  ill  with  his  general  charadfer,  • 
that  we  are  inclined  to  believe  that  lie  muft  have  been 
intiiicnctd  by  the  leaders  of  the  French  army  Rochcm- 
beSu  and  FaytUe.  One  thing  is  Certain,  that  he  was 
fo  little  plealid  tithtr  with  his  own  condufl  on  parti- 
cular occaiknt,  or  with  il.e  general  principle  of  the  A- 
raericaii  revi.hitlon,  that  he  never  could  be  forced  to  talk 
on  the  fubjtcf .  An  Italian  nobleman,  who  vifiled  hiin 
after  the  peace,  had  often  attempted,  in  vain,  to  turn  the 
conveifatKin  to  the  events  of  the  war.  At  length  he 
thought  he  had  found  a  favoursble  opportunity  of  ef- 
iecn.iiig  his  purpofe  ;  they  weie  riding  together  over  the 
fcene  of  ,\n  action  where  Walhington's  condutl  had  been 

the  fubjeft  of  no  fmall  animadvcrfion.      Count  

faid  to  iiim,  "  Your  conduit,  Sir,  in  this  atlion  has 
been  crilicifed."  Wafhnigton  made  no  anfwcr,  but 
clapped  fpurs   to  his  horfe  ;   after   they  had  pafled  the 

tiel'J,  he  turned  to  the  Italian  aad  faid,  •'  Count , 

1  cblerve  ttiat  you  wiih  me  to  loeak  of  the  war  ;  it  is  :i 
converfation  which  I  always  avoid.  I  rejoice  at  the  ella- 
blilhment  of  the  Lberties  of  America.  But  the  time 
of  the  ftruggle  was  a  horrible  period,  in  which  the  belt 
men  were  compelled  to  do  many  things  repugnant  to 
their  nature."  This,  we  think,  is  the  language  of  a 
good  man  not  altogether  falistied  with  the  part  which 
he  had  been  compelled  to  atf,  and  who  though  he  re- 
joiced at  the  eilabliihmEut  of  the  liberties  of  America, 
probably  forefaw  that  Ihe  would  reap  no  benefit  from' 
her  favuurite  indrpendcnce. 

rhe  corclufion  of  the  American  wsr  permitted  Walh- 
ington to  iclurn  to  thofe  domettic   Icencs,   from   which 
no  views  ol   ambition  feem  to  have  had  the  power  to 
draw  him.     But  he  was  not  allowed  long  to  enjoy  this 
privacy.    The  fupreme  government  of  the  United  States, 
hartily  thrown  up,  in  a  moment  ot  turbulence  and  dan- 
ger, as  a  temporary  fortification  againll  anarchy,   pro- 
Vtfd  utterly  inadequate   to  the   prelervation  of  general 
tranquillity  and   permanent  lecunty.      The   coiilulions 
of  civil  war  had  given  a  taint   to  the  morality   of  the 
people,  which  rendered  the   reltiaints  of  a  jull  and  vi- 
gorous government  more  iiidilpcnfably  ncccffary.     Con- 
fifcation  and  paper  money,   the  two  greatelf  Ichools  of 
rapacity  and  dilhoneiiy  in  the  woild,  had  widely  ipread 
their  poifon  among  the  Americans.      One  ot  their  own 
writers  tells  us,   that  the  whole  fyltem  of  paper  money 
was  a  fyllem  of  public  and  private  fraudi.     In  this  Itate 
of  things,   which  threatened  the  diffolution  of  molality 
and  government,  good  men  faw  the  neceifity  ot  concen- 
trating and   invigorating   the  fupreme  authority.      Un- 
der the  influence  of  this  conviction,  a  convention  of  de- 
legates was  aflembled  at  Philadelphia,   which  Itrength- 
ened  the  bands  of  the  Federal  Union,  and  be.lowed  on 
Congrefs  thofe   powers   which   were   neceflary  for  the 
purpofes  of  good  government.     Walhington  was  the 
prelident  of  this  convention,   as  he,  in  three  years  after, 
was  eledted  prehdent  of  the  United  States  of  America, 
under  what  was  called  "  The  New  Conltitution,"  tho* 
it  ought  to  have  been  called  a  rejorm  of  the  repubhcan 

government. 


(b)  That  fuch  were  the  motives  of  his  condud  on  this  occafion,  is  rendered  in  the  higheft  degree  probable 
in  the  preface  to  A  View  ef  the  Caujis  and  Confequences  of  the  American  Revolution,  in  thirtett  Dijcourfes,  Preach- 
ed in  North  America,  between  the  yean  1763  and  1775  i  ^1  Jonathan  Boucher,  A.  M.  and  F.  A.  S.  Vicar  ol 
Epfom  in  the  County  of  Surrey. 
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Wafliing-   govfrnment,  as  that  republican  government  itfelf  was 
'""•       only  a  reform  of  the  ancient  colonir.l  conlUtution  under 

^'~'"*~*~"  the  Britilh  crown.  None  of  thtk  changes  extended 
fo  far  as  an  attempt  to  new-model  the  whole  fecial  and 
political  fylkm. 

Events  uccurred  during  his  chief  msgiflracy  which 
convulfed  the  whole  political  world,  and  which  tried 
moll  ievercly  his  model ation  and  prucitnce.  The  French 
revolution  took  phcc;  Wafhington,  who  had  experienced 
the  evils  of  one  revolution,  auguied,  lioni  tiic  beginning, 
no  good  from  the  daring  fpeculations  of  inexptricnctd 
vilion'.r'es  ;  and  the  progrtls  of  the  revolutiun  wae  not 
calculated  to  cine  his  diliruft.  When,  in  the  year  1793, 
France,  then  groaning  under  the  moft  intolerable  and 
hideous  tyranny,  became  engaged  in  war  with  ahr^oft 
all  the  governments  of  the  civili/.ed  world,  it  is  faid  to 
have  been  a  matter  of  deliberation  vvitii  the  Prcfulent 
of  the  United  States,  whether  the  republican  envoy,  or 
the  agent  of  the  French  priiices,  fhould  be  received  in 
Ameiica  as  the  diplomatic  vepreleiuative  ot  France. 
But  whatever  might  be  hia  private  feelings  of  repugnance 
and  horror,  his  public  conduft  was  influenced  or^ly  by 
his  public  duties.  As  a  virtuous  man  he  mult  have  abhor- 
red the  fyftem  of  crimes  which  was  eftabiithed  in  France. 
But  as  the  firft  magiftrate  of  the  American  common- 
wealth, he  was  bound  only  to  confidcr  how  far  the  in- 
tercll  and  faftty  of  the  people  whom  he  govcined  were 
affeded  by  the  conduft  of  France-.  He  faw  that  it 
was  wife  and  nece.laiy  for  America  to  prefcrve  a  good 
tmderftanding  and  a  beneficial  intercourfe  with  that 
great  country,  in  whatever  manner  fhe  was  governed,  as 
long  as  fhe  abftained  from  committing  injury  againft  the 
United  States.  Guided  by  this  jull  and  iimple  prin- 
ciple, uninfluenced  by  the  abhorrence  of  crimes  which 
he  felt,  and  which  others  affefted,  he  received  Mr  Ge- 
net, the  minifter  of  the  French  Republic.  Ihe  hiftory 
of  the  outrages  which  that  minifter  committed,  or  in- 
Higated,  or  countenanced,  againft  the  American  govern- 
flient,  mud  be  frefh  in  the  memory  of  all  our  readers. 
The  conduct  of  Wafhington  was  a  model  ot  firm  and 
dignified  moderation.  Inkilts  were  offered  to  his  au- 
thority in  official  papers,  in  anonymous  libels,  by  incen- 
diary declaimers,  and  by  tumultuous  meeiirgs.  The 
law  of  nations  was  tr.'.mpled  under  foot.  His  confiden- 
tial minirters  were  feduced  to  betray  him,  and  the  de- 
luded populace  were  fo  inflamed  by  the  arts  of  their 
enemies,  that  they  broke  out  into  inlurreftion.  No 
vexation,  however  galling,  could  dillutb  the  tranquilli- 
ty of  his  mind,  or  make  him  deviate  from  the  policy 
which  his  lituation  prefcribed.  With  a  more  confiim- 
«d  authority,  and  at  the  head  of  a  longer  eltablilhed  go- 
vernment, he  might  perhaps  have  thought  greater  vi- 
gour juftifiable.  But  in  his  circumltanccs,  he  was  ien- 
fible  that  the  nerves  of  authority  were  not  ftrong  enough 
to  bear  being  ftraiiied.  Perluafion,  always  the  moll 
^efirable  inftrument  of  governmeiit,  was  in  his  cafe  the 
fafeft.  Yet  he  never  overpalFed  the  line  which  fepa- 
rates  conceffion  from  mesnnefs.  He  reached  the  utraofl 
limits  of  moderation,  without  being  betrayed  into  pu- 
■fillanimity.  He  prefcrved  external  and  internal  peace 
by  a  fyfiem  of  mildnefs,  without  any  of  thofe  virtual 
confefTions  of  weaknefs,  which  fo  much  difhonour  and 
enfeeble  fupreme  authority.  During  the  whole  of  that 
arduous  druggie,  his  perfonalcharaAer  gave  that  ftrength 
to  a  nevi  miigjiraey  which  in  other  countries  arifes  from 


ancient  habits  of  obedience  and  refpcft.     The  author!-  'W;i(lu/l(^ 
ty  of  his  virtue  was  more  efficacious   for   the  prcfcrva-       '""; 
tion  of  America  than  the  legal  powers  of  his  office.  • 

During  this  turbulent  period,  he  was  re-eleded  to 
the  office  of  tlie  Prefidency  of  the  United  States,  which 
he  held  irom  April  17I59  till  September  1796.  Pro- 
bably no  magiftrate  of  any  commonwealth,  ancient  or 
modern,  ever  occupied  a  place  fo  painful  and  perilous. 
Certainly  no  man  was  ever  calleil  upon  fo  often  to  fa- 
crifice  his  virtuous  feelings  [\\i:  had  no  other  facrifices 
to  make)  to  his  public  duly.  Two  circumdances  of 
this  lort  dtferve  to  be  particularly  noticed.  In  the 
fpring  of  1794,  he  fcDt  an  ambaffador  to  Paris  with 
credentials,  addrcfl'ed  to  his  "  Dear  friends  the  citizens 
compofing  the  Committee  of  Public  Safety  of  the 
French  Republic,"  whom  he  prays  God  "  lo  take  un- 
der his  holy  proteftion."  Fovtunalely  the  American 
ambaffador  was  fpiued  the  humihation  of  prefenting  his 
credentials  to  thefe  bloody  tyrrnts.  Their  power  was 
fubverted,  and  a  few  of  them  had  fuffered  the  puni(h- 
ment  of  their  cWme<i,  which  no  punilhment  could  ex- 
piate, before  his  arrival  at  Paris.  Readily  as  we  ad- 
mit the  purity  of  the  moti-/es  which  induced  him  to 
fend  this  tmbafiy  to  Paris,  we  cannot  poiTibly  approve 
of  his  condud  in  deviating  fo  far  from  the  uUial  diplo- 
matic dyle,  as  to  c?.ll  Robefpierre  his  friend  ;  but  he 
was  befet  by  an  abfurd,  though  formidable,  faftion  at 
home. 

He  had  another  draggle  of  feeling  and  duty  to  en- 
counter, when  he  was  compelled  to  fupprefs  the  infur- 
reAion  in  the  weftem  counties  of  Pennfylvania  by  force 
of  arms.  But  here  he  had  a  confolation.  The  exercile 
of  mercy  conloled  his  mind  for  the  neceflity  of  having 
recourfe  to  arras.  Never  was  there  a  revolt  quelled 
with  fo  little  blood.  Scarcely  ever  was  the  baled  daf- 
tard  fo  tender  of  his  own  life,  as  this  virtuous  man  was 
of  the  lives  of  his  followcitizens.  The  value  of  hia  cle- 
mercy  is  enhanced  by  recolletling  that  he  was  neither 
without  provocations  to  feverity,  nor  without  pretexts 
tor  it.  His  charaiter  and  his  office  had  been  reviled 
in  a  manner  almod  unexampled  among  civdized  nations. 
His  authority  had  been  iniulted. —  His  fafety  had  iieen 
threatened.  Of  his  perfonal  and  political  enemies  fume 
might,  perhaps,  have  been  fufpedted  of  havmg  indiira- 
teO  the  inlurretlion  ;  a  greater  nuinber  were  thought  ta 
wifn  well  to  it  ;  and  very  few  (hewed  much  zeul  to  fup- 
prels  it.  Is  habitus  animorum  fuit,  ut  pt-j/imum /.iji  inns 
uuilerinl  pauci,  piures  vet/ttit,  omnes pniertntur.  But  nei- 
ther refentmcnt,  nor  fear,  nor  even  pohcy  itfelt,  could 
extmguidi  the  humanity  of  Wafhington.  This  fcenn 
to  have  been  the  only  iacriiice  which  he  was  incapable 
of  making  to  the  intered  of  his  country. 

Throughout  the  whole  courfc  of  his  fccond  Prefiden- 
cy, the  aanger  of  America  was  great  and  iinmiiient  al- 
mofl  beyond  example.  Ihefpiiit  of  diange,  indeed, 
at  that  period,  fhook  all  nations.  But  in  other  coun- 
tries it  had  to  encounter  ancient  and  lolidly  edablilhed 
power  ;  it  had  to  tear  up  by  the  roots  long  habits  of 
attachment  in  fome  nations  for  their  government  ;  of 
awe  in  others  ;  of  acquiefcence  and  fubmiffion  in  all. — . 
But  in  America  the  government  was  new  and  weak. 
The  people  had  fcarce  time  to  recover  from  the  ideas 
and  feelings  of  a  recent  civil  war.  In  other  countries 
the  volcanic  force  muft  be  of  power  to  blow  up  the 
mountains,  and  to  convulfc  the  contineuts  that  held  it 

down. 
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Wadiing-   down,  before  it  could  efcape  from  the  aeep  caverrs  in 
,     ''^""     .which  it  was  imprifoned  : — in  .America  it  was  covered 
only  by  the  afltes  of  a  late  convulfion,   or  at  moft  by  a 
httle  thin  foil,  the  produce  of  a  tew  years  q"iet. 

The  government  of  America  had  i^one  of  thofe  falu- 
tary  pujuclii-fs  to  employ,  which  in  every  other  country 
were  iifcd  with  icccefs  to  open  the  exes  of  the  people  to 
the  erormitiv'S  of  the  French  revolution.  They  had,  on 
the  contrary,  to  contend  with  the  prtjudces  of  their 
people  in  the  moft  moderate  precautions  againft  internal 
confufion,  in  the  moll  meafured  and  guarded  refiftj.nce  to 
the  unparalltled  infuks  and  enormous  encroachments  of 
France.  Witiiout  zealous  fnpport  from  the  people,  the 
American  government  was  impotent.  It  required  a  con- 
fiderable  time,  and  it  coft  sn  arduous  and  dubious  ftnig- 
gle,  to  direft  the  popular  fpirit  againlt  a  filler  republic, 
ellablifiied  among,  a  people  to  v;hofe  aid  the  Americans 
afcribed  the  eftsblifliraent  of  their  independence.  It  is 
probable,  indeed,  that  no  policy  could  have  produced 
this  effect,  unit's  it  had  been  powerfully  aided  by  the 
crimes  of  the  French  government,  which  have  proved 
the  ftronsrelt  allies  of  all  cftablilhed  governments;  which 
have  produced  fuch  a  general  difpofilion  to  inbmit  to 
any  kncwn  tyranny,  rather  than  rufti  into  all  the  un- 
known and  unJefinable  evils  of  civil  confufion,  with  the 
horrible  train  of  new  and  monftrous  tyranmes  of  which 
it  is  ufnally  the  forerunner.  But  of  thefe  circumftances 
Wafliington  availed  himfelf  with  uncommon  addrefs. 
He  employed  the  horror  excited  by  the  atrocities  of  the 
French  revolution  for  the  moll  honeft  and  praife-worthy 
purpofes  ;  to  preferve  the  internal  quiet  of  his  country; 
to  affert  the  dignity,  and  to  maintain  the  rights,  of  the 
commonwealth  which  he  governed,  againft  foreign  ene- 
mies. He  avoided  war  without  incurring  the  imputa- 
tion of  pnfillanimity.  He  cherifhed  the  deteflation  of 
Americans  for  anarchy,  without  weakening  the  fpivit  of 
liberty  ;  and  he  maintained,  and  even  confolidated,  the 
authority  of  government,  without  abridging  the  pri- 
vileges of  the  people. 

The  refignation  of  Wafhington  in  1796  was  certainly 
a  meafure  of  prudence,  and  we  doubt  not  of  patriotifra; 
but  the  conduft  of  his  fucceffor  has  been  fuch  as  to  give 
the  Americans  reafon  to  regret  that  the  reins  of  govern- 
ment were  thrown  up  by  the  only  hmd,  perhaps,  that 
was  fit  to  guide  them  during  fo  unfettled  a  ftate  of  pub- 
lic sfTairs.  When  he  retired,  he  publifhed  a  valedic- 
tory addrefs  to  his  countrymen,  as  he  had  before  done 
when  he  quitted  the  command  of  the  army  in  1783. 
In  thele  compofitions,  the  whole  heart  and  foul  of 
Wafhington  are  laid  open.  Other  ftatc  papers  have, 
'  doubilefs,  fliewn  more  fpirit  and  dignity,  more  eloquence, 
greater  force  of  genius,  and  a  more  enlarged  compre- 
henfion  of  mind  ;  but  none  ever  difplayed  more  fimpli- 
city  and  ingenuoufnefs,  more  moderation  and  fobriety, 
more  good  lenfe,  more  prudence,  more  honefty,  more 
earneft  affeftion  for  his  country  and  for  mankind,  more 
profound  rcver-ence  for  virtue  and  religion;  more  ardent 
wilhes  for  the  happinefs  of  his  fellow-creatures,  and 
more  jufl  and  rational  views  of  the  means  which  alone 
can  effeftually  promote  that  happinefs. 

From  his  refignation  till  the  inonth  of  July  179'^.  he 
lived  in  retliement  at  Mou!it  Vernon.  At  this  latter 
period,  it  became  nectfTary  for  the  United  States  to 
arm.  They  had  endured  with  a  patience,  of  which 
"here  is  no  example  in  the  hillory  of  Hates,  all  the  con- 
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tumely  and  wrong  which  fucceffive  adminiftratlons  in  Wiifluog- 

France  had  heaped  upon  jhem.   Their  (hips  were  cvei-y- 

where  caoturtd,    their  minifters  were  detained  in  a  fort 

of  imprifenment  at  I'aris;  while  incendiareis,  clothed  in  '-      ^ 

the  lacred  character  of  ambafladors,  feattered  ovtr  their 

peaceful  provinces  the  fire  brands  of  fidition   and  civil 

war.      An  ofTer  was  made  to  ten-ninate  this  long  courle 

of  iiijuflice,  for  a  bribe  to  the  French  minifters.     This 

offer  was  made  by   perfons  who  appeared  to  be  in  the 

confidt'nce  of  M.   Talleyrand,    who  frof^ljed  to  adt  by 

his  authority  ;  who  have  been  fince,   indeed,  difavowed 

by  him  ;    but  who  never   will  be  believed  not  to  have 

be'en  his  agents,  till  he  convift  them  of  impofture  by 

Icg^l  evidence,  and  procure  them  to  be  punifhed  for  fo 

abominable  a  fraud. 

1  he  United  States  refolved  to  arm  by  land  and  fea. 
The  command  of  the  army  was  bellowed  on  General 
Wafhington  ;  which  he  accepted,  becaufe  he  was  con- 
vinced that  "  every  thing  we  hold  dear  and  facred  was 
feiioufly  threatened*  ;"  though  he  had  flattered  him- ,  ^  ,. 
felf  "  that  he  had  quitted  tor  ever  the  boundlefs  i'-A^  Letter  of  ds' 
of  public  aftion,  inccdant  trouble  and  high  refponfibi-tv^'an«. 
lity,  i'  which  he  had  long  afted  fo  confpicuous  a  part." 
In  this  office  he  continued  during  the  fhort  period  of 
his  life  which  ftill  remained.  —  On  Thurfday  the  12th 
December  1799,  he  was  feized  with  an  inflammation 
in  his  throat,  which  became  confiderably  worfe  the  next 
day  ;  and  of  which,  notwithftanding  the  efforts  of  his 
phyficians,  he  died  on  Saturday  the  14th  of  December 
I  799,  in  the  68th  year  of  his  age,  and  in  the  23d  year 
of  the  independence  of  the  United  States,  of  which  he 
may  be  confidered  as  the  founder.  The  fame  calmnefs, 
fimplicily.  and  regularity,  which  had  uniformly  marked 
his  demeanor,  did  not  forfake  him  in  his  dying  mo- 
ments. He  faw  the  approaches  of  death  without  fear: 
— he  met  them  without  parade^ — Even  the  perfeftly 
well-ordered  (late  of  the  moft  minute  particulars  of  hia 
private  bufinefs,  bore  the  ftamp  of  that  conftant  autho- 
rity of  prudence  and  pradlical  reafon  over  his  aftions, 
v/hich  was  a  diftinguilhing  feature  of  his  charadler.  He 
died  with  thofe  fentiments  of  piety  which  had  given 
vigour  and  confiftency  to  hia  virtue,  and  adorned  every 
part  of  his  iiluftrious  life. 

WATCHWORK.  Our  intention  in  this  article 
docs  not  extend  to  the  manual  prattice  of  this  art,  nor 
even  to  all  the  parts  of  the  machine.  We  mean  to  con- 
fider  the  moll  important  and  difficult  part  of  the  con- 
ftrucilion,  namely,  the  method  of  applying  the  main- 
taining power;  of  the  wheels  to  the  regulator  of  the  mo- 
tion, lo  as  not  to  hurt  its  power  of  regulation.  Our 
obfetvations  would  have  come  with  more  propriety  un. 
der  the  title  Scapement,  that  being  the  name  given  by 
our  aitifts  to  this  part  of  the  conilruftion.  Indeed  they 
wtre  intended  for  that  article,  which  had  been  unac- 
countably omitted  in  the  body  of  the  Diftionary  under 
the  words  Clock  and  Watch.  But  the  bad  health 
and  occupations  of  the  perfon  who  had  engaged  to 
write  the  article,  have  obliged  us  to  defer  it  to  the  lail 
opportunity  which  the  alphabetical  arrangement  affords 
us  ,  and,  even  now,  the  fame  caufes  unfortunately  pre- 
vent the  author  fi-om  treating  the  fubjeiS  in  the  manner 
he  intended,  and  which  it  well  deferves.  But  we  trull 
that,  from  the  account  which  is  here  given,  the  reader', 
who  is  conveifant  in  mathematical  philofophy.  will  per- 
ceive the  jutlntfs  of  the  cuuclulious,  and  that  an  intelli- 
gent 
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o-ent  artift  will  have  no  licfitatlon  in  acceding  to  the 
propriety  of  the  maxims  of  conftrufllon  deduced  from 
them. 

The  regulator  of  a  clock  or  vatch  is  a  pendulum  or 
a  balance.  Without  this  check  to  the  motion  of  the 
wheels,  impelled  by  a  weight  or  a  fpring,  the  machine 
would  run  down  with  a  motion  rapidly  acceleraiiiig,  till 
iVidtion  and  the  rclillance  of  the  air  induced  a  fort  of 
uniformity,  as  they  do  in  a  kitchen  jack.  But  if  a  pen- 
dulum be  fo  put  in  the  way  of  this  motion,  that  only 
one  tooth  of  a  wheel  can  pafs  it  at  each  vibration,  the 
revolution  of  the  wheels  will  depend  on  the  vibration  of 
the  pendulum.  This  has  long  been  obferved  to  have  a 
certain  conllancy,  inforauch  that  the  aftronomers  of  the 
Ea!l  employed  pendulums  in  meafuring  the  times  of 
their  obfervationj,  patiently  counting  their  vibrations 
during  the  pliafes  of  an  eclipfe  or  the  ttanfits  of  the 
rtars,  and  renewing  them  by  a  little  pufh  with  the  fin- 
ger when  they  became  too  (mall.  GafFendi,  Riccioli, 
and  other?,  in  more  recent  timesi,  followed  this  example. 
The  celebrated  piivT'cian  Sandlorius  is  the  firit  perfon 
who  is  mentioned  as  having  applied  them  as  regulators 
of  clock  movement'.  Machines,  however,  called  clocks, 
with  a  train  or  toothed  wheels,  leading  round  an  index 
of  hours,  had  been  contrived  long  before.  The  earlielt 
of  which  we  have  any  account  is  that  of  Richard  of 
Waliingford,  Abbot  of  St  Alban's,  ia  1326  (a).  It 
appears  to  have  been  regulated  by  a  fly  hke  a  kitchen 
jack*.  Not  long  after  this  Giacomo  Dondi  made  one 
at  Padua,  which  had  a  motus  fiiccufforius,  a  hoblsling  or 
trotting  motion  ;  fiom  which  expreflion  it  feems  proba- 
ble that  it  was  regulated  by  fomc  alternate  movement. 
We  cannot  think  that  this  was  a  pendulum,  becaufe, 
once  it  was  introduced,  it  never  could  have  been  fnp. 
planted  by  a  balance.  The  alternate  motion  of  ?.  pen- 
dulum,, and  its  fetming  uniformity,  aie  among  (he  moft 
.'amiliar  obfervations  of  common  life  ;  and  it  i-s  fiirpri- 
fing  that  they  were  not  more  early  thought  of  for  re- 
gulating time  mealnrers.  The  alternate  motions  of  the 
old  balance  is  one  of  the  moft  far-fetched  means  that 
can  be  imagined,  and  might  pais  for  the  invention  of  a 
very  refleftin,r  mind,  while  a  pendulum  only  requires  to 
be  drawn  afide  from  the  plunibhne,  to  make  it  vibrate 
with  regularity.  The  balance  muft  be  put  in  motion  by 
ihe  clock,  and  that  motion  muft  be  Hopped,  and  tlie 
contrary  motion  induced  ;  and  we  rauft  know  that  the 
fame  force  and  the  fame  checks  will  produce  uniform 
ofcillatioi  s.  All  this  muft  be  previoufty  known  before 
we  can  think  of  it  as  a  regulator  ;  yet  fo  it  is  that 
clocks,  regulated  by  a  balance,  were  long  ufed,  and  very 
common  through  Europe,  before  Galileo  propofed  the 
pendulum,  about  the  year  1600.  Pendulum  clocks  then 
came  into  general  ufe,  and  were  found  to  be  greatly  pre- 
ferable to  balance  clocks  as  accurate  meafurers  of  time. 
Mathematicians  faw  that  their  vibrations  had  fome  re- 
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gular  dependance  on  uniform  gravity,  and  in  their  wri- 
tings we  meet  with  many  attemp'.s  to  determine  the  , 
time  and  demonftratc  the  ifochronifm  6f  the  vibrations. 
It  is  amufing  to  read  thcfe  attempts.  We  wonder  at 
the  awkwardnefs  and  infufficiency  of  the  explanation 
given  of  the  motions  of  pendulums,  even  by  men  of  ac- 
knowkda;ed  eminence.  Merftnnus  carried  on  a  moft 
ufeful  corrcfpondence  with  all  the  mathematicians  of 
Europe,  and  was  the  means  of  making  them  acquainted 
with  each  other ;  nay,  he  was  himfcif  well  convcrfant 
in  the  fcience  ;  yet  one  cannot  but  fmlie  vX  his  reafon- 
ings  on  this  fubjefl.  Standing  on  the  (boulders  of  our 
predeccff)rs,  we  look  a-ound  us.  In  great  fatisfadion 
with  our  own  powers  of  obfervatlon,  not  thinking  how 
we  are  raifed  up,  or  that  we  are  trading  with  the  (tock 
left  us  by  the  diligent  and  fagacious  philofophero  of  the 
17th  century  (b).  Riccioli,  GalTendus,  and  Galileo, 
made  fimilar  attempts  to  explain  the  motion  of  pendu- 
lums ;  but  without  fuccefs.  This  honour  was  referved 
for  Mr  Huyghens,  the  moft  elegant  of  modern  geome- 
ters. He  had  fucceeded  in  1656  or  1657  in  adapting 
the  machinery  of  a  clock  to  the  maintaining  of  the  vi- 
brations of  a  pendulum.  Charmed  with  the  accuracy 
of  its  performance,  he  began  to  inveftigate  with  fcru- 
pulous  attention  the  theory  of  Its  motion.  By  the  moft 
Ingenious  and  elegant  application  of  geometry  to  me- 
chanical problems,  he  demonltrated  that  the  wider  vi- 
brations of  a  pendulum  employed  more  time  than  the 
narrower,  and  that  the  time  of  a  femicircular  vibration 
is  to  that  of  a  very  fmall  one  nearly  as  34  to  29  ;  and, 
aided  by  a  new  department  of  geometrical  fcience  in- 
vented by  himfcif,  namely,  the  evolution  of  curves,  he 
(hewed  how  to  make  a  pendulum  fwing  in  a  cycloid, 
and  that  its  vibrations  In  this  curve  are  all  performed 
in  equal  times,  whatever  be  their  extent. 

lint  before  this  time,  Dr  Hooke,  the  moft  ingenious 
and  inventive  mechaiilcian  of  his  age,  had  dllcovered 
the  great  accuracy  of  pendulum  clocks,  having  found 
that  the  manner  in  which  they  had  been  employed  had 
obfcured  their  real  merit.  They  had  been  made  to  vi- 
brate in  very  large  arches,  the  only  motion  that  could 
be  given  them  by  the  contrirances  then  known  ;  and  in 
1656  he  invented  another  method,  and  made  a  clock 
vt'hich  moved  with  attonlfhing  regularity.  Uling  a 
heavy  pendulum,  and  makuig  it  fwing  ni  very  fmall 
arches,  the  clocks  fo  conltruited  were  found  to  excel 
Mr  Huyghens's  cycloidal  pendulums  ;  and  thofe  who 
were  unfriendly  to  Huyghens  had  a  fort  of  triumph  on 
the  occalion.  But  this  was  the  refiilt  of  ignorance. 
Mr  Huyghens  had  (hewn,  that  the  error  of  tso  of  an 
inch,  In  the  formation  of  the  parts  which  produced  the 
cycloidal  motion,  caufed  a  greater  irregularity  of  vi- 
bration than  a  circular  vibration  could  do,  although  it 
(liould  extend  five  or  fix  degrees  on  each  fide  of  the 
perpendicular.     It  has  been  found  that  the  unavoidable 

inaccuracies, 
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(a)  Profeffor  Beckm?nn,  in  the  firft  volume  of  his  HiJIory  of  In-uenlions,  cxpreffes  a  belief  that  clocks  of  this 
kind  were  ufed  in  fome  monafterles  fo  early  as  the  t  ith'century,  and  that  thr.y  were  derived  to  the  monks  from 
the  Saracens.     His  authorities,  however,  are  difcordant,  and  feem  not  completely  fatisfattor)-  even  to  himfcif. 

(b)  We  are  provoked  to  make  this  obfervatlon,  by  obferving  at  this  moment,  in  a  literary  journal,  a  pert  and 
petulant  upftart  fpeaking  of  Newton's  optical  difcoverles  In  terms  of  ridicule  and  abufc,  employing  thefe  vcry,-I 
difcoveries  to  diminlfti   his  authority.     Is  it  not  thus  that  Chriftianity  is  now  flighted  by  thofe  who  enjoy  the-: 
fruits  of  the  pure  morality  which  it  introduced .' 
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inaccuracies,  even  of  the  bed  artifta,  in  the  cycloidal 
^  conftniftion,  make  the  performance  much  Inferior  to 
that  of  a  common  pendulum  vibrating  in  arches  which 
do  not  exceed  three  or  four  degrees  from  the  perpendi- 
culsr.  Such  clocks  alone  are  now  made,  and  they  ex- 
ceed all  expeftation. 

We  have  faid  that  a  cendulum  needed  only  to  be  re- 
moved from  the  perpendicular,  and  then  let  go,  in  or- 
der to  vibrate  and  meafnre  time.  Hence  it  might 
feem,  that  nothiniT  is  wanted  but  a  machinery  fo  con- 
nefted  with  the  pendukim  as  to  keep  a  regifter,  as 
it  were,  of  the  vibration.  It  could  not  be  difEciilc  to 
contrive  a  method  of  doin.T  this  ;  but  more  is  wanted. 
The  air  mud  be  difplaced  by  the  pendulum  This  re- 
quires fome  force,  an-^  muft  therefore  employ  fonie  part 
of  the  momentum  of  the  pendulum.  The  pivot  on 
which  it  fwings  occafions  friftion— the  thread,  or  thin 
piece  of  metal  by  which  it  is  hung,  in  order  to  avoid 
this  fri^ion,  occafions  fome  expenditure  of  force  by  its 
want  of  perfeft  flexibility  or  elafticity.  Thefe,  and 
other  caufes,  make  the  vibrations  grow  more  and  more 
narrow  by  degrees,  till  at  laft  the  pendulum  is  brought 
to  reft.  We  muft  therefore  have  a  contrivance  in  the 
•wheelwork  which  will  reftore  to  the  pendulum  the  fmall 
portion  of  force  which  it  lofes  in  every  vibration.  The 
aftion  of  the  wheels  therefore  may  be  called  a  ma'mlain- 
itig  potuer,  becaufe  it  keeps  up  the  vibrations. 

But  we  cow  fee  that  this  may  affeft  the  regularity  of 
vibration.  If  it  be  fnppofed  that  the  aftion  of  gravity 
renders  ail  the  vibrations  ifochronous,  we  muft  giant 
that  the  additional  impuKion  by  the  wheels  will  de- 
ftroy  that  ifochronifm,  unlels  it  be  fo  applied  that  the 
furr.-total  of  this  impulfion  and  the  force  of  gravity 
may  vary  fo  with  the  fituation  of  the  pendulum,  as  ftiU 
to  give  a  feries  of  forces,  or  a  law  of  variation,  perfectly 
fimilar  to  that  of  gravity  This  cannot  be  effefted,  un- 
lefs  we  know  both  the  law  which  regulates  the  aftion 
of  gravity,  producing  ifochronifm  of  vibration,  and  the 
intenfity  of  the  force  to  be  derived  from  the  wheels  in 
every  fituation  of  the  pendulum. 

The  neceftary  requifite  for  the  ifochronous  motion 
of  the  pendulum  is,  that  the  force  which  urges  it  to- 
ward the  perpendicular,  be  proportional  to  its  diftance 
from  it  (fee  Dynamics,  n"  I03.  Cor.  7.  SuppL)  ;  and 
therefore,  fince  pt-ndulums  fwinging  in  fmall  circular 
arches  are  fenfibly  ifochronous,  we  muft  infer  that  (uch 
is  the  law  by  which  the  accelerating  aftion  of  gravity 
on  them  is  really  accommodated  to  every  fituation  m 
thofe  arches. 

It  will  greatly  conduce  to  the  better  underftanding 
of  the  effeft  of  the  maintaining  power,  if  the  reader 
keep  in  continual  viev?  the  chief  circumflances  of  a  mo- 
tion of  this  kind.  Therefore  let  AC  a  (iig.  i)  repre- 
fent  the  arch  pafTed  over  by  the  pendulum,  ftretched 
cmt  into  a  ftraight  line.  Let  C  be  iti  middle  point, 
when  the  pendulum  hangs  perpendicular,  and  A  and  a 
be  the  extremities  of  the  ol'cillation.  Let  AD  be  drawn 
perpendicular  to  AC.  to  reprefent  the  accelerating  ac- 
tion of  gravity  on  the  pendulum  when  it  is  at  A.  Draw 
the  ftraight  line  Y)Cd,  and  ad,  perpendicular  to  A.  a. 
About  C,  as  a  centre,  defcribe  the  femicircle  AFH  a. 
Through  any  points  B,  K,  k,  i,  &c.  of  A  a,  draw  the 
perpendiculars  BFE,  KLM,  &c.  cutting  both  the 
llraight  line  a::j  the  femicircle.     Then, 

I.  The  aftions  of  gravity  on  the  pendulum,  when  in 


the  fituations  B,  K,  &c.  by  which  it  it  urged  toward 
C,  are   proportional  to,  and  may  be  reprefented  by,  the 
ordinates    i)E,  KL,  ie,   i /,  &c.  to   the   ftraiyht   line  ' 
DC^.^ 

2.  The  velocities  acquired  at  B,  K,  &;c.  by  the  ac- 
celeration  along  AB,  .  vK,  &c.  are  proportional  to  the 
ordinates  BF,  KM,  &c.  to  the  femicircle  AH  a  ;  and, 
therefore,  the  velocity  with  which  the  pendulum  pafTe* 
through  the  middle  point  C,  is  to  its  velocity  in  any- 
other  point  B,  as  CH  to  BF. 

3.  The  times  of  defcribing  the  parts  AB,  BK,  KC, 
&c.  of  the  whole  arch  of  olcillation,  are  proportional  to, 
and  may  be  reprefented  by,  the  arches  AF,  FM,  MH, 
&c.  of  the  femicircle. 

4.  If  one  pendulum  defcribe  the  arch  reprefented  by 
AC  a,  and  another  defcribe  the  arch  KC  i,  they  will  de- 
fcribe them  in  equal  tin^ies,  and  their  maximum  veloci- 
ties (viz.  their  velocities  in  the  middle  point),  are  pro- 
portional to  AC  and  KC;  that  is,  the  velocities  in  the 
middle  point  are  proportional  to  the  width  of  the  of» 
cillations. 

The  fame  proportions  are  true  with  refpeft  to  the 
motions  outwards  from  C.  That  is,  when  the  per.du- 
lum  defcribes  CA,  with  the  initial  velocity  CH,  its  ve- 
locity at  K  is  reduced  to  KM  by  the  retarding  aftion 
of  gravity.  It  is  reduced  to  BF  at  B,  and  to  nothing 
at  A;  and  the  times  of  defcribing  CK,  KB,  BA,  CA, 
are  as  HM,  HF,  hA.  Another  pendulum  letting 
out  from  C,  with  the  initial  velocity  CO,  reaches  only 
to  K,  CK  being  r=  CO.  Alfo  the  times  are  equal. — 
If  we  confider  the  whole  ofcillation  as  performed  in  the 
direftion  A  <7,  the  forces  AD,  BE,  KL  accelerate  the 
pendulum,  and  the  fimilar  forces  ad,  b  t,  k  I,  on  the 
other  fide,  retard  it.  Tlie  contrary  happens  in  the  next 
olcillation  aCA. 

5.  The  areas  DABE,  DAKL,  &c.  are  proportion- 
al to  the  fquares  of  the  velocities  acquired  by  moving 
along  AB,  AK,  &c.  or  to  the  diminution  of  the 
fquares  of  the  velocities  fuftained  by  moving  outwards 
along  BA  or  KA,  &c. 

The  confideration  of  this  figure  will  enable  the  reader 
(even  though  not  a  mathematician)  to  form  fome  no- 
tion of  the  effeft  ot  any  propoled  application  of  a  main- 
taining power  by  means  of  wheelwork  :  For,  knowing 
the  weight  of  the  pendulum,  we  know  the  accelerating 
aftion  ol  that  weight  in  any  particular  fituation  A  of 
the  pendulum.  We  alio  know  what  addition  or  fub- 
traftion  we  produce  on  the  pendulum  in  that  fituation 
by  the  wheel-work.  Suppofe  it  is  an  addition  of  pief- 
fure  equal  to  a  certain  number  of  grains.  We  can 
make  AD  to  D  ^  as  the  firll  to  the  lall ;  and  then  A  S 
will  be  the  whole  force  urging  the  pendulum  toward 
C.  Doing  the  fame  for  every  point  of  AC,  we  obtain 
a  line  ^  ^  >  c,  which  is  a  new  fcale  of  forces,  and  the 
fpace  DC  !,  comprehended  between  the  two  fcales  CD 
and  C  ',  will  exprefs  the  addition  made  to  the  fquare 
of  the  velocity  In  palling  along  AC  by  the  joint  ac- 
tion of  gravity  and  the  maintaining  power.  Alfo,  by 
drawing  a  line  v  t  perpendicular  to  AC,  making  the 
fpace  C  IT  It  equal  to  CAD,  the  point  ^  will  be  the  li- 
mit of  the  ofcillation  outward  from  C,  where  the  initial 
velocity  HC  is  extinguiflied.  li  the  line  x  »  cut  the 
fame  circle  in  j,  one-half  the  arch  6  A  will  nearly  ex- 
prefs the  contraftion  made  in  the  time  of  the  outward 
olcillation  by  tlie  maintaining  power.   An  accurate  de- 
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termination  of  this  laft  circiimftanco  ia  operofe,  and 
even  diffieiiit;  but  this  fohition  is  not  far  from  thetruth, 
and  will  greatly  affill  our  judgment  of  the  effeiil  of  any 
propofil,  even  though  «  rr  be  drawn  only  by  the  judge- 
ment of  the  eye,  making  the  area  left  out  as  nearly 
equal  to  the  area  taken  in  as  we  can  ediroate  by  iiifpec- 
tioii.      This  is  laid  from  experience. 

Since  the  motion  of  a  pendulum  or  balance  is  al- 
termle,  while  the  prefTure  of  the  wheels  ib  conftantly 
in  one  dirtflion,  it  is  plain  that  f<)me  art  mull  be  ufed 
to  accommodate  the  one  to  the  other.  When  a  tooth 
of  the  wheel  has  given  the  balance  a  motion  in  one  di- 
rertion,  it  muft  quit  it,  that  it  may  get  an  impulhon  in 
the  oppolite  direftion.  The  balance  or  pendulum  thus 
efcapiiig  from  the  tooth  of  the  wheel,  or  the  looth  e- 
fcaping  from  the  balance,  has  given  to  the  general  con- 
trivance the  name  of  scapement  among  our  artills, 
from  the  French  word  echiippemeiit.  We  proceed,  there- 
fore, to  confider  this  fubje£t  more  particularly,  firll 
confidcrinj  the  fcapements  which  are  peculiaily  fuittd 
to  the  fmall  vibrations  of  pendulums,  and  then  thofe 
whrcli  muft  produce  much  wider  vibrations  in  balances. 
This,  with  fome  other  circumllances,  render  the  fcape- 
ir.ents  for  pendulums  and  balances  very  diflerent. 

I.      Of  the  Aaion  of  a  Wheel  ami  Pallet. 

The  fcapement  which  has  been  in  ufe  for  clocks  and 
■watches  ever  fmce  their  firft  appearance  in  Europe,  is 
extremely  fimple,  and  its  mode  of  operation  is  too  ob 
vious  to  need  much  explanation.  In  fig.  2.  XY  repre- 
fents  a  horizontal  axis,  to  which  the  pendulum  P  is  at- 
tached by  a  flender  rod,  or  otherwife.  This  axis  has 
two  leaves  C  and  D  attached  to  it,  one  near  each  end, 
and  HOC  in  the  fame  plane,  but  fo  that  when  the  pen- 
dulum hangs  perpendicularly,  and  at  reft,  the  piece  C 
fpreads  a  few  degrees  to  the  right  hand,  and  D  as  much 
to  the  left.  They  commonly  make  an  angle  of  70, 
80,  or  90  degrees.  Thefe  two  pieces  are  called  pal- 
lets. AFB  reprefents  a  wheel,  turning  round  on  a 
perpendicular  axis  EO,  in  the  order  of  the  letters 
AFEB.  The  teeth  of  this  wheel  arc  cut  into  the  form 
of  the  teeth  of  a  faw,  leaning  forward,  in  the  direction 
of  the  motion  of  the  rim.  As  they  foraewhat  referable 
the  points  of  an  old-fafhioned  royal  diadem,  this  wheel 
has  got  the  name  of  the  crown  wheel.  In  watches 
it  is  often  called  the  balance  wheel.  The  number  of 
teeth  is  generally  odd;  fo  that  when  one  of  them  B  is  pref- 
fing  on  a  pallet  D,  the  oppolite  pallet  C  is  in  the  ipace 
between  two  teeth  A  and  [.  The  figure  reprefents 
the  pendulum  at  the  extremity  of  its  excuriion  to  the 
right  hand,  the  tooth  A  having  jull  efcaped  trom  the 
pallet  C,  and  the  tooth  B  having  juil  dropped  on  the 
pallet  D.  It  ii  plain,  that  as  the  pendulum  now  moves 
over  to  the  left,  in  the  arch  PG,  the  tooth  B  continues 
to  prefs  on  the  pallet  D,  and  thus  accelerates  the  pen- 
dulum, both  during  its  delcent  along  the  arch  PH,  and 
its  alcent  along  the  arch  HG.  It  is  no  lefs  evident, 
that  when  the  pallet  D,  by  turning  round  the  axis  XY, 
raifes  its  point  above  the  plane  of  the  wheel,  the  tooth 
B  efcapes  from  it,  and  I  drops  on  the  pallet  C,  which 
is  now  nearly  perpendicular.  I  preffes  C  to  the  right, 
and  accelerates  the  motion  of  the  pendulum  along  the 
arch  Gl'.  Nothing  can  be  more  obvious  than  this  ac- 
tion of  the  wheel  in  maintaining  the  vibrations  of  the 
SupPL.  Vol.  11.  Part  II. 


pendulum.     Wc  can  eaGly  perceive,  alfo,  tliat  when  the 

pendulum  is  hanging  perpendicularly  in  the  line  XH, 
the  tooih  B,  by  prefiing  nn  the  pallet  D,  will  force  the  ' 
pendulum  a  little  way  to  the  left  of  the  perpendicula-, 
.-ind  will  force  it  fo  much  the  farther  as  the  pendulum 
is  lighter  ;  and,  if  it  be  fuRicieitly  light,  it  will  be  for- 
ced io  tar  from  the  perpendicular  that  the  tooth  15  will 
elcape,  and  then  I  will  catcii  on  C,  and  force  the  pen- 
dulum back  to  P,  where  the  whole  operation  will  be 
repeated.  The  fame  cfiedt  will  be  produced  in  a  more 
remarkable  degree,  if  the  lodof  the  pendulum  be  con- 
tinued through  the  axij  XY,  and  a  ball  (.J_put  on  the 
other  end  to  balance  P.  And,  indeed,  tt^is  the  con- 
trivance which  was  firft  apphed  to  clocks  all  over  Eu. 
rope,  before  the  application  of  the  pendulum.  They 
were  balance  clocks.  The  force  of  the  wheel  was  of  a 
certain  magnitude,  and  therefore  able,  during  its  adion 
on  a  pallet,  to  communicate  a  certain  quantity  of  mo- 
tion and  velocity  to  the  balls  of  the  balance.  When  the 
tooth  B  efcapes  from  the  pallet  D,  the  bails  are  then 
moving  with  a  certain  velocity  and  momentum.  In  this 
condition,  tht  balance  is  checked  by  the  to^th  I  catch- 
ing on  the  pallet  C.  But  it  is  not  inftantly  (lopped.  It 
continues  its  motion  a  little  to  the  left,  and  the  pallet  C 
forces  the  tooth  I  a  little  backward.  But  it  cannot 
force  it  fo  far  as  to  efcape  over  the  top  of  the  tooth  I  ; 
bccaufe  all  the  momentum  of  the  balance  was  generated 
by  the  force  of  the  tooth  B  ;  and  the  tooth  I  is  equal- 
ly powerful.  Befides,  when  I  catches  on  C,  and  C 
continues  its  motion  to  the  left,  its  lower  point  applies 
to  the  face  of  the  tooth  I,  which  now  aAs  on  the  ba- 
lance by  a  long  and  powerful  lever,  and  foon  flops  its 
farther  motion  in  that  diredion,  and  now,  continuing  to 
prefs  on  C,  it  urges  the  balance  m  the  oppofite  direc- 
tion. 

Thus  we  fee  that  in  a  fcapement  of  this  kind,  the 
motjon  of  the  wheel  muft  be  very  hobbling  and  unequal, 
making  a  great  ftep  forward,  and  a  fliort  ftep  back- 
ward, at  every  beat.  This  has  occaf-oned  the  contri- 
vance to  get  the  name  of  the  recoiling  scapement, 
the  recoihng  pallets.  This  hobbhng  motion  13  very  ob. 
fervable  in  the  wheel  of  an  alarm. 

Thus  have  we  obtained  two  principles  of  regulation. 
The  firft  and  moft  obvious,  as  well  as  the  moft  perfed,  is 
the  natural  ifochronous  vibration  of  a  pendulum.  The 
only  ufe  of  the  wheelwork  heie,  befides  regifterip.g  the 
vibrations,  is  to  give  a  gentle  impulfion  to  the  pendu- 
lum, by  means  of  the  pallet,  in  order  to  coinpenfate 
fridion,  &c.  and  thus  maintain  the  vibrations  in  their 
primitive  magnitude.  But  there  is  no  fuch  native  mo- 
tion in  a  balance,  to  which  the  motion  of  the  wheels 
muft  accommodate  itfelf.  The  wheels,  urged  by  a  de- 
termined preifure,  and  ading  thiough  a  determined 
fpace  (the  face  of  the  pallet),  muft  generate  a  certaia 
determined  velocity  in  the  balance  ;  and  therefore  the 
time  of  the  ofcillation  is  alfo  determined,  both  during 
the  progrefSvc  and  the  retrograde  motion  of  the  wheel. 
The  adions  being  fimilar,  and  through  equal  fpaccs,  in 
eveiy  ofcillation,  they  muft  employ  the  fame  time. 
Theiefore  a  balance,  moved  in  this  manner,  muft  be 
ifochronous,  and  a  regulator  for  a  time-keeper. 

By  thus  employing  a  balance,  the  horizontal  politioB 

of  the  axis  XY  is  unnecelFary.      Accordingly,   the  old 

clocks  had  this  axis  perpendicular,  by  which  means  the 
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whole  weight  of  the  balance  relied  on  the  point  of  the 
pivot  Y  or  X,  according  a?  the  balance  PQjvas  placed 
above  or  below.  By  making  the  fupponing  pivot  of 
hard  fteel,  and  very  fharp,  friction  was  greatly  diminifh- 
ed.  Nay,  it  was  entirely  removed  from  this  part  of  the 
macr.inc  by  fiifpending  the  balance  by  a  thread  at  the 
end  X,  inftead  of  allowing  it  to  rcit  on  the  point  of  the 
pivot  Y. 

As  the  balance  regulator  of  the  motion  admits  of 
every  pofition  of  the  machine,  thofe  clocks  were  made 
in  a'l  infinite  variety  of  fanciful  forms,  efpecially  in 
Germany,  a  country  famous  for  mechanical  contrivances. 
They  were  m.ade  of  all  fizes,  from  that  of  a  greatlteeple 
clock,  to  that  of  an  ornam.ent  for  a  lady's  toilet.  The 
fubilitution  of  a  fpring  in  place  of  a  weight,  as  a  fird 
mover  of  the  wheel-work,  was  a  molt  ingenious  thought. 
It  was  very  gradual.  We  have  feen,  in  the  Emperor's 
mufeum  at  BrufTels,  an  old  (perhaps  the  firft )  fpring 
clock,  the  fpring  of  which  was  an  old  fword  blade,  from 
the  point  of  which  a  catgut  was  wound  round  the  barrtl 
of  the  firft  wheel.  Some  ingenious  German  fubftituted 
the  fpiral  fpring,  which  both  took  lefs  room,  and  pro- 
duced more  revolutions  of  the  firft  wheel. 

When  clocks  had  been  reduced  to  fuch  fmall  fizes, 
the  with  to  make  them  portable  was  very  natural ;  and 
the  means  of  accomplifhing  this  were  obvious,  namely, 
a  farther  reduftion  of  their  fize.  This  was  accompliih- 
ed  very  early  ;  and  thus  we  obtained  pocket  watches, 
moved  by  a  fpiral  fpring,  and  regulated  by  a  balance 
with  the  recoiling  fcapement,  which  is  ftiil  in  ufe  for 
common  watches.  The  hobbling  motion  of  the  crown 
wheel  is  very  eafily  feen  in  all  of  them. 

It  is  very  uncertain  who  firft  fubftituted  a  pendulum 
in  place  of  the  balance  (Clock.,  Eiicycl.)  Huyghens, 
as  we  have  already  obferved,  was  the  firft  who  invefti- 
gated  the  motions  of  pendulums  with  fuccefs,  and  his 
book  De  Horolog'w  Ofdllalorto  may  be  confidered  as  the 
elements  of  refined  mechanics,  and  the  fource  of  all  the 
improvements  that  have  been  made  in  the  conftruftion 
of  fcapements.  But  it  is  certain  that  Dr  Hooke  had 
employed  a  pendiJum  for  the  regulation  of  a  clock 
many  years  before  the  publication  of  the  abovementioned 
treatife,  and  he  claims  the  merit  of  the  invention  of  the 
only  proper  method  of  employing  it.  We  imagine 
therefore  that  Dr  Hooke's  invention  was  nothing  more 
than  a  fcapement  for  a,per:dulum  making  fmall  vibra- 
tions, without  making  ufe  of  the  oppolite  motions  of 
the  two  fides  of  the  crown  wheel.  Dr  Hooke  had  con- 
trived fome  fcapement  more  proper  for  pendulums  than 
the  recoiling  pallets,  becaufe  certainly  thofe  might  be 
employed,  and  are  aftually  employed  as  a  fcapement 
for  pendulum  clocks  to  this  day,  although  they  are  in- 
deed very  ill  adapted  to  the  purpofe.  He  had  not  only 
remarked  the  great  fuperiority  of  fuch  pendulum  clocks 
at  were  made  before  Huyghens's  publication  of  the 
cycloidal  pendulum  over  the  balance  clocks,  but  had 
alfo  feen  their  defeats,  arifing  from  the  light  pendulums 
and  wide  arches  of  vibration,  and  invented  a  fcapement 
of  the  nature  of  thofe  now  employed.  The  pendulum 
clock  which  he  made  in  1658  for  Dr  Wilkins,  after- 
wards Bifhop  of  Chefter,  is  mentioned  by  the  inventor 
as  peculiarly  fuitcd  to  the  moderate  fwing  of  a  pen- 
dalum  ;  and  he  oppofes  this  circumftance  to  a  general 
praAice  of  wide  vibrations  and  trifling  pendulums.  The 


French  are  not  in  the  praftice  of  afcribing  to  us  any    Watcft. 
thing  that  they  can  claim  as  their  own  ;   yet  Lepaute      '^°'^- 
fays  that  the  Echappemeni  a  I'^nsre  came  from  England  '        *        ' 
about  the  year  1665.     It  is  alfo  admitted  by  him  that 
clock-making   flourilhed   in  England   at  that  time,  and 
that  the  French  artifts  went  to  London  to  improve  in 
it.     Putting   thefe  and  other  circumftances   together, 
we  think  it  highly  probable  that  we  are  indebted  to  Dr 
Hooke  for  the  fcapement   now  in  ufe.      The.principle 
of  this  is  altogether  different  from  the  fimple  pallets  and' 
direft  impulfe  already  defcribed  ;  and  is  fo  far  from  be- 
ing obvious,  that  the  manr;er  of  aiSion  has  been  mifun- 
derftood,  even  by  men  of  fcience,  and  writers  of  fyiteras 
of  mechanics. 

In  this  fcapement  we  employ  thofe  teeth  of  the  wheel 
which  are  moving  in  one  direction  ;  whereas  in  the 
former  fcapement,  oppofite  teeth  were  employed  moving 
in  contrary  direftions.  Yet  even  here  we  muft  com- 
municate an  alternate  motion  to  the  axis  of  the  pallets. 
The  contrivance,  in  general,  was  as  follows  :  On  the 
axis  A  (See  fig.  3.)  of  the  pendulum  or  balance  is  fia- 
ed  a  piece  of  metal  BAC,  called  the  crutch  by  our 
artifts,  and  the  anchor  by  the  French.  It  terminates 
in  two  faces  B  b  C  c  of  tempered  fteel,  or  of  fome  hard 
ftone.  Thefe  are  called  the  pallets,  and  it  is  on  them 
that  the  teeth  of  the  wheel  aft.  The  faces  B  i  C  c 
are  fet  in  fuch  pofitions  that  the  teeth  pufh  them  out 
of  the  way.  Thus  B  pulhes  the  pallet  to  the  left,  and 
C  pulhes  its  pallet  to  the  right.  Both  pufh  their  pallets 
fidewife  outward  from  the  centre  of  the  wheel.  The 
pallet  B  is  ufually  called  the  leading,  and  C  the  Jrivimr 
pallet  by  the  artifts,  although  it  appears  to  us  that  thefe 
names  fhould  be  reverfed,  becaufe  B  drives  the  pallet 
out  of  the  way,  and  C  pulls  or  leads  it  out  of  the  way. 
They  might  be  called  the  Jir/l  and  yironi^  pallet,  in  the 
order  in  which  they  are  aCled  on  by  the  wheel.  We 
fhall  ufe  either  denomination.  The  figure  is  accommo- 
dated to  the  ina6live  or  refting  pofition  of  the  pendu- 
lum. Suppofe  the  pendulum  drawn  afide  to  the  right  at 
Q,  and  then  let  go.  It  is  plain  that  the  tooth  B,  preffing 
on  the  face  of  the  pallet  /3  B  ^  all  the  way  from  S  to  b, 
thrufts  it  afide  outwards,  and  thus,  by  the  conneftioa 
of  the  crutch  with  the  pendulum  rod,  aids  the  pendu- 
lum's motion  along  the  arch  QPR.  When  the  pendu- 
lum reaches  R,  the  point  of  the  tooth  B  has  reached 
the  angle  b  of  the  pallet,  and  efcapes  from  it.  The 
wheel  prcfling  forward,  another  tooth  C  drops  on  the 
pallet  face  C  c,  and,  by  preffing  this  pallet  outward,  evi. 
denily  aids  the  pendulum  in  its  motion  from  R  to  P. 
The  tooth  C  efcapes  from  this  pallet  at  the  angle  c, 
and  now  a  tooth  B'  drops  on  the  firft  pallet,  and  again 
aids  the  pendulum  ;  and  this  operation  is  repeated  con- 
tinually. 

The  mechanifm  of  this  communication  of  motion  ia 
thus  explained  by  feveral  writers  of  elements.  The 
tooth  B  (fig.  z.)  is  urged  forward  in  the  direftion  ♦ 
BD,  perpendicular  to  the  radius  MB  of  the  swing 
WHEEL.  It  therefore  prefTcs  on  the  pallet,  which  is 
moveable  only  in  the  direftion  BE,  perpendicular  to 
B  A  the  radius  of  the  pallet.  Therefore  the  force  BD 
muft  be  refolved  into  two,  viz.  BE,  in  the  direftion  ia 
which  alone  the  pallet  can  move,  and  ED,  or  BF,  per- 
pendicular to  that  direAion.  The  laft  of  thefe  only 
prefles  the  pallet  and  ciutch  againft  the  pivot  hole  A. 
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Watch-    BE  is  the  only  ufeful  force,  or  the  force  communicated 
work-    [Q  j^ig  pallet,  enabling  it  to  maintain   the  pendulum's 
""^         motion,  by  reftoring  the  momentum  loft  by  friflion  and 
other  caufes. 

But  this  is  a  very  erroneous  account  of  the  modus 
operandi,  as  may  be  feen  at  once,  by  fuppofing  the  ra- 
dius of  the  pallets  to  be  a  tangent  to  the  wheel.  This 
is  a  pofition  moil  Ireqiiently  given  to  them,  and  is  the 
very  pofiiion  in  fig.  3.  in  this  caie  MB  is  perpendi- 
cular to  DA,  and  therefore  BD  will  coincide  with  BA, 
and  there  will  be  no  fuch  force  as  BE  to  move  the  pen- 
diihim.  It  is  a  tiuth,  deducible  from  what  we  know 
of  the  mechanical  conftitution  of  foli'd  bodies,  and 
confirmi^d  by  nnmberlefs  obfervation.s,  that  when  two 
folid  bodies  prtfs  (,ti  each  o'her,  either  in  impul- 
fion  or  in  dead  prclTure,  the  direftion  in  which  the 
mutual  prefTure  is  exerted  is  always  perpendicular  to 
the  touching  furfaces,  whatever  has  been  the  direftion 
of  the  impelling  body  (See  Impulsion,  Suppl.  n°  66. 
M.1CHINERY,  Suppl.  r^  iS-  ^^^  feveral  other  parts  of 
this  Work  )  Moreover  this  prefTure  is  mutual,  equal, 
ar.d  oppofite.  Whatever  be  the  fhapes  of  the  taces  of 
the  tooth  and  pallet,  we  can  draw  a  plane  BN,  which 
is  the  common  tangent  to  both  furfaces,  and  a  line 
HBI  through  the  point  of  contaft  perpendicular  to 
BN.  It  is  farther  demonftrattd  in  the  article  Machi- 
nery, Suppl.  n"  3J,  &c.  that  the  aflion  of  the  wheel 
on  the  pendulum  is  the  fame  as  if  the  whole  crutch 
were  annihilated,  and  in  its  ftead  there  were  two  rigid 
lines  AH,  MI,  from  the  centres  of  the  crutch  and 
wheel,  perpendicular  to  HI,  and  conneAcd  by  a  third 
rigid  line  or  rod  HI,  touching  the  two  in  H  and  I. 

For  if  a  weight  V  be  hung  at  v,  the  extremity  of  the 
•horizontal  radius  M  ti  of  the  wheel,  it  will  aft  on  the 
lever  v  MI,  preffing  its  point  I  upwards  in  the  direftion 
IH  perpendicular  to  MI  ;  the  upoer  end  of  this  rod  IH 
will,  in  like  manner,  prefs  the  extremity  H  of  the  rod 
HA,  and  this  will  urge  the  pendulum  from  P  toward 
R.  To  withftand  this,  the  pendulum  rod  AP  may  be 
withheld  by  a  weight  2,  hanging  by  a  thread  on  the 
extremity  of  the  horizontal  lever  A  z,  equal  to  M  v, 
and  connefted  with  the  crutch  and  pendulum.  The 
weights  V  and  z  may  be  fo  proportioned  to  each  other 
that,  by  afting  perpendicularly  on  the  crooked  levers 
i)MI,  and  2  AH,  the  preffures  at  H  and  I  (hall  be 
equal,  and  juft  balance  each  other  by  the  intervention 
of  the  rod  HI.  When  this  is  the  cafe,  we  have  put 
things  into  the  fame  mechanical  ftate,  in  refpeft  of  mu- 
tual aftion,  as  is  efFefted  by  the  crutch,  pallets,  and 
wheel,  which,  in  like  manner,  produce  equal  prefTures 
at  B  the  point  of  contaft,  in  the  direftion  BH  and 
BI.  The  weight  V  may  be  fuch  as  produces  the  very 
fame  effeft  at  B  that  is  produced  by  the  ptev'ous  train 
of  wheel-work.  The  weight  %  therefore  muft  be  juft 
equal  to  the  force  produced  by  the  wheel-work  on  the 
point  a  of  the  pendulum  rod,  becaufe  by  afting  in  the 
oppofite  direftion  it  juft  balances  it.  Let  us  fee  there- 
fore what  force  is  communicated  to  the  pendulum  by  the 
wheels. 

Let  X  be  the  upward  preflure  excited  at  I,  and_y  the 
equal  oppofite  preffure  excited  at  H.  Then,  by  the 
property  of  the  lever,  we  have  MI  :  M  i)  =  V  :  w,  and 
x  X  MI  =  V  X  M  t;.  In  like  manner  y  X  AH  = 
Z  X  A  z.  Therefore,  becaufe  x  =  ji,  and  A  z  =  M  ti, 
we  have  V  :  Z  =  MI  :  AH.    That  is,  the  force  exert- 


ed by  the  tooth  of  the  wheel  in  the  direftion  of  its  mo- 
tion is  to  tlie  force  imprtfted  on  tiie  pendulum  rod  at  a 
diftance  equal  to  the  radius  of  the  wheel  as  Ml  to  AH. 
The  force  imprefled  on  the  ball  of  the  pendulum  u  'efs 
than  this  in  the  proportion  of  AP  to  A  z,  or  M  v. 

Cor.  I.  If  the  perpendiculars  MN,  .AV,  be  drawn 
on  the  tangent  plane,  the  forces  at  B  and  z  >/'\\\  be  aa 
BN  to  BO.  For  thefe  lines  are  refpeiftively  equal  to 
Ml  and  AH. 

Cor.  2.  If  HI  meet  the  line  of  the  centres  AC  in 
S,  the  forces  will  be  as  SM  to  SA  ;  that  is,  V  :  Z  = 
SM  :  SA. 

Cor.  3.  If  the  face  /3  B  i  of  the  pallet  be  the  evo- 
lutrix  of  a  circle  dcfcribed  with  the  radius  .\H,  and 
the  face  of  the  tooth  be  the  evolutrix  of  a  circle  defc;-i- 
bed  with  the  radius  MI,  the  force  imprclfed  on  the  pen- 
dulunrby  the  wheels  will  be  conihiit  during  the  whole 
vibration  (Machinery,  n°  ^6)  But  tiicfe  are  not  the 
only  forms  which  produce  this  conftancy.  The  forms 
of  teeth  defcribed  by  difterent  authors,  fuch  as  De  la 
Hire,  Camus,  &c.  for  producing  a  conftant  force  in 
trains  of  wheel  work,  will  have  the  fame  etfccl  here.  It 
is  alfo  eafy  to  fee  that  the  force  iaiprefl'cd  on  the  pen- 
dulum may  be  varied  according  to  any  law,  by  making 
thefe  faces  of  a  proper  form.  Therefore  the  f?ce,  from 
B  outwards,  may  be  fo  formed  that  the  force  commu- 
nicated to  the  pendulum  by  the  wheels,  during  its  de- 
fcent  from  Q^to  P,  may  be  in  one  conftant  proportion 
to  the  acceleration  of  gravity,  and  then  the  fum  of  the 
forces  will  be  fuch  as  produce  ifochronous  vibrations.  If 
the  inner  part  B  i  of  the  face  be  formed  on  the  fame 
principle,  the  difference  of  the  forces  will  have  the  fame 
law  of  variation.  If  the  face  /3  i  be  the  evolutrix  of 
a  circle,  and  the  tooth  B  terminate  in  a  point  gently 
rounded,  or  quite  angular,  the  force  on  the  pendulum 
will  continually  increafe  as  the  tooth  Aides  from  /s  to 
b.  For  the  line  AH  continues  of  the  fame  magnitude, 
and  Ml  diminifties.  The  contrary  will  happen,  if  the 
pallet  be  a  point,  either  fharp  or  rounded,  and  if  the 
face  of  the  tooth  be  the  evolutrix  now  mentioned  ;  for 
MI  will  remain  the  fame,  while  AH  diminilhes.  If 
the  tooth  be  pointed,  and  /s  i  be  a  llraight  line,  the 
force  communicated  to  the  pendulum  will  diminifti, 
while  the  tooth  Hides  from  a  to  b.  For  in  this  cafe 
AH  diminifhes  and  MI  increafes. 

Cor.  4.  In  general,  the  force  on  the  pendulum  is 
greater  as  the  angle  MB  b  increafes,  and  as  AB  b  di- 
minifhes. 

Cor.  5.  The  angular  velocity  of  the  wheel  Is  to  that 
of  the  pendulum,  in  any  part  of  its  vibration,  as  AH 
to  MI.  This  is  evident,  becaufe  the  rod  IH  moving 
(in  the  moment  under  confideration)  in  its  own  direc- 
tion, the  points  H  and  I  move  through  equal  fpaces, 
and  therefore  the  angles  at  A  and  M  muft  be  inverfely 
as  the  radii. 

All  that  has  now  been  faid  of  the  firft  pallet  AB  may 
be  applied  to  the  fecond  pallet  AC. 

If  the  perpendiculars  C  /  be  drawn  to  the  touching 
plane  oC  n,  cutting  AM  in  j,  we  (hall  have  V  :  z  =  jM 
:  J  A,  as  in  Cor.  2.  And  if  the  perpendiculars  Mr,  A  A, 
be  drawn  on  C 1,  we  have  V  :  Z  =  M  i :  A  />,  as  in  the 
general  theorem.  The  only  difference  between  the  ac- 
tion on  the  two  pallets  is,  that  if  the  faces  of  both  ar« 
plain,  the  force  on  the  pendulum  increafes  during  the 
whole  of  the  adion  on  the  pallet  C,  whereas  it  dimi- 
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nidies  during  the  progrcfs  of  the  tooth  along  the  other 
pallet. 

The  reader  will  dor.btlcfs  remark  that  each  tooth  of 
the  wheel  afts  on  both  pallets  in  fucccfCon  ;  and  that, 
during  its  aftion  on  either  of  therr.,  the  pendulum  makes 
one  vibration.  Therefore  the  number  of  vibrations  du- 
ling  one  turn  of  the  wheel  is  double  the  number  of  the 
teeth  :  confcquently,  while  the  tooth  Aides  along  one 
of  the  pallets,  it  advances  half  the  fpace  between  two 
fucceffive  teeth  ;  and  when  it  efcapes  from  the  pallet, 
the  other  tooth  way  be  jiill  in  contaft  with  the  other 
pallet.  We  fay  it  may  be  fo  ;  in  which  cafe  there  will 
be  no  dropping  of  the  teeth  from  pallet  to  pallet.  This, 
however,  requires  very  nice  workmanfhip,  and  that  every 
tooth  be  at  precifcly  the  fame  dillance  from  its  neigh- 
bour. Should  the  tooth  which  is  juft  going  to  apply 
to  a  pallet  chance  to  be  a  little  too  far  advanced  on  the 
wheel,  it  would  touch  the  pallet  before  the  other  had 
efcaped.  Thus,  fuppofe  that  before  B  efcapes  from 
the  point  I  of  the  pallet,  the  tooth  C  is  in  contatt  with 
the  pallet  CG,  B  cannot  efcape.  Therefore  when  the 
pendulum  returns  from  R  towards  Q_,  the  pallet  ^■1, 
returning  along  with  it,  will  pufh  back  the  tooth  B  of 
the  wheel.  It  does  this  in  oppofilion  to  the  force  of 
the  wheel.  Therefore,  whatever  motion  the  wheel  had 
communicated  to  the  pendulum,  during  its  fwing  from 
P  to  Q  )  will  now  be  taken  from  it  again.  The  pen- 
dulum will  not  reach  Q__,  becaufe  it  had  been  aided  in 
ha  motion  from  Q__,  and  had  proceeded  further  than  it 
would  have  done  without  this  help.  Its  motion  toward 
Q_is  further  diminiilied  by  the  friftion  of  the  pallet. 
Therefore  it  will  now  return  again  from  fome  nearer 
point  q,  and  will  not  go  fo  far  as  in  the  laft  vibration, 
but  will  return  through  a  ilill  (horter  arch  :  And  this 
will  be  flill  more  contrafted  in  the  next  vibration,  &c. 
&c.  Thus  it  appeals  that  if  a  tooth  chances  to  touch 
the  pallet  before  the  efcape  of  the  other,  the  wheel  will 
advance  no  farther,  and  foon  after  the  pendulum  will  be 
brought  to  reft. 

For  fuch  reafons  it  is  neccffary  to  allow  one  tooth  to 
efcape  a  little  before  the  other  reaches  the  pallet  on  which 
it  is  to  aft,  and  to  allow  a  fmalf  drop  of  the  teeth  from 
pallet  to  pallet.  But  it  i.s  accounted  bad  workman(hip 
to  let  the  drop  be  conriclerablc,  and  clofe  fcapement  is  ac- 
counted a  mark  of  care  and  of  good  workmanfhip.  It 
is  evidently  an  advantage,  becaufe  it  gives  a  longer  time 
of  adion  on  each  pallet.  This  freeing  the  fcapement 
cannot  be  accoraplifhed  by  filing  fomething  from  the 
face  of  the  tooth  ;  becaufe  this  being  done  to  all,  the 
diftance  between  them  is  diminifhed  rather  than  aug- 
mented. The  pallets  mull  be  firft  fcaped  as  clofe  as 
poffible.  This  obliges  the  workman  to  be  careful  in 
making  the  teeth  equidiftant.  Then  a  fmall  matter  is 
taken  from  the  point  of  each  pallet,  by  fihng  oiF  the 
back  i  r  of  the  pallet.  The  tooth  will  now  efcape  be- 
fore it  has  moved  through  half  a  fpace. 
^  From  all  that  has  been  faid  on  this  particular,  it  ap- 
pears that  the  interval  between  the  pallets  muft  com- 
prebend  a  certain  number  ef  teeth,  and  half  a  fpace 
more. 

ITie  firil  circumftance  to  be  confidered  in  contriving 
a  fcapement  is  the  angular  motion  that  is  intended  to 
be  given  to  the  pendulum  during  the  aftiou  of  the  wheel. 
This  is  ufually  called  the  angle  of  Jcapenunt,  or  the  angle 
ofaaion.     Having  fixed  on  an  angle  a  that  we  think 
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proper,  we  mu!l  fecnre  it  by  the  pofition  and  form  of  Watch. 
the  face  of  the  pallets.  Knov^ing  the  number  of  teeth  ''""^^ 
in  the  fwing-wheel,  divide  i8  3°  by  thli?  number,  and  the  * 
quotient  is  the  angle  b  of  the  wheel's  motion  during 
one  vibration  of  the  pendulum.  In  the  line  AM,  join- 
ing the  centres  of  the  crutch  and  wheel,  make  SM  to 
SA,  and  j  M  to  j  A,  as  the  angle  a  to  the  angle  b  ; 
and  then,  having  determined  how  many  teeth  (hall  be 
comprehended  between  the  pallets,  call  this  number  n. 
Multiply  the  angle  i  by  n  -*-  i,  and  take  the  half  of 
the  produft.  Set  off  this  half  in  the  circumference  of 
the  wheel  (at  the  points  of  the  teeth)  on  each  fide  of 
the  line  joining  the  centi-es  of  the  crutch  and  whtel,  as 
at  TB  and  TC.  Through  S  and  j-  draw  SB  and  s  C, 
and  through  B  draw  .5  B  ^  perpendicular  to  SB,  for  the 
medium  pofition  of  the  face  of  the  firft  pallet  ;  that  is, 
for  its  pofuion  when  the  pendulum  hangs  perpendicu- 
lar. In  like  manner,  drawing  o  C  ?;  perpendicular  to 
.f  C,  we  have  the  medium  pofition  of  the  lecond  pallet. 
I'he  demonftration  of  this  conlltuftion  is  very  evident 
from  v.'hat  has  been  faiJ. 

We  have  hitherto  fuppofed  that  the  pendulum  fi- 
nifhes  its  vibration  at  the  inftant  that  a  tooth  of  the 
wheel  efcapes  from  a  pallet,  and  another  tooth  drops  on 
the  other  pallet.  But  this  is  never,  or  (hould  never  be, 
the  cafe.  The  pendulum  is  made  to  fwing  fomewhat 
beyond  the  angle  of  fcapement :  for  if  it  do  not  when 
the  clock  is  clean  and  in  good  order,  but  iloo  prccifely 
at  the  drop  of  a  tooth,  then,  when  it  grows  foul,  and 
the  vibration  diminifhes,  the  teeth  will  not  efcape  at  all, 
and  the  clock  will  immediately  ftop.  Therefore  the 
force  communicated  by  the  wheels  during  the  vibration 
within  the  hmits  of  fcapement,  muft  be  rncreafed  fo  as 
to  make  the  pendulum  throw  (as  the  artills  term  it) 
farther  out;  and  a  clock  is  more  valued  when  it  throws 
out  confiderably  beyond  the  angle  of  fcapement.  There 
are  good  reafons  for  this.  The  momentum  of  the  pen- 
dulum, and  its  power  to  regnlaxe  the  clock  (which  Mr 
Harriion  figntficantly  callei  its  dominion).,  is  propor- 
tional to  the  width  of  its  vibrations  very  nearly. 

This  circumftance  of  exceeding  the  angle  of  fcape- 
ment has  a  very  great  influence  on  the  performance  of 
the  clock,  or  greatly  affefts  the  dominion  of  the  pen- 
dulum. It  is  eafy  to  fee  that,  when  the  face  si  of  the 
leading  pallet  is  a  plane,  if  the  pendulum  continue  its 
motion  to  the  right,  from  P  toward  Q_j  after  the  tooth 
B  has  dropped  on  it,  the  pallet  will  pufh  the  wheel 
back  again,  while  the  tooth  Aides  outward  on  the  pallet 
toward  /3.  Such  pallets  therefore  will  make  a  recoiling 
fcapement,  refembling,  in  this  circumftance,  the  old  pal- 
let employed  with  the  crown  wheel,  and  will  have  the 
properties  attached  to  this  circumftance.  One  confe- 
quence  of  this  is,  that  it  is  much  afFefted  by  any  ine- 
qualities of  the  maintaining  power.  It  is  a  matter  of 
the  moft  ^jniiliar  obfervation,  that  a  common  watch 
goes  Aower  Wi.cn  within  a  quarter  of  an  hour  of  being 
down,  when  the  aftion  of  the  fpring  is  very  weak,  in 
confequence  of  its  not  puUing  by  a  radius  of  the  fu- 
fee.  We  obferve  the  fame  thing  in  the  beating  of  an 
alatum  clock.  Alfo  if  we  at  any  time  prefs  forward 
the  wheelwork  of  a  common  watch  with  the  key,  we 
obferve  its  beats  accelerate  immediately.  The  reafon 
of  this  is  pretty  plain.  The  balance,  in  confequence  of 
the  acceleration  in  the  angle  of  fcapement,  would  have 
gone  much  farther,  employing  a  confiderablc  time  in 
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the  cxcurfion.  This  is  checked  abruptly,  which  both 
(hortcns  the  vibration  and  the  time  employed  in  it.  In 
the  return  of  the  pendulum,  the  motion  is  accelerated 
the  whole  way,  along  an  arch  which  is  (hotter  than 
what  corrtfp'inds  to  its  velocity  in  the  middle  point  ; 
for  it  is  again  checked  on  the  other  fide,  and  does  not 
make  its  full  cxcurfion.  ;.loreover,  all  this  iiregnlaiity 
of  force,  or  the  great  deviation  from  a  refiftance  to  the 
cxcurfion  proportional  to  the  diftance  from  the  mitldle 
point,  is  exerted  on  the  pendulum  when  it  is  near  the 
end  of  the  excurfion,  where  the  velocity  being  fniall, 
this  irregular  force  ads  long  upon  it,  at  the  very  time 
that  it  has  little  force  wherewith  to  refill  it.  All  tem- 
porary inequalities  of  force,  therefore,  will  be  more  fdt 
in  this  fituation  of  the  balance  than  if  they  had  been 
exerted  in  the  middle  of  its  motion.  And  although  the 
regulating  power  of  a  pendulum  greatly  exceeds  that  of 
the  light  balances  ufed  in  pocket  watches,  fomething  of 
the  fame  kind  may  be  expedted  even  in  pendulum 
clocks.  Accordingly  this  appeara  by  a  feries  of  expe- 
rimtnts  made  by  Mr  Berthoud,  a  celebrated  watchma- 
ker of  Paris.  A  clock,  wiih  a  half  fecond  pendulum 
weighing  five  drams,  was  furnilhed  with  a  recoiling 
fcapement,  whofe  pallets  were  planes.  The  angle  of 
fcapement  was  ?t  degrees.  When  afluated  with  a 
weight  of  two  pounds,  it  fwung  8",  and  loft  15'  per 
hour;  with  fjur  pounds,  it  fwung  10°,  and  loft  6'. 
Thus  it  appears  that  by  doubling  the  maintaining 
power,  although  the  vibration  was  increafed  in  conle- 
quence  of  the  greater  impulfe,  the  time  was  leffened  9" 
per  hour,  viz.  about  -^hz-  ^^  '°  plain,  from  what  was 
faid  when  we  dtfcribed  the  firft  fcapement,  that  an  in- 
creafe  of  maintaining  power  muft  render  the  vibration 
more  frequent.  We  faw,  on  that  occafion,  that,  even 
when  the  gravity  of  the  pendulum  is  balanced  by  a 
weight  on  the  other  end  of  the  rod,  the  force  of  the 
wheels  will  produce  a  vibiatory  motion,  and  that  an 
augmentation  of  this  force  will  increate  it,  or  make  the 
vibrations  more  rapid.  The  preoifc  effedt  of  any  parti- 
cular form  of  teeth-  can  be  learned  only  by  computing 
tlie  force  on  the  pendulum  in  every  pofition,  and  then 
conftruftlng  the  curve  J  f  <■  C  of  fig  1 .  'the  rapid  in- 
crtafe  of  the  ordinates  beyond  thofe  of  the  triangle 
ADC,  forms  a  confiderahle  area  DA  -^  0,  to  compen- 
fate  the  area  «  0  C,  and  thus  makes  a  confiderahle  con- 
traftion  Ar  of  the  vibration,  and  a  fenfible  contraftion 

—  01  the  time. 

Mr  George  Graham,  the  celebrated  watchmaker  in 
London,  was  alfo  a  good  mathematician,  and  well  qua- 
lified to  confider  this  fubjeft  fcientifically.  He  con- 
trived a  fcapement,  which  he  hoped  would  leave  the 
pendulum  almoft  in  its  natural  ftate.  The.a£ling  face 
of  the  pallet  a  i  c  ( fig.  4- )  is  a  plane.  The  tooth  drops 
on  a,  and  efcapes  from  c,  and  is  on  the  middle  point  b 
when  the  pendulum  is  perpendicular.  Beyond  a,  the 
face  of  the  pallet  is  an  arch  a  d,  whofe  centre  is  A,  the 
centre  of  the  ciutch.  The  maintaining  power  is  made 
fo  great  as  to  produce  a  much  greater  vibration  than 
the  angle  of  aftive  fcapement  a  A  c.  The  confequence 
of  this  is  that,  when  the  tooth  drops  on  the  angle  «, 
the  pendulum,  continuing  its  motion,  carries  the  crutch 
along  with  it,  and  the  tooth  paffes  on  the  arch  a  d,  in 
a  direftion  palling  through  the  centre  of  the  crutch. 
This  pieffure  can  neither  accelerate  nor  retard  the  mo- 


tion of  the  crutch  and  pendulum.  As  the  pendulum  W.»-ch.. 
was  accelerated  after  it  pallid  the  perpendicular,  by  the  *''"''• 
other  palk-t,  it  will  (if  quite   unoblhudeJ)   throw  out  ' 

farther  than  what  corrtfponds  to  the  velocity  which  it 
had  in  the  middle  point  of  its  vibration  ;  perhaps  till 
the  tooth  pafl'ts  from  a  to  t-  on  the  circular  arch  of  the 
pallet.  But  althoujjh  it  fuftains  no  contrary  attion 
from  the  wheels  duiing  this  excurfion  beyond  the  angle 
of  fcapement,  it  will  not  proceed  fo  far,  but  will  ftop 
when  the  tooth  reaches  d ;  becaufe  there  mull  be  fome 
refiftancc  arifing  from  the  friction  of  the  tooth  along 
the  arch  a  d.  and  from  the  clammincfs  of  the  oil  em- 
ployed to  lubricate  it  :  but  this  refillance  is  exceeding- 
ly minute,  not  amounting  to  ^th  of  the  preffure  on  the 
arch.  Nay,  we  think  that  it  appears  from  the  experi- 
ments of  Mr  Coulomb  that,  in  the  cale  of  fuch  minute 
preiTures  on  a  furface  covered  with  oil,  there  is  no  fcn- 
fiblc  retardation  analogous  to  that  produced  by  ftiiHion, 
and  that  what  retardation  we  obftrve  arifes  entirely 
from  the  clamminefs  of  the  oil.  We  are  fo  imperfedlly 
acquainted  with  the  manner  in  which  friftiou  and  vif- 
cidity  obftruft  the  motions  of  bodies,  that  we  cannot 
pronounce  dccifively  what  will  be  their  effeft  in  the 
prefent  cafe.  Friftion  does  not  increafe  much,  if  at  all, 
by  an  increafe  of  velocity,  and  appears  like  a  fixed 
quantity  when  the  prefiiire  is  given.  This  makes  all 
motions  which  are  obftrufted  by  frittion  terminate  a- 
bruptly.  This  will  fliorttn  both  the  length  and  the 
time  of  the  outward  excurfion  of  the  pendulum.  The 
vifcidlty  of  the  oil  refills  differently,  and  more  nearly 
in  the  proportion  of  the  velocities.  The  diminution  of 
motion  will  not  be  in  this  proportion,  becaufe  in  the 
greater  velocities  it  ails  for  a  [hotter  time.  Were  this 
accurately  the  cafe,  the  refiftance  of  vifcidlty  would 
rJfo  be  nearly  conllant,  and  it  would  operate  as  friftion 
does.  But  it  does  not  flop  a  motion  abruptly,  and  the 
motions  are  extinguifhed  gradually.  Therefore,  al- 
though vifcidlty  mull  alwaya  diminifh  the  extent  of  the 
excuifion,  it  may  fo  vary  as  not  to  dlmlnidi  the  time. 
We  apprehend,  however,  that  it  gene.-jUy  does.  But 
whatever  happens  in  the  excurfion,  the  return  will  cer- 
tainly be  flower,  and  employ  more  time  than  if  it  had 
not  been  obftrudled,  becaufe  the  velocity  in  every  point 
is  lefs  [ban  if  pertetlly  free.  1  he  whole  arch,  confift- 
ing  of  a  returning  arch  and  an  exc.ufion  ou  the  other 
fide,  may  be  cither  flower  or  quicker,  according  as  the 
compenfation  is  complete  or  not,  or  is  even  overdone. 

All  thefe  refledlions  occurred  to  Mr  Graham  ;  and 
he  was  perfuaded  that  the  time  of  the  tooth's  remain- 
ing on  the  arch  a  (/,  both  afcending  and  defcending, 
would  differ  very  httle  from  that  of  the  defcription  of 
the  fame  arch  by  a  free  pendulum.  The  great  caufea 
of  irregularity  feemed  to  he  removed,  viz.  the  inequali- 
ties in  the  adlion  of  the  wheels  in  the  vicinity  of  the 
extremity  of  the  vibration,  where  the  pendulum  having 
little  momentum  is,  long  in  the  fame  little  fpace,  expo- 
fed  to  their  aftion.  The  derangement  produced  by  any 
force  depends  on  the  time  of  its  attion,  and  therefore  • 
muft  be  greateft  when  the  motion  is  floweft.  The  pen- 
dulum gets  its  impulfe  in  the  very  middle  of  its  vibra- 
tion, where  its  velocity  is  the  greatell ;  and  therefore 
the  inequalities  of  the  maintaining  power  aft  on  it  on- 
ly for  a  (hort  time,  and  make  a  very  trifling  alteratioa 
in  the  time  of  its  defcribing  the  arch  of  Icapement. 
Beyond  this,  it  is  nearly  in  the  Hate  of  a  free  pendu- 
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nay,  even  though  it  be  afFefted  by  an  inequah'ty 


of  the  maintaining  power,  and  it  be  accelerated  beyond 
its  ufual  rate  in  tliat  arcli,  the  chief  efted  of  this  will 
be  to  caufc  it  to  defcribe  a  la'-ger  atch  of  excurfion. 
The  lliortcning  of  the  time  of  this  defcription  by  the 
fnttion  will  be  the  fame  a-  before,  happening  at  the 
very  end  of  the  excurfion  ;  but  the  return  will  be  more 
retarded  by  the  friftion  on  a  longer  arch.  -  And,  by 
this,  a  compenfation  may  be  made  for  the  trifling  con- 
traiflion  of  the  time  of  defcribiiig  the  arch  of  fcapement. 

i'his  circiimllance  of  giving  the  impulfe  in  the  middle 
of  t)ie  vibration,  where  its  time  of  adion  is  the  fmallell 
pofTiblc.  and  whereby  the  pendulum  is  fo  long  left  free 
from  the  aftion  of  the  wheels,  is  of  the  very  firft  import- 
ance in  all  fcapements,  and  (hould  ever  be  in  the  mind  of 
the  mechanician.  When  this  is  adhered  to,  the  form  of 
the  face  abr  is  fcarcely  of  any  moment.  Much  has  been 
written  on  this  form,  and  many  attempts  have  been 
made  to  make  it  fuch  that  the  aftion  of  the  wheels 
fhall  be  proportional  to  the  aiftion  of  gravity.  To 
do  this  is  abfolutely  impofiible.  Mr  Graham  made 
them  planes,  not  only  becaule  of  eafieft  execution,  but 
becaufe  a  plane  really  confpires  pretty  well  with  the 
change  of  gravity.  While  the  penciulum  moves  from 
Qjo  P  (fig.  3-),  the  force  of  gravity,  ading  in  the  di- 
reftion  QP,  is  continually  diminilhing.  So  is  the  ac- 
celerating power  of  the  pallet  from  a  to  i.  When  the 
pendulum  rifes  from  P  to  R,  a  force  in  the  oppofite  di- 
reftion  RP  continually  incrcafes.  This  is  analogous  to 
the  continual  diminution  of  a  force  in  the  direftion 
PR.  Now  we  have  inch  a  diminution  of  fuch  a  force, 
in  the  aftion  of  the  pallet  from  b  to  c,  and  fuch  an  aug- 
mentation in  the  adion  of  the  other  pallet. 

For  all  thefe  realons,  this  conflruclion  of  a  fcape- 
ment appeared  very  promifing.  Mr  Graham  put  it  in 
praftice,  and  it  aniwered  hie  molt  fanguiiie  expedation, 
and  is  now  univerfally  adopted  in  all  nice  clocks.  Mr 
Graham,  however,  did  not  think  it  prudent  to  caufe  a 
tooth  to  drop  on  the  very  angle  a  of  the  pallet.  He 
made  it  drop  oir  a  point  /'  of  the  arch  of  exrurf>on. 
This  has  alfo  the  advantage  of  diminilhing  the  angle  of 
aftion,  which  we  have  proved  to  be  of  iervice.  It  re- 
quires, indeed,  a  greater  maintaining  power  ;  but  this 
can  eafily  be  procured,  and  is  lefs  aifefted  by  the  chan- 
o-es  to  which  it  is  liable  by  the  effeA  of  heat  and  cold 
on  the  oil.  Our  obfervations  on  the  effefls  of  friftion 
and  vifcidity  in  the  arch  uJ  feem  to  be  conlirmed  by 
the  obfervations  of  feveral  artifts,  who  agree  in  faying 
that  a  great  incieafe  of  maintaining  powet  increafes  the 
vibrations,  but  makes  them  perceptibly  flower.  When 
they  wrote,  much  oil  was  applied  to  diminifh  the  fric- 
tion  on  the  arch  of  repofe  ;  but,  iince  that  time,  the 
rubbing  parts  were  made  fuch  as  requited  no  oil,  and 
this  retardation  difappeared  In  the  clock  of  the  tran- 
fit  room  of  the  Royal  Obfervatory,  the  angle  of  adliou 
feldom  exceeds  one  third  of  the  fwing  of  the  pendu- 
lum. The  pallets  are  of  oriental  ruby,  and  the  wheel 
ie  of  fteel  tempered  to  the  utmoft  degree  of  hardnels. 
This  clock  never  varies  a  whole  fecond  fiom  equable 
motion  in  the  courfe  of  t?ve  days. 

This  contrivance  is  known  by  the  name  of  the  dead 
BEAT,  the  DEAD  scAPEMENT;  bccaufe  the  feconds  index 
ftands  ftill  after  each  drop,  whereas  the  index  of  a  clock 
with  a  recoiling  fcapement  is  always  in  motion,  hob- 
Uiog  backward  and  forward. 
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Thefe  fcapements,  both  recoiling  and  dead  beat,  have 
been  made  in  a  thoufand  forms  ;  but  any  perfon  toler- 
ably acquainted  with  mechanics,  will  fee  that  they 
ate  all  on  the  fame  principles,  and  differ  only  in  (hape 
or  fome  equally  uoimorfrtant  civcumftance  Perhaps 
the  moll  convenient  of  any  is  that  reprefented  in  fig.  5. 
where  the  (haded  part  is  the  crutch,  made  of  brafs  or 
iron,  and  A  and  B  are  two  pieces  of  agate,  flint,  or 
other  hard  (lone,  cut  into  the  proper  Ihape  for  a  pallet 
of  either  kind,  and  (irmly  fixed  in  proper  fockets.  They 
projctl  half  an  inch,  or  thereabouts,  in  front  of  the 
crutch,  lo  that  the  fwing  wheel  is  alfo  before  the  crutch, 
diftant  about  r^h  of  an  inch  or  fo.  Pallets  of  ruby, 
driven  by  a  hard  (leel  fwing  wheel,  need  no  oil,  but 
merely  to  be  once  rubbed  clean  with  an  oily  cloth. 

Sometimes  the  wheel  ha.s  pins  indead  of  teeth.  They 
are  ranged  round  the  rim  of  the  wheel,  perpendicular 
to  its  plane,  and  both  pallets  are  on  one  fide  of  the 
wheel,  (landing  perpendicular  to  its  plane.  One  of 
thefe  pins  drops  from  the  fird  to  the  lecond  pallet  at 
once.  The  pallets  are  placed  on  t«'o  arms,  as  in  fig.  6. 
in  which  cafe  the  pins  are  alternately  on  different  fides 
of  the  wheel  ;  or  on  one,  as  in  tig.  7.  By  the  motion 
of  the  pendulum  to  the  right,  the  pin  (in  fig.  7.),  af- 
ter reding  on  the  concave  arch  da,  afts  on  the  face  a  c, 
and  drops  from  c  on  the  other  concave  arch  ig,  which 
continues  to  move  a  little  way  to  the  right.  It  then  re- 
turns, and  the  pin  Aides  and  afts  on  the  pallet  i  h,  and 
efcapes  at  i  ;  and  the  next  pin  is  then  on  the  arch  of 
repofe  J  a. 

It  being  evident  that  the  recoiling  fcapement  accele- 
rates the  vibrations  beyond  the  rate  of  a  free  pendulum, 
and  it  aJfo  appearing  to  many  of  the  fird  artills  that  the 
dead  fcapement  retards  them,  they  have  attempted  to 
form  a  fcapement  v/hich  fliall  avoid  both  of  thefe  de- 
feils,  by  forming  the  arches  a  ti,  i g,  fo  as  to  produce  a 
very  fmall  recoil.  Mr  Berthoud  dots  this  in  a  very 
fimple  manner,  by  placing  the  centre  of  «(/  at  a  fmall 
didance  from  that  of  the  crutch,  fo  as  to  m«ke  the  rife 
of  the  pallet  above  the  concenf-ic  arch  about  one-third 
of  the  arch  itfclf.  Applying  fuch  a  crutch  to  the  light 
pendulum  mentioned  in  a  former  paragraph,  he  found 
that  doubling,  and  even  trebling  the  maintaining  power, 
produced  no  change  in  the  time  of  vibration,  though  it 
increafed  the  width  from  8°  to  12*  and  14'.  We  have 
no  doubt  of  the  efficacy  of  this  contrivance,  and  think  it 
very  proper  for  all  clocks  which  require  much  oil,  fucU 
as  turret  clocks,  &c.  But  we  apprehend  that  no  rul; 
can  be  given  for  the  angle  that  the  recoiling  arch  fhoul  J 
make  with  the  concentric  one.  We  imagine  that  this 
depends  entirely  on  the  fliare  which  fridl:lon  and  oil 
have  in  producing  the  retardation  of  the  dead  beat. 

Other  artids  have  endeavoured  to  avoid  the  inconve- 
niences of  fritlion  and  oil  on  the  arch  of  repofe  in  ano- 
ther way.  Indead  of  allowing  the  tooth  of  the  wheel 
to  drop  on  the  back  of  the  pallet,  which  we  called  the 
arch  of  excurfion,  and  others  call  the  arch  of  repofe,  it 
drops  on  a  detent  ota  (fig.  8.),  of  which  the  part  ta 
is  part  of  an  arch  whofe  centre  is  A,  the  centre  of  the 
crutch,  and  the  part  /  0  is  in  the  direftion  of  the  radius. 
This  piece  does  not  adhere  to  the  pallet,  but  is  on  the 
end  of  an  arm  0  A,  which  turns  round  the  axis  A  of 
the  crutch  on  fine  pivots  :  it  is  made  to  apply  itfelf  to 
the  back  of  the  pallet  by  means  of  a  (lender  fpring  A/, 
attached  to  the  pallet,  and  prefling  inward  on  a  pin  /, 
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fixed  in  the  arm  of  the  detent.  When  fo  applied,  its 
arch  ta  makes  the  repofc,  and  it?  point  a  makes  a  fmall 
portion  of  the  face  a  <r  of  the  pillct. 

The  adion  of  this  apparatus  is  very  eaGly  undt-rftood. 
When  a  tooth  efcapes  from  the  fecoiid  pallet,  by  the 
motion  of  the  pendulum  from  the  left  to  the  right,  an- 
other tooth  drops  on  this  pallet  (which  the  figure  lliews 
to  be  the  firft  or  leading  pallet)  at  the  angle  /,  and  rells 
on  the  fniull  portion  /  a  of  an  aich  of  rcpofe.  Biit  the 
crutch,  continuing  its  motion  to  the  ilgiu,  immediately 
quits  the  arm  o  A,  carrying  the  pallet  acr  along  with 
ir,  and  leaving  the  wheel  locked  on  the  detent  o  t  a.  By 
and  bye  the  pendulum  finifhes  itsexcurfion  to  the  right, 
and  returns.  When  it  enters  the  arch  of  adtion,  the 
pallet  has  applied  itfelf  .to  the  detent  o  t  a,  and  with- 
draws it  froij  the  tooth.  The  tooth  immediately  atls 
on  the  face  a  <:  of  the  pallet,  and  reftores  the  motion 
loft  during  the  laft  vibration.  The  ufe  of  the  fpnng  is 
merely  to  keep  the  detent  applied  to  the  pallet  without 
ihaking.  It  is  a  little  bent  during  their  feparation, 
and  adds  fomething  of  an  oppofmg  force  to  the  afcent 
of  the  pendulum  on  the  other  fide  of  the  whtel,  and  ac- 
celerates its  return.  A  limilar  detent  on  the  back  of 
the  fecond  pallet  performs  a  fimilar  office,  fupporting 
the  wheel  while  the  pendulum  is  beyond  the  arch  of 
fcapement,  and  quitting  it  when  the  pendulum  enters 
that  arch. 

We  do  not  know  who  firft  praftifed  this  very  inge- 
nious  and  promifing   invention.      Mr  Mudge  certainly 
did  fo  as  early  as  1753  or  175-I.     Mr  Berthoud  fpeaks 
obfcurely  of  contrivances  of  the  fame  nature.     So  does 
Le  Roy,   and  (we  think)    Le  Paute.     We  fay  that  it 
is  very  promifing.      Fritlion   is   almoft   annihilated  by 
transferring  it  to  the  pivots  at  A  ;   fo  that,   in  the  ex- 
curfion  beyond  the  angle  of  fcapement,  the  pendulum 
feems  almoft  free.     Indeed  feme  artifts  of  our  acquanit- 
ance  have  even  avoided  the  frittion  of  the  pivots  at  A, 
by  making  the  atm  of  the  detent  a  fpring  of  confider- 
able  thicknefs,  except  very  near  to  A,  where  it  is  made 
very  thin  and  broad.  But  we  do  not  find  that  this  con- 
ftruftion,  though   eafily  executed,   and  fufceptible  of 
great  precifion  and  fteadinefs  of  aftion,  is  much  prafti- 
fed.     We  prefume  that  the  performance  has  not  an- 
fwered  expeftations.     It  has  not  been  fuperior  to  the 
incomparably  more  fimple   dead  fcapement  of  Graham. 
Indeed  we  think  that   it  cannot.      A  part  of  the  fric- 
tion ftill  remains,   which   cannot   be  removed  ;  namely, 
while  the  arch  /  a  is  drawn  from  between  the  tooth  and 
pallet.      Nay,  we  apprehend  that  fomething  more  than 
friftion  mult  be  overcome  here.      The   tooth  is  apt  to 
force  the  detent  outward,  unlefs  the  part  ;  a  be  a  little 
elevated  at  its  point  a  like  a  claw,  above   the   concen- 
tric arch,   and  the  face  of  the  tooth  be  made  to  incline 
forward,  fo  as  to  fit  this   (hape  of  the  detent.     This 
will  confume  fome  force,  when   the   momentum  of  the 
pendulum  is  by  no  means  at  its  maximum.     Should  the 
clock  be  foul,  and  the  excuifions  beyond  fcapement  be 
very  fmall,   this  dillurbance  muft  be  exceedingly  perni- 
cious.   But  we  have  a  much  greater  objeftion.    During 
the  whole  excurfion  beyond   fcapement,  there  is  a  new 
force  of  a  fpring  aftlng  on  the  pendulum,  which   de- 
viates confiderably  from  the  proportions  of  the  accelera- 
ting power  of  gravity.     It  does  not  commence  its  ac- 
tion till  the  detent  feparates  from  the  arm  of  the  crutch. 
Then  the  fpring  of  the  detent  afts  as  a  retarding  force 
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againfl  the  excurfion  of  the  pendulum,  now  on  the  o- 
thcr  fide,  bringiiig  it  fiioncr  to  reft,  and  then  accelera- 
ting it  in  its  way  back  to  the  beginning  of  the  arch  of'" 
fcapement.  In  fhort,  this  conltrudtion  (hould  have  the 
properties  of  a  recoiling  fcapement.  We  got  a  clock- 
maker  to  make  fome  experiments  on  one  which  he  had 
made  for  an  amateur,  which  fully  confirmed  our  coii- 
jedure.  When  the  detent  fpung  was  ftrong,  an  in- 
creafe  of  maintaiiu'rg  power  made  the  vibrations  both 
wider  and  more  rapid.  The  artift  reduced  the  flrength 
of  the  fpring  till  this  efftcl  was  rendered  very  fmaU. 
It  might  perhaps  be  quite  removed  by  means  of  a  ftill 
weaker  fpring:  But  the  fpring  was  already  fo  weak  that 
a  hard  ftep  on  the  floor  of  ihe  room  did  fometimes  dif- 
engage  the  detent  from  the  wheel.  It  appears,  there- 
fore, that  nothing  can  be  reafonably  expe-'ied  from  this 
conitrudion  that  is  not  as  well  performed  by  the  dead 
fcapement  of  Mr  Graham,  of  much  eafici  execution, 
and  more  certain  performance. 

Very  fimilar  to  this  conftruftion  (at  leaft  in  the  ex- 
cuifion  beyond  the  angle  of  fcapement)  is  the  conftruc- 
tion  of  Mr  Gumming,  and  it  has  the  fame  dcfcds.  Hi« 
pallets  are  carried,  as  in  the  one  defcribcd,  by  the  crutch. 
The  detents  preTs  on  them  behind  by  their  weight  on- 
ly ;  therefore,  when  the  tooth  is  locked  on  the  detent 
of  one  pallet,  its  weight  is  taken  off  from  the  pendu- 
lum on  that  fide,  and  the  weight  of  the  detent  on  the 
other  fide  oppofes  the  afcent,  and  accelerates  the  de- 
fcent  of  the  pendulum. 

Mr  Gumming  executed  another  fcapement,  confift- 
ing,  like  thofe,  of  a  pallet  and  detent.  But  the  man- 
ncr  of  applying  the  maintaining  power  is  extremely  dif- 
ferent in  principle  from  any  yet  dcfcribed.  It  is  ex- 
ceedingly ingenious,  and  feems  to  6^0  all  that  is  pof- 
fible  for  removing  every  fource  of  irregularity  in  the 
maintaining  power,  and  every  ob'truflion  to  free  mo- 
tion arifing  from  friiSion  and  oil  In  the  fcapement.  For 
this  reafon  we  (hall  give  fuch  an  account  of  its  eflential 
circumftances  as  may  fuffice  to  give  a  clear  conception 
of  its  manner  of  aftlng,  and  its  good  properties  and 
defefts  ;  but  referring  the  inquifitivc  reader  to  Mr 
Cumming's  Elements  of  Clock  and  Watch  Work,  pub- 
lilhed  in  17^6,  for  a  more  full  account. 

In  the  fcapements  la!!  defcribed,  the  pallets  were 
fixed  to  the  crutch  and  pendulum,  and  the  mamtaining 
power,  during  its  aftion,  was  applied  to  the  pendulum 
by  means  of  the  pallets,  in  the  lame  way  as  in  ordinary 
fcapements.  The  detents  were  unconneftcd  with  the 
pendulum,  and  it  was  free  during  the  whole  excurfion. 
In  the  prefent  fcapement  both  the  pallets  and  detents 
are  detached  from  the  pendulum,  except  in  the  moment 
of  unlocking  the  wheel  ;  fo  that  the  pendulum  may  be 
faid  to  be  free  during  its  whole  vibration,  except  du- 
ring this  fhort  moment. 

ABC  (fig.  9.)  reprefents  a  portion  of  the  fwing 
wheel,  of  which  O  is  the  centre,  and  A  one  of  the 
teeth  ;  Z  is  the  centre  of  the  crutch,  pallets,  and  pendu- 
lum. The  crutch  or  detents  is  reprefented  of  a  form 
refembling  the  letter  A,  having  in  the  circular  crofs 
piece  a  flit  /  i,  alfo  circular,  Z  being  the  centre.  This 
form  is  very  different  from  Mr  Cumming's,  and  inferior 
to  his,  but  was  adopted  here  in  order  to  avoid  a  long 
defcription.  The  arm  ZF  forms  the  firft  detent,  and 
the  tooth  A  is  reprefented  as  locked  on  it  at  F.  D  ia, 
the  firft  pallet  on  the  end  of  the  arm  Z  d  moveable 
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round  iVie  fume  centre  with  the  detents,  but  moveable  The  wheels 
indepen^^ently  of  them.  The  arm  de,  to  which  the  pallet 
D  is  attached,  lies  altogether  behind  the  arm  ZF  of  the 
detent,  being  Pxed  to  a  round  pitce  of  brafa  efg,  which 
has  pivots  turtiing  concentric  with  the  verge  or  axis  of 
the  penduhinn.  To  the  fame  ronnd  piece  of  brafs  is 
fixed  the  horizontal  arm  f  H,  carrying  at  its  extremity 
the  ball  H,  of  filch  f:ze,  that  the  action  of  the  tooth  A 
on  the  pallet  D  is  jiill  able  (but  without  any  rifle  of  fail- 
ing) to  raife  it  up  to  the  pofition  here  di-awn.  ZP/i 
reprefenta  the  fork,  or  the  pendulum  rod,  behind  both 
detent  and  pallet.  A  pin  p  projefts  forwai-d,  coming 
through  the  flit  ;'  /-,  without  touching  the  upper  or  un- 
der margin  of  it.  There  is  alfo  atlached  to  the  fork 
the  arm  mn  (and  a  fimilar  one  on  the  other  fide),  of 
iuch  length  that,  when  the  penduhim  rod  is  pei-pendi- 
culzr,  as  is  reprcfentcd  here,  the  angular  diftance  o(  n  q 
from  the  rod  c  5  H  in  precifely  equal  to  the  angular  di- 
fiance  of  the  left:  hde  of  the  pin  />  from  the  left  end  i 
of  the  flit  ii. 

The  mode  of  aftion  on  this  apparatus  is  abundantly 
fimple.    The  natural  pofition  of  the  pallet  D  is  at  J,  re- 
prefented  by  the  dotted   llnep,   refting  on  the  back  of 
the  detent  F.      It   is  natnrally  brought  into  this  pofi- 
tion by  its  own  weight,  and  Rill  more  by  the  v/eight  of 
tlie  ball  H.     The  pallet  D,  being   fet  on  the  fore  fide 
of  the  arm  at  Z,  comes  into  the  fame  plane  with  the 
detent  F  and  the  fwing-wheel.      It  is  drawn,  however, 
in  the  figure  in  another  pofition.     The  tooth  C  of  the 
wheel  is  fuppofed  to  have  efcaped  from  the  lecond  pal- 
'  let,  on  which  the  tooth  A  immediately  engages  with 
the  pallet  D,  fituated  at  j,  forces  it  out,  and  then  refts 
on  the  detent  F,  the  pallet  D  leaning  on  the  tip  of  the 
tooth.      F  is  brought  into   this  fituation  in  a, way  that 
■will  appear  prefently.     After  the  efcape  of  C,  the  pen- 
dulum, moving  down  the  arch  of  femivibration,  is  repre- 
fented  as  having  attained  the  vertical  pofition.  Proceed- 
ing Hill  to  the  left,  the  pin  ^  reaches  the  extremity  /'  of 
the  flit  il;  and,  at  the  fame  inllant,  the  arm  n  touches 
the  rod  e  H  in  q.     The  pendulum  proceeding  a  hair's 
breadth  further,  withdraws  the  detent  F from  the  tooth, 
which  nov.'  even  puflies  off  the  detent,  by  afting  on  the 
flant  face  of   it.      The  wheel  being  now  unlocked,  the 
tooth  following   C   on  the  other  fide  afts  on  its  pallet, 
pufhes  it  off,  and  refts  on  its  detent,  which  has  been  ra- 
pidly brought  into  a  proper  pofition  by  the  aflion  of  A 
on  the  flant  face  of  F.      It  was  a  fimilar  aftion  of  C  on 
its  detent,  in  the  moment  of  efcape,  which  brought  F 
into  a  fit  pofition  for  locking  the  wheel  by  the  tooth 
A.      The  pendulum  dill  going  on,  the  arm  m  n  carries 
•  the  weight  of  the  ball  H,  and  the  pallet  connefted  v/ith 
it,  and  it  comes  to  reft  before  the  pin  p  again  reaches 
the  end  of  the  (lit,  which  had  been  fuddenly  withdrawn 
iiom  it  by  the  aftion  of  A  on  the  flant  face  of  F.   The 
penduhim  now  returns  towards  the  right,  loaded  on  the 
left  with  the  ball   H,  which  teltores  the  motion  which 
it  had  loft  during  the  laft  vibration.    When,  by  its  mo- 
tion to  the  right,  the  pin />  reaches  the  end  i  of  the  flit 
i  i,   it  unlocks  the  wheel  on  the  right  fide.     At  the 
fame  inftant  the  weight  H  ceafes  to  aft  on  the  pendu- 
lum,  being  now  raifed   up   from  it   by  the  aftion  of  a 
.   tooth  like  B  on  the  p.'.llet  D. 

Let  us  now  confider  the  mechanifm  of  thefe  motions. 
The  prominent  feature  of  the  contrivance  is  the  almoll 
somplete  difcngagement  of  the  regulator  from  the  wheels. 
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ndeed,  aft  on  the  oallets  ;  but  the  pallets 
are  then  detached  from  the  T^endulum.  The  fole  ufe  of  the 
wheel  is  to  raife  the  little  weights  v.-hiie  the  pendulum 
is  on  the  other  fide,  in  order  to  have  them  in  readinefs 
at  the  arrival  of  the  pendulum.  'L'hcy  are  then  hid  on 
the  penduhim,  and  fupply  an  accelerating  force,  which  re- 
fiores  to  the  pendulum  the  momentum  lolt  dunng  the 
preceding  vibration.  Therefore  no  intquallties  in  the 
aftion  of  tire  wheel  on  the  pallets,  whether  ariiing  from 
friftlon  or  oil,  has  any  effeft  on  the  m.aintaining  pouyer. 
It  remains  always  the  fame,  namely,  the  rotative  mo- 
mentum  of  the  two  weights.  The  only  circumft'tnce, 
in  which  the  irre^ilarity  of  the  aftion  of  the  wheels 
can  affeft  the  pendulum  is  at  the  moment  of  uiilock- 
irrg.  Here  indeed  the  regulator  may  be  affefted  ;  but 
this  moment  is  fo  fhort,  in  comparifon  witn  other  fcape- 
meiTts,  that  it  miift  be  confidered  as  a  real  improx-e- 
mcnt. 

It  is  very  uncandid  to  refufe  the  author  a  claim  to 
the  charafter  of  an  ingenious  artift  on  account  of  this 
contrivance,  as  has  been  done  by  a  very  ingenious  uni- 
verfity  Profeffor,  who  taxes  Mr  Gumming  with  igno- 
rance of  the  Jitji  elniients  of  mechanics,  and  fays  that  the 
beft  thing  in  his  book  is  his  advice  to  fufpend  the  pen- 
dulum from  a  great  block  of  marble,  firmly  fixed  in  the 
wall  *.  This  is  certainly  a  good  advice,  and  we  doubt  *  See  Lud~ 
not  but  that  the  Profefibr's  clock  would  have  performed •'"'■•'''  f'J'i' 
ftill  better  if  he  had  condefcended  to  follow  it.  It  is  ftill 
lefs  candid  fo  queftioii  the  originality  of  the  invention. 
We  know  for  certain  that  it  was  invented  at  a  time  and 
place  where  the  author  could  not  know  what  had  been 
done  by  others.  It  would  have  been  more  like  the  ur- 
banity of  a  well-educated  man  to  have  acknowledged 
the  genius,  which,  without  fimilar  advantages,  had  done 
fo  much. 

But,  while  we  thus  pay  the  tribute  of  juftice  to  Mr 
Gumming,  we  do  not  adopt  all  his  opinions.  Th<: 
clock  has  the  fame  defefts  of  the  former  in  refpeft  of 
the  laws  of  the  force  which  accelerates  the  pendulum. 
The  fudden  addition  of  the  fmall  weight,  and  this  al- 
moft  at  the  extremity  of  the  vibration,  would  derange 
it  very  much,  if  the  addition  were  fufceptible  of  any 
fenfible  variation.  The  irregularity  of  the  aftion  of  the 
wheels  may  fenfibly  affeft  the  motion  during  the  un- 
locking, when  the  clock  is  foul,  and  the  pendulum  juji 
able  to  unlock  ;  for  any  diflurbance  at  the  extremity  of 
the  vibration  greatly  affefts  the  time.  We  acknow- 
ledge that  the  parts  which  we  here  fuppofe  to  be  "foul 
may  not  be  fo  in  the  courfe  of  twenty  year»,  thefe  parts 
being  only  the  pivots  of  the  fcapement.  The  great  defeft 
of  the  fcapement  is  its  liablcnefs  to  unlock  by  any  jolt. 
It  is  more  fubjeft  to  this  than  the  others  already  men- 
tioned. This  rilk  is  much  increafed  by  the  flender 
make  of  the  parts,  in  Mr  Gumming's  drawings,  and 
in  the  only  clock  of  the  kind  we  have  feen  ;  but  this 
is  not  neceffary  :  and  it  (hould  be  avoided  for  another 
leafon  ;  the  interpofing  fo  many  flender  and  crooked 
parts  between  the  moving  power  and  the  pendulum 
weakens  the  communication  of  power,  and  requires  a 
much  more  powerful  wheelwork. 

All  thefe,  however,  are  flight  defeftf,  and  only  the 
laft;  can  be  called  a  fault.  The  clocks  made  on  this 
principle  have  gone  remarkably  well,  as  may  be  feen  by 
the  regiftcrs  of  his  majefty's  private  obfervatory.  But 
the  greateft  objeftion  is,  that  they  do  cot  perforc.  bet. 
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ter  than  a  well-made  dead  fcapement  j  and  they  are 
^  vaftly  more  troublefome  to  make  and  to  manage.  This 
is  llriilly  true,  and  is  a  fcrious  objertion.  The  faft  is, 
that  tlie  dominion  of  a  heavy  pendulum  is  fo  great,  that 
it  any  cm  of  the  fcapcnicnta  now  defciibcd  he  well  cx- 
ecuttd  with  pallets  of  agate,  and  a  wheel  ot  hard  ftecl, 
and  if  the  pendulum  be  lufpended  agieeably  to  Mr  Cum- 
niirg's  advice,  (here  is  hardly  any  difference  to  be  ob- 
lervcd  in  their  perfcirmance.  We  fliall  conttr:t  ourtlves 
with  a  fingle  proof  of  this  from  fadl.  The  clock  in- 
vented by  the  celebrated  Harrifon  is  a!  L-aJl  equal  in  its 
perfor:nance  to  any  other.  Fritlion  is  alm'){l  annihila- 
ted, and  no  oil  is  required.  It  went  fourteen  years 
without  being  touched,  and  duiing  that  time  did  not 
vary  one  complete  fecond  Trom  one  day  to  a:'.other,  nor 
ever  deviated  half  a  minute  by  accumulation  from  equa- 
ble motion  :  Yet  the  fcapement,  in  fo  far  a8  it  refoeds 
the  law  of  the  accelerating  force,  deviates  more  from 
the  proportion  ot  the  fpaces  than  the  r.iolt  recoiling 
fcapement  that  ever  was  pui  to  a  good  clock.  It  is  fo 
different  from  all  hitherto  delcribed,  both  in  form  and 
principle,  that  we  mull  not  omit  forre  account  of 
It,  and  with  it  we  (hall  conclude  our  fcapcments  for 
clocks. 

I,et  GDO  reprefent  the  fwing-wheel,  of  which  M 
is  the  centre.  A  is  the  verge  or  axis  of  the  pendulum. 
It  has  two  very  fhort  arms  AB,  AE.  A  (lender  rod 
BC  turns  on  fine  pivots  in  the  joint  B,  and  has  at  its 
extremity  C  a  hook  or  claw,  which  takes  hold  of  a 
tooth  D  of  the  fwing-wheel  when  the  pendulum  moves 
from  the  right  fide  to  the  left.  This  claw,  when  at 
liberty,  (lands  at  right  angles,  or,  at  leall,  in  a  certain  de- 
terminate angle,  with  regard  to  "he  arm  AB;  and  when 
drawn  a  little  from  that  pofition,  it  is  brought  back  to 
it  again  by  a  very  flender  fpring.  The  arm  AE  is  fur- 
nifhed  with  a  detent  EF,  which  alfo,  when  at  liberty, 
maintiins  its  pofition  on  the  arm  by  means  of  a  very 
llender  fpring. 

Let  us  now  fuppofe  that  the  tooth  D  is  prefllng  on 
the  claw  C,  while  the  pendulum  is  moving  to  the  right. 
The  joint  B  yields,  by  its  motion  round  A,  to  the  pref- 
fure  of  the  tooth  on  the  claw.  By  this  yielding,  the 
angle  ABC  opens  a  Httle.  In  the  mean  time,  the  fame 
motion  round  A  caufes  the  point  F  of  the  detent  on 
the  other  fide  to  approach  the  circumference  of  the 
wheel  in  the  arch  of  a  circle,  and  the  tooth  G  at 
the  fame  time  advances.  They  meet,  and  the  point 
of  G    is    lodged    in    the  notch  under   the   projefting 
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heel  /  When  this  takes  place,  it  is  evident  that 
any  farther  motio'i  of  the  point  E  round  A  mull  pulli 
the  tooth  G  a  little  backward,  by  means  of  the  de- 
tent EF.  It  cannot  come  any  nearer  to  the  wheel, 
becauf;  the  point  «•'  the  tooth  flops  tiie  heel  f.  1  he 
inll.int  that  F  pulhcs  G  back,  the  tooth  I)  is  with- 
drawn from  the  claw  C,  and  C  (lies  out,  by  the  adlion 
cf  its  fpring,  and  refumes  its  pofition  at  right  angles 
to  BA  ;  and  the  wheel  is  now  free  from  the  cl-iw,  but 
is  pulhing  at  the  detent  F(c).  The  pendulum,  ha- 
ving linilhcd  its  excurfion  to  the  right  (in  which  it  cau- 
fes the  wheel  to  recoil  by  meani  of  the  d-tcnt  F),  re- 
turns toward  the  left.  The  wheel  now  advances  again, 
and,  by  prefTing  on  F,  aiJs  the  pendulum  through  the 
whole  angle  of  fcapement.  By  this  mof.on  the  claw 
C  defcribes  an  arch  ot  a  circle  round  A,  nnd  approache.i 
the  wheel,  till  it  take  hold  of  another  tooth',  namely, 
the  one  following  D,  and  pulls  it  back  a  little.  This 
immediately  frees  the  detent  F  from  the  predure  of  the 
tooth  G,  and  it  (lies  out  a  little  from  the  wheel,  tefu- 
ming  its  natural  pofition  by  means  of  its  fpring.  Soon 
after,  the  motion  of  the  pendulum  to  the  left  ceafes,  and 
the  pendulum  returns  ;  D  pulling  forward  the  hook  C 
to  aid  the  pendulum,  and  the  former  operation  is  re- 
peated, &c.  &c. 

Such  is  the  operation  of  the  pallets  of  Harrifon  and 
Hindley.  Friftion  is  almoll  totally  avoided,  and  oil  en- 
tirely (d).  The  motion  is  given  to  the  pendulum  by  a 
fair  pull  or  pufh,  and  the  tteth  of  the  wheel  only  apply 
themlelves  to  the  detents  with.out  nibbing.  There  is 
no  drop,  and  the  fcapeme:it  makes  no  noife,  and  is 
what  the  artids  call  a  JiLul  fcapement.  The  mechani- 
cian will  readily  perceive,  that  by  properly  difpoling 
the  arms  AB,  AK,  and  difpofing  the  pallets  on  the 
circumference  of  the  wheel,  the  law,  by  which  the  ac- 
tion of  the  wheel  on  tke  pendulum  is  regulated,  may 
be  greatly  varied,  fo  as  to  harmonize,  as  far  as  the  na- 
ture of  fcapement,  alternately  pulhing  and  pulling,  will 
admit,  with  the  adtion  of  gravity. 

But  this  is  evidently  a  recoiling  fcapement,  and  one  of 
the  word  kind ;  for  the  recoil  is  made  at  the  very  con(inea 
of  the  vibration,  where  every  dillurbance  of  the  rt"ular 
cycloidal  vibration  occafioni  the  ^reateil  dillurbance  to 
the  motion.  Yet  this  clock  kept  time  with  moil  un- 
exampled piecifion,  far  excelling  all  that  had  been  made 
before,  and  equal  to  any  that  have  been  made  fince. 
This  is  entirely  owing  to  the  immenfe  fuperiority  of  the 
momentum  of  the  pendulum  over  the  maintaining  power. 
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(c)  The  reader  may  here  remark  the  manner  in  which  the  preffure  of  the  tooth  G  on  the  detent  is  transferred 
to  the  joint  E  by  the  intervention  of  the  (hank  FE,  and  from  the  joint  E  to  the  pendulum  rod,  by  the  interven- 
tion ot  the  arm  E.*\..  This  communication  of  preffure  is  precifely  the  fame  that  we  made  uie  of  in  explaining 
the  common  fcapement.  MG,  FE,  and  EA,  in  this  fig.  lo.  are  performing  the  offices  which  we  then  gave  to 
the  Hues  MB,  B    :,  and  HA,  in  fig.  j.      Harrrifon's  pallet  realifes  the  abdraCl  theory. 

(d)  Mr  Harriion  was  at  fiill  by  profeflion  a  carpenter  in  a  country  place.  Being  extremely  ingenious  and 
inventive,  he  had  made  a  variety  of  curious  wooden  clocks.  He  made  one,  in  particular,  for  a  tuiret  in  a  gen- 
tleman's houfe.  Its  expofure  made  it  wade  oil  very  fall,  and  the  maker  was  often  obliged  to  walk  two  or  three 
miles  to  renew  it,  and  got  nothing  for  his  trouble.  In  trudging  home,  not  in  very  good  humour,  he  pondered 
with  himfelf  how  to  make  a  clock  go  without  oil.  He  changed  all  his  pinion  leaves  into  rollers  ;  which  aa- 
fwered  very  well      But  the  pallets  required  it  more  than  any  other  part.      After  various  other  projectF,  he  con- 

-trived  thofc  now  reprefentcd,  where  there  was  no  friftion,  and  no  oil  is  wanted.     The  turret  clock  continued  to 
go  without  being  touched  till  Mr  Harrifon  left  the  country. 


WAT 

II.     Of  Scapsmtnts  for  a  Watch. 

The  execution  of  a  pror-cr  Icapement  for  watches  is 
a  far  more  delicate  and  oi'Ti-uk  problem  than  the  fore- 
going, on  account  of  t^e  fmall  fize,  whith  requires 
much  more  accurate  <*arkm?.nfhip,  becaufe  the  error  of 
the  hundredth  nart  of  ?.»  inch  has  as  great  a  proportion 
to  the  jimenfioiis  of  the  re^nilator  as  an  iii.-h  in  a  com- 
inon  hoiife  clock.  It  is  much  more  difficult  on  another 
account.  We  have  no  fuoli  neans  of  accunulating  fuch 
a  dominion  (to  ufe  Mr  Harrifon's  expreffive  term)  ov^r 
the  wheel, .vork  in  the  rejrulator  of  a  watch  as  in  that 
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that  tie  ofciUalions  of  a  halance,  urged  ly  Us  fpr'mgf  end 
undyiurled  by  all  foreign  forces,  are  performed  hi  equal  ^ 
times,  'U.'hethcr  they  be  luide  or  ruirrtitu.  This  principle 
was  athimed  by  the  celebrated  mechanician  Dr  Robtrt 
Hooke,  on  the  authority  of  many  experiments  which 
he  had  made  on  the  bending  and  unbending  of  fprings. 
He  found  that  the  force  neceiT-uy  for  retaining  a  ipring 
in  any  conflraiued  pofition  was  proportional  to  its  Itn- 
flon,  or  deflection  from  its  natural  form.  HeexprefTeJ 
this  in  an  anagram,  which  he  publiflied  about  the  year 
1660,  in  orde' to  eilablilh  his  claim  to  the  difcovery, 
and  yet  conceal  it,  till  he  had  made  fome  imporunt  ap- 


work. 


of  a  clock.     The  heaviel^  balance  that  we  can  employ,  -  plication  of  it.     When  the  anagram  was  explained  fome 


wiihout  the  certr.inly  of  fmpping  its  pivots  by  every 
light  jolt,  is  :.  mere  trifle,  in  comparifon  with  the  pen- 
dulum of  the  moft  ordinary  clock.  A  dozen  or  twenty 
grains  is  the  utmoit  weight  of  the  balance,  even  of  a  very 
large  packet  watch.  The  only  wzy  that  we  can  accu- 
mulate a'-.y  nntaiile  quantity  of  regulating  power  in 
luch  a  fmsli  pittsnce  of  matter  is  by  giving  it  a  very 
great  velocity.  This  we  do  by  accumulating  all  its 
weight  in  the  rim.  by  giving  it  very  wide  vibrations, 
and  by  m.akuig  ihsni  extremely  frequent.  The  balance- 
rim  of  a  middling  good  watch  fliould  oafs  through  at 
iead  ten  inches  in  every  fecond.  Now.  when  we  re- 
&e&  on  the  fmall  momentum  of  this  regulator,  the 
inevitable  inequalities  of  the  maintaining  power,  and 
the  great  arch  of  vibration  on  which  thefe  inequalities 
will  operate,  and  the  comparative  magnitude  even  of  an 
almotl  infenfible  friiRion  or  clamminefs,  it  appears  al- 
moU  chimtrica'  to  expeft  any  thing  neat  to  equability 
in  the  vibrations,  and  incredible  that  a  watch  can  be 
made  which  will  not  vary  more  than  one  beat  in  86400. 
Yet  fuch  have  been  made.  They  mull  be'confidered  as 
the  raoft  mafterlv  exertions  of  human  art.  The  per- 
formance of  a  ri-flefling  telefcope  is  a  gieat  wonder  : 
the  worft  that  can  find  a  market  muft  have  its  mirrors 
executed  without  an  error  of  the  ten-thoufanJth  part 
cf  an  inch  ;  but  we  now  know  that  this  accuracy  is  at- 
tained almoft  in  fpite  of  Uo,  and  that  we  fcarcely  can 
make  them  of  a  worfe  figure.  But  the  cafe  is  far  other- 
wife  in  watch  wotk.  Here  all  thofe  wonderful  ap- 
proaches to  perfe(f)i:)n  are  the  refults  of  rational  dif- 
ciifiion.  by  means  oi  found  principles  of  fcience  ;  and, 
unkfs  the  artill  who  puts  thefe  principles  into  praftice 
be  more  than  a  mere  copyiit,  unlefs  the  principles  them- 
felves  art  perceived  by  him,  and  aitually  direft  his 
hand,  the  wauh  may  ftiU  be  good  for  nothing.  Sure- 
ly, then,  this  is  a  liberal  art,  and  tar  above  a  manual 
knack.  Tlie  ftudy  of  the  means  by  which  fuch  won- 
ders are  fteadily  effcfted,  is  therefore  the  lludy  of  a 
gentleman. 

In  the  account  givm  above  of  the  fcapements  for 
pendulums,  we  alTumed  as  one  leading  principle  that 
t/je  natural  "vtbraiions  of  a  pendulum  are  performed  in 
equal  times,  whether  'wide  or  riarrvw.  This  is  fo  nearly 
true,  when  the  arches  on  each  fide  of  the  perpendicular 
do  not  exceed  four-degrees,  that  the  retardation  of  the 
v/ider  arches  within  that  limit  will  not  become  fenfible, 
though  accumulated  for  a  long  time.  The  common 
fcapement  with  a  plane  face  of  the  pallet,  helps  to  cor- 
reA  even  this  fraall  inequality  much  better  than  the 
niceft  form  of  the  cycloidal  cheeks  propofed  by  Huy- 
ghens. 

In  watch- work  we  aflume  a  fimilar  principle,  namely, 


years  afterwards,  it  was,  "  Ut  tenfio,fic  ■vis."  Dr  Hooke 
thought  of  applying  this  difcovery  to  the  reg\i!ation  of 
watch  movements.  For,  if  a  flender  fpring  he  properly 
applied  to  the  axis  of  a  watch  balance,  it  will  put  that 
balance  in  a  certain  detenninate  pofition.  ,If  the  ba- 
lance be  turned  afide  from  this  pofition,  it  feems  to  fol- 
low that  it  will  be  urged  back  tow?.rd  it  by  a  force  pro- 
portional to  its  diftance  from  it.  He  immediately  made 
the  application  to  an  old  watch,  which  he  aflervi'ard 
gave  to  Dr  Wilkins,  Bilhop  of  Chefter.  TMn  was  in 
1658.  Its  motion  was  fo  amazingly  improved,  that 
Hooke  was  pcrfuaded  of  the  perfeftion  of  his  principle, 
and  thought  that  nothing  was  now  wanting  for  making 
a  watch  of  this  kind  a  perfeft  chronometer  but  the  hand 
of  a  good  workman.  For  his  watch  feemed  almoft  per- 
feft,  though  made  in  a  fmall  country  town,  in  a  very 
coarfe  manner.  Mr  Huyghens  alfo  claims  this  diicovery. 
He  publifhed  his  claim  about  the  year  1675,  and  pro- 
pofed to  make  watches  for  difcovering  the  longitude  of 
a  iTiip  at  fea.  But  there  is  the  moil  unquellionable 
evidence  of  Dr  Hooke's  priority  by  fifteen  years,  and 
of  his  having  made  feveral  watches  of  this  kind.  One 
of  them  was  in  the  DofTtffion  of  his  majefty  king 
Charles  II.  Dr  Hooke's  firft  balance  fpring  was 
flraight,  and  afted  on  the  balance  in  a  very  imperfeft 
manner.  But  he  foon  faw  the  imperteftiors,  and  made 
feveral  fucceffive  alterations  ;  and,  among  others,  he  em- 
ployed the  cylindrical  fpiral  now  employed  by  Mr  Ar- 
nold ;  but  he  gave  it  up  for  the  flat  fpiral :  and  the 
king's  watch  had  one  of  this  kind  before  Mr  Huyghcr>s 
publilhed  his  invention.  His  projeft  of  longitude 
watches  had  been  carried  on  along  with  Lord  Brouncker 
and  .Sir  Robert  Moray,  and  they  had  quarrelled  iome 
years  before  that  publication.      See  Vv'^atch.  Encycl. 

But  both  Dr  Hooke  and  Mr  Huyghens  were  too 
fanguine  in  their  expeftations.  'We,  by  no  means,  have 
the  evidence  for  the  truth  of  this  principle  that  we  have 
for  the  accelerating  aftion  of  the  gravity  on  a  pendulum. 
It  reds  on  the  nicety  and  the  propriety  of  the  experi- 
Hoents;  and  long  experience  has  flicwn  that  it  is  fcnfibly 
true  only  within  certain  limits.  The  demonll rations 
by  which  Bernoulli  fupports  the  unqualified  principle 
of  Mr  Huyghens,  proceed  on  hypothetical  doftrines 
concerning  the  nature  of  elafticity.  And  even  thefe 
(hew  that  the  law  of  elafticity  whicli  he  affumed  was 
felefted,  not  becaufe  founded  on  Ampler  principles  than 
any  other,  but  becaufe  it  was  confiflent  with  the  expe- 
riments of  Hooke  and  Huyghens.  Befides,  although 
this  fhould  be  the  true  law  of  a  fpring,  it  does  not  fol- 
low that  this  fpring,  applied  in  any  luay  to  the  axis  of 
a  balance,  will  urge  that  balance  agreeably  to  the  fame 
law  :  aud  if  it  did,  it  ftill  does  not  follow  that  the  ofcjlia. 
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V/atch-  tions  of  the  balance  will  be  ifochroiious  ;  for  the  force  will  keep  time  witliin  a  minute  in  the  day.  This  is 
has  to  move  not  only  tlie  balance  but  alio  the  fpring.  enough  for  the  ordinary  affairs  of  life.  But  fuch 
Part  of  the  rcftoring  force  of  the  fpring  is  employed  in  ■watclies  are  fubjeft  to  great  variation  in  their  rate  of 
reftoring  it  rapidly  to  its  quicfcent  ftape,  and  thus  ena-  going,  by  any  change  in  the  powtr  of  ihi-  wheels.  This 
bling  it  to_/i)//ow(3«(/j'?(7/(m/i(r/ the  yielding  balance.  It  is  it  evident  ;  for  if  the  watch  be  held  back,  or  prelfcd 
therefore  only  the  furplus  which  is  employed  in  aAually  forward,  by  the  key  applied  to  the  fufee  fquarc,  wc 
moving  the  balance,  and  it  is  uncertain  whether  this  hear  the  beating  greatlv  retarded  or  accck-ratcd.  The 
furplus  varies  according  to  the  fame  law,  being  always  maintaining  power,  in  the  beft  of  fuch  watches,  is  never 
the  fame  proportion  of  the  whole  force  of  the  fpring.  lels  than  one  fifth  of  the  regulating  power  of  the  fpring'. 
We  find  it  an  extremely  difficult  problem  to  determine  For,  if  we- take  off  the  balance  fpring,  and  allow  ihc 
the  law  of  variation  of  this  furplus,  even  in  the  fimpleft  balance  to  vibrate  by  the  impulfe  of  the  wheels  alone 
form  of  the  fpring  ;  nay,  it  is  by  no  means  an  ealy  pro-  we  fhall  find  tlic  minute  hand  to  go  forward  froui  2C 
blem  to  determine  the  law  of  ofcillation  of  a  fpring,  un-  to  30  minutes  per  hour.  Suppofe  it  10.  Then,  fii.cc 
loaded  with  any  balance  ;  and  we  can  eafily  Ihew  that  the  wheels  aft  through  equal  (paces  with  or  without  a 
there  are  fuch  forms  of  a  fpring,  that  although  the  ve-  fpring,  the  forces  areas  the  ftjuares  of  the  acquired  ve- 
locity with  which  the  different  parts  approach  to  their  locities.  (Dynamics,  Suppl.n"  gt;.)  The  velocity  in 
quielcent  pofition  be  exaiSly  as  their  excurfion  from  it,  this  cafe  is  double  ;  therefore  the  accelerating  force  is 
this  is  by  no  means  the  law  of  velocity  which  this  fpring  quadruple,  and  the  force  of  the  fpring  is  three  times 
will  produce  in  a  balance.  The  matter  of  faS  is,  that  that  of  the  wheels.  If  the  hand  goes  forward  2C  mi- 
when  the  fpring  is  a  fimple  (Iraight  (letl  wire,  ful'pend-  nutes,  the  force  of  the  wheels  is  about  one-fifth  of  that 
ing  the  balance  in  the  direftion  of  its  axis,  the  motions  of  the  fpring.  This  great  proportion  is  necefiary,  as 
of  it,  if  not  immoderate,  are  pre<:ifeiy  agreeable  to  already  obferved,  that  tiie  watch  may  go  as  foon  as  un- 
Huyghens's  and  Hooke's  rule  ;  and  that  theTnotion  of  (topped. 

a  balance  urged  by  a  fpring  wound  up  into  a  flat,  or  a  We  have  but  little  to  fay  on  this  fcapement  ;  its  prin- 
cylindrical  fpiral,  as  in  common  watches,  and  thofe  of  ciple  and  manner  of  aStion,  and  its  good  and  bad  quali- 
Arnold,  deviates  fenhbly  from  it,  unlefs  a  certain  ana-  tjes,  being  the  fame  with  thofe  of  the  fimilar  fcapement 
logy  be  preferved  between  the  length  and  the  elafticity  for  pendulums.  It  is  evident  that  the  maintaining 
of  the  fpring.  If  the  fpring  be  immoderately  long,  the  power  being  applied  in  the  mofb  direft  manner,  and  du- 
widc  vibrations  are  flower  than  the  narrow  ones  ;  and  ring  the  whole  of  the  vibration,  it  will  have  the  greatell 
the  contrary  is  obferved  when  the  fpring  is  immoderate-  poflible  influence  to  move  tlie  balance.  A  given  main- 
ly fliort.  A  certain  taper,  or  gradual  diminution  of  the  fpring  and  train  will  keep  in  motion  a  heavier  balance 
fpring,  is  alfo  found  to  have  an  effedl;  in  equalizing  the  by  means  of  this  fcapement  than  by  any  other.  But, 
wide  and  narrow  vibrations.  There  is  alfo  a  great  dif-  on  the  other  hand,  and  for  the  fame  reafon,  the  balance 
ference  between  the  force  with  vvhich  a  pait  of  the  lus  lefa  dominion  over  the  wheel-work,  and  its  vibra- 
fpring  unbends  itfelf,  and  the  aftion  of  that  force  in  tions  are  more  affeCied  by  any  irregularities  of  the  wheel- 
urging  the  balance  round  its  axis  ;  and  the  performance  work.  Moreover,  the  chief  aClion  of  the  wheel  being 
of  many  watches,  good  in  other  refpefts,  is  often  faulty  at  the  very  extremities  of  the  vibrations,  and  being  very 
from  the  manner  in  which  this  unbending  force  is  em-  abrupt,  the  variations  in  its  force  are  moll  hurtful  to 
ployed.  the  ifochronifm  of  the  vibrations. 

But,   fince  thefe  corredfions  are  in  our  power  in  a  Although  tin's  fcapement  is  extremely  fimple,   it  is 

coniiderable  degree,  we  may  fuppofe  them  applied,  and  fufccptible  of  more  degrees  of  goodnefs  or  imperfeftion 

the  true  motion   (which  we  fliall  call  the  cycloidal)  at-  than  almoil  any  other,  by  the  variation  of  the  few  par- 

tained  ;  and  we  may  then  adapt  the  conftruiLion  of  tlie  ticulaisof  its  conltrurtion.      We  Ihall  therefore  briefly 

fcapement  to  the  preferving  this  motion   undidurbcd.  defcribe  that  conftruftion   which  long  experience   has 

And  here  we   muft  fee  at  once  that  the  problem  is   in-  fandh'oned  as  approachir.g  near  to  the  bed  ptrformance- 

comparably  more  delicate  than  in  the  cafe  of  pendulums,  that  can   be    olitained   from    the   common    fcapement. 

The  vibrations  muft  be  very  wide,  and  the  angular  mo-  Fig.    I  1.  reprefents  it  in  what  arc  thought  its  beft  pro- 

tion  rapid,  that  it  may  be  little  aifedled  by  external  mo-  portions,   as  it  appears   when  looking  (Iraight  down  oa 

tions.      The  fmalleft  inequalities  of  maintaining  power  tiie  end  of  the  balance  arbor.      C  is  the  centre  of  the 

afiing  through  fo  great  a  fpace,   muft  bear  a  confider.  balance  and  verge.      CA   and  CB  are   the  two  pallets; 

able  proportion   to   the  very   minute  momentum   of  a  C.-\  being  the  upper  pallet,  or  the  one  next  to  the  ba- 

watch  balance.     Oil  is  as  clammy  on   the  pallets  of  a  lance,  and  CB  being  the  lower  one.      F  and  Dare  two 

watch  as  on  thofe  of  a  clock  ;  a  vifcidity  which  would  teeth  of  the  crown  wheel,    moving  from  left  to  right  ; 

never  be  felt  by  a  pendulum  of  20  pounds  weight  will  and  E,  G,  are  two  teeth  on  the  lower  part  of  the  cir- 

ftop  a  balance  of   20  grains  altogether.      For  the   fame  cumfcrence,  moving  from  right  to  left.      The  tooth  D 

realon,  it  is  evident  that   any  impropriety  in  the   form  is  rcprefented  as  juft  cicaped  from  the  _point  of  C.A, 

of  the  pallet  muft  be  incomparably  more  pernicious  than  and  the  lower  tooth  E  as  juft  come  in  contact  with  the 

m   the  cafe  of  a  pendulum  ;   the   deviation   which  this  lower  pallet.     The  fcapement  Ihould  not,   however,  be 

may  occafion   from  a  force   proportional  to  the  angular  quite    io    clofe,    becaule   an    inequality   on    the    teetli 

diftance  from  the  middle  point,   muft  bear  a  great  pro-  might  prevent  D  from  efcaping  at  all.      For  if  E  touch 

portion  to  the  whole  force.  the  pallet   CB  be/ore  D  has  quitted  CA,  all  will  Hand 

The  common  recoiling  fcapement  of  the  old  clocks  ftill.      This  fault   will  be  corrected  by  withdrawing  the 

{till  holds  its  place  in  the  ordinary  pocket  watches,  and  wheel  a  little  from  the  verge,  or  by  (hortening  the  pallets, 
anfwers  all  the  common  purpofes  of  a  watch  very  well.  The   proportions   are   as   follow.      The   diftance  be- 

A   well   finifheJ   watch,  with   a  recoiling   fcapement,  tween  the  front  of  the  teeth  (that  is,  of  G,F,E,D,)  and 
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Watch.    t'r;e  axis  C  of  the  balance  is  one-fiTth  of  FA,  the  di-  for.this  purpofc  was  to  leave  the  balance  uneonncfteu 

^"■^-      ftance  between  the  points  of  the  teeth.     The  leiigtli  with  the  wlieels,  efpcclally  near  the  extremities  of  tlie 

'^  CA,  CJj  of  the  pallets  is  three-fifths  of  the  fame  di-  vibratiDii,  where  the  motion  is  languid,  and  where  every 

fiance.      The  pallets  make  an  angle  ACB   of  9;    dc-  iiie(iuality  of  maintaining  power  mull  adt  for  a   longer 

»  grees,  and  the  finnt  1)H  or  FK  of  the  teeth  make  an  lime,  and  therefore  liave  a  great  tlfefton  the  whole  du- 

aiiale  of  25^  with  the  axis  of  the  crown  wheel.      The  ration   of  the  vibrations.      The  maxim  of  corllrii(fiion 

iloping  fide  ofthe  tooth  mnll  be  of  anepieycloidal  form,  that  naturally  arifes  from  tliefe  refieftions  is  to  conjiue, 

fiiited  to  the  relative  motion  of  the  to(nh  and  pallet.  if  polTible,  the  nflion  of  the  iv/?ee/s  to  the  middle  of  the  vi- 

From  thcfe  proportions  it  appears  that  the  pallet  A  bration,  where  the  motion  is  rapid,  and  where  the  chief 

can  throiv  out,  by  the  ailion   of  the  tooth  D,  till  it  efTedt  of  an  increafe  or  diminution  of  the   maintaining 
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reaches  a,  120  degrees  from  CL,  the  lint  of  the  crown- 
wheel axis.  For  it  can  throw  out  till  the  pallet  B 
ftrike  againll  the  front  of  E,  which  is  inclined  15''  to 
CL.  To  this  add  BCA,  =  95',  aiid  we  have  LC  a 
=r  120.  In  like  manner  B  will  throw  out  as  far  on 
the  other  fide.      From  24.0°,  the  fnm  of  thefe  angles. 


power  will  be  to  enlarge  or  contraft  the  angular  mo- 
tions, but  will  make  little  change  on  their  duration  ; 
becaufe  the  greatetl  part  of  the  motion  will  be  effedcd 
by  the  balance  fpring  alone.  This  maxim  was  inculca- 
ted in  exprcfs  terms  by  John  Bernoulli,  in  his  Re- 
iherches  Mechaniqucs  et  Pbyfques  ;   but  it  had  been  fug- 


take  the  angle  of  the  pallets  95'',   and  there  remains  gelled  by  common  fenfe  to  feveral  unlettered  artifts  be- 
141;°  for  the  greatell  vibration   which  tlie  balance  can  fore  that  time.      About   the  beginning  of  this  century 
make  without  llrikingthe  front  of  the  teeth.    This  ex-  watches  were  made  in  London,  where  llic  verge  had  a 
tent  of  vibration   fuppofes  the    teeth  to  terminate  in  portion  e  d  b  (fig.  12.)   of  a  fmall  cylinder,   having  its 
points,  and  the  ading  furfaces  of  the  pallets  tobe  planes  centre  c  in  the  axis,  and  a  radial  pallet  h  a  jjroceeding 
direfted  to  the  very  axis  of  the  verge.      But  the  points  from  it.      Suppofe  a  tooth  jufl  efcaped  from  the  point 
of  the  teeth  muft  be  rounded  off  a  little  for  ilrength,  of  the  pallet,   m(>ving  in  the  direflion  h  d  e,   the  cylin- 
and  to  diminiih  fritlion  on  the  face  of  the  pallets.   This  drical  part  was  fo  fituated  that  the  next  tooth  dropped 
diminifhes  the  angle  of  fcapement  very  confiderably,  on  it  at  a  fmall  diitance  from  its  termination.     While 
by  fhortening   the   teeth.     Moreover,   we  muft  by   no  the  verge  continues  turning  in  the  dlrcftion  b  d  e,   the 
means  allow  the  point  of  the  pallet  to  bank  or  ftrike  on  tooth  continues  refting  on  the  cylinder,  and  the  balance 
the  forefide  of  a  tooth.      This  would  greatly  derange  fuftains  no  aSion  from  the  wheels,  and  has  only  to  over- 
the  vibration  by   the  violence  and    abruptnefs   of  the  come  the  minute  frictions  on  the  poliflied   furface  of  a 
check  which  the  wheel  would  give  to  the  pallet.  This  hard  fteel  cylinder.     This  motion  may  perhaps  continue 
circumftance  makes  it  improper  to  continue  the  vibra-  till  the  pallet   acquires  the  pofitiony,  almoft  touching, 
tions  much  beyond  the  angle  of  fcapement.  One-third  the  tooth.      It  then  Hops,  its  motion  being  extinguidied 
of  a  circle,  or  120°,  is  therefore  reckoned  a  very  proper  by  the  increafing  force  of  the  fpring.      It  now  returns, 
vibration  for  a  fcapement  made  in  thefe  proportions,  moving  in  the  direction  e  d  h  ;  and  when  the  pallet  has 
The  impulfe  of  the  wheels,  or  the  angle  of  fcapement,  acquired  the  pofition  c  i,  the  toothy  quits  the  circum- 
may  be  increafed  by  making  the  face  of  the  pallets  a  ferenee  of  the  cylinder,  and   drops  in  on  the  pallet  at 
little  concave  (preferving  the  fame  angle  at  the  centre),  the  very  centre.  The  ctookcd  form  of  the  tooth  allows 
The  vibration  may  alfo  be  widened  by  pufhing  the  wheel  the  pallet    to    proceed  ftill  farther,  before  there  is   any 
nearer  to  the  verge.      This  would  alfo  diminifh  the  re-  danger  of  banking  on  the  tooth.      This  vibration  being 
coil.   Indeed  this  may  be  entirely  removed  by  bringing  alfo  ended,  the  balance  refumes  its  firft  diredlion,  and 
the  front  of  the  wheel  up  to  C,  and  making  the  face  of  the  tooth  now  afts  on  the  face   of  the  pallet,  and  re- 
the  pallet  not  a  radius,  but  parallel  to  a  radius  and  be-  ftores  to  the  balance  all  the  motion  which  it  had  loft  by 
bind  it,  i.  e.  by  placing  the  pallet  CA  fo  that  its  afting  friftion,  &c.  during  the  two  preceding  vibrations, 
face  mav  be  where  its  back  is  jull  now.    In  this  cafe,  the  It  is  evident  that  this  con ftruction  obviates  all  the 
tooth  D  would  drop  on  it  at  ihe  centre,  and  lie  there  objeftions  to  the  former  recoiling  fcapement,  and  that, 
at  reft,  while  the' balance  completes  its  vibration.     But  by  fufficiently  diminilhing  the  diameter  of  the  cylindri- 
this  would  make  the  banking  (as  the  ftroke   is  called)  cal  part,  the  friftion   may  be  reduced  to  a  very  fmall 
on  the  teeth  almoft  unavoidable.      In  (liort,  after  vary-  quantity,  and  the  balance  be  made  to  move  by  the  ac- 
inar every  circumftance  in   every  poffible   manner,  the  tion   of  the  fpring  during  the  whole  of  the  excurfion, 
beft  makers  have  fettled   on   a  fcapement  very   nearly  and  of  the  returning  vibration.     Yet  this  conftruftion 
fuch  as  we  have  dcfcribed.     Precife  rules  can  fcarcely  does  not  feem  to  hare   come  much  into  ufe,  owing,  in 
be  given  ;  becaufe  the  law  by  which  the  force  afting  all   probability,  to  the  great  difficulty  of  making  the 
on  the  pallets  varies  in  its  intenfity,  deviates  fo  widely  drop  fo  accurate  in  all  the  teeth.     The  fmalleft  inequa- 
from  the  aftion  of  the  balance  fpring,  efpecially  near  lity  in  the  length  of  a  tooth  would  occafion  it  to  drop 
the  limits  of  the  excurfions.  fooner  or  later  ;  and  if  the  cylinder  was  made  very  fmall, 
The  difcoveries  of  Huyghens  and  Newton  in  rational  to  diminini  friftion,  the  formation  of  the  notch  was  al- 
mechanics  engaged  all  the  mathematical  philofophers  of  moft  a  microfcopical  operation,  and  the  fmalleft  ftiake 
Europe  inthcfolutionofmechanlcal  problems,  about  the  in  the  axis  of  the  verge  or  the  balance-wheel  would 
end  of  the  laft  century.    The  vibrations  of  elaftic  plates  make  the  tooth  flip  paft  the  cylinder,  and  the  watch 
or  wires,  and  their  influence  on  watch  balances,  became  run  down  amain. 

familiar  to  every  body.     The  great  requifites  fcr  pro-  About  the  fame  time,  a   French  artlft  in   London 

ducing  ifochronous  vibrations   were  well   underftood,  (then  the  fchool  of  this  art)  formed  another  fcapement, 

and  the  artifts  were  prompted  by  the  fpeculatifts  to  at-  with  the  fame  views.    We  have  not  any  diftinft  account 

tempt  conftruftions  of  fcapements  proper  for  this  pur-  of  it,  but  are  only  informed  (in  the  7th  volume  of  the 

pofe.  It  appeared  clearly,  that  the  moft  effeftual  means  Mmiincs  approuviu  par  I' Acad,  des  Science})  that  the 

tooth 
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Watch-    tooth  refled  on  the  furface  of  a  hollow  cylindJi',  and  the  vibrations  produced,  gradually  incrcafed  to  their    Waech- 

vark.    ^tlien  efcaped  hy  afting  on  t'.io  inclined  edjre  of  it.      But  niaxiiiuim,   and  maintained  in  that  (late.     Kvery  fuc-      work. 

~~'*^~~'^  we  iniy  prefume  that  it  had  merit,  being  there  told  that  cetding  tooLli  of  th-;  vvlieel  afts  lirft  on  the  edge  I/,  and^^"^*"" 

Sir  Ifaac  Newton  wore  a  watch  of  this  kind.  then  on  the  edge  rj ;   rclling  firll  on   the  outfide,  and 

A  much  fuperior   fcap-rincr.t,   on   the  fame  principle,  then  on  the  infide  of  thf  cylinder.      The  balance  ij  un- 

%v.is  invented  by  Mr  Geo.  Graham,  at  the   fame  time  dtr  the  influence  of  the  wheels  while  the  edge  d  paffc3 

that  he  changed  the  recoiling  fcapement  tor  pendulums  to  h,  and  while  rfpaffcs  to  I ;   and  the  rcll  of  the  vibra- 

into  the  dead  beat.      Indeed  it  is   the   fame    fcapement,  tion  is  performed  without  any  aC^ion  on  tlie  part,  of  the 

accommo'Litcd  to  the  large  vibrations  of  a  balance.      In  wheels,  but  is  a  little  obftriiSted  Ijy  friction,  and  by  the 

fig.    13    DE  reprtfents  part  of  the  rim  of  the  balance-  claniininefs  of  the  oil.      In  the  conltrudioii  now  defcri- 

wheel.  A  and  C  are  two  of  its  teeth,  having  their  faces  bed,   the  arch  of  adtion  or  fcapement  is  evidently  30°, 

le  formed  into  plants,  inclined  to  the  circumference  of  being  twice  the  angle  which  the  face  of  a  tooth  make* 

the  wheel,  in  an  angle  of  about  l  j  degrees;  fo  thattlie  with  the  circumference. 

length  b  e  o(  the  face  is  nearly  quadruple  of  its  height  The  reader  will  perceive,  that  when  this  fcapsmcnt 
c  m.  Suppofe  a  circular  arch  ABC  dcfcribed  round  is  executed  in  fuch  a  manner  that  the  fuccecding  tooth 
the  centre  of  the  wheel,  and  through  the  middle  of  the  is  in  contaft  with  the  cylinder  at  the  inllant  that  thf 
faces  of  the  teeth.  The  axis  of  the  balance  paffes  thro'  preceding  one  efcapes  from  it,  the  face  of  the  tooth 
fome  point  B  of  this  arch,  and  we  may  fay  that  the  mull  be  equal  to  the  infide  diameter  of  the  cylinder,  and 
mean  circumference  of  the  teeth  paffes  through  the  that  the  dillanee  between  the  heel  of  one  tooth  and' 
centre  of  lite  verge.  On  this  axis  is  fixed  a  portion  of  the  point  of  the  following  one  mull  be  equal  to  the  out- 
a  thill  hollow  cylinder  t  c  J,  made  of  hard  tempered  fide  diameter.  When  the  fcapement  is  fo  clofe  there 
fteel,  or  of  fome  hard  and  tough  Hone,  fuch  as  ruby  or  is  no  drop.  A  good  artlfl  approaches  as  near  to  this 
fapphire.  Agates,  though  very  bard,  are  brittle.  Chal-  adjuftment  as  poffible  ;  becaufe,  while  a  tooth  is  drop- 
cedony  and  cornelian  are  tough,  but  inferior  in  hard-  ping,  but  not  yet  in  contaft,  it  is  not-  aftlng  on  the  ba- 
nefs.  This  cylinder  Is  fo  placed  on  the  verge,  that  when  lance,  and  fome  force  is  loll.  The  execution  is  account- 
the  balance  is  in  its  quielcent  politlon,  the  two  edges  b  ed  very  good,  if  the  dillanee  between  the  centres  of  two 
and  J  are  in  the  circumference  which  paffes  ihrougli  the  teeth  is  twice  the  external  diameter  of  the  cylinder, 
points  of  the  teeth.  By  this  conllrudiion  the  portion  Tills  allows  a  drop  equal  to  the  tiiickncfs  of  the  cylin- 
of  the  cylinder  will  occupy  210''  of  the  circumterence,  der,  which  is  about  -j'^th  of  its  diameter, 
or  30°  more  than  a  femlcircle.  The  edge /^,  to  which  We  mull  alfo  explain  how  this  cylinder  is  foconnefted 
the  tooth  approaches  from  without,  is  rounded  off  on  with  the  verge  as  to  make  fuch  a  great  revolution  round 
both  angles.  The  other  edge  d  is  formed  into  a  plane,  the  tooth  of  the  wheel.  The  triangular  tooth  c  i  m  is 
inclined  to  the  radius  about  30^  placed  on  the  top  of  a  little  pillar  or  pin  fixed  into  the 
Now,  fuppoTe  the  wheel  preffed  forward  in  the  direc-  extremity  of  the  piece  of  brafs  m  D  formed  on  the  rim 
tioo  AC.  The  point  i  of  the  tooth,  touching  the  of  the  wheel.  Thus  the  wedge-tooth  has  Its  plane  paral- 
rounded  edge,  will  pudi  it  outwards,  turning  the  ha-  lei  to  the  plane  of  the  wheel,  but  at  a  fmall  dillanee  a- 
lauce  round  in  tlie  direilion  i  c  tl.  The  heel  c  of  the  bove  it.  I'ig.  B  reprefcnts  the  verge,  a  long  hollow 
^oovh  will  efcape  from  this  edge  when  it  is  in  the  pofi-  cylinder  of  hard  fteel.  A  great  portion  of  the  metal  is 
tion  /},  and  e  is  in  the  pofition  /.  The  point  l>  of  the  cut  out.  If  it  were  fpread  out  flat,  it  would  have  the 
tooth  is  now  at  d,  but  the  edge  of  the  cylinder  lias  now  flinpe  of  fig.  C.  Suppofe  this  rolled  up  till  the  edges 
got  to  /.  The  tooth,  therefore,  reds  on  the  infide  of  GH  and  G'H'  are  joined,  and  we  have  tlie  exadl  form, 
the  cylinder,  while  the  balance  continues  its  vibration  a  The  part  afted  on  by  the  point  of  the  tooth  is  tlie  dot- 
little  way,  in  confecjuencc  of  the  fhove  which  It  has  re-  ted  line  1/  J.  The  part  DIFE'  ferves  to  conned  the 
ceived  from  the  aftlon  of  the  inclined  plane  pufliing  it  two  ends.  Thus  it  appears  to  be  a  very  flender  and 
out  of  the  way,  as  the  mould  board  of  a  plough  fhoves  delicate  piece  ;  but  being  of  tempered  Heel,  it  Is  ftrong 
a  ftone  afide.  When  this  vibration  is  ended,  by  the  op-  enough  to  refill  moderate  jolts.  The  ruby  cylinders 
pofition  of  the  balance-fprlng,  the  balance  returns,   the  are  much  more  delicate. 

tooth  (now  in  the  pofition  B)   rubbing  all  the  while  on  Such  is  the  cylinder  fcapement  of  Mr  Graham,  called 

the  infide  oi  the  cylinder.     The  balance  comes  back  in-  alfo  the  HORizONTAfc  scapement,  becaufe  the  balance 

to  its  natural  pofition  l>  c  d,  with  an  accelerated  motion,  wheel  is  parallel  to  the  others.      Let  us  fee  how  far  it 

by  the  aftlon  of  its  fpring,  and  would,  of  ittlf,  vibrate  may  be  expefted  to  anfwer  the  intended  purpofes.      If 

as  far,  at  leall,  on  the  other  fide.      But  it  is  aided  again  the  excurfions  of  the  balance  beyond  the  angle  of  im- 

by  the  tooth,  which,  preffing  on  the  edge  d,   pufiies  it  pulfion   were    made    altogether   unconnefted  with  the 

afide,   till  it  come  into  the  pofition  k,  when   the  tooth  wheels,  the  -whole  vibration  would  be  quicker  than  one 

efcapes  from  the  cylinder  altogether.     At  this  moment  of  the  fame  extent,  made  by  the  a6tion  of  the  balance- 

the  other  edge  of  the  cylinder  is  in  the  pofition  /,  and  fpring  alone,  becaufe  the  middle  part  of  it  is  accelerated 

therefore  is  in  the  way  of  the  next  tooth,  now  in  the  by  the  wheels.     But  the  excurfions  are  obtlruSed  by 

pofition  A.      The  balance  continues  its  vibration,  the  fridion  and  the  clamminefs  of  oil.      The  elFcft  of  this 

tooth  all  the  while  refl.ing,   and  rubbing  on  the  outfide  in  ohJlruShi^  the  motion   is  very  confidcrable.     Mr  Le 

of  the  cylinder.      When  this  vibration,  in   the  direition  Roy  placed  the  balance  fo,  that  it  relied  when  the  point 

dcb,'n  finifhed,  the  balance  lefumes  Its  firll  motion  bed,  of  the  tooth  was  on  the  middle  of  the  cyllndiic  furface. 

by  the   aftlon  of  the  fpring,  and  the  tooth  begins  to  When  the  wheel  was  allowed  to  prcfs  on  it,  and  it  was 

aft  on  the  firll  edge  b,    as  foon  as  the  balance  gets  into  drawn  80"  from  this  pofition,  it  vibrated  only  during 

its  natural  pofition,  fiiovcs  it  afide,  efcapes  from  it,  and  4!  feconds.    When  the  wheel  was  not  allowed  to  touch  . 

drops  oiithe  infide  of  the  cylinder.    In  this  maimer  ate  tlie  cylinder,  ii  vibrated  99  feconds,  or  20  times  as 
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long ;  fo  much  did  the  friftion  on  the  cylinder  exceed 
that  of  the  pivots.     We  are  not  fufficieiitly  acquainted 
with  the  laws  of  either  of  thefe  obllrudions  to  pro- 
nounce decidedly  whether  they  will  increafe  or  dinii:iilh 
the  time  of  the  whole  vibrations.      We  obferve  diftincl- 
ly,   in  motions  with  confiderable  friction,  that  it  does 
ii«t  increafe  nearly  fo  fall  as  the  velocity  of  the  motion  ; 
ray,  it  is  often  lefs  when  the  velocity  is  very  great.   In 
all  cafes  it  is  obferved  to  terminate  motions  abruptly. 
The  friftion  requires  a  certain  force  to  overcome  it,  and 
if  the  body  has  any  lefs  it  will  ftop.      Now  this  will 
not  only  contraft   the  excurfion  of  the  balance,   but 
will  (liorten  the  time.     But  the  return  to  the  angle  of 
impulfion  will  undoubtedly  be  of  h)nger  duration  than 
the  excurilon  ;  for  the  arch  of  return,   from  the  extre- 
mity of  the  excurfion  to  its  beginning,  where  the  angle 
of  impulfion  ends,  is  the  fame  with  the  arch  of  excur- 
fion.     The  velocity  which  the  balance  has  in  any  point 
of  the  return  is  lefs  than  what  it  had  in  the  fame  point 
of  the  excurfion  ;  becaufe,  in  the  excurfion,   it  had  ve- 
locity enough  to  carry  it  to  the  extremity,  and  alfo  to 
overcome  the  friction.     In  the  return,  it  could,  even 
■without  friction,  only  have  the  velocity  which  would 
have  carried  it  to  the  extremity  ;  and  this  fmaller  velo- 
city is  diminilhed  by  friction  during  the  return.     The 
velocity  being  lefs  through  the  whole  return  than  du- 
ring the  excurfion,  the  time  muft  be  greater.     It  may 
therefore  happen  that  this  retardation  of  the  return  may 
compenfate  the  contraftion  of  the  excurfion  and  the  di- 
minution of  its  duration.     In  this  cafe  the  vibration 
will  occupy  the  fame  time  as  if  the  balance  had  been 
free  from  the  wheels.      But  it  may  more  than  compen- 
fate, and  the  vibrations  will  then  be  flower;  or  it  may 
not  fully  compenfate,   and  they  will  he  quicker.      We 
cannot  therefore  fay,  a  priori,   which  of  the  two  will 
happen  :  but  we  may  venture  to  fay  that  an  increafe 
of  the  force  of  the  wheels  will  make   the  watch  go 
flower  :  for  this  will  exert  a  greater  preffure,  give  a 
greater  impulfion,  produce  a  wider  excurfion,  and  in- 
creafe the  friction  during  that  greater  excurfion,  ma- 
king the  wide  vibrations  flower  than  the  narrow  ones ; 
becaufe  the  angle  of  impulfion  remaining  the  fame,  the 
prefTures  exerted  mufl  be  quadrupled,  in  order  to  double 
the  excurfion  (See  Dynamics,  n°  95.  SuppL),  and  there- 
fore  the  friftion  will  be  increafed  in  a  greater  propor- 
tion than  the  momentum  which  is  to  overcome  it.      But, 
with  refpeCt  to  the  obllruftion  arifing  from  the  vifcidi- 
ty  of  the  oil,   we  know  that  it  follows  a  very  different 
law.      It  bears  a  manifeft  relation  to  the  velocity,  and 
Is  nearly  proportional  to  it.     But  ftill  it  is  difficult  to 
fay  how  this  will  affeft  the  whole  vibration.      The  du- 
ration  of  the  excurfion  will  not  be  fo  much  contrafted 
as  by  an  equal  obftruftion  from  friftion,  becaufe  it  will 
not  terminate  the  motion   abruptly.     There  are  there- 
fore more  chances  of  the  increafed  duration  of  the  re- 
turn  cxteeding  the  diminution  of  it  in  the  excurfion. 
All  that  we  can  fay,  therefore,   is,  that  there  will  be  a 
coinpenfation  in  both  cafes.    The  time  of  excurfion  will 
be  contrafted,  and  that  of  return  augmented. 

Now,  as  the  friftion  may  be  greatly  diminiftied  by 
flue  polifli,  fine  oil,  and  a  fmall  diameter  of  the  cylin- 
der, we  may  reafonably  expeft  that  the  vibrations  of 
tuch  a  balance  will  not  vary  nearly  fo  much  from  ifo- 
chronifm  as  with  a  recoiling  fcapement,  and  will  be 
L'ttle  affefted  by  changes  in  the  force  of  the  wheels. 
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Accordingly,  Graham's  cylindrical  fcapement  fupplant- 
ed  all  others  as  foon  as  it  was  generally  known.  We 
cannot  compare  the  vibrations  with  thofe  of  a  free  ba- 
lance, becaufe  we  have  no  way  of  making  a  tree  balance 
vibrate  for  fome  hours.  But  we  find  that  doubling  or 
trebling  the  force  of  the  wheels  makes  very  little  alter- 
ation in  the  rate  of  the  watch,  though  it  greatly  en- 
larges  the  angular  motion.  Any  one  may  perceive  the 
immenfe  fuperiority  of  this  fcapement  over  the  common 
recoiling  fcapement,  by  prefliiig  forward  the  movement 
of  a  horizontal  watch  with  the  key,  or  by  keeping  it 
back.  No  great  change  can  be  obferved  in  the  fre- 
quency of  the  beats,  however  hard  we  prefs.  But  a 
more  careful  examination  fliews  that  an  increafe  of  the 
power  of  the  wheels  generally  caufes  the  watch  to  go 
flower  ;  and  that  this  is  more  remarkable  as  the  watch 
has  been  long  going  without  being  cleaned.  This  fhew.s 
that  the  caufe  is  to  be  afcribed  to  the  friftion  and  oil 
operating  on  the  wide  arches  of  excurfion.  But  when 
this  fcapement  is  well  executed,  in  the  belt  proportions 
of  the  parts,  the  performance  is  extremely  good.  We 
know  fuch  watches,  which  have  continued  for  feveral 
weeks  without  ever  varying  more  than  7'  in  one  day 
from  equable  motion.  We  have  feen  one  whofe  cylin- 
der  was  not  concentric  with  the  balance,  but  fo  placed 
on  the  verge  that  the  axis  of  the  verge  was  at  0  (fig. 
13.),  between  the  centre  B  of  the  cylinder  and  the  en- 
tering edge  b,  and  Bi?  was  equal  to  the  thicknefs  of  the 
cylinder.  The  watch  was  made  by  Emery  of  Loudon, 
and  was  faid  to  go  with  aftonithing  regularity,  fo  as  to 
equal  any  time-piece  while  the  temperature  of  the  air 
did  not  vary  ;  and  when  clean,  was  laid  to  be  lefs  affeft- 
ed by  the  temperature  than  a  watch  with  a  free  fcape- 
ment, but  unprovided  with  a  compenfation  piece.  It  is 
evident  that  this  watch  mutt  have  a  minute  recoil.  This 
was  faid  to  be  the  aim  of  the  artift,  in  order  to  com- 
penfate for  the  obftruftion  caufed  by  friction  during  the 
return  of  the  balance  from  its  excurfions.  It  indeed 
promifes  to  have  this  effcft  ;  but  we  ftiould  fear  that  it 
fuhjefts  the  excurfions  to  the  influence  of  the  wheels. 
We  fufpeft  tliat  the  indifferent  performance  of  cylinder 
watches  may  often  arife  from  the  cylinder  being  off  the 
centre  in  fome  difadvantageous  manner. 

The  watch  from  which  the  proportions  here  ftated 
were  taken,  is  a  very  fine  one  made  by  Graham  for  Ar- 
chibald Duke  of  Argyle,  which  has  kept  time  with  the 
regularity  now  mentioned.  We  believe  that  there  are 
but  few  watches  which  have  fo  large  a  portion  of  the 
cylinder  :  few  indeed  have  more  than  one  half,  or  180° 
of  the  circumference.  But  this  is  too  little.  The  tooth 
of  the  wheel  does  not  begin  to  aft  on  the  retting  cylin- 
der till  its  middle  point  A  or  B  touch  one  of  the  edges. 
To  obtain  the  fame  angle  of  fcapement,  the  inclination 
of  the  face  of  the  tooth  muft  be  increafed  (it  muft  be 
doubled)  ;  and  this  requires  the  maintaining  power  to 
be  increal'ed  in  the  lame  proportion.  Befides,  in  fuch 
a  fcapement  it  may  happen  that  the  tooth  w'lll  never 
reft  on  the  cvlinder  ;  becaufe  the  inftant  that  it  quits 
one  eds;e  it  falls  on  the  other,  and  puthes  it  afide,  fo 
that  the  balance  acquires  no  wider  vibration  than  the 
angle  of  fcapement,  and  is  continually  under  the  influ- 
ence of  the  wheels.  The  fcapement  is  in  its  beft  ftate 
when  the  portion  ef  the  cylinder  exceeds  t8o°  by  twice 
the  inclination  of  the  teeth  to  the  circumference  of  the 
wheel. 

It 
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It  would  employ  volumes  to  defcribe  all  the  fcape- 
ments  which  have  been  contrived  by  different  artifts, 
almi.ig  at  the  fame  points  which  Graham  had  in  view. 
We  liiall  only  tjke  notice  of  fuch  as  have  foine  efTcntial 
difPerence  in  priiK:ij:le. 

Fig.  14-  rcprererts  a  fcapcment  invented  in  France, 
and  calitd  the  Echayf-enient  a  I''ii;t:cji.f,  becaule  the  pal- 
let rcfenibles  a  comma.  The  teeth  A,  B,  C,  of  the 
balance  -wheel  are  fet  very  oblique  to  the  radius,  and 
there  is  formed  on  the  point  of  each  a  pin,  ftanding  up 
perpendicular  to  the  plane  of  the  wheel.  This  greatly 
refembles  the  wheel  of  Graham's  fcapement,  when  the 
triangular  wedge  is  cut  off  from  the  top  of  the  pin  on 
which  it  {lands.  The  axis  c  of  the  verge  is  placed  in 
the  circumference  prfiliig  through  the  pins.  The  pal- 
let is  a  plate  of  hard  iteel  a  efdb,  having  its  plane  pa- 
rallel to  the  plane  of  the  wheel.  The  inner  edge  of 
this  plate  is  formed  into  a  concave  cylindrical  furface 
between  o  and  b,  whofe  axis  t  coincides  with  the  axis 
of  the  verge.  Adjoining  to  this  is  the  afting  face  b  d 
of  the  pallet.  This  is  either  a  Itraight  line  i  rf,  raa'sing 
an  angle  of  nearly  3Q'-'  with  a  line  c  b  g  drawn  trom  the 
centre,  or  it  is  more  generally  curved,  according  to  the 
noftrum  of  the  artill.  The  back  of  the  pallet  aef  is 
alfo  a  cylindrical  furface  (convex)  concentric  with  the 
other.  This  extends  about  i  oo"  from  alof.  The 
part  between/ and  d  may  have  any  (hape.  The  inter- 
val a  0  is  formed  into  a  convex  furface,  in  fuch  a  man- 
ner as  to  be  everywhere  interfered  by  the  radius  in  an 
angle  of  :jo°  nearly  ;  /'.  e.  it  Is  a  portion  of  an  equian- 
E'ular  f'jiial.  The  whole  of  this  is  conne(fted  with  the 
verge  by  a  crank,  which  paflcs  perpendicularly  through 
ft  bet  weeny  and  f ;  and  the  plate  is  let  at  fuch  height 
on  the  crank  or  verge,  that  it  can  turn  round  clear  of 
the  wheel,  but  not  clear  of  the  pins.  The  teeth  of  the 
wheel  are  fet  fo  obliquely,  and  made  lo  (lender,  that  the 
verge  may  turn  almoil  quite  round  without  the  crank's 
banking  on  the  teeth.  The  pzrt  fiib,  called  the  horn, 
is  of  fuch  a  length,  that  when  one  pin  B  rells  on  the 
outfide  cylinder  at  a,  the  point  d  is  juft  clear  ofthe 
next  pin  A. 

When  the  wheel  is  not  afting,  and  the  balance- fpring 
is  in  equilibrio,  the  Doiition  of  the  balance  is  Inch  that 
the  point  d  of  the  horn  is  near  i,  about  30"  trom  J. 
The  figure  reprefents  it  in  the  pofition  which  it  has 
when  the  tooth  A  has  jui'l  elcaped  from  the  point  d  of 
the  horn.  In  this  pofition  the  next  tooth  B  is  applied 
to  the  convex  cylinder,  a  very  little  way  (about  5^) 
from  its  extremity  a.  This  delcription  will  enable  the 
reader  to  uiidi;rlland  the  operation  of  the  virgulc  fcapc- 
ment. 

Now  fuppofe  the  pin  A  juft  efcaped  from  the  horn. 
The  fuccecding  pin  B  is  now  in  contaft  with  the  back 
of  the  cylinder  ;  and  the  balance,  having  got  an  inipulfe 
by  the  aftion  of  A  along  the  concave  pallet  b  J,  con- 
tinues its  motion  in  the  direftion  d g  h,  till  its  force  is 
fpent,  the  point  ofthe  horn  arriving  perhaps  at  h,  more 
than  90°  from  d.  All  this  while  the  following  tooth 
B  is  refting  on  the  back  ^/ of  the  cylinder.  The  ba- 
lance now  returns,  by  the  attion  of  its  fprijig  ;  and  when 
the  horn  is  at  /',  the  pin  gets  over  the  edge  a  0,  and  drops 
on  the  oppofite  fide  of  the  concave  cylinder,  where  it 
reds,  while  the  horn  moves  from  1  to  /■,  where  it  Hops, 
the  force  of  the  balance  being  again  (pent.  The  ba- 
lance then   returns ;  and  when  the  horn  comes  within 


30°  of  d,  the  pin  gets  out  of  the  hollow  cylinder,  (hoves    Wurh- 
the  horn  out  of  its  way,  and  efcapes  at  d.     Befidcs  the      "'''''■ 
impulfe  which  the  baliince  receives  by  the  aflion  of  the  ^""^^^ 
wheel  on  the  horn  b  d,  there  is  another,  though  fmaller, 
aftion  in  the  contrary  direftion,    while  tlie   point  of  B 
pafTes  over  the  furface   ao  ;   for  this  furface  being  in- 
clined to  the  radius,  the  prcfTure  on  it  urges  the  balance 
round  in  the  direftion  b  d i. 

The  chief  difference  of  this  fcapement  from  the  for- 
mer is,  that  the  inclined  plane  is  taken  from  the  teeth  of 
the  wheel,  and  placed  on  the  verge.  This  alone  i* 
a  conflderable  improvement  ;  for  it  is  difficult  to  fliape 
all  the  teeth  alike  ;  whereas  the  horn  b  d h  invariable. 
Moreover,  the  refting  parts,  although  they  be  drawn 
large  in  this  figure  for  the  fake  of  dilUnftnefs,  may  be 
made  vaftly  fmaller  than  Graham's  cylinder,  which 
mull  be  big  enough  to  hold  a  tooth  within  it.  By  this 
change,  the  friftion,  during  the  repofe  of  the  wheel, 
that  is,  during  the  cxcurfions  of  the  balance,  may  be 
vaftly  diminifhed.  The  intlJe  cylinder  need  be  no  big- 
ger than  to  receive  the  pin.  But  although  the  pei- 
formance  of  thefe  fcapenients  is  exccllert,  they  have 
not  come  into  general  ufe  in  this  country.  The 
caufe  leems  to  be  the  great  nicety  requifite  in  making 
the  pins  ofthe  wheel  pals  cxadly  through  the  axis  of 
the  verge.  The  leail  (hake  in  the  pivots  ofthe  balance 
and  balance  wheel  muil  greatly  change  the  action.  A 
very  minute  increafe  of  diftance  between  the  pivots  will 
caufe  the  pin  B  to  Hide  from  the  edge  a  to  the  horn, 
without  refting  at  all  on  the  infide  cylinder  ;  and  when 
it  docs  lo,  it  will  rtop  the  balance  at  once,  and,  immediate- 
ly after,  the  watch  will  run  down.  The  fame  irregula. 
rities  will  happen  if  all  the  pins  be  not  at  prccifely  the 
fame  diftance  from  the  axis  ot' the  wheel. 

This  fcapement  was  greatly  improved,  and,  in  ap- 
pearance, totally  changed,  by  Mr  Lepaute  of  Paris  in 
1753.  By  placing  the  pins  alternately  on  the  two  fides 
of  the  rim  of  the  balance-wheel,  he  avoided  the  ufe  of 
the  outfide  cylinder  altogether.  The  fcapement  is  of 
fuch  a  fingular  form,  that  it  is  not  eafy  to  reprefeut  it 
by  any  drawing.  We  (hall  endeavour,  however,  to  de- 
fcribe  it  in  fuch  a  manner  as  that  our  readers,  who  ai^ 
not  artifts,  will  undcrftand  its  manner  of  acting.  Ar- 
tifts by  profefTion  will  ealily  comprehend  ho.v  the  pans 
may  be  united  which  we  reprefeut  as  fepaiate. 

Let  ABC  (fig.  15.)  reprefeut  part  of  t  be  rrm  of  the 
balance-wheel,  having  the  pins  \,  2,  3,  4,  5,  Sec.  pro- 
jeding  from  its  faces  ;  the  pins  I,  3,  5,  being  on  the 
lide  next  the  eye,  but  the  pins  2  and  4  on  the  farther 
iide.  D  is  the  centre  of  the  balance  and  verge,  and 
the  fmall  circle  round  D  reprefents  its  thickneis.  But 
the  verge  in  this  place  is  crooked,  like  a  crank,  that 
the  rim  of  the  wheel  may  not  be  interrupted  by  it. 
This  v>rill  be  more  particularly  defcribed  by  and  bye. 
There  is  attached  to  it  a  piece  of  hard  tempered  fteel 
a  b  c  d,  o(  which  the  part  a  b  c  k  a  concave  arch  of  a. 
circle,  having  D  for  its  centre.  It  wants  about  30<=  of 
a  femicircle.  The  reft  of  it  c  d  is  alfo  an  arch  of  a 
circle,  having  the  fame  radius  with  the  balance-whceL 
The  natural  polltiaii  ofthe  balance  is  fuch,  that  a  line 
drawn  from  D,  through  the  middle  of  the  face  c  d,  h  a. 
tangent  to  the  circumference  of  the  wheel.  But,  fup- 
pofe the  balance  turned  round  till  the  point  d  of  the 
horn  comes  to  d',  and  the  point  c  comes  to  2,  in  the 
circumference  in  which  the  pins  are  placed.     Then  the 
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pin,  prefling  on   the  beginning  of  the  horn  or  pallet, 
pulhes  it  atide,  fliiUs  along  it,  and   efcapcs   at  d,   after 

'  having  gencratcii  a  certain  velocity  in  the  balance.  So 
far  this  fcapemcnt  is  like  the  virgule  fcapement  defcri- 
bed  already.  But  now  let  another  pallet,  fnralar  to  the 
one  now  defcrihed,  he  placed  on  the  other  lide  of  the 
wheel,  but  in  a  contrary  pofitlon,  with  the  ading  face 
of  the  pallet  turned  away  from  the  centre  of  the  whet}. 
Let  it  be  i'o  placed  at  E,  that  the  moment  that  the  pin 
I,  on  the  upper  fide  of  the  wheel,  efeapes  from  the  pal- 

■  let  c  d,  the  pin  4,  on  the  under  fide  of  the  wheel,  falh 
on  tlie  end  of  the  circular  arch  efg  of  the  other  pallet. 
Let  the  two  pallets  be  connefted  by  means  of  equal 
pulleys  G  and  F  on  the  axis  of  each,  and  a  thread 
round  both,  fo  that  they  fliall  turn  one  way.  The  ba- 
lance on  the  axis  D,  having  gotten  an  impulfe  from 
the  aiSlion  of  the  pin  I,  will  continue  its  motion  from 
A  towards  /,  and  will  carry  the  other  pallet  with  a  fi- 
milar  motion  round  the  centre  E  from  h  towards  t. 
The  piu  4  will  therefore  rell  on  the  concave  arch^/if 
as  the  pallet  turns  round.  When  the  force  of  the  ba- 
■  lance  is  fpent,  the  pallet/:  i/ returns  towards  its  firft  po- 
fition.  The  pallet  g  h  turns  along  with  it;  and  when 
the  point  of  the  iird  has  arrived  at  d,  the  beginnings 
of  the  other  arrives  at  the   pin  4  ;  and,  proceeding  a 

-little  farther,  this  pin  efcapes  from  the  concave  arch 
efg,  and  Aides  along  the  pallet  g  h,  pu/hing  it  afide, 
and  therefore  urging  the  pallet  round  the  centre  E,  and 
confequently  (by  means  of  the  connedion  of  the  pul- 
leys) urging  the  balance  on  the  axis  D  round  at  the 
fame  time,  and  in  the  fame  diredion.  The  pin  4 
efcapcs  from  the  pallet  g  h,  when  h  arrives  at  3  ;  but  in 
the  time  that  the  pin  4  was  Aiding  along  the  yielding 
pallet  g  h,  the  pin  3  is  moving  in  the  circumference 
BDA  ;  and  the  injtant  that  the  pin  4  efcapes  from  h  at 
3,  the  pin  3  arrives  at  2,  and  iinds  the  beginning  c  of 
the  concave  arch  c  b  a  ready  to  receive  it.  It  therefore 
reils  on  this  arch,  while  the  balance  continues  its  mo- 
tion. This  perhaps  continues  till  the  point  b  of  the 
arch  comes  to  2.  The  balance  now  flops,  its  force  be- 
ing fpent,  and  then  returns  ;  and  the  pin  3  efcapes  from 
the  circle  at  c,  Aides  along  the  yielding  pallet  c  d,  and 
when  it  efcapes  at  i,  another  pin  on  the  under  fide  of 
the  wheel  arrives  at  4,  and  finds  the  arch^/i;  ready  to 
receive  it.  And  in  this  manner  will  the  vibration  of 
the  balance  be  continued. 

This  defcription  of  the  mode  of  adion  at  the  fame 
time  points  out  the  dimenfions  which  mull  be  given  to 
the  parts  of  tlie  pallet.  The  length  of  the  pallet  c  d 
or  "  h  mud  be  equal  to  the  interv.d  between  two  iuc- 
ceeding  pins,  and  the  dillance  of  the  centres  D  and  E 
mull  be  double  of  this.  The  radius  D  ^  or  E  ^  may  be 
as  fmall  as  we  pleafe.  The  concave  arches  c  b  a  and 
g  f  e  miiil  be  continued  far  enough  to  keep  a  pin  reil- 
ing  on  them  during  the  whole  cxcurfion  to  the  balance. 
The  angle  of  fcapement,  in  which  the  balance  is  under 
the  influence  of  the  wheels,  is  had  by  drawing  D  c  and 
D  d.  This  angle  cT)  d  is  about  30°,  but  may  be  made 
greater  or  lefs. 

Fig.  B  will  give  fome  notion  how  the  two  pallets 
nay  be  combined  on  one  verge.  KL  reprefents  the 
verge  with  a  pivot  at  each  end  It  is  bent  into  a  crank 
MNO,  to  admit  the  balance  wheel  between  its  branches. 
BC  reprefents  this  wheel,  feen  edgewife,  with  its  pins, 
alternately  on  different  fides.     The  pallets  are  alio  re- 
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preftnteU  edgewife  Xt-'j  h  c  d  and  h  gf,  fixed  to  the  in- 
fide  of  the  branches  of  the  crank,  fronting  each  other. 
The  pofition  of  their  adting  faces  may  be  feen  in  the 
preceding  figure,  on  the  verge  D,  where  the  pallet  g  h 
is  repvefentcd  by  the  dotted  line  2  /',  as  being  fituated 
behind  the  pallets  d.  The  remote  pallet  2  i  is  placed  fo, 
that  when  the  point  </ of  the  near  pallet  isjull  quitted 
by  a  pin  1  on  the  upper  fide  of  the  wheel,  the  angle 
formed  by  the  face  and  the  arch  of  reft  of  the  other 
pallet  is  juil  ready  to  receive  the  next  pin  2,  which 
lies  on  the  under  fide  of  the  rim.  A  little  attention 
will  make  it  plain,  that  the  adion  will  be  precilely  the 
fame  as  when  the  pallets  were  on  feparate  axes.  The 
pin  I  efcapes  from  </,  and  the  pin  2  is  received  on  the 
^arch  of  reft,  and  locks  the  wheel  while  the  balance  is 
continuing  its  motion.  When  it  returns,  2  gets  oft  the 
arch  of  rell,  pulhes  alide  the  pallet  2  i,  efcapes  from  it 
when  r  gets  to  i,  and  then  the  pin  3  finds  the  point  c 
ready  to  receive  it,  &c.  The  vibrations  may  be  increa- 
fed  by  giving  a  fufficient  impulfe  through  the  angle  of 
fcapement.  But  they  cannot  be  more  than  a  certain 
quantity,  otherwife  the  top  N  of  the  crank  will  ftrikc 
the  rim  of  the  wheel.  By  placing  the  pins  at  the  ve- 
ry edge  of  the  wheel,  the  vibrations  may  eafily  be  in- 
crcafed  to  a  femicircle.  By  placing  them  at  the  points 
of  long  teeth,  the  crank  may  get  in  between  them,  and 
the  vibrations  extended  ftill  farther,  perhaps  to  210°. 

This  fcapement  is  unqueftionably  a  very  good  one  ; 
and  when  equally  well  executed,  Ihould  excel  Graham's 
both  by  having  but  two  ading  faces  to  form  (and  thefe 
of  hard  fteel  or  of  ftone),  and  by  allowing  us  to  make 
the  circle  of  reft  exceedingly  fmall  without  diminidiing 
the  ading  face  of  the.pallet.  This  will  greatly  dimi- 
niAi  the  fridion  and  the  influence  of  oil.  But,  on  the 
other  hand,  we  apprehend  that  it  is  of  very  difficult  ex- 
ecution. The  figure  of  the  pallets,  in  a  manner  that 
fhall  be  fufceptible  of  adjuflment  and  removal  for  repair, 
and  yet  fufficiently  accurate  and  fteady,  feems  to  us  a 
very  delicate  job. 

Mr  Gumming,  in  his  Elements  of  Clock  and  Watch- 
work,  deferibes  (flightly)  pallets  of  the  very  fame  con- 
flruction,  making  what  he  conceives  to  be  confiderable 
improvements  in  the  form  of  the  ading  faces  and  the 
curves  of  reft.  He  has  alfo  made  fume  watches  with 
this  Icapement;  but  they  were  fo  difficult,  that  few 
workinen  can  be  found  fit  for  the  tafti ;  and  they  arc 
exceedingly  delicate,  and  apt  to  be  put  out  of  order, 
l^he  connecfion  of  the  pallets  with  each  other,  and  with 
the  verge,  makes  the  whole  fuch  a  contorted  figure, 
that  it  is  eafily  bent  and  twifted  by  any  jolt  or  unflcil- 
ful  handling. 

There  remains  another  fcapement  of  this  kind,  ha- 
ving the  tooth  of  the  balance-wheel  refting  on  a  cylin- 
drical furface  on  the  axis  of  the  verge  during  the  ex- 
curfion,  of  the  balance  beyond  the  angle  of  fcapement, 
and  which  differs  fomewhat  in  the  application  of  the 
maintaining  power  from  all  thofe  already  defcribed. 

This  is  known  by  the  name  of  Uupieix's  fcapement, 
and  is  as  follows  :  Fig.  16.  reprefents  the  effential  parts 
greatly  magnified.  ^AD  is  a  portion  of  the  balance- 
wheel,  having  teeth/,  o,g,  at  the  circumference.  Thefe 
teeth  are  entirely  tor  producing  the  rejl  of  the  wheel, 
while  the  Tjalance  is  making  excurfions  beyond  the 
fcapement.  This  is  effcded  by  means  of  an  agate  cy- 
linder 0  p  q,  on  the  verge.     This  cylinder  has  a  notch 
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e.     When   tlie  cylinder  tunis  round  in  the  direflion  the  wheel  nfls  on  the  pallet  during  the  wWi!  of  the  af.   Watch. 

0  p  q,  the  notch  eaiily  palL'S  the  tooth  B  which  is  red-  lifted  vibration.    In  a  balance  fcapcmeiit,  if  we  attemj5t     *"^''- 

ing  on  thecylindiic  furface  ;  but  when  it  returns  in  the  to  diminifh  the  inefficient  motion  ot  the  pin  from  A  to          ' 

direftlon  q  p  o,  the  tooth  B  gets  into  the  notch,  and  a,  by  lefl'ening  the  diameter  of  t!ie  fmnll  cylinder,  the 

follows  it,  preding  on  one  fule  of  it  till  ti\e  notch  comes  hold  given  to  the  tooth  in  tiie  notch  will  be  fo  triflin"-, 

into  the-politioH  o.      The  tooth  being  then  in  tlie  po-  that  the  tooth  will  be  thrown  nut  by  tiie  finalioll  play 

fition  b,    efcapes  from  the   notch,    and  another  tooth  in  the  pivot  holes,  or  inequality  in   the  length  of  the 

drops  on  the  convex  furfate  of  the  cylinder  at  B.  tettli. 

The  balance-wheel  is  alfo  furniihed  willi  a  fet  of  With  this  we  conclude  our  account  of  fcapeinenfB, 
ftont  flat  fided  pins,  Handing  upright  on  its  rim,  as  re-'  where  the  aftion  of  the  maintaining  power  on  the  ba- 
prefented  by  a,  D.  There  is  alfo  fixed  on  the  verge  a  lance  is  fufpended  during  the  cxcurfioa  beyond  the  a.igie 
larger  cylinder  GFC  above  the  fmallerone  o  p  q,  with  of  inipalfion,  by  making  a  tooth  rcil  on  the  furfacc  of 
its  under  furf.ice  clear  of  the  wheel,  and  having  a  pallet  a  fmall  concentric  cylinder.  In  fuch  fcapements,  the 
C,  of  ruhv  or  fapphlre,  firmly  indented  into  it,  and  pro-  balance,  during  its  excurfions,  is  almoft  free  from  any 
jefting  fo  far  as  j\ift  to  keep  clear  of  the  pins  on  the  conneClion  with  the  wheels,  and  its  ifochrouifm  is  di- 
wheel.  The  pofition  of  this  cylinder,  with  refpeft  to  flurbe.l  by  nothing  but  the  friftion  on  this  furface. — 
the  fnraller  one  below  it,  is  fuch  that,  when  the  tooth  We  come  now  to  fcapements  of  more  artfiil  conftruc- 
h  is  efcaped  from  the  notch,  the  pallet  C  bus  juil  padcd  tior),  in  whicii  the  balance  is  really  and  completely  free 
the  pin  a,  which  was  at  A  while  B  relied  on  the  fmall  during  the  whole  of  its  cxcurfion,  being  altogether  dlf- 
cylinder  ;  but  it  moved  from  A  to  a,  wliile  B  moved  to  engaged  from  the  wheelwork.  Tliefe  are  called  de- 
h.  The  wheel  being  now  at  liberty,  the  pin  a  exerts  tach  ed  sCAPf.MENTs.  They  are  of  more  recent  date, 
its  preffure  on  the  pallet  C  in  the  mo(t  direft  and  ad-  We  believe  tiut  Mr  Le  Roi  was  the  lirll  inventor  of 
vantageous  manner,  and  gives  it  a  ftrong  impulfion,  them,  about  the  year  1748.  In  the  Memoirs  of  the 
following  and  accelerating  it  till  another  ti)oth  Ibips  on  Academy  of  Paris  for  that  year,  and  in  the  Collcclion 
the  little  cylinder.  The  angle  ot  fcapement  depends  of  approved  Machines  and  Inventions,  we  have  defcrip- 
partly  on  the  piojeflion  of  the  pallet,  and  partly  on  the  tions  of  the  contrivance.  The  balance  wheel  refts  on 
diameter  of  the  fmall  cylinder  and  the  advance  of  the  a  detent,  while  the  balance  is  vibrating  in  perfect  free- 
tooth  B  into  the  notch.  Independent  of  the  aftion  dora.  It  has  a  pallet  (landiiig  out  from  the  centi-e, 
on  the  fmall  cylinder,  the  angle  of  fcapement  would  which,  in  the  courfe  of  vibiation,  pafTcs  clofe  by  the 
be  the  whole  ai-ch  of  the  large  cylinder  between  point  of  a  tooth  of  the  wheel.  At  that  inftant  a  pin, 
C  and  K.  But  a  Hops  before  it  is  clear  of  the  pallet,  connefted  with  this  pallet,  withdraws  the  detent  from 
and  the  arch  of  impulfion  is  (liortened  by  all  the  fpace  the  wheel,  and  the  tooth  juft  now  mentioned  follows  the 
that  is  defcribed  by  the  pin  while  a  tooth  moves  from  pallet  with  rapidity,  and  gives  it  a  fmart  pulh  forward. 
B  to  b.  It  ftops  at  a'.  Immediately  after,another  tooth  of  the  wheel  meets  the 
We  are  informed  by  the  beft  artifts,  that  this  fcape-  other  claw  of  the  detent,  and  the  wheel  is  again  locked. 
ment  gives  great  fatisfattion,  and  equals,  if  it  do  not  When  the  balance  returns,  the  pin  pudies  the  detent 
excel,  Graham's  cylindrical  fcapement.  It  is  ealier  back  into  its  former  place,  where  it  again  locks  the 
made,  and  requires  very  little  oil  on  the  fmall  cylinder,  wheel.  Then  the  balance,  refuming  its  firll  dircdtion, 
and  none  at  all  on  the  pallet.  They  fay  that  it  is  the  unlocks  the  wheel,  and  receives  another  impulfion  from 
beft  for  pocket  watches,  and  iscominr  every  day  more  it.  Thus  the  balance  is  unconnected  with  the  wheels, 
into  repute.  Theory  feems  to  accord  with  this  cha-  except  while  it  gets  the  impulfion,  and  at  the  moments 
radler.     The  refting  cylinder  may  be  made  very  fmall,  of  unlocking  the  wheels. 

and  the  diretl  impulie  on  the  pallet  gives  it  a  great  fu-  This  contrivance  has  been   reduced  to  the  greated 

periority  over  all  thofe  already  defcribed,  where  the  ac-  poflible  fimplicity   by    the    Briti(h  artifts,   and    feemi 

tion  on  the  pallet  is  oblique,  and  therefore  much  force  fcarcely  capable  of  farther  improvement.    The  follow, 

is  loft  by  the  influence  of  oil.      But  we  fear  that  much  ing  is  one  of  the  moll  approved  conftruftions.      In 

force  is  loft  by  the  tooth  B  fliifting  its  place,  and  thus  tig.  i-j.  a  b  c  reprefents  the  j^aliet,  which  is  a  cylinder 

/hortening  the  arch  of  impulfion  ;  for  we  cannot  reckon  of  hard  fteel  or  Hone,  having  a  notch  a  b.      A  portion 

much  6n  the  adtion  of  B  on  the  fide  of  the  notch,   be-  of  the  balance  wheel  is  reprefented  by  A  B.    It  is  pla- 

caufe  the  lever  is  fo  extremely  fliort.     Accordingly,  all  ced  fo  near  to  the  cylinder  that  the  cylinder  is  no  more 

the  watches  which  we  have  feen  of  this  kind  have  a  ve-  than  clear  of /wo  adjoining  teeth.      DE  is  a  long  fpring, 

ry  ftrong  main  fpring  in  proportion  to  the  fize  and  vi-  fo  fixed  to  the  watch-plate  at  E,  as  to  prefs  very  gent- 

bration  of  the  balance.      If  we  leden  this  diminution  of  ly  on  the  flop  pin  G.     A  fmall  ftud  F  is  fixed  to  that 

the  angle  of  impulfion,  by  leffening  the  cyhnder  op  q,  fide  of  the  fpring  that  is  next  to  the  wheel.  The  tooth 

and  by  not  allowing  B  to  penetrate  far  into  the  notch,  of  the  wheel  refts  on  this  ftud,   in  fuch  a  manner  that 

the  fmalleft  inequality  of  the  teeth,  or  ftiake  in  the  pi-  the  tooth  a  is  juft  about  to  touch  the  cylinder,  and  the 

votsofthebalanceor  wheel,  will  caufe  irregularity,  and  tooth/isjuft  clear  of  it.      Another  fpring,  extremely 

even   uncertainties  in  the  locking  and  unlocking  the  (lender,  is  attached  to  the  fpring  DE,  on  the  Cdc  next 

wheel  by  this  cylinder.                  _  the  balance  wheel,   and  claps  clofe  to  it,   but  keeping 

Afcapementexceedinglylikethis  wasappliedlong  ago  clear  of  the  ftud  F,  and  having  its  point  0  projecting 

by  Dutertrc,  a  French  artill,  to  a  pendulum.  The  only  about -^'^th  of  an  inch  beyond  its  extremity.     When 

difference  is,  that  in  the  pendtdum  fcapement  the  fmall  the  point  0  is  prefled  towards  the  wheel,  it  yields  moft 

cylinder  is  cut  through  to  the  centre,  half  of  it  only  readily  ;  but,  when  prefled  in  the  oppofitc  dire6tion,  it 

being  left  ;  but  the  pendulum  fcapement  gives  a  more  carries  the  fpring  DE  along  with  it.   The  cylinder  be- 

tfTefllve  employment  of  the  niuintainirgpower,  becaufe  ing  fo  placed  on  the  verge  that  the  edge  a  of  the  notch 
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is  clofe  by  the  tooth  a,  a  hole  is  drilled  at  i,  clofe  by 
^  the  projefling  point  of  the  flender  tpring,  and  a  fmall 
pill  is  driven  into  this  hole.  This  is  tlic  whole  appa- 
ratus ;  and  this  fituation  of  tlie  parts  currefponds  to  the 
qiiiefc'cr.t  pofition  of  the  balance. 

Now,  let  the  balance  be  turned  out  of  this  pofition 
80  or  90  degrees,   in  the   diredion  aic.     When  it  is 
let  go,  it  returns  to   this  polition  with  an  accelerated 
motion.      The  pin  i  ftrikes  on  the  projefking  point  of 
the  (lender  fpring,  and,  prefling  the  ftrong  fpring  DE 
outward  from  the  wheel,   withdraws  the  flud  F  from 
the  tooth  ;  and  thus  unlocks  the  wheel.      The  tooth  a 
engages  in  the  notch,    and   urges  round  the  balance. 
The  pin  i  quits  the  flender  fpving  before  the  tooth  quits 
the  notch;  fo   that  when  it  is  clear  of  the  pallet,  the 
wheel  is  locked  again  on  the  ftud  F,  and  another  tooth 
g  is  now  in  the  place  of  a,   ready  to  aft  in  the  fame 
manner.     When  the  force  of  the  balance  is  fpent,  it 
flops,  and  then  returns  toward  its   quiefcent  pofition 
witha  motion  continually  accelerated.  The  pin  ('arrives 
at  the  point  0  of  the  flender  fpring,  raifes  it  from  the 
llrong  fpring  without  diflurbing  the  latter,  and  almofl 
without  being  difturbedby  this  trifling  obftacle  ;  and  it 
goes  on,  turning  in  the  direftlon  aic,  till  Its  force  is 
again  fpent  ;  it  ftops,  returns,  again  unlocks  the  wheel, 
and  gets  a  new   impulfion.     And   in   this  manner  the 
vibrations  are  continued.    Thus  we  fee  a  vibration,  al- 
mofl: free,  maintained  in  a  manner  even  more  fimple  than 
the  common  crutch  fcapement.     The  impulfe  is  given 
direft,  without   any  decompofition  by  obhque  aftion, 
and  it  is  continued   through  the  ivhoh  motion  of  the 
wheel.  No  part  of  this  motion  is  loft,  as  in  Dupleix's 
fcapement,  by  the  gradual  approach  of  the  tooth  to  its 
aftive  pofition.      Very  little   force  is  required  tor  un- 
locking the  wheel,  becaufe  the    fpring  DFE  is  made 
flender  at  the  remote  end  E,  fo  that  it  turns  round  E 
almoft  like  a  lever  turning  on  pivots.   A  fudden  twitch 
of  the  watch,  in  the  direftion  b  a,  might  chance  to  un- 
lock the  wheel.  But  this  will  only  derange  one  vibra- 
tion, and  even  that  not  confiderably,  becaufe  the  teeth 
are  fo  clofe  to  the  cylinder  that  the  wheel  cannot  ad- 
vance till  the  notch  comes  round  to  the  place  of  fcape- 
ment.  A  tooth  will  continue  preffing  on  the  cylinder, 
and  by  its  fiiftion  will  change  a  little   the  extent  and 
duration  of  a  lingle  vibration.       The  greatell  derange- 
ment will  happen  if  the  wheel  fliould  thus  unlock  by  a 
jolt,  while  the  notch  pafles  through  the  arch  of  fcape- 
ment in  the  returning   vibration.     Even   this  will  not 
greatly  derange  it,  when  the  watch  is  clean  and  vibra- 
ting wide;  becaufe,  in  this  pofition,  the  balance  has  its 
greateft  momentum,  and  the  direftion  of  the  only  jolt 
that  can  unlock  the  wheel  tends  to   increafe  this  mo- 
mentum relatively.      In  fhort,   confidering  it  theoreti- 
cally, it  fecms  an  almoft  pcrfeft  fcapement ;  and  the  per- 
formance of  many  of  thefe  watches  abundantly  confirms 
that  opinion.  They  arc  known  to  keep  time  for  many 
days  together,  without  varying  one  fecond  from  day  to 
day  ;  and  this  even  under  confiderable  variations  of  the 
maintaining  power.     Other  detached  fcapements  may 
equal  this,  but  we  fcarcely  expeft  any  to  exceed  It ;  and 
its  fimplicity  is  fo  much  fuperior  to  any  that  we  have 
feen,  that,  on  this  account,  we  are  difpofed  to  gfre  it 
the  preference.     We  do  not  mean  to  fay  that  it  is  the 
beft  for  a  pocket  watch.     Perhaps  the  fcapement   of 
Diipleix  or  Graham  may  be  preferable,  as  being  fuf- 
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ceptible  of  greater  ftrength,  and  more  able  to  withftand 
jolts.  Yet  it  Is  a  faft  that  fome  of  the  watches  made  in 
this  form  by  Arnold  and  others  have  kept  time  in  the 
wonderful  manner  abovementioned  while  carried  about 
in  the  pocket. 

Mr  Mudge  of  London  invented,  about  the  year  1 763, 
another  detached  fcapement,  ofaftill  more  ingenious 
conftruftlon.  It  is  a  counteipart  of  Mr  Cumming's 
fcapement  for  pendulums.  1  he  contrivance  is  to  this 
effeft.  In  fig.  18.  abc  reprefents  the  balance.  Its 
axis  is  bent  into  a  large  crank  EFGHIK,  fuf&ciently 
roomy  to  admit  within  it  two  other  axes  M  and  L, 
with  the  proper  cocks  for  receiving  their  pivots.  The 
three  axes  form  one  ftraight  line.  About  thefe  fmaller 
axes  are  coiled  two  auxiliary  fprings,  in  oppofite  di- 
reftions,  having  their  outer  extremities  fixed  in  the 
ftuds  A  and  B.  The  balance  has  its  fpring  alfo,  as 
ufual,  and  the  three  fprings  are  fo  difpofed  that  each  of 
them  alone  would  keep  the  balance  at  reft  in  the  fame 
pofition,  which  we  may  fupjwfe  to  be  that  reprefented 
in  the  figure.  The  auxiliary  fprings  A  and  B  are  con- 
nefted  with  the  balance  only  occafionally,  by  means  of 
the  arms  m  and  n  projefting  from  their  refpeftive  axes. 
Thefe  arms  are  catched  on  oppofite  fides  by  the  pins  Oy 
p,  in  the  branches  of  the  crank  ;  fo  that  when  the  ba- 
lance turns  round,  it  carries  one  or  other  of  thofe  arms 
round  with  it,  and,  during  this  motion,  it  is  afFefted  by 
the  auxihary  fpring  connefted  with  the  arm  fo  carried 
round  by  it.  ' 

Let  us  fuppofe  that  the  balance  vibrates  1 20°  on  each 
fide  of  its  quiefcent  pofition  abc,  fo  that  the  radius 
E  a  acquires,  alternately,  the  pofitions  E  b  and  E  c. 
The  auxiliary  fprings  are  connefted  with  the  wheels  by 
a  common  dead-beat  pendulum  fcapement,  fo  that  each 
can  be  feparately  wound  up  about  30°,  and  retained  in 
that  pofition.  Let  us  alfo  fuppofe  that  the  fpring  A 
has  been  wound  up  30°  in  the  direftion  ab,  by  the 
wheel- work,  and  that  the  point  a  of  the  rim  of  the  ba- 
lance, having  come  from  c,  is  pafling  through  a  with 
its  greateft  velocity.  When  the  radius  E  a  has  palled 
a  30°  in  its  courfe  toward  b,  the  pin  0  finds  the  arm 
m  in  its  way,  and  carries  it  along  with  it  till  a  gets 
to  b.  But,  by  carry-ing  away  the  arm  m,  it  has  un- 
locked the  wheel-work,  and  the  fpring  B  is  now  wound 
up  30°  in  the  other  direftion,  but  has  no  conneftioii 
with  the  balance  during  this  operation.  Thus  the  ba- 
lance finifhes  its  femivibration  ab  oi  120°,  oppofed  by 
its  own  fpring  the  whole  way,  and  by  the  auxihary 
fpring  A  through  an  angle  of  90°.  It  returns  to  the 
pofition  E  fl,  aided  by  A  and  by  the  balance  fpring, 
through  an  angle  of  120°.  In  like  manner,  when  E  a 
has  moved  30°  toward  the  pofition  E  c,  the  pin  p  meets 
with  the  arm  «,  and  carrits  it  along  with  It  through  an 
acgle  of  90"^,  oppofed  by  the  fpring  B,  and  then  returns 
to  the  pofition  E  a,  affiftcd  by  the  fame  fpring  through 
an  arch  of  1 20°. 

Thus  it  appears  that  the  balance  is  oppofed  by  each 
auxiliary  fpring  through  an  angle  of  90°,  and  affifted 
through  an  angle  of  120".  This  difference  of  aftion 
maintains  the  vibrations,  and  the  necefTary  winding  up 
of  the  auxiliary  fprings,  is  performed  by  the  wheel- 
work,  at  a  time  when  they  are  totally  difengaged  from 
the  balance.  No  irregularity  of  the  wheel-work  can 
have  any  influence  on  the  force  of  the  auxiliary  fprings, 
and  therefore  the  balance  is  completely  difengaged  from 
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all  thffe  irregularities,   except   in  the  fliorl    moment  of 
unlocking  the  wheel  that  winds  up  the  fpiings. 

This  is  a  moll  ingenious  conftrutlion,  and  the  neareft 
approach  to  a  free  vibration  that  haa  yet  been  thought 
of.   It  deferves  particular  remark  that,  during  the  whole 
of  tlie  returning  or  acceLrated  femivibration,  the  united 
force  of  the  fpringa  is  proportional  to  the  dlftance  from 
the  qulefcent  pofuiDU.      The   fame  may  be   faid  of  the 
retarded  excurfion  beyond  the  angle  of  impulfe  :   there- 
fore the  only  deviation  of  the  forces   from  the   law  of 
cycloidal  vibiatiiiii  if  during  the  motion  from  the  quicl- 
cent  pofition  to  the  meeting  with  the  auxiliary  fpring. 
Therefore,   as  the  forces,   on   botti   lides,  beyond   this 
angle,   are  in  their  due  proportion,  and  the  balance  al 
ways  makes   fuch   t):curfions,   there   feems  nothing  to 
dillurb  the  ifjclnxNiifm,  whether  the  vibrations  are  wide 
or  narrow.  Accoidingly,  the  performance  of  this  fcape- 
meiit,  under  the  fevtrelt  trials,  equaled   any  that    were 
compared  with  it,  in  as  far  as  it  depended  on  foapement 
alone.    Wal  it  is  evident  that  the  execution  of  this  fcape- 
iTient,  though  moll  fimple  in  principle,   mull  always  be 
vallly   more   difncnlt    than    the   one   defcribed    betore. 
There  is  fo  little  room,   that  the  parts  mull  be  exceed- 
ingly fmall,   requiring  the  mod  accurate  woikmandilp. 
We  think  that  it  may  be  greatly  Amplified,   puferving 
all  its  advantages,   and  that  the  parts  may  be  made  of 
more  than  twice  their  prefent  fize,  with  even  Icfs  load 
on  the  balance   from  the   inertia  of  matter.     This  im- 
provement is  now  carrying  into  effeft  by  a  friend. 

Still,  however,  we  do  not  fee  that  this  fcapement  is, 
theoretically,  fuperior  to  the  laft.  The  irregularities  of 
maintaining  power  affeft  that  fcapement  only  in  the 
arch  of  impulfion,  where  the  velocity  is  great,  and  the 
time  of  aftion  very  fmall.  Moreover,  the  chief  effed. 
of  the  irregularities  is  only  to  enlarge  the  cxcudions ; 
and  in  thefe  the  wheels  have  no  concern. 

Mr  Mudge  has  alfo  given  another  detached  fcape- 
ment, which  he  recommends  for  pocket  watches,  and 
executed  entirely  to  his  fatisfaftion  in  one  made  for  the 
Q^een.  A  dead  beat  pendulum  fcapement  is  interpo- 
fed,  as  in  the  lall,  between  the  wheels  and  the  balance. 
The  crutch  EDF  (fig.  19.)  has  a  third  arm  DG,  (land- 
ing outwards  from  the  meeting  of  the  other  two,  and 
of  twice  their  length.  This  arm  terminates  in  a  fork 
AGB.  The  verge  V  has  a  pallet  C,  which,  when  eU 
is  at  rell,  would  Hand  between  the  points  A,  B  of  the 
fork.  But  the  wlieel,  by  its  action  on  the  pallet  E, 
forces  the  fork  into  the  pofition  ^  g  h,  the  point  A  of 
the  fork  being  now  where  B  was  before,  juft  touching 
the  cylindrical  furface  of  the  verge.  The  fcapement  of 
the  crutch  EDF  is  not  accurately  a  dead  beat  fcape 
ment,  but  has  a  very  fmall  recoil  beyond  the  angle  of 
impulfion.  By  this  circumftance  the  branch  A  (now 
at  B )  is  made  to  prefs  moll  gently  on  the  cylinder,  and 
keeps  the  wheel  locked,  while  the  balance  is  going 
round  in  the  diredlion  BHA.  The  point  A  gets  mo- 
ving from  A  to  B  by  meana  of  a  notch  in  the  cylinder, 
which  turns  round  at  the  fame  time  by  the  adion  of 
the  branch  AG  on  the  pallet  C  ;  but  A  does  not  touch 
the  cylinder  during  this  motion,  the  notch  leaving  free 
room  for  its  paffage.  When  the  balance  returns  from 
its  excurfion,  the  pallet  C  ftrikes  on  the  branch  A  (flill 
at  B),  and  unlocks  the  wheel.  This  now  ailing  on  the 
crutch  pallet  F,  caufes  the  branch  b  of  the  fork  to  fol- 


low the  pallet  C,  !»nd  give  it  a  ftrong  impulfe  in  the  f'\-    Watrfc 
leftion  in  whicii  it  is  then  moving,  cauling  the  balance      **"'*• 
to  make  a  fem'vibratlon  in  the  dirc-6kion   AHB.     The         *~~ 
fork  is  now  in  the  fituation  ^g  a,  fimilar  to  B^  A,  and 
the  wheel  is  again  locked  on  the  crutch  pJiet  E. 

The  intelligent    reader    will   admit   this  to  be  a  vtry 
fteady   and  effcilive   fcapement      The  lockage  i>f  th* 
wheel  is  procured  in  a  very  ingenious  manner  ;  and  the 
fiitlion   on    the   cylinder,   necelfary   for  cllciiting  this, 
may  be  made  as  fmall  as   we  pUafe,   notwithllanding  a 
very  ftrong  adion  of  tlie  wheel  :    For  the   prefliire  of 
the  fork  on  the  cvliuder  depends  entirely  on  the  degree 
of  recoil  that  is  formed  on  the  pallets  E  and  F.      Prff- 
fure  on   the  cylinder   is   not  itulifpmjuhly  nectfiary,  and 
the  crutch  Icapement  might  be  a  real  dead  beat.      But  a 
fmall  recoil,    by  keeping  the   fork   in  coiitatl  with   the 
cylinder,  gives  the  moll  perftfl  fteadiutfs  to  the  motion. 
The  ingenious  inventor,    a   man  of  approved   iiitcgn'iy 
and  judgment,   declares  that   her   Majtfty's  watch  via3 
the  bed  pocket  watch   he  had   ever  feen.      \Vc  are  not 
difpofed  to  queilion   its  excellency.     We  faw  an  expe- 
riment watch  of  this  conlliudion,   made   by  a  country 
artift,  having  a  balance  fo  heavy  as  to  vibiate  only  twice 
in  a  fecoud.      Every    vibration    was  fenlibly   beyond   a 
turn  and  a  half,   or  540''.     The  artill   allured  us,  that 
when   its  proper  balance   was    in,   vibrating   foniewhat 
more  than   five  times   in  a  fecond,   the  vibrations  even 
exceeded  this.     He  had  procured  it  this  great  mobility 
by  fubftituting  a  roller  with  fine  pivots  in  place  of  the 
fimple  pallet  of  Mudge.    This  great  extent  of  detached 
vibration  is  an  unqueftionable  excellence,  and  is  peculiar 
to  thofe  two  fcapemenis  of  this  ingenious  artifl. 

Very  ingenious  fcapements  have  been  made  by  Ern- 
fliaw,  Howel,  Hayley,  and  other  Britilh  artills;  and  ma. 
ny  by  the  artlih  of  Paris  and  Cieneva.  But  we  muft 
conclude  the  aiticle,  having  defcribed  all  that  have  any 
difference  in  principle. 

The  fcapement  having  beeii  brought  to  this  degree 
of  perfection,  we  have  an  opportunity  of  makino- exoc- 
riments  on  the  law  ofadion  of  fprings,  wh'ch  has  been 
too  readily  alTumed.  We  think  it  eafy  to  demonftrate, 
that  the  figure  of  a  fpring,  which  mud  have  a  great  ex- 
tent of  rapid  motion,  will  have  a  confiderable  influence 
on  the  force  whicli  it  iinpreflTcs  on  a  bslance  in  udual 
motion.  The  accurate  dettrinination  of  this  influence  is 
not  very  difficult  in  fome  fimple  cafes.  It  is  the  greatell 
of  all  in  the  plane  fpiial,  and  the  lead  in  the  cyliridri. 
cal ;  and,  in  this  lad  form,  it  is  fo  much  lefs  as  the  dia- 
meter is  lefs,  the  length  of  the  fpring  being  the  fame. 
By  employing  many  tuuis,  in  order  to  have  the  fame 
ultimate  force  at  the  extremity  of  the  excurfion,  this  in- 
fluence Is  increafed.  A  particular  length  of  fpring, 
therefore,  will  make  it  equal  to  a  given  quantity  ;  and 
it  may  thus  compenfate  for  a  particular  magnitude  of 
fricftion,  and  other  obftruftions.  This  accounts  for  the 
obfervation  of  Le  Roy,  who  found  that  every  fpring, 
luhen  applied  to  a  movement,  had  a  certain  length,  which 
made  the  wide  and  narrow  vibrations  ifochronous  His 
method  of  trial  was  fo  judicious,  that  there  can  be  no 
doubt  of  thejudaefs  of  his  conclufion.  His  time  keeper 
had  no  fuzee  ;  and  when  the  laft  revolution  of  the  main 
wheel  was  going  on,  the  vibrations  were  but  of  half  the 
extent  of  thofe  made  during  the  firft  revolution.  With- 
out minding  the  real  rate  of  going,  he  only  compared 
S  I  »  the 
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Water,     the  duratirn  of  the  firft  and  laft 

^~~'  note  hand.  An  artift  of  our  acquaintance  repeated 
thefe  experiments,  and  with  the  fame  refuh  :  But,  un- 
fortunately, could  derive  little  benefit  from  ihem  ;  be- 
caufe  in  one  ftate  of  the  oil,  or  with  one  balance,  he 
found  the  lengths  of  the  fame  fpriug,  wliich  produced 
ifochionous  vibrations,  were  differenc  from  thofe  which 
had  thl<  cffeft  in  another  ftate  of  the  oil,  or  with  ano- 
ther balance.  He  alfo  obferved  another  difference  in 
the  rate,  arifmg  from  a  difference  of  pofition,  according 
as  XII,  VI,  111,  or  IX,  was  uppermofl  ;  which  diffe 
vence  plainly  arlfcs  from  the  flagging  of  the  fpring  by 
its  weight,  and,  in  that  ftate,  ading  as  a  pendulum. 
This  unluckily  put  a  ftop  to  his  attempts  to  leflen  this 
,  hurtful  influence  by  employing  a  cylindrical  fpiral  of 
fmall  diameter  and  great  length. 

WATER  Blowing  Machine,  called  in  French 
Soufflel  d'emi  or  troinpe.  is  a  machine  which,  by  the  ac- 
tion of  falling  water,  fnoplles  air  to  a  blaft  furnace.     It 
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revolution  of  the  mi-     and  air  proceeds  to  ftrike  a  mafs  of  Hone  Q^;  whence 


Water, 


rebounding  tlu-ough  the  whole  width  of  the  receiver 
MN,  the  water  fepirates  from  the  air,  and  falli  to  the 
bottom  at  XZ,  whence  it  is  difcharged  into  the  lower 
channel  or  drain,  by  one  or  more  openings  TV.  The 
air  being  lefs  heavy  than  the  water,  occupies  the  Upper 
part  of  the  receiver  ;  whence  being  urged  through  the 
upper  pipe  O,  it  is  conveyed  to  the  forge. 

It  hda  been  fp.ppofed  by  fome  eiTiineut  chemifls,  that 
the  air  which  pafTcs  through  the  pipe  O  is  furnifhed 
by  the  decompofition  of  water.  To  afcertain  whether 
this  be  the  cafe  or  not,  our  author  formed  a  water- 
blowing  engine  of  a  fmall  f:ze.  The  pipe  BD  was  two 
inches  in  diameter,  and  four  feet  in  height.  Wlien  tha 
water  accurately  filled  the  fcftion  BC,  and  all  the  late- 
ral openings  of  the  pipe  BDEC  were  clofed,  the  pipe 
O  no  longer  offered  any  wind.  It  is  therefore  evident, 
that  in  the  open  pipes  the  whole  of  the  wind  comes 
from  the  atmofphere,  and  no  portion  is  afforded  by  th^ 
conl'fts  of  aiTuoright  pipe,  through  u  hich  a  Ihower  of  decompofiticn  of  water.  It  remains,  therefore,  to  de- 
■    '  '    "  ■      '  '  '       termine  the  circumllances  proper  to'  di'ive   into  the  re- 

ceiver MN  the  greatefl  quantity  of  air,  and  to  meafure 
that  quantity. 


water  is  made  to  fall;  and  this  fh^vver  carries  down  with 
it  a  mafi  of  air,  which  is  received  beneath  in  a  kmd  of 
tub,  and  condufted  to  the  furnace  by  me3ns  of  a  pipe. 
The  firfl  idea  of  fuch  a  machine  was  doubtlefs  fuggefted 
by  tho'e  local  winds,  which  are  always  produced  by  na- 
tural falls  of  water  over  precipices,  and  in  the  moun- 
tains (fee  page  277  of  this  Volume)  ;  but  perhaps  we 
are  indebted  for  the  firll  accurate  theory  of  it  to  Pro- 
feflbr  Venturi. 

That  philofopher,  in  his  experimental  refearches  con- 
cerning the  lateral  communication  of  motion  in  fluids, 
proves  that  the  water  blowing  machine  affords  air  to 
the  furnace,  by  the  accelerating  force  of  gravity  and  the 
lateral  communication  of  motion  combined  together. 
He  begins  with  an  idea,  which,  he  candidly  acknow- 
ledges,  did  not  elcape  the  penetration  of  Leonardo  Da 
Vinci.  Suppofe  a  number  of  equal  balls  to  move  in 
contaft  with  each  other  along  the  horizontal  line  AB 
(Plate  XLVI.  fig.  I.).  Imagine  them  to  pafs  with 
an  uniform  motion,  at  the  rate  of  four  bills  m  a  fe- 
cond.  Let  us  take  I'.F,  equal  to  16  feet  Englilh.  Da- 
ring each  fecond  four  balli  will  fall  from  B  to  F,  and 
their  refpcftive  diilar.ces  in  faUing  will  be  nearly  BC  = 
I,  CD  =  3,  DE  =  J,  EF  =  7.  Wc  have  here  a 
■very  evident  reprcfenlation  of  the  feparation,  and  fuc- 
ceffive  elongation,  which  the  accelerating  force  of  gravity 
produces  between  bodies  which  fall  after  each  other. 

The  rain  water  flows  out  of  gutters  by  a  continued 
current ;  but  during  its  fall  it  feparutes  into  portions  in 
the  vertical  direftion,  and  ftrikes  the  pavement  with 
diftinft  blows.  The  water  likewife  divides,  and  is  fcat- 
tered  in  the  horizontal  diredfion.  The  ftream  which 
ifTues  out  of  the  gutter  may  be  one  inch  in  diameter, 
and  fliike  the  pavement  over  the  fpace  of  one  foot.  The 
air  which  exifts  between  the  vertical  and  horizontal  fc- 
parations  of  the  kvater  which  falls,  is  impelled  and  car- 
ried downwards.  Other  air  fucceeds  laterally  ;  and  it> 
this  manner  a  current  of  air  or  wind  is  produced  round 
the  place  ftruck  by  the  water.  Hence  the  following 
idea  of  a  water-blowing  maching  : 

Let  BCDE  (fig-  2.J  reprefent  apipe,  through  which 


1.  To  obtain  the  greatefl  efFeft  from  the  acceleration 
of  gravity,  it  is  neceffary  that  the  water  fhould  begin  to 
fall  at  BC,  (tig.  2.)  with  the  leaft  pofllble  velocity  ; 
and  that  the  hdght  of  the  water  FB  (honld  be  no  more 
than  is  neceffary  to  fill  the  feftion  BC.  Our  author 
fuppofes  the  vertical  velocity  of  this  feftlon  to  be  pro- 
duced by  an  height  or  head  equal  to  BC. 

2.  We  do  not  yet  know,  by  direA  experiment,  the 
diftance  to  which  the  lateral  communication  of  motion 
between  water  and  r.ir  can  extend  Itfelf ;  but  we  may  ad- 
mit with  confidence,  that  it  can  take  place  in  a  fedion 
double  that  of  the  original  feition  with  which  the  wa- 
ter enters  the  pipe.  I.iet  us  fuppofe  the  feition  of 
the  pipe  BOEC  to  be  double  the  feftion  of  the  wa- 
ter at  BC  ;  and,  in  order  that  the  itrea.-n  of  tlu:d  may 
extend  and  divide  itfelf  through  the  whole  double  fec- 
tion  of  the  pipe,  fome  bars,  or  a  grate,  are  placed  in 
BC,  to  diftrlbute  and  fcatter  the  water  through  the 
whole  internal  part  of  the  pipe. 

3.  Since  the  air  is  required  to  move  in  the  pipe  O 
with  a  certain  velocity,  it  mull  be  compreffed  in  the  re- 
ceiver. This  compreffion  will  be  proportioned  to  the 
fum  of  the  accelerations,  which  (hall  have  been  dellroy- 
ed  in  the  inferior  part  KD  of  the  pipe.  Taking  KD 
=  1,5  feet,  we  (hall  have  a  prefTure  fufficient  to  give 
the  requihte  velocity  in  the  pipe  O.  The  fides  of  the 
portion  KD,  as  well  as  thofe  of  the  receiver  MN,  muil 
be  exaftly  clofed  in  every  part. 

4.  The  lateral  openings  in  the  remaining  part  of  the 
pipe  BK  may  be  fo  dilpofed  and  multiplied,  particular- 
ly at  the  upper  part,  that  the  air  may  have  free  accefs 
within  the  tube.  We  will  fuppofe  them  to  be  fuch  that 
0,1  foot  height  of  water  might  be  fufHcient  to  give  the 
neceffary  velocity  to  the  air  at  its  introduftion  through 
the  apertures. 

All  thefe  conditions  being  attended  to,  and  fuppo- 
finor  the  pipe  BD  to  be  cylindrical,  it  is  required  to  de- 
termine the  quantity  of  air  which  paffes  in  a  given  time 


the  water  of  a  canal  AB  falls  into  the  lower  receiver  through  the  circular  feftion  KL.  Let  us  take  in  feet 
MN.  The  fides  of  the  tube  have  openings  all  round,  KB  =  1,5  ;  BC  =  BF  =  a  ;  BD  =  b.  By  the  com- 
through  which  the  air  freely  enters  to  fupply  what  the  mon  theory  of  falling  bodies,  the  velocity  in  KL  wiUbe 
water  carries  down  in  its  fall.     This  mature  of  water     7,76  ^  («-J-i—  1,4) ;  the  circular  feaion  KL  = 

0,785 
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"Water,    0,785  a'.     Admitting  the  air  in  KL  to  have  acqiii-  of  the  ratchet  is  a  fmall  pinion  A,  working  in  the  wheel  Weaving 

Weavin^r.  fgj   the   fame  velocity  as  the  water,   the   quantity  of  /;  this  wheel  is  lixed  on  the  end  of  the  roller  f  of  fig. '  '     *"   " 

^"^         the  mixture  of  the  water  and  air  which  palfes  in  a  fe-  3.   On  the  fiile  of  the  fiieevei  is  lixed  a  wiper  ,f,  which 

cond   through    KL  is    =6,    I  «' ^  ("  +  ^ — '•4)-  lifts  the  treadle /.      Tills  treadle   turns  on  its  joints  ia 

We  muft  deduft  from  the  quantity  (ti  ■\- b  —  1,4)  that  the  (heeve  E,  which  is  fixed  to  the  fide  of  the  frame  A 

height  which  anfwers   to  tlie   velocity   the   water  mull  and  D  ;  it  is  kcj)t  prclfing  on  the  bottom  of  the  groove 

lofe  by  that  portion  of  velocity  which  it  comn\uiiicates  in  the  (heeve  by  a  fpring  m,  fixed  to  the  frame  fide  A, 

to  the   air  laterally  introduced  ;    but  this  quantity  is  fo  and  having  a  flcnder  rod  n  from  its  extremity,  joining  it 

fmall  that  it  may  be  r.eglcded  in  the  calc\ilation.      The  with  the  treadle  at  /.      From   the  point  of  the  treadle 

water  which  pali'es  in  the  fame  time  of  one  fecondthro'  there  goes  a  belt  0,   which   palTes  over  the  pulley  6, 

BC  is  =  0,4  li'  \/  {a  +  0,1).  Confequently,  the  qiian-  which  is  feen  edgewife  in  this  figure,   and  is  joined  to 

tity  of  air  which  palfes  in  one  fccond  through  KL,  will  the  top  of  the  fly  pin  g,  of  fig.  2.    At  the  end  of  the 

he  =  6,  i  a'  y  (n  +  b —  1,4)  —  c,^  a^  \/  (n -{■  o,j),  frame  A  is  the  fliort  poll  F  ;  on  this  rells  the  yarn-beam 

taking  the  air  itfelf,  even  in  its  ordinary  Hate  of  compref-  j,  having  a  flieeve  r,  over  which  pafles  a  cord,  havir.g  a 

fiou,  under  the  weight  of  the  atmofphere.  It  will  be  pro-  weight  s  fufpended  to  it.     The  other  end  of  this  cord 

per,  in  praflical  applications,  to  deduA  one-fourth,  from  is  faftened  to  the  fpring  t' ;  the  weight  caufes  the  yarn- 

this  quantity ;  1.  On  account  of  the  fliocks  which  the  feat-  beam  to  ftretch  the  web  from  the  ratchet  wheel  e,  with 

tered  water  fuilains  againfl  the  inferior  part  of  the  tube,  its  catch  u  ;  and  the  fpring  v  allows  the  rope  to  (lide  on 

which  deprive  it  of  part  of  its  motion  ;  and,  2.  Becaufe  the  fheeve  as  the   ratchet   is   drawn  round  during  the 

it  mull  happen  that  the  air  in  LK  will  not,  in  all  its  working. 

paits,  have  acquired  the  fame  velocity  as  the  water.  Fig.  2.  is  a  front  view  of  the  loom,     a  a  is  the 

If  the  pipe  O  do  not  difcharge  the  whole  quantity  of  fpindle  which   carries   the  flieeve  b,  and  the  wipers  d 

air  afforded  by  the  fall,  the  water  will  defcend  at  XZ  ;  and  d,  which  move  the  treadles  -w,  lu,  of  fig.  I.  Thefe 


the  point  K  will  rife  in  the  pipe,  the  afflux  of  air  will 
diminifh,  and  part  of  the  wind  will  iffue  out  of  the 
lower  lateral  apertures  of  the  pipe  BK. 

We  fhall  not  here  examine  the  greater  or  lefs  degree 
of  peffeftion  of  the  different  forms  of  water-blowing 
machines  which  are  ufed  at  various  iron  forges  ;  fuch  as 
thofe  of  the  Catalans,  and  elfewhere.  1'hefe  points 
may  be  eafily  determined  from  the  piinciples  here  laid 
down,  compared  with  thofe  eltablilhed  in  the  articles 
RESISTANCE  0/ Fluids  (Dncycl.J,  and  Dynamics  {Sup- 
pltmenl.). 

WEAVING  (fee  Encycl.)  is  an  operation  which, 
by  means  of  a  well-known  inftriiment  called  the  ivea- 
•uiiig-loom,  has  hitherto  been  performed  by  bodily  la- 
bour.    That  labour  is  pretty  levere  ;   and  Mr  Robert 


ufe  the  treadles  of  the  headles,  with  which  they  are  ct)n. 
nested  by  cords  from  the  fliafts  of  the  headles  j-,  s.  From 
the  upper  Ihaft  there  go  two  leathrrn  belts/,/,  to  the, 
roller  y,  furniflied  each  with  a  buckle,  for  tightening 
them  at  pleafure.  The  two  wipers  c,  c,  011  the  fliaft  a, 
which  ferve  for  taking  back  the  lay,  have  the  two 
treadles  x,  x,  in  fig.  7,.  with  a  belt  from  each  paffing 
over  the  roller  Zi  2  of  fig.  I.  and  fixed  to  the  fword  of 
the  lay.  From  the  fwords  of  the  lay  forward  is  fixed  a 
belt  to  each  end  of  the  roller  i  ;  from  this  roller  there 
goes  a  cord  to  the  fpringj,  which  ferves  for  taking  for- 
ward  the  lay  which  is  hinged  on  the  rocking  tree  /. 
The  llar-whcel  b  of  fig.  3.  and  the  fheeve  b  of  fig.  I. 
arc  fixed  to  the  oppofite  ends  of  the  fpindle  a  without 
the  frame  ;  and  both  the  wheel  and  fheeve  have  a  wiper 


Millar,    an   ingenious  calico  printer    in   the   count)'    of     i  fixed  to  them  for  moving  the  treadles.      In  order  to 


Dumbarton,  Scotland,  wiihing  to  lefTen  it,  invented, 
fome  years  ago,  a  weaving-loom,  which  may  be  wrought 
by  water,  fleam,  horles,  or  any  other  power.  For  his 
invention  he  received  a  patent,  dated  June  26th  1796  ; 
and  though  truth  compels  us  to  fay,  that  we  do  not 
think  it  likely  to  emulate  the  fpinuing  machine  of  Ark- 
wright,  it  is  fufHciently  ingenious  to  delerve  notice  in  a 
Work  of  this  kind.  The  following  is  his  own  dcfcrip- 
tion  of  his  patent  weaving-loom  : 

Fig.  I.  (Plate  L.)  reprefents  a  fide  view  of  the 
loom,  AA,  BB,  CC,  DD,  being  the  frame,  a  is  an 
axis  (which  we  fhall  call  the  fpindle)  acrofs  the  frame. 
On  this  axis  is  a  fheeve  b,  two  inches  thick,  having  a 
groove  round  it,  two  inches  deep,  and  half  an  inch 
wide.  The  bottom  of  this  groove  is  circular,  except 
in  one  part  c,  where  it  is  filled  up  to  the  top  ;  a  lever  d 
refls  on  the  bottom  of  this  groove,  and  is  lifted  up  by 
it  when  the  elevation  c  comes  round  to  the  fituation  re- 
prefented  in  the  figure.  By  this  motion,  the  lever  d 
afts  on  the  ratchet-wheel  e  by  the  catch  t,  and  draws 
it  forward  one  tooth,  each  revolution  of  the  fnetve.  This 
ratchet  wheel  is  in  an  iron  frame  ^ ^f,  which  alio  pro- 
perly carries  the  two  catches  /  and  a,  which  are  con- 
nefted  with  it  at  -u.  The  catch  u  holds  the  ratchet- 
wheel  in  its  pofition,  while  the  lever  d,  and  the  catch  t, 
are  moved  by  the  groove  c  in  the  (heeve.    On  the  arbor 


drive  the  fliuttle,  tlie  belts  0,  0,  go  from  the  points  of 
the  treadles,  over  the  pulleys  ^, />,  to  the  top  of  the  fly- 
pin  q  :  1  his  turns  on  a  pin-joint  in  a  rail  r,  which  goes 
acrofs  the  loom.  From  its  lower  end  there  go  two  fmall 
cords  to  the  fhuttle  drivers  ^,^,  which  Aide  on  the  iron 
rods  n,  n.  A  long  iron  rod  i>  goes  acrofs  the  lay,  and 
is  hung  on  two  centres  at  the  ends.  In  this  rod  v  arc 
fixed  two  fmall  crooked  wires  iu,  iv,  which  are  more 
diftinAly  marked  in  the  little  figure  w  above,  which  re- 
prefents a  feftion  of  the  lay.  'i'he  dot  at  the  lower  end 
of  the  wire  -w,  in  this  figure,  is  the  ft£tion  of  the  rod 
1).  The  fhuttle  pafles  between  thefe  wires  and  the  lay 
every  fhot,  and  lifts  them  up,  caufing  the  rod  v  to  turn 
round  a  little.  But  if  the  fliuttle  fhould  not  pafs  thefe 
wires,  nor  lift  them,  it  would  be  drawn  home  by  the 
lay,  and  deftroy  the  web.  To  prevent  this,  there  is  fix- 
ed on  one  end  of  the  rod  v  a  (lout  crooked  wire  z,  ha- 
ving a  broad  or  flat  head,  which  naturally  rells  on  a 
plate  of  iron,  marked  and  fixed  to  the  back  of  the  lay. 
This  plate  has  a  flit  in  its  middle  about  an  inch  deep. 
In  this  flit  rells  the  rod  ^  z  of  fig.  3.  on  which  is  a 
fhort  ilud.  which  is  caught  by  the  wire  z  when  the  wire 
w  is  not  lifted  back  by  the  paffing  fhuttle.  This  will 
flop  the  lay  from  coming  home,  and  will  fct  off  the 
loom. 

Fig.    3.  is  another    fide- view  of  the  loom  opp9- - 
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W.-'iif^ts.    fite  to  fig.  t.     On  the  fpindle  a  is  the  ftar  wheel /',  on 

' V 'the   oiitfide  of  the   loom  frame,   on  the  arms  of  which 

wheel  is  fixed  the  wiper  i,  as  the  fimilar  wiper  is  fix- 
ed to  the  fheeves  on  the  other  end  of  the  fpindle.  The 
wipers  which  drive  the  fhuttles  are  fixed  on  oppofite 
fquarcs  of  the  fpindle,  and  work  alternately.  Below 
t!ie  ftar-whcel  Is  a  pinion  f,  which  is  on  a  round  fpindle, 
turned  hy  the  water-wheel,  by  means  of  a  wheel  on  this 
fpindle.  In  a  wheel  on  this  fpindle  are  two  ftuds,  on 
which  t!ie  pinion  r  Aides  ofFand  on  as  the  loom  is  fet  off 
and  on  by  the  lever  d.  At  the  farther  end  of  this  le- 
ver is  the  weight  j,  hanging  by  a  cord  which  paffes  over 
a  pullev  /,  fixed  at  the  outer  end  of  the  fpring-catch  on 
whicli  the  lever  (i  reft s  ;  and  thus  the  loom  is  drawn  in 
at  the  upper  end  of  the  lever  d.  But  when  the  fhuttle 
does  not  lift  the  wire  e,  it  catches  on  the  ftud  on  the 
rod  a  2,  which  is  connefted  with  the  fpring  catch,  and 
the  lever  //  flies  off  with  the  weight  .f,  and  the  loom 
ftops  working.  On  the  head  of  the  poll  F  is  the  yarn- 
beam.  The  rollers  e  and/are  cylinders,  preffcd  toge- 
ther by  a  fcrew  lever,  and  take  away  the  cloth  between 
them  at  a  proper  rate.  In  the  roller/ is  a  groove  for 
a  band  for  driving  the  roller^,  on  which  the  cloth  winds 
itfelf  as  it  is  wrought.  Wherever  fprings  are  mention- 
ed  to  be  ufed  in  tlie  above  defcription,  weights  may  be 
ufed  in  their  Head,  and  to  the  fame  effect,  and  more 
efpecially  upon  the  treadle  of  fig.  I.  for  driving  the 
ihuttle. 

WEIGHTS  AND  Measures,  in  commerce,  are  fo 
various,  not  only  in  different  countries,  but  even  in  dif- 
ferent provinces  of  the  fame  country,  and  this  varia- 
tion is  the  fource  of  fo  much  inconveniency  in  trade, 
that  writers  on  polical  and  commercial  economy  have 
propofed  various  methods  for  fixing  an  univerfal  and 
immoveable  ilandard  of  weights  and  meafures  for  all 
ages  and  nations.  Sir  James  Stewart  Denham's  fpe- 
culations  on  this  fubjeft  have  been  noticed  in  his  life 
publilhed  in  this  Supplnmnt  ;  Mr  Whithurft's  inge- 
nious contrivance  for  eftabliflung  a  flandard  of  weiglits 
and  meafures  has  been  mentioned  under  the  title  Mea- 
sure (EncyJ.)  ;  and  the  new  table  of  weights  and 
meafures,  which  the  French  republicans  wifh  to  impofe 
upon  all  Europe,  is  given  {Emycl.)  under  the  title  Re- 
volution, n°  183. 

As  thefe  meafures  occur  frequently,  even  in  Englifh 
tranflations  of  French  books  of  value,  we  fhall  here 
give  fuch  an  account  of  them  as  may  enable  the  reader 
to  reduce  them  with  eafe  to  the  Englifh  flandards. 
They  are  of  five  kinds  ;  meafures  of  length,  of  capacity, 
of  •weight,  of  fiiperficies  for  land,  and  of  luood  for  fuel. 
For  every  kind,  there  are  many  meafures  of  different 
fizes,  one  of  which  has  been  taken  as  the  bafis  of  all  the 
reft,  and  its  name  affuTied  as  the  root  of  their  names. 
Thus  METRE  is  called  the  principal  raeafure  of  length  ; 
LITRE,  of  capacity  ;  gramme,  of  weight ;  are,  offu- 
perficies  of  land  ;  and  stere,  of  wood  for  fuel.  Thefe 
words  being  the  radical  terms  of  the  naoies  of  other  mea- 
fures of  length,  capacity,  &c.  a  relation  is  hereby  pre- 
■ferved  between  the  names. 

The  meafures  of  length  above  the  metre,  are  ten 
times,  a  hundred  times,  a  thoufand  times,  ten  thoufand 
times,  greater  than  the  metre.  The  meafures  of  length 
below  the  metre,  are  ten  times,  a  hundred  times,  a  thou- 
fand times,  lefs.  To  form  the  names  of  thefe  meafures, 
other  words  which  indicate  the  relations  of  ten  times,  a 


or  ivfi  pint 


hundred  limfs,  greater;  and  of  ten  limes,  a  hundred timfs,  Wclahti 
lefs,  &c.  are  placed  before  the  word  metre.  The  fame  "^v^" 
annexes  have  been  ufed  to  form  the  names  of  meafures, 
greater  or  lefs,  than  the  litre,  the  gramme,  5cc.  It  is  ne- 
celfary,  therefore,  to  ftate  in  this  place  the  Englifh 
equivalents  of  only  the  metre,  the  litre,  ihe  gramme,  the 
are,  and  thefl're. 

The  METRE  ~  3.28084  feet  Englifh. 

The  LrrRE  =  61.0243  cubic  inches, 
ale  meafure. 

The  GRAMME,  or  cubic  centi  metre  of  water,  at  the 
freezing  point,  =  jjy  lb.  averd.  or  ^'-j  of  an  ounce, 
or  jf  of  a  dram  nearly. 

The  ARE  =  loyCf  fquare  feet,  or  119^  fquare 
yards,  or  ^'^  of  an  acre  nearly. 

The  STERE,  or  cubic  metre  =:  35.31467  cubic  feet. 

The  better  part  of  our  countrymen,  not  choofing  to 
adopt  the  weights  and  meafures  prcf^ribed  to  them  by 
the  French  Convention  and  the  National  Inftitute,  Sir 
George  Shuckburgh  Evelyn,  Bart,  turned  his  attention 
to  this  fubjeft,  and  publifhed,  in  the  Philofophicai  Tranf- 
acftions  for  1798,  an  account  of  fome  endeavours  to  af- 
certain  a  Ilandard  of  weights  and  mealures.  The  prin- 
ciples upon  which  he  proceeded  are  the  Jame  with  Mr 
Whitehurft's  ;  but  he  has  carried  his  experiments  much 
farther  than  his  predeceffor,  and  feems  to  have  conduct- 
ed them  with  greater  accuracy.  His  memoir  is  hardly 
fufceptible  of  abridgment ;  and  our  hmits  do  not  per- 
mit us  to  infert  it  entire.  This  is  indeed  unneceflary, 
if  it  be  true,  as  another  ingenious  gentleman  alleges  *,  *  H.  Good 
that  we  are  in  the  adtual  poffeffion,  and  the  conftant  ufe,  win,  Efq. 
of  a  ftandard  both  for  weight  and  meafure,  as  invariable '"  ,^'"*<''- 
as  that  now  ufed  in  France.     This  Ilandard  he  finds  in     ,'..  1"^' 

1  r  r  1      •  ,  -IT  nut,  vol.  IV. 

the  foot  meafure,  and   m    the  avoirdupoile,  or,  as  hcp.  x63,&c, 
thinks  it  ought  to  be  called,  the  decade  ounce  weight. 

The  decade  ounce  weight  of  pure  rain,  or  dillilled 
water,  at  60®  of  heat,  is  generally  allowed  to  be  equal 
in  bulk  to  the  one  thoufandth  part  of  the  cubic  foot. 
Were  44.3511  parts  out  of  looc:,  or  about  Ti-r''^ 
part  added  to  the  prefent  Winchefter  buihel,  that  bufhel 
would  then  contain  exaflly  10  cubic  feet  or  10000  oz. 
of  diftilled  water,  at  60"  of  heat. 

Our  author  then  gives  comparative   tables  between 

this  fyllem  and  that  which  is  now  eftablifhed  in  France. 

Taking    the    metre    at    3    French    feet,    and    t  1.296 

lines  f,   and  the   French   foot  to  be  to  the  Englifh  as ).  ■Xo,,,.^/^;.^ 

I  :  1.065752004  |:,   one  French  foot  will   be  equal  to  Phy/.  \o\.  v. 

io.6?7C2004  Englilh  decades,  or  tenths  of  an  Enjilifhp-  460. 
^  -         - "       t  Ptit. 

Tranf. 

1768,  p. 
3^6,  and 

LONG    measure. 


foot  :  hence  he  calculateg  the  following 

CoMFARjlTirR  Tables,  EngUJh  with  French. 


Long 
decade. 


Lon^  dficadee. 


Metre.  Metre. 

I  =  0.05047083  fere  i  _;.    -v       .     , 

J   ^'-^   •'  (^or  inches  39-3703. 

SQUARE    MEASURE. 
Ares,  Ares,  Square  decade. 


ConnO'Jf'inCe 
dr-t   Temps, 

»795- 


_    ("32.808  ;833j8,  &c. 


Square 
decider. 


f    X  r  1 07640.?  1 42,  or  far. 

I  1=0.0000002032  lere  !  =  •<•     {.^     jt'        -1 
''  ^  (^inch.  155002. 052448 


CUBE    MEASURE. 


Cube 
decades. 


Lit  rei.  Litre. 

I  =  0.02831637  fere  i 


Cube  decades. 


_  135-3152622,  &c.  or 
~  (_cub.inch. 61.0247727 

WEIGHTS. 


W    H     E 


Weights 

II 
Wheat. 
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W     H     E 


A»oird.  or 

decade  oz.  Grammes 


WEIGHTS. 


Gramme. 


Decade  oz. 


a        ,        r  fo.o?C^IC26,    &C.  or 

=  28.31637  fere  1   =  -J        PJJ    J      » 


Long,   "1 
re,   (  ( 


! 


1.2 

1-44 
1.728 


•by 


of 


1^ grains,  Ij. 45042625 
Englifh 
Square,   (  decades  are  \  Square,  (^  inches  by 
or        ("reduced  loj       or        f  multiply 
Cube,    J  (_  Cube,  J    ing  by 

and  decade  ounces  are  reduced  to  grain?, 

f  7000,1  rAvoird."! 

containing  •<     or     i- to  the  lb. -?  \ 

(5760,3  (.Troy,     J 

multiplying   the   ounce   by   437.5    =:    the   number 
grains  in  an  avoirdupoife  ounce. 

Our  author,  who  feems  to  have  paid  much  attention 
to  weights  and  meafures,  obfervcs,  that  a  ftandard  mea- 
fure  for  the  puipoles  of  trade,  in  particular,  as  well  as 
for  others,  that  would  uniformly  give  an  accurate  re- 
fult,  and  could  be  eafily  made,  examined,  and  afcertaiu- 
ed,  by  common  mechanics,  which  neither  our  prefent 
liquid  nor  dry  meafures  evidently  can,  would  furely  be 
an  acquiiition  of  great  value.  Such  an  one,  he  pre- 
fumes,  would  be  the  following  :  A  fquare  pyramid, 
whofe  perpendicular  height  is  exactly  thrice  the  length 
of  the  fide  of  the  bafe  :  for  fuch  an  one,  and  every  fec- 
tion  of  it,  made  by  a  plane  parallel  to  its  bafe,  would, 
in  the  firll  inftance,  polTefs,  and,  in  every  fubdivifion,  re- 
tain thefe  remarkable  properties. 

tft.  Similar  comparative  dinienfions  to  thofe  above 
given,  for  the  original  pyramid,  i.  e.  every  fmaller  pyra- 
mid, formed  by  the  above-mentioned  parallel  feftion, 
would  have  its  perpendicular  height  thrice  the  length  of 
the  fide  of  its  bafe  ;  and, 

2dly,  The  length  of  the  fide  of  each  bafe  will  always 
indicate,  or  equal  the  cube  root  of  the  folid  content  of 
the  pyramid  ;  e.  g.  If  the  length  of  the  fide  of  the  bafe 
be  3,  the  folid  content  will  be  the  cube  of  3,  vi-z. 
3X3X3  =  27. 

We  do  not  perceive  very  clearly  the  great  value  of 
this  ftandard ;  but  Mr  Goodwyn  fays,  that  he  has  been 
many  years  in  the  habit  of  ufing  a  pyramid  meafure  to 
examine  corn  ;  and  is  perfeftly  convinced  that  fuch  a 
one  will  indicate  a  far  move  accurate  refult  than  can  a- 
rife  from  the  manner  in  which  corn  is  nieafured  by  the 
bufhel.  This  vre  are  bound  10  believe  ;  for  it  isabfurd 
to  oppofe  theorifs  to  a  fafl  afcertained  by  experience. 

WESTRINGIA,  a  new  genus  of  plants  defcribed 
by  J.  E.  Smith,  M.  D.  prefident  of  the  Linnsean  So- 
ciety of  London.  It  was  firft  difcovered  in  New  Hol- 
land by  Dr  Solander,  who  called  it  Ciinila  Fruticofa, 
though  it  is  totally  different  from  the  Cunila  (fee  that 
article,  Encyc/.),  and  more  rciembles  rofemary,  from 
which,  however,  it  is  likewife  different.  Its  peculiar 
cbarafter  is  :  Calyx  femtquinqmjidus,  pentagonus  ;  curolla 
refupinata,  limbo  quadr'tjido^  loho  long'wre  ere8o,  bipartUo  : 
Stamina  dijiantia,  duo  irevicra  (^injeriora)  aiorliva.  Dr 
Smith  affigns  it  rather  to  the  didymimia-angiofpermia, 
placing  it  immediately  after  the  Teucrium,  than  to  the 
diandria  clafs  of  plants. 

WHEAT  (fee  Triticvm,  Encyc/.)  has  for  fome 
years  pad  been  at  fo  very  high  a  price,  that  every  hint 
for  increafing  its  quantity  or  improving  its  quality  is 
intjtled  to  notice.  In  the  Leiccfter  Journal  for  the  6th 
of  December  1 799,  there  is  an  ingenioua  paper  on  the 


fubjeft  of  tranfplanting  whest,  as  a  means  of  providing 
againft  the  expe(5fed  fcarcity  of  that  necefTary  of  life.  Tt  *■ 
is  recommended  "  to  fow,  in  dry  land,  at  the  ufual  fea- 
fon,  as  much  com  as  may  be  deemed  necedary  to  plant 
in  the  fpring  any  number  of  acres  which  may  be  occu- 
pied with  that  article  in  the  following  yenr.  When  the 
foil  is  prepared,  z  furrow  is  to  be  made  with  a  very  fmall 
plough  and  one  horfe,  in  the  centre  of  the  ridge  or  land, 
returning  back  in  the  fame  track  (this  time  only  of 
every  ridge)  ;  then  turn  towards  the  left  hand,  and 
plough  another  furrow,  about  eight  or  nine  inches  from 
the  firft  furrow,  turning  always  to  the  left  hand,  till 
the  whole  ridge  is  finifhed ;  it  will  then  be  formed 
into  trenches,  in  parallel  lines,  of  about  eight  or  nine 
inches  afunder,  and  imitate  what  gardeners  term  draw- 
ing of  drills.  In  thefe  furrows  the  plants  are  to  be 
laid."  Mr  John  Ainfworth  cf  Glen,  the  experienced 
author  of  this  communication,  fays  he  has  pradtifed  this 
method  with  the  moft  complete  fuccefs. 

It  has  been  likewife  praftiled,  on  a  fmall  fcalc,  with 
equal  fuccefs,  but  we  know  not  in  what  county.  About 
the  end  of  Auguft  1783,  that  gentleman  threw  a  fmall 
quantity  of  wheat,  which  near  two  years  before  had 
been  fteeped  and  limed  (fee  Wheat,  Eucycl.)  into  an 
unmanured  corner  of  his  garden.  In  the  beginning  of 
February  following  he  had  a  piece  of  ground  (alfo  un- 
manured) dug  in  an  open  part  of  his  orchard,  and  he 
tranfplanted  it  on  beds  of  fix  rows  wide,  at  nine  inches 
afunder  every  way.  It  tillered,  and  fpread  over  the 
ground  fo  completely,  as  to  prevent  even  a  weed  grow, 
ing  among  it.  It  produced  admirable  corn,  and  at  the 
rate  of  near  four  quarters  per  acre. 

From  accurate  calculations  which  he  then  made,  he 
found  that  an  acre,  fnppofing  the  feed  to  be  very  good, 
and  the  plants  fet  'at  the  diftance  above  mentioned, 
would  require  only  half  a  peck  of  feed. 

Befides  the  faving  of  the  feed,  there  are  two  other 
material  advantages  which  attend  fuch  a  method  ;  one 
is,  that  fome  luitable  crop  may  be  on  the  ground  all  the 
winter  for  ufe  ;  and  the  other  is,  that  ploughing  the 
ground  fo  late  as  February,  will  efFeftually  bury  and 
deftroy  thofe  weeds  which  were  beginning  to  vegetate  ; 
and  before  others  can  fpring  up,  the  corn  plants  have 
taken  to  the  ground,  and  fo  fpread  over  it  that  the 
weeds  cannot  rife,  by  which  means  there  is  a  very  clean 
ciop,  and  all  the  cuftomary  expence  for  weeding  is 
favcd. 

This  author  feems  to  think  that  wheat  will  thrive  as 
well,  and  produce  as  full  a  crop,  when  fown  in  the 
fpring,  as  if  it  had  been  committed  to  the  ground  in  the 
preceding  aututiin.  In  the  fouthern  counties  of  Eng- 
land we  doubt  not  but  it  may  ;  but  the  cafe  is  other- 
wife  in  Scotland,  where  the  fpring  is  not  fo  early,  and 
where,  from  the  narrownefs  of  the  ifland,  the  froft  is 
feldom  fo  fevere.  We  agree,  however,  with  Dr  Pike, 
in  thinking  it  a  pity  that  the  way  of  fttting  wheat  (as 
done  in  Norfolk  and  Suffolk)  is  not  every  where  more 
general.  The  procefs  is  indeed  tedious  and  trouble- 
fome  ;  and  we  have  often  wondered  that,  among  the 
numberlefs  machines  lately  contrived  to  leffen  manual 
labour,  none  has  been  invented  for  dibbling  wheat  ex- 
pedltioufly  and  accurately.  We  are  therefore  pleafed 
to  learn,  that  Dr  Pike  himfelf  has  turned  his  attention 
to  the  fubjeft,  and  hopes  in  the  courfe  of  this  year 
(i8oo)  to  prefent  the  public  with  a  method  oj  Jetting 
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Wheit,  <:uf}cttt  at  rgHFECTir  exjct  diJJances  through  a  ivhole 
'  ^'^"  field,  and  as  expsditwi'sly  as  the  common  broadcajl  fniu- 
ing,  iL'hich  can  therefore  be  applied  to  forms  of  any  mag- 
vilttde  ;  and  when  a  peck  of  feed  is  found  to  be  fiiffi- 
cient  for  an  acre  (and  in  fome  land  much  lefj),  the  fa- 
vinj:^  on  a  large  farm  miift.  be  immenfe.  We  iruft  to 
the  liberality  of  his  prnfcflion,  that  he  will  not  take  out 
a  patent  for  his  invention. 

Though  v/e  have  elfewhere  given  the  ufual  recipes 
for  preventing  fmul  in  wheat,  it  would  be  'i:Tiproptr  to 
concliide  this  article  without  mentioning  the  very  fimole 
•one  which  Mr  Wagltaffe  of  Norwich  has  uniformly 
found  attended  with  complete  fnccefs.  This  conlifts  in 
nothing  more  than  immerfing  the  feed  in  pure  water, 
and  repeatedly  fcouring  it  therein,  juft  before  it  is  fown 
or  dibbled  in  the  foil.  Whether  well,  fpring,  or  river 
water  be  ufed,  is  indifferent ;  but  repeated  ftiirirg  and 
change  of  water  is  eflential  to  remove  the  particles  of 
infefiion  that  may  have  inn  perceptibly  adhered  to  the 
feeds  thus  purified  The  fuhfequent  crop  will  be  perfeft 
in  itfelf,  and  its  feeds,  he  fays,  fucceflively  fo  likewife, 
if  there  are  no  adjacent  fields  from  whence  this  conta- 
mination may  be  wafted.  He  recommends  the  fame 
wafhing,  and  for  the  fame  reafon,  of  barley  and  oats  be- 
fore they  be  fown. 

WILKIE  (William,  D.  D.),  the  author  of  an  he- 
roic poem,  intitled  the  Epigoniad,  was  born  in  the  pa- 
rifh  of  Dalmeny,  In  the  county  of  Well-IiOthian,  on 
the  5th  of  Oftober  172 1.  He  was  defcended  of  an  an- 
cient family  in  that  county,  though  his  father  rented  on- 
ly a  fmall  farm,  and  was  poor  and  unfortunate  through 
life.  He  was  able,  however,  to  give  his  fon  a  liberal 
education;  and  that  fon,  it  is  faid,  difcttvered  fo  early  a 
propcnfity  to  the  ftudy  of  poetry,  that  he  began  to 
write  verfes  in  his  tenth  year. 

As  this  wonderful  prematurity  of  genius  was  never 
heard  of  durmg  Wilkie's  life,  it  will  probably  be  con- 
fidered  as  a  Itory  fabricated  to  raife  the  Scottifh  poet  to 
the  fame  eminence  with  Pope,  whofe  verfification  he  Is 
allowed  to  have  imitated  with  fuccefs.  We  have  no 
doubt  but  that  Wilkie  wrote  In  early  life  the  defcrlp- 
tion  of  a  ftorm,  which  is  pMbliihed  in  the  9th  volume 
of  the  Statiftical  Accoimt  of  Scotland  ;  but  thst  he 
wrote  It  in  his  tenth  year  is  not  proved,  and  is  highly 
improbable.  The  poem  difplays  a  notion — a  confufed 
notion  indeed — of  the  laws  of  eleftrlclty,  which  a  boy 
in  his  tenth  year,  and  at  a  period  when  ele6lricity  was 
little  underftood,  could  not  have  acquired. 

Having  learned  the  rudiments' ot  the  Lntin  tongue 
at  the  pariflifchool  of  Dalmeny,  young  Wilkie  was,  at 
the  age  of  thirteen,  fent  to  the  aniverfity  of  Edinburgh, 
where  he  was  foon  diftinguifhed  by  his  originality  of 
thought,  and  by  his  rapid  progrefs  in  erudition  and 
fcience.  Among  his  fcllcw  ftudent;  he  was  moft  clofe- 
ly  affociated  with  Dr  Robertfon  the  hillorian,  Mr  John 
Home  the  poet,  Dr  M'Ghie{A),  who  afterwards  ob- 
tained the  friendlhip  of  Johnfon,  and  became  a  member 
of  the  Ivy.  lane  Club  ;  and  a  Mr  Cleghorn,  who  promifed 
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be  an  ornament  to  the  univerfity,  in  which  he  was  af- 
terwards a  profeffor,  but  died  before  he  h'.d  time  to  rea- 
lize the  fond  hopes  of  his  friends.  During  the  courfe 
of  his  education,  Wilkie  became  acqiiainted  with  the 
celebrp.ted  David  Hume  and  Dr  Fergnfon,  and  at  a  la- 
ter period  with  Dr  Adam  Smith,  the  far-famed  author 
of  "  The  Wealth  of  Nations."  Of  all  thofe  men  he  re- 
garded Dr  Fergufon  with  the  greateft  afFeftion,  ^nd  Dr 
Smith  with  the  greateft  admiration.  This  laft  writer  he 
confidered  as  equal  o  Robertfon  and  Hume  in  erudi- 
tion, and  vaftly  their  fuperlor  In  originality  and  inven- 
tion ;  and  this  opinion  Le  cherilhed  to  the  day  of  his 
death. 

Before  he  had  cotnpleted  his  education,  his  father- 
died,  leaving  him  no  other  Inheritance  than  the  ftock 
and  unexpired  leafe  of  his  farm,  and  the  care  of  his 
three  fitters.  Wilkie,  therefore,  turned  much  of  his  at- 
tention to  agriculture,  In  which  he  became  eminent,  not 
merely  as  a  theorift,  but  as  a  piaftical  farmer.  He  had 
too  much  fcience  to  be  the  (lave  of  ancient  prejudice, 
and  too  much  judgment  to  be  hurried  into  hazardous 
experiments  by  the  charms  of  untried  fpeculation.  One 
of  his  fillers  being  married  to  a  fkilful,  though  unletter- 
ed  farmer,  he  availed  himfelf  of  his  brother's  experience; 
and  upon  the  fafts  and  maxims  derived  from  him  built 
a  fyttem  of  pradlical  farming,  which  fully  anfwered  his 
own  expeftatlon,  and  obtained  the  applaufe  of  all  his 
neighbours- 

He  ftill  profecuted  his  ftudies  in  the  univerfity,  and 
without  cet;f:ng  to  be  a  farmer  became  a  preacher  in  the 
chuich  of  Scotland.  For  fome  years  this  made  no  al. 
teration  in  the  mode  of  his  living.  He  preached  occa- 
fioiially  for  the  minifters  In  his  neighbourhood;  cultiva- 
ted his  farm  ;  read  the  clafTics  ;  and,  enamoured  of  the 
fimple  fublimity  of  Homer,  projefted  an  epic  poem  on 
the  Homeric  model.  The  fubjeft  of  his  intended  poem 
he  drew  from  the  fourth  book  of  the  Iliad,  where  Sthe- 
nelus  gives  Agamen>non  a  fhort  account  of  the  facking 
of  Thebes  ;  and  as  that  city  was  taken  by  the  fons  of 
thofe  who  had  fallen  before  it,  Wilkie  gave  to  his  poem 
the  quaint  title  of  Epigoniad,  from  the  Greek  word 
iTTiyotoi  which  fignifies  defendants.  It  is  not  our  bufi- 
nefs  to  write  a  criticifm  upon  this  poem.  The  fubjeft 
was  lU  chofen;  for  the  learned  reader  has  enough  of  the 
heroic  ages  in  the  immortal  poems  of  Homer  and  Vir- 
gil, and  in  thofe  ages  the  unlearned  reader  can  feel  no 
intereft.  The  Epigoniad,  therefore,  though  compofed 
in  fmooth  and  elegant  verfe,  with  due  attention  to  an- 
cient manners,  and  conftrufted  on  the  molt  regular 
plan,  has  fallen  into  negleft,  from  which  no  critic  or 
biographer  will  ever  refcue  it. 

In  the  year  1753,  Mr  Wilkie  was  ordained  minifter 
of  Ratho,  in  confequence  of  a  prefentation  from  the 
Earl  of  Laudc;rdale,  who  knew  his  worth  and  admired 
liis  genius.  Without  neglecting  his  favourite  amufe- 
inentH  of  hufbandry,  or  the  iludy  of  the  belles  lettres, 
he  dilchargcd  with  fidelity  the  duties  of  a  Chriftian  pa- 
llor,  was  famed  for  his  original  and  irapreflive  mode  cf 

preaching, 


Wilkia 


(a)  According  to  Sir  John  Hawkins,  this  man  bore  arms  on  the  fide  of  government  at  the  battle  of  Falkirk 
174;.  After  which,  taking  a  degree  in  phyfic,  he  went  to  London  in  hopes  of  employment  through  the  inte- 
reft of  his  countrymen,  and  perhaps  in  return  for  his  loyalty.  He  was  a  learned,  ingenious,  and  raodeft  man  ; 
but  fo  little  fuccefsful  in  his  profelTion,  that  he  died  of  a  broken  heart,  and  was  buried  by  a  contribution  of  his 
iriends. 
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Wllkif,   prMching,  and  foon  came  to  be  loved  as  well  as  efteem- 
»         ed  by  his  rural  flock. 

In  the  year  1757  the  Epigoniad  was  publirticd,  th< 
refult  of  fourteen  years  ftudy  and  application,  which 
might  furely  have  been  more  ufcfully  employed  on  iome 
other  work  ;  and  in  1759  a  fccond  edition  was  called 
for,  to  which  he  added  A  Dream  in  the  m.inner  ofSpen- 
Jer.  He  was,  the  fame  year,  chofen  profefTor  of  natu- 
ral philofophy  in  the  univerfity  of  St  Andrew's;  an 
office  for  which  it  is  difficult  to  conceive  how  he  could 
have  been  fitted  by  the  ft'.idy  of  epic  poetry,  and  clofe 
attention  to  the  cultivation  of  his  tarm.  He  was,  how- 
ever, a  man  of  a  vigorous  mind,  and  we  ne»er  heaid 
that  he  difgraccd  his  eleiftors. 

When  he  removed  to  St  Andrew's,  his  whole  fortune 
exceeded  not  L.  200  Sterling ;  a  proof  that  his  Epigo- 
niad had  not  enriched  him.  With  this  fum  he  pur- 
chafed  a  few  acres  of  land  in  the  neighbourhood  of  the 
city,  carried  his  two  unmarried  fillers  with  him,  and 
continued  to  live  in  the  univerfity  exaftly  as  he  had 
lived  at  Ratho.  In  his  ptofefforial  career  there  was  no- 
thing remarkable.  He  patronifed  genius,  efpeciaiiy 
poetical  genius,  in  the  young  men  who  attended  his  lec- 
tures, and  by  them  was,  of  courfe,  loved  and  efteemed  : 
(See  Fergusson  in  this  Suppl.)  In  the  year  1768  he 
publifhed  a  volume  of  fables  of  no  great  value,  previous 
to  which  the  univerfity  conferred  upon  him  the  degree 
of  D.  D. ;  and  he  died,  after  a  lingering  illnefs,  oa  the 
10th  of  Oftober  1772. 

The  manners  of  Dr  Wilkle  were  lingular,  and  in 
fome  refpefts  difgufting.  He  has  been  feverely  blamed 
for  his  penurioufnefs,  but,  in  our  opinion,  unjultly.  His 
father  had  left  him  in  debt,  with  nothing  but  the  profits 
which  he  might  make  of  a  fmall  farm  to  difcharge  that 
debt,  and  to  fupport  himfelf  and  three  filters.  In  him, 
therefore,  rigid  economy  was,  for  many  years,  a  virtue  ; 
and  he  knows  little  of  human  nature,  who  can  blame  a 
man  for  not  breaking  habits  which  it  had  been  the  duty, 
as  well  as  the  bufinefs,  of  a  great  part  of  his  life  to 
form.  Amidft  his  moft  rigid  and  offenfive  economy, 
he  was  liberal  in  his  donations  to  the  poor. 

He  had  been  feized,  while  rninifter  of  Ratho,  with 
an  unformed  ague,  of  which  he  never  got  entirely  rid. 
For  this  complaint  he  thought  an  extraordinary  perfpi- 
lation  necclTary,  and  generally  flept,  in  winter,  under 
twenty-four  blankets.  He  had  an  utter  averficn  from 
clean  linen,  and  has  been  known  to  bargain,  when  he 
ftaid  a  night  from  home,  not  only  for  the  proper  quan- 
tity of  blankets  to  his  bed,  but  alfo  for  (heets,  which 
had  been  ufed  by  fome  other  perfon,  and  rendered  fuf- 
ficiently  diity  to  pleafe  his  feeling.  It  will  eafily  be 
conceived  that  fuch  a  man  was,  to  the  lall  degree,  flo- 
\enly  in  his  dtefs. 

Sufpicions  have  been  thrown  out  by  his  lateft,  and 
we  believe  his  only,  biographer,  that  Dr  Wilkie's  be- 
lief of  the  Chriftian  religion  was  neither  orthodox  nor 
fteady.  Not  having  had  the  pleafure  of  his  acq'iaint- 
ance,  we  cannot  pofitively  fay  that  thefe  fufpicions  are 
groundlefs  ;  but  the  writer  of  this  article  has  converfcd 
much  about  the  author  of  the  Epigoniad  with  a  clergy- 
man who  knew  him  well,  and  who  would  have  been 
glad  to  accufe  him  of  infidelity,  if  he  could  have  pre- 
ferred fuch  an  accufation  with  truth.  He  was  a  veiy 
abfent  man,  apt  to  forget  what  h«  was  about  even  when 
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difcharging  the  moft  folemn  parts  of  his  clerical  duty,     Winei, 
and  ufed  to  fay  of  himfelf  that  he  never  could  conduft  ^''""d-<:""- 
a  facrament.     From  this  abfence  of  mind,  and   thofe         * 
confeffioiis  of  it,  may  have  arifen  the  fufpicion  that  h» 
was  not  a  firm  believer ;  but  no  fuch  fufpicion  was  ever 
thrown  out  to  this  writer  by  the  clergyman  already  re- 
ferred to. 

He  had  one  very  extraordinary  defed  in  a  poet:  He 
could  not  read  aloud  the  fmoothcft  verfcs,  fo  as  to  pre- 
ferve  either  the  meafure  or  the  fenfe  of  them.  Of  this 
Dr  Anderfon  has  produced  very  complete  proof  in  his 
life  of  Wilkie,  prefixed  to  his  poetical  works  in  the  E- 
dinburgh  edition  of  the  Britifh  Poets.  With  all  his 
defeftit,  however,  and  all  his  foibles,  he  was  unqueltion- 
ably  a  genius,  and,  we  are  inclined  to  believe,  a  good 
man. 

WINES  (fee  that  article,  Enrycl.  and  VegelaUe  SvR~ 
STANCES,  Suppl.)  are  fo  often  adulterated  with  minerals 
prejudicial  to  the  health,  that  various  methods  have 
been  devifed  for  detefting  the  adulteration.  The  pro- 
perty which  liver  of  fulphur  (alkaline  fulphures)  and  he- 
patic  air  (fulphurated  hydrogen)  polTtfs  of  precipita- 
ting lead  in  a  black  form,  has  been  long  ago  made  pub- 
lic ;  and  this  property  has  been  employed  to  determine 
the  quality  of  wines  by  means  of  the  liquor  prohatorius 
WirtembergtnfiSy  or  Wirtemberg  proving  liquor.  But 
in  trying  wines  fuppofed  to  have  been  adulterated,  this 
proof  dees  more  hurt  than  fervice,  becaufe  it  precipi- 
tates iron,  of  the  fame  colour  as  the  pernicious  lead. 
Many  wine-merchants,  therefore,  of  the  greateft  refpec- 
tability,  rendered  by  thefe  means  fufpefted,  have  been 
ruined. 

The  following  is  recommended  by  M.  Hanhemann 
as  a  better  ted  of  found  wines  than  the  proving  liquor 
of  Wirttmberg.  Mix  equal  parts  of  oyfter  fnells  and 
crude  fulphur  in  a  fine  powder,  and  put  the  mixture  in- 
to a  crucible.  Heat  it  in  a  wind  furnace,  and  increafe 
the  fire  fuddenly,  fo  as  to  bring  the  crucible  to  a  white 
heat,  for  the  fpace  of  15  minutes.  Pulverife  the  mafs 
when  it  is  cool,  and  preferve  it  in  a  bottle  clofcly  Hop- 
ped. 

To  prepare  the  liquor,  put  I  20  grains  of  this  pow- 
der, and  120  grains  of  cream  of  tartar  (acidulous  t;ir- 
tarite  of  potafh),   into  a  ftrong  bottle  ;   fill  the  bottle 
with  common  water,  which  boil  for  an  hour,  and  then', 
let  it  cool  ;   clofe  the  bottle  immediately,  and  fliakc  it  ■ 
for  fome  time  :   after  it  has  remained  at  reft  to  fettle,  - 
decant  the  pure  liquor,  and  pour  it  into  fmall  phials  ca- 
pable of  holding  about  an  ounce  each,  firft  putting  into 
each  of  them  20  drops  ot  muriatic  acid.  They  mull  be 
flopped  very  clofely  with  a  piece  of  wax,.iii  which  there 
is  a  fmall  mixture  of  turpentine. 

One  part  of  this  liquor,  mixed  with  three  parts  of* 
fufpefled  wine,  will  difcover,  by  a  very  fenfible  black 
piecipitate,  the  leaft  traces  of  lead,  copper,  &c.  but 
will  produce  no  effeft  upon  iron,  if  it  contains  any  of 
that  metal.  When  the  precipitate  has  fallen  down,  it 
may  ftill  be  difcovered  whether  the  wine  contains  iron, 
by  faturating  the  decanted  liquor  with  a  little  fait  of 
tartar  (tartareous  acidulum  of  potalh),  by  which  the 
liquor  will  immediately  become  black.  Pure  wines  re- 
main  clear  and  bright  after  this  liquor  has  been  added 
to  them. 

WOOD-CUTS   are  engravings  on  wood,  commonly 
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Word.cufs  on  1)ox,  which,  in  many  cafes,  are  ufed  with  advantage 
*——v—~'  inflfiid  of  coppei-places.  The  art  of  cutting  or  engra- 
ving on  wond  is  undoubtedly  of  high  antiquity  ;  for 
Chintfe  priming  is  a  fpccimcn  of  it.  (See  China, 
n'  I  27  Etuycl  )  Even  in  Europe,  if  credit  be  dife  to 
Papilioii.  this  ait  was  praftifed  at  a  period  confiderably 
remote  ;  for  he  mentions  eight  engravings  on  .wood,  en- 
titled, "  A  reprefentation  of  the  warhke  aftions  of  the 
great  and  magnanimous  Macedonian  king,  the  bold  and 
valiant  Akxander  ;  dedicated,  ptefented,  and  humbly 
offered,  to  the  moft  holy  father.  Pope  Honorius  IV. 
by  us  Alexander  Alberic  Cnnio  Chevalier,  and  Ifabella 
Cunio,  &c"  This  anecdote,  if  true,  carries  the  art  of 
cuttirp-  in  wood  back  to  1284  or  1285  ;  for  Honorius 
occnpifd  the  papal  throne  only  during  thefe  two  years. 
Even  tliip  is  not  the  remotrft  period  to  which  fome  have 
carried  the  art  in  Europe  ;  for  the  ule  of  ftals  or  fig- 
nets  being  of  very  high  antiquity,  they  imagine  that 
the  invention  of  wood-cuts  mud  be  coeval  with  them. 
The  fuppoJition  is  certainly  platifible,  but  it  is  not  fup- 
portcd  by  proof.  The  earliell  impreffion  of  a  wooden- 
cut,  of  which  we  have  any  certain  account,  is  that  of 
St  Chriltopher  carrying  an  infant  Jcfus  through  the 
fea,  in  which  a  hermit  is  feen  holding  up  a  lantern  to 
fhew  him  the  way  ;  and  a  peafant,  with  a  fack  on  his 
back,  climbing  a  hill,  is  exhibited  in  the  back  ground. 
The  date  of  this  impreffion  is  1423. 

In  the  year  14^2  vvas  printed  -at  Haarlem,  "  The 
hiflory  of  St  Jehu  the  evangcHft  and  his  revelation,  re- 
prefented  in  48  figures  in  wood,  by  Lowrent  Janfon 
Cofler  ;"  and,  in  1448,  Jorg  Schappf  of  Augfburg  cut 
in  wood  the  hiftory  of  the  Apocalypfe,  and  what  was 
called  The  poor  man's  bihie.  (Sec  Engraving,  Encyd. 
page  668.) 

A  folio  chronicle,  publifhed  149^^  by  Schedal,  was 
adorned  with  a  vail  number  of  wood-cuts  by  William 
Plydenwurf  and  Michael  Wolgemut,  whofe  engravings 
were  greatly  fnperior  to  any  thing  of  the  kind  which 
had  appeared  before  them.  Wolgennit  was  the  pre- 
ceptor of  Albert  Durer,  whofe  admirable  performances 
in  thia  department  of  art  are  jultly  held  in  the  higheft 
elleeui  even  at  the  prelent  day. 

About  this  period  it  became  the  practice  of  iilmoft 
all  the  German  engravers  on  copper  to  engrave  likewife 
on  wood  ;  and  many  of  their  wood  cuts  furpafs  in  beauty 
the  imprcflion  of  their  copper- plates.  Such  are  the 
woodcuts  of  Albet  Aldtorfer,  Hi(bel  Pen,  Virgil 
Soles,  Lucas  van  Cianach,  and  Lucas  van  Lydcn,  the 
friend  and  imitator  of  Albert  Durer,  w  ith  feveral 
others. 

It  appears  that  the  Germans  carried  this  art  to  a 
great  degree  of  perfeftion.  Hans  or  John  Holbien, 
who  flonrilhed  in  1  500,  engraved  the  Dance  of  Death, 
in  a  feries  of  wooden-cuts,  which,  for  the  freedom  and 
delicacy  of  execution,  has  hardly  been  equalled,  and 
never  furpaffed. 

Italy,  France,  and  Holland,  have  produced  many  ca- 
pital artills  of  this  kind.  Joan  ToriiaE-fmrn  printed  a 
bible  at  Lyden,  in  1554  (a  copy  of  which  we  have 
feen),  with  wooden-cuts  of  excellent  workmanfhlp. 
Chriftopher  Jegher  of  Antwerp,  from  his  eminence  in 
the  art,  was  employed  by  Rubens  to  work  under  his 
infpeAion,  and  he  executed  feveral  pieces  which  are 
held  in  much  elUmalion  ;  the  character  of  thefe  is  bold- 
iicfs  and  fpicit. 


■  The  next  attempt  at  improvement  in  this  art  was  by  Wa^ilciJia. 
Hugo  da  Carpi,  to  whom  is  attributed  the  invention  ~"~^  ' 
of  the  cliiara  fcuro.  Carpi  vvas  an  Italian,  and  of  the 
1 6th  century;  but  the  Germans  claim  the  invention  al- 
fo,  and  produce  in  evidence  feveral  engravings  by  Mair, 
a  difciple  of  M.irtin  Shoen,  of  date  1499.  His  mode 
of  performing  this  was  very  funple.  He  firft  engraved 
the  fubjeift  upon  copper,  and  finilhed  it  as  much  as  the 
artifts  of  his  time  iifually  did.  He  then  prepared  a 
block  of  wood,  upon  which  he  cut  out  the  extreme 
lights,  and  then  imprefied  it  upon  the  print  ;  by  which 
means  a  faint  tint  was  added  to  all  the  retl  of  the  piece, 
excepting  only  in  thofe  parts  where  the  lights  were 
meant  to  predominate,  which  appear  on  the  fpecimens 
extant  to  be  whitened  with  white  paint.  The  draw- 
ings for  this  fpecies  (jf  engraving  were  made  on  tinted 
paper  with  a  pen,  and  the  lights  weie  drawn  upon  the 
paper  with  white  paint. 

There  is,  however,  a  material  difference  between  the 
chiaro  fcuros  of  the  old  German  mailers  and  thole  of  the 
Italians.  Mair  and  Cranach  engraved  the  outlines  and 
deep  Ihadows  upon  copper.  The  impreffion  taken  in 
this  (late  was  tinted  over  by  means  of  a  fingle  block  of 
wood,  with  thofe  parts  hollowed  out  which  were  de- 
figned  to  be  left  white  upon  the  print.  On  the  con- 
trary, the  mode  of  engraving  by  Hugo  da  Carpi  was, 
to  cut  the  outline  on  one  block  of  wood,  the  dark  Iha- 
dows upon  a  fecond,  and  the  light  ihadows,  or  half 
tint,  upon  a  third.  The  firft  being  imprefied  upon  the 
paper,  the  outlines  only  appeared  :  this  block  being 
taken  away,  the  fecond  was  put  iri  its  place,  and  being 
alfo  imprelTed  on  the  paper,  the  dark  (hadows  were 
added  to  the  outlines  ;  and  the  third  block  being  put 
in  the  fame  place  upon  the  removal  of  the  fecond,  and 
alfo  impreffed  upon  the  paper,  made  the  dim  tints, 
when  the  print  was  completed.  In  fome  inllances,  the 
number  of  blocks  were  increafed,  but  the  operation  was 
dill  the  fame,  the  print  receiving  an  impreffion  from 
every  block. 

In  1698,  John  B.aptift  Michel  Pappillon  praftifed 
engraving  on  wood  with  much  fuccefs,  particularly  in 
ornamental  foliage  and  flowers,  (hells,  &c.  In  the  opi- 
nion, however,  of  fome  of  the  moft  eminent  artifts,  his 
performances  are  ftiif  and  cramped.  From  that  period 
the  ait  of  engraving  on  wood  gradually  degenerated, 
and  may  be  faid  to  have  been  wholly  loft,  when  it  was 
lately  re-invented  by  Mr  Bewick  of  Newcallle. 

This  eminent  artift  was  apprentice  to  Mr  Bielby,  an 
engraver  on  metal  of  the  very  loweft  order,  who  was 
feldom  employed  in  any  thing  more  difficult  than  the 
cutting  of  the  face  of  a  clock.  Application  having 
been  made  to  this  man  for  a  wood-cut  or  two  of  the 
moft  trifling  defcription,  the  job  was  given  to  Thomas 
Bewick  ;  by  whom  it  was  executed  in  fuch  a  manner, 
that  Mr  Bielby,  who  wasaccuftomed  to  employ  his  ap- 
prentices in  fuch  work,  advifed  him  to  profecute  en- 
graving in  that  line.  The  advice  was  followed  ;  and 
young  Bewick  inventing  tools,  even  making  them  witl\ 
his  own  hands,  and  fawing  the  wood  on  which  he  was 
to  work  into  the  requlfite  thicknefs,  proceeded  to  im- 
prove upon  his  own  difcoveries,  without  afliftance  or 
inftruftion  of  any  kind.  When  his  apprenticefhip  ex- 
pired, he  went  to  London,  where  the  obfcure  wood-en- 
gravers of  the  time  wifhed  to  avail  themfelves  of  his  abi- 
lities,  while  they  were  determined  to  give  him  no  infight    . 
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■WonJ  Gutj.  Into  their  art.  He  remained  fome  years  in  London ;  and 
^—"v"""  during  that  time,  if  we  miilake  not,  received  from  the 
Society  for  the  Encouragement  of  Arts,  l^c.  a  premium 
of  confiderable  value  for  the  bell  engraving  in  wood. 
Returning  to  NewcalUe,  he  entered  into  copartnerlhip 
with  his  old  mailer  ;  and  ellablilhed  his  reputation  as  an 
artilt  by  the  publication  of  his  admirable  Hiltory  of 
Quadrupeds.  This  was  followed  by  Lis  Hiltory  of 
Birds,  of  which  only  one  volume  has  yet  (1800)  ap- 
peared. 

John  Bewick,  brother  to  Thomas,  learned  the  art 
of  him,  and  praftifcd  it  for  feveral  yeare  in  London  with 
great  applaufe.  His  abilities,  however,  though  refpedt- 
able,  were  not,  by  the  bed  judges,  deemed  fo  brilliant 
as  his  brother's  ;  ancl  owing  to  bad  health,  and  the  na- 
ture of  his  connection  with  the  bookfcllers  and  others, 
he  feems  not  to  have  advanced  the  art  beyond  the  ftage 
at  which  Jie  received  it.  He  died,  three  or  four  years 
ago,  at  Newcaftle. 

Mr  Nelhit,  who  executed  the  admirable  Hudibras 
publidied  by  Vernor  and  Hood  (a),  and  Mr  Ander- 
fon,  whofe  beautiful  cuts  adorn  the  poeni  entitled 
Grove  Hill,  were  the  next,  and  hitherto  have  been  the 
lall  of  Thomas  Bewick's  pupils,  who  have  appeared  be- 
fore the  public  as  artifts.  By  thefe  gentlemen  we  are 
authorifed  to  fay,  that  the  method  pradlifed  by  the  an- 
cient engravers  on  wood,  whofe  works  are  ftill  admi- 
red, muft  have  been  different  from  that  of  Bewick  and  his 
pupils.  What  that  method  was  feems  to  be  altogether 
unknown.  Papillon,  who  writes  the  bell  hillory  ex- 
tant of  the  art,  guefles  indeed  in  what  manner  the  old 
engravers  proceeded  fo  as  to  give  their  works  the 
fpirit  and  freedom  for  which  they  are  famed  ;  but  that 
his  gueffes  are  erroneous  feems  evident  from  the  ftiff- 
nefs  of  his  own  works.  The  principal  charafteriftic  in 
the  mechanical  department  of  the  produftions  of  the 
ancient  mafters  is  the  crofllng  of  the  black  lines,  which 
Papillon  has  attempted  with  the  grcatcll  awkwardnefs, 
though  it  feems  to  have  been  accomplilhed  by  them 
with  fo  much  eafe,  that  they  introduced  it  at  random, 
even  where  it  could  add  nothing  to  the  beauty  of  the 
piece.  In  Bewick's  method  of  working,  this  crofs 
hatching  is  fo  difficult  and  unnatural,  that  it  may  be 
confidered  as  impradiicable  (b). 

The  engravers  ot  Bewick's  fchool  work  on  the  end 
of  the  wood  which  is  cut  acrofs  the  trunk  of  the  tree, 
in  pieces  of  the  proper  thicknefs.  As  wood-cuts  are 
generally  employed  in  the  printer's  prefs  amidft  a  form 
of  types,  this  thicknefs  mull  be  regulated  by  the  height 
of  the  types  with  which  they  are  to  be  ufcd.  The 
tools  employed  are  nearly  fhe  fame  with  thofe  ufed  in 
copperplate  engraving,  being  only  a  little  more  deeji, 
or  lozenge,  as  engravers  call  it.  They  mull  have  points 
of  various  degrees  of  tiiienefs  for  the  different  purpofes 
to  which  they  are  applied,  fome  of  them  being  fo  much 
rounded  off  at  the  bottom  as  to  approach  to  the  nature 
of  a  goodge,  whilll  others  are  in   fadt  little  chiffels  of 
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various   llzes.      Thefe  chiffels  and  goodges,   to  which  Wood- cot|. 

every  artill  gives  the  Ifiape  whiJi   he  deems  moll  con- « ' 

vcnicnt,  are  held  in  the  hand  in  a  manner  fomewhat 
dillcrent  from  the  tool  of  the  engraver  on  copper,  it  be- 
ing necellary  to  have  the  power  of  lifting  the  chips  up- 
wards with  eafe.  To  attempt  a  flcfcription  of  this  in 
writing  would  be  in  vain  ;  but  it  is  eaflly  acquired,  we 
are  told,  by  practice. 

The  pupils  of  the  fchool  of  Bovlck  confider  it  as 
quite  improper  to  fpeak  of  his  invention  as  a  revival  of 
the  ancient  art.     Some  old  prints,  it  is  true,  have  the 
appearance  of  being  executed  in  the  fame  way  with  his; 
but  others  have  certainly   been   done  by  a  method  very 
different.    It  is  therefore  not  fair  to  appreciate  the  pre- 
fent   art  by  what  has  been   done,   but   by  what  may  be 
done  ;  and  that   remains  yet  to  be  lliewn.     The  art  is 
m   its  infancy  ;  and    thofe   who    are  dii'pofcd    to  com- 
pare  it  with  the  art  of  engraving  on  cojiper,  ought  to 
look  back  to  the  period  when  the  copperplate  engraving 
was  of  fo  recent  invention   as  Bewick's  method  of  en- 
graving on  wood.      Marc  Antonio,   who  engraved  un. 
der  the  direftion  of  the  great  painter  Raphael,  thought 
it  no  mean  proof  of  bis  proficiency  in   his  art,  that  he 
was  able  to  imitate  on   copper  plates  the  wood-cuts  of 
Albert  Durer  ;  and   Papillon  is   highly  indignant  that 
there  Ihould  have  been  perfons   fo  very  blind  as  to  mil", 
take    the  copies   for  the  originals.      If  copper  has  its 
advantages  over  wood  in  point  of  delicacy  and  minute- 
nefs,  wood  has,  in  its  turn,  advantages  not  inferior  in 
regard  to   ffrength  and  richnefs.      Thofe  prints  which 
were  executed   under   the  aufpices  of  Titian  and  Ru- 
bens,  will  always  remain  a  monument  of  the  fpirit  and 
vigour  natural  to  wood  engraving  ;  and  if  there  be  not 
found  in  them  all  tiie  attention   to  chiaro  fcuro,   which 
the  prefent  age  demands,  it  muff  not  be  attributed  either 
to  defeft  in  the  art,  or  to  want  of  abilities  in  the  artills, 
but   to   the  talle   of  the  times  when   ch'mro  fcuro  was 
little  underllood.      It  remains  for  fi)me  entcrpiirnig  ar. 
till  to  (hew  that  the  vigour  of  the  ancient  art  may  be 
attained  by  the   prtfeiit  one,  and    at  the    fame  time  to 
add  to  that  vigour  thofe  gradations  of  Ihade  which  are 
fo  much  admired  in  good  copperplates.  As  there  feems 
to  be  a  more  perfeift,  or  at   leall  a  more  pkafant  black 
produced  by  a  wood  than  by  copperplate  printing,  and' 
certainly  a  more  perfed  white  (c),   who   will   fay  that 
any  intermediate  ftiadc  whatever  nwy  not  be  produced 
by  wood-cuts  i"  To  attempt  this  on  a  fmall  fcale  would 
indeed  be  vain,  becaufe  the  llightell  variation,  produced 
by   a  h'ttle  more   or  kfs   ink,   or  a  harder  preffure  in 
printing,  bears  fuch  a  proportion  to  a  very  Ihort  line, 
as  muft  ncceffarily  render  the  attempt  abortive. 

Wood-engraving,  therefore,  ms.ft  always  appear  to 
diladvantage  while  it  is  confined  to  fmall  fubjedts,  and 
will  never  reach  its  (lation  as  a  fine  art,  till  thofe  who 
are  engaged  in  its  cultivation  improve  upon  the  difco- 
veries  of  one  another,  and  apply  to  fubjedls  to  which  it 
is  properly  adapted.  As  an  uoiiomical  art  for  illuffra- 
5  I^   2  ting. 


(a)  The  defigns  were  by  Thornton  ;  and  the  cuts  from  them  have  been  compared  to  Holbein's  far.famed 
Dance  of  Death. 

(b)  Mr  Nefbit  has  indeed  introduced  fomething  of  it  into  two  or  three  of  his  pieces,  merely  to  (hew  that  he 
could  do  it  ;  but  fo  great  was  the  labour,  aiyd  fo  little  the  advantage  of  this  improvement,  if  fuch  it  can  be  called 
that  probably  it  will  not  be  attempted  again. 

(c)  Th«  parts  of  the  print  intended  to  be  white  are  not  even  touched  by  the  wood-block. 
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■Wool-     ting  mechanics  and  other  fubjedls  of  fcicnce,  it  is  too 
combinj;.  \[i^\g  employed  even  in  its  prefent  ftate. 

*  The   works  of  Bewick   and   his  pupils,  which  have 

hitherto  been  publifhcd,  are  not  numerous.  Befidcs 
his  quadrupeds  and  birds,  the  Hudibras  by  Nefbit,  and 
the  Grove  Hill  by  Anderfon,  which  have  been  already 
noticed,  we  are  acquainted  with  none  but  the  follow- 
ing : — Goldfmith's  Traveller  and  Deferled  Village  with 
elegant  plates,  all  by  Thomas  Bewick,  except  one  or 
two  which  were  executed  by  John  ;  SomerviUe's  Cliace 
by  the  fame  artiils,  executed  in  a  ilyle  of  elegance  which 
perhaps  has  never  been  furpaffed  ;  a  View  of  St  Ni- 
cholas's Church,  Newcadle,  15  inches  long,  by  Mr 
Nefbit,  who  received  for  it  a  filver  medal  from  the  So- 
ciety for  the  Encouragement  of  Arts,  and  an  honorary 
letter  from  the  Society  of  Antiquaries. 

WOOL-COMBING,  a  well  known  operation,  which, 
when  performed  by  the  hand,  is  laborious,  tedious,  and 
expenfive.  The  expence  of  it  through  all  England  has 
been  calculated  at  no  lefs  a  fum  than  JL.  800,000  ;  and 
to  leflen  this  expence,  the  Rev.  Edmund  Cartwright  of 
Doncafter  in  Yorkfhire  bethought  hi-tifeif,  fome  years 
ago,  of  carding  wool  by  machinery.  After  repeated 
attempts  and  improvements,  for  which  he  took  out 
three  patents,  he  found  that  wool  can  be  combed  in  per- 
fecStion  by  machinery,  of  which  he  gives  the  following 
defcription  : 

Fig.  I.  Is  the  crank  laflier.  A  is  a  tube  through 
which  the  material,  being  formed  into  a  (liver,  and 
flightly  twilled,  is  drawn  forward  by  the  delivering  rol- 
lers. B,  a  wheel  faft  upon  the  crofs  bar  of  the  crank. 
C,  a  wheel,  on  the  oppofite  end  of  whofe  axis  is  a  pi- 
nion working  in  a  wheel  upon  the  axis  of  one  of  the  de- 
livering rollers. 

Note,  When  two  or  more  llivers  are  required,  the 
vfisns  or  baflcets,  in  which  they  are  contaiaed,  are  placed 
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upon  a  table  under  the  hfher  (as  reprefented  at  D),  Wool- 
which,  by  having  a  flow  motion,  twifts  them  together  combint;, 
as  they  go  up.  k    '■■ 

Fig.  2.  Is  the  circular  clearing  comb,  forgiving  work 
in  the  head,  carried  in  a. frame  by  two  cranks.  Fig.  3. 
The  comb-table,  having  the  teeth  pointed  towards  the 
centre,  moved  by  cog.';  upon  the  rim,  and  carried  round 
upon  trucks,  Jike  the  head  of  a  windmill,  a,  b,  the 
drawing  rollers,     c,  J,  callender,  or  condudlin^-  rollers. 

Note,  Underneath  the  table  is  another  pair  of  rollers, 
for  drawing  out  the  backings. 

In  the  above  fpecification,  we  have  omitted  the  frame 
in  whicli  the  machine  Hands,  the  wheels,  fhafts,  &c. 
•Had  thefe  been  introduced,  the  drawing  would  have 
been  crowded  and  confuted  ;  befides,  as  matters  of  in- 
formation, they  would  have  been  unneceffary,  every  me- 
chanic, when  he  knows  the  principles  of  a  machine,  be- 
ing competent  to  apply  the  movements  to  it. 

Tlie  wool,  if  for  particular  nice  work,  goes  through 
■three  operations,  otherwife  two  are  fufficient :  the  fii  ft 
operation  opens  the  wool,  and  makes  it  conneft  toge- 
ther into  a  rough  fliver,  but  does  not  clear  it.  The 
clearing  is  performed  by  the  lecond,  and,  if  neceflary,  a 
third  operation.  A  fet  of  machinery,  confilUng  of  three 
machines,  will  require  the  attendance  of  an  overlooker 
and  ten  children,  and  will  comb  a  pack,  or  240  lb.  in 
twelve  hours.  As  neither  fire  nor  oil  is  necelTary  for 
machine-combing,  the  faving  of  thofe  articles,  even  the 
fire  alone,  will,  in  general,  pay  the  wages  of  the  over- 
looker and  children  ;  fo  that  the  atlual  faving  to  th& 
manufafturer  is  the  whole  of  what  the  combing  cofls, 
by  the  old  imperfeft  mode  of  hand-combing.  Machine- 
combed  wool  is  better,  efpecially  for  machine-fpinning, 
by  at  leaft  il  per  cent,  being  all  equally  mixed,  and  the 
llivers  uniform,  and  of  any  required  length. 


Y. 


„      "VTEAST,  is  fometimes  a  defideratum,  when  it  cannot  hearth  or  any  warm  place,  a  froth  will  in  the  morning 

.    -1     eafily  be  found.     By  pouring  on  a  fmall  tea-cup-  be  found  on  the  top  of  the  water,   which,  we  are  affu- ' 

ful  of  fplit  peas  a  pint  of  boiling  water,  and  fetting  the  red,  will  anfwer  all  the  purpofes  of  yeall. 
vefiel  containing  the  peas  and  water  for  a  night  on  the 


Yeaft. 
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ZAMINY,  in  the  language  of  Bengal,  fecurity. 

ZEMINDARS,  the  great  landholders  of  Bengal. 

'  This  is  the   original  fenfe  of  the  word  ;  but  it  is  now 

more  ftriftly  applicable  to   thofe  who  have  their  title 

conftituted  or  confirmed  by  a  patent  or  charter  from 

.government,  by  which  they  hold  their  lands  or  Ztmin- 


daries  upon  certain  conditions.     As  far  as  can  be  afcer-  Zemindar*^ 
tained  from  the  narrations  of  hiftory,  it  appears  that,  in         v       ' 
times  prior  to  the  irruptions  of  the  Mahomedans,  the 
Rajahs  who  held  their  refidence  at  Drlhy,  and  poflefTed 
the  fovereigtity  of  Hindoftan,  deputed  oificersto  coUeft 
their  revenues  (Kheraje),  who  were  called  in  the  Indian 

language 


A\AT«n  ■\r<mK.ri..vri:  xi.mii. 


AV  \r<  II  \\'>nK.l'}..\lK    .X_LJX. 


Fig.ll. 


Yhy.VJ. 


rio;.14. 


Fig.B.lo. 


Hi 


Ji^r.  17 


JTig- .  C . 


Fig.  If). 


Tig.  16. 


Fuv.ij; 


dj-i^.i,-aS...:,. 
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.Zemlnaars-language  Cboudhenei.     TUl'  word  Zmmilir  is  Perfian, 

•— V ^^and  that  lancruage  can  have  had    no  cuirency  in  the 

conntn'cs  of  India,  until  it  was  introduced  by  the  peo- 
ple of  Perfia.  When  the  Emperor  Sliehab-ul-Dieu 
Ghory  conquered  the  empire  of  Hindollan  (a),  he  left 
Sultan  Cutub-ul-Dien  to  be  his  viceroy  at  Delhy,  and 
adminiller  the  government  of  Hindoftan.  From  that 
time  the  culioms  and  pradices  of  the  Mahomedans  be- 
gan gradually  to  be  eftabhihed  in  India:  their  armies 
were  fent  into  the  countries  of  the  reduced  Rajahs,  un- 
der the  command  of  Omrahs,  in  order  to  prelerve  the 
connuell;  and  lauds  were  allotted  to  them  to  dctray 
the  expeuce.  From  hence  arofe  the  fyftem  of  J.ighire- 
darry  in  Hindoftan.  But  when  tUefe  Omrah  Jaghuc- 
dars  had  eftablifhcd  their  own  ftrength,  feveral  of  them 
rebelled  againll  the  imperial  authority,  and  afpired  at 
the  crown.  Thus  circumllanced,  the  emperors,  in  or- 
der  to  obviate  tliele  mifchiefs,  thought  it  would  be 
more  politic  to  commit  the  management  of  the  country 
to  the  native  Hindoos,  who  had  moll  diitinguiHied 
themfelves  by  the  readiuefs  and  conftaucy  of  their  obe- 
dience to  the  fovereign  power. 

In  purfuance  of  this  plan,  diftrlds  were  allotted  to 
numbers  of  them  under  a  reafonable  revenue  (Jummah 
Monafib),  which  they  were  required  to  pay  in  money 
to  the  governors  of  the  provinces,  deputed  from  ti»e 
Emperor.  And  in  cafe  any  one  of  the  Omrahs  or  pro- 
vincial  governors  (hould  fwerve  from  his  allegiance,  the 
Zemindars  of  that  country  were  to  exert  themfelves  ia 
fuch  a  manner  as  {hould  check  rebellion,  and  reftore 
good  government.  For  this  purpofe,  grants  of  Ze- 
mindary  were  feverally  conferred  upon  fuch  of  the  Hin- 
doos as  were  obedient  ;  defcribing  their  apportionment 
of  the  country  ;  and  every  perfoii  who  had  received  a 
grant  under  the  authority  of  the  crown  was  thereby 
tuUy  invefted  with  the  funftions  of  Zemindar. 

The  funaions  of  a  Zemindar  are,  ift,  The  preferva- 
tion  and  defence  of  their  refpedive  boundaries  from 
traitors  and  infurgents  ;  idly,  The  tranquillity  of_the_ 
fubjefts,  the  abundance  of  cultivators,  and  increate  of 
his  revenue  ;  3dly,  The  punilhment  of  thieves  and  rob- 
bers, the  prevention  of  crimes,  and  the  deftruAion  of 
highwaymen.  The  accomplifhment  of  thele  objeds  is 
confidered  in  the  royal  grant  as  the  difcharge  of  office 
to  the  fovereign  ;^nd  on  that  account  the  word  office 
(Khidmut)  is  employed  in  the  Dewanny  Sunnud  for  a 
Zemindary. 

It  was  a  rule  in  the  times  of  the  ancient  emperors, 
that  when  any  of  the  Zemindars  died,  their  effeds  and 
property  were  fcqueftrated  by  the  government.     After 


3     ]  Z    E     M 

which,  in  confideration  of  the  rights  of  long  fervice,  7.trvXniUr%. 
which  is  incumbent  on  lovercigns,  and  elevates  the  dig-  • 
nity  of  the  employer,  Sunnuds  for  the  office  of  Ze- 
mindary were  granted  to  the  children  of  the  deceafcd 
Zemindar  ;  and  no  other  perlon  was  accepted,  l)ccaufe 
tlie  inhabitants  could  never  feci  for  any  (tranger  the  at- 
tachment and  affedion  which  they  naturally  entertain 
for  the  family  of  their  Zemindar,  and  would  have  been 
aftlided  if  any  other  had  been  put  over  them.  For  this 
reafon,  the  emperors,  coniidering  it  aa  a  means  of  con- 
ciliating the  minds  of  the  people,  gracioufly  fixed  and 
confirmed  the  children  of  the  deceafed  Zemindar  in  the 
office  of  their  fathers  and  graiidlalhers,  by  ilTning  new 
Sunnuds  to  transfer  the  polTclfion  to  them.  By  degreci 
Zemindaries  became  truly  hcrilabic  property,  which, 
however,  could  be  transferred  by  gift  or  fale  from  one 
family  to  anotiiec.  They  could  likewifc  be  forfeited  to 
the  fovereign,  by  the  Zemindar's  deviating  from  his  al- 
legiance, negleding  to  pay  liis  tribute,  or  to  difcharge 
the  duties  of  his  flation. 

It  is  univerfally  known,  fays  Sir  Charles  Roule 
Boughton,  that,  when  the  three  pro-,  inces  of  Bengal, 
Bahar,  and  Orifla,  were  coded  to  the  Britilh  Eaft  India 
Company,  the  country  was  dillributed  among  the  Ze- 
mindars and  Talookdars  (fee  that  article  in  this  Vol.), 
who  paid  a  ftipulated  revenue,  by  twelve  iirftalnicnts,  to 
the  fovereign  power  or  its  delegates.  They  afTemblcd 
at  the  capital  in  the  beginning  of  every  Bengal  year 
(commencing  in  April),  in  order  to  complete  their  fi- 
nal payments,  and  make  up  their  annual  accounts ;  to 
fettle  the  difcount  to  be  charged  upon  their  feveral  re- 
mittances in  various  coins  for  the  purpofe  of  reducing 
them  to  one  ftandard,  or  adjull  their  concerns  with  their 
bankers  ;  to  petition  for  remilfions  on  account  of  ftorms, 
drought,  inundation,  difturbances,  and  fuch  like  ;  to 
make  their  reprefentations  of  the  Hate,  and  occnm^nces 
of  their  dillrids  :  after  all  which  they  entered  upon  the 
colledions  of  the  new  year ;  of  which,  however,  they 
were  not  permitted  to  begin  receiving  the  rents  from 
their  own  farmers,  till  they  had  completely  clofed  the 
accounts  of  the  preceding  year,  fo  that  they  might  not 
encroach  upon  the  new  rents,  to  make  up  the  deficien- 
cy of  the  paft.  Our  author  proves,  we  think  com- 
pletely, the  right  of  the  Zemindars  to  transfer  their 
poffellioris,  either  by  inheritance  to  their  children,  or, 
with  the  confent  of  the  fovereign,  to  other  families ; 
and  he  argues  ftrenuoudy  and  fuccefsfuUy  againft  the 
bad  policy,  as  well  as  injullice,  of  intci  tering  with  thofe 
rights,  as  long  as  the  Zemindars  difcharge  the  duties  of 
their  feveral  ftations. 


(a)  This  event  took  place  towards  the  clof«  of  the  I2th  century. 
iute  paid  by  a  conquered  country. 


N.  B,  Kherdje  fignified  fpecifically  the  tri 
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